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Preface

The Building Energy Simulation: A Workbook Using
DesignBuilder™ 1is an outcome of a series of training pro-
grams conducted for participants with varied backgrounds.
The authors experimented with various teaching techniques
and arrived at the conclusion that the most effective method
of imparting these training programs is through tutorials and
step-by-step instructions along with graphical illustrations.

The simulations in this workbook are performed using the
DesignBuilder™ software for illustration purpose to help
explain the aspects of a whole building energy simulation pro-
cess. This workbook adopts the ‘learning by doing’ principle
to explain the fundamentals of building physics and building
services, and in turn help participants understand the concept
of building energy performance. Based on participant feed-
back during the training programs, the authors decided to use
EnergyPlus™ with DesignBuilder as the front end to explain the
simulation process.

The book has been organized as follows:

e The first ten chapters of this workbook cover various aspects
of simulation, such as creating the building geometry,
assigning material and equipment and analysing the results.

Xi
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e Chapter 11 explains simulation for the whole building
performance method of the ASHRAE 90.1 standard.

e Chapters 12 through 14 provide exercises to simulate
three different building projects.

The authors would highly appreciate any feedback or sugges-
tions for improving this workbook.
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CHAPTER ONE

Getting Started with
Energy Simulation

This chapter is to acquaint you with energy simulation. It starts
with the introduction of various components and requirements
for simulation, and then gradually progresses to the concept of
simulation using a ready example file. It establishes the impact
of key simulation inputs such as lighting power density (LPD),
activity, setpoint, window-to-wall ratio (WWR), orientation
and fresh air intake on energy consumption.

There are 11 tutorials to help you navigate through the chapter.
By the end of this chapter, you will get familiarized with key
input parameters, output visualization, and overall simulation
process.

Building energy simulation

Building energy simulation is performed using a computer to
virtually represent a building design and perform physics-based
calculations. The simulations can range from a building compo-
nent to a cluster of buildings. For energy simulation, the build-
ing model along with the usage pattern and the weather of the
location are required to determine various outputs, such as peak
loads, system sizing, and energy consumption for any given
period. This information can be utilized for estimating the util-
ity bills, for evaluating cost—benefit analysis of various design
strategies.
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Some of the uses for energy simulation tools are:

Early design decisions: In early design stage, decisions
such as orientation and layout of the building are taken.
Energy simulation can help in evaluating various design
strategies. However, a detailed simulation may not be pos-
sible because of the limited information available at this
stage.

Component or material selection: Simulation helps in the
decision-making process while selecting individual com-
ponents of building envelop or systems. It is quite com-
monly used to carry out cost-benefit analysis of various
designs and components. Therefore, modelling at this stage
needs to be performed with greater accuracy as compared
to modelling for early design decisions.

Retrofitting decisions: For retrofit of existing buildings,
energy simulation can help in selecting cost effective solu-
tions. For an accurate analysis, simulation model should
be calibrated using the measured performance data of the
building.

What is needed for energy simulation

Energy simulation of buildings can be performed using a sys-
tematic approach. A lot of data is required. It is recommended
that you collect the required data before you start the modelling.

The following basic information is required:

Location and weather file: Energy simulation tools need
hourly ambient conditions (temperature, humidity, wind
velocity, solar radiation, etc.) at the building location. This
information is available in weather files. Simulation tools
use these weather files to extract the hourly ambient condi-
tions while carrying out the simulation. However, for some
locations, the weather file may not be available. In such
cases, the weather file of some other location with similar
weather conditions can be used.

Weather files are available in different formats. Different
simulation tools use different formats of weather files.
Utilities are available on the web for converting a weather
file from one format to another.
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Building geometry: Building elevation and floor plans
are required to create the geometric model of a build-
ing. Architectural drawings may have many details that
might not be directly useful for energy simulation. It is
useful to simplify the drawings based on thermal zon-
ing into a single line drawing by removing unnecessary
details.

Envelope components: It is necessary to have construc-
tion details, such as thickness and thermophysical proper-
ties of materials used in each layer of building envelope.
Besides the opaque components, it is very important to
have properties of window glass, frame and shading
devices.

Building services: Information about various services such
as HVAC and lighting is required. This includes equipment
capacities, energy efficiency, location and controls.

Usage of building: The hourly values of the following are
required:

e Occupancy

e Lighting

e Equipment

e Thermostat setpoint
e HVAC operation

How simulation software works

The simulation program enables simultaneous interaction of the
geometric model with outdoor conditions, occupancy, and usage
of building systems to predict various loads arising in the build-
ing on an hourly basis. Basic laws of physics and energy balance
equations are used for calculations. The energy consumption for
the operation of systems corresponding to the heat and other loads
is also calculated on the same time scale. Results of the process-
ing are passed to the calculations of next time slice and are also
supplied to the output file. This process continues for the entire
duration of the simulation, and the final output is seen as aggre-
gated or on the same time slice for which calculation has been
carried out. Most simulation tools are capable of simulating the
energy flows through different building components on an hourly
basis, including the transient effects of the envelope and systems.
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The advantage of energy simulation over classical method is
that various effects of thermophysical properties of materials
and the performance of various systems under varying external
and internal environmental conditions are considered in energy
calculations. Most energy simulation tools do not require any
special computing power, as they can be run on commercially
available desktop computers or laptops.

This chapter provides basic tutorials on creating simple
geometry, analysing the impact of building orientation,
WWR, internal loads and fresh air delivery with a spe-
cial focus on analysing building energy performance and
system sizing. The tutorials are followed by exercises. There
are many energy simulation tools available. For this book,
we will be using DesignBuilder. This can be downloaded
from: https://www.designbuilder.co.uk/download/software/
previous-versions/49-designbuilder-v4-7-0-027-1.

TUTORIAL 1.1  Opening and simulating an
example file
GOAL

To evaluate the energy performance of a building provided
in an example file in DesignBuilder.

WHAT ARE YOU GOING TO LEARN?
* Simulating an example file

* Viewing energy consumption results based on utility
type or fuel, such as electricity and gas

* Viewing the end use energy consumption (lighting,
equipment, fan, cooling, heating, pump and domestic
hot water)

* Viewing results on a daily, monthly and annual basis

* Switching between Metric (SI) and English (IP) mea-
surement units

* Finding energy use intensity (EUI)

PROBLEM STATEMENT

In this tutorial, you are going to simulate an existing template,
Courtyard with VAV Example, from the DesignBuilder
library and simulate it for the climate of London. You will


https://www.designbuilder.co.uk/download/software/previous-versions/49-designbuilder-v4-7-0-027-1
https://www.designbuilder.co.uk/download/software/previous-versions/49-designbuilder-v4-7-0-027-1
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learn how to view the daily, monthly, and annual energy
consumptions in a graphical form. You will also learn how

to view the annual fuel breakdown and fuel total.

SOLUTION

Step 1: Start DesignBuilder. The DesignBuilder main

screen appears as shown in next step.

Programs (1)

[& DesignBuilder

Documents (49)

J;) DesignBuilder Data

)4 Backup
i It Autosave 3.15_2016_7_12_01_PM

(s It Autosave 3_15_2016_6_55_45_PM

i It Autosave 3_15_2016_6_45_45_PM

,ﬁ It Archive 3_15_2016_6_35_44_PM

Files (54)
Chapter 3 Material and construction

Gitt

Chapter 2 Geometry of buildings

Chapter1 Getting Started

Chapter1 Getting Started (deleted 60327e97e7161b43f9e0f5694...
Chapter1 Getting Started (deleted d677bfec04b2da0f3b11fb810...

O See more results

x| [ shutdown | » |

Step 2: Double-click Courtyard with VAV Example in
the DesignBuilder templates under the Recent Files tab.
A New project Data screen appears.
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Fie it Go Took Help | e
DIEBEFX (a6 S
DesignBuilder Data Info, Help
Recert Fles | Component cares | Tepise Lixaces | Hep [0 |
Nane Folder/ Sie (. [LastModiid Extenson Recentand Example Files
(=IDesignBuicerfles To open one of he recently opened ils, seecthe
ZICAUsersWeresHDeskiop e i the main screen and dick on ‘Open selected
it Tew \Des..[1120_[3/15/2016125%:11 PM | ] J e pelow:
ED ST VAV Example
@24 |DADB Files\Chapter 2..[1608 [3/15/2016 11:21:46 AM | | B
\=IDesignBui plates X
=IC\Py
& Simple HVAC night cooling _|C\ProgremDate\Desi.. 987 | 12/14/2015 10300 PM | ]
Plenum Example Buillding C\ProgramData\Desi... (891 |12/14/2015 1:03.00 PM | |
b Green roof example ___|C\ProgramDeta\Desi... 944 _|12/14/20151:03:00 PM_|DesignBuilder templates. &) i@
tum Example wilh Calc GramDaiaDes! S gnBulder lemplales
Zone Multiplier Example CiProgramDat 12/14/2015 10300 P) oy mone (O]
PCM Example CiProgremDat 1214201510300 P
4 Parametric Simulation Exam...|C\Pro . 1201472015 10258 P fing Leaming moce partcusry elpu. You can
4 Underfloor C\ProgramDat 1271472015 10258 P
Trombe Wall Example CiProgramDat 12/14/2015 10256 P .
Single Zone Example CiPro 1 1211472015 10256 P "
Model Geometry Example |C\Prc e 12/14/2015 10258 PA WabTulorials
Internal Analysis Exam...|C\ProgramDat 1201472015 10256 P
idification example _|C1Pr o 121472015 10258 P
b Atiium example base CiProgremDat 1271472015 10258 P
lysis Exa..._|C\ProgramDat 1271472015 10256 P
Mech Vent with Preheat CPro: g 1214201510256
Mixed Mode Example CiPr 1 1214201510256
i ideo Tutori..._|C\ProgramDat 12/14/2015 10256 P
House Example 1 CProgremDat 1214201510258 P
Press F510 open selcted e Coutyard i VAY Exanpl..

Courtyard with VAV Example is a DesignBuilder
template file. A DesignBuilder template file helps in
providing examples of various building typologies and
systems such as geometry, HVAC system and passive
strategies. Relevant data from the example files can be
exported and imported into other DesignBuilder models.

Step 3: Click CA-SAN FRANCISCO INTL. Three
dots (...) appear.

If you have installed DesignBuilder for the first time
on your system, CA-SAN FRANCISCO INTL may
appear as location. If you have used DesignBuilder
earlier, you may get some other location based on your
previous settings.

Select location for lempldle‘based new file
I New project Data
Location
Site Location

- Selectthe asa source of
s weather data for the site.

| Location ¥ h
The location defines the geographical location and

L CA - SAN FRANCISCO INTL || |} \weather data for all buildings on this ste. You will be

i ableto load data from other location templates or |

override the default data fromthe Location data tab at
Analysis type 1-EnergyPlus Site level.

LEED/ASHRAE 90.1 Model

[J ASHRAE 90.1 App G PRM

[ Don't show this dialog nexttime ( Hep | [ Concel [ 0K |
|
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Step 4: Click the three dots (...). The Select the location
template screen appears.

Select location for template-based new file

New project Data

Analysis type 1-EnergyPlus | %4 CA-SAN DIEGO/LINDBERGH
LEED/ASHRAE 90.1 Model | : g xz E:;N‘:Uussgmﬂ
HI 1 RM : i
LIASHIVE S opa R Data Report (Not Editable) Y
General
Name

CA - SAN FRANCISCO INTL

Country. UNITED STA
Source ASHRAE/TM
WMO 724940
ASHRAE climate zone 3C J
Keannan if i ok s
[ Don't show this dialog nexttime [ Hep  J[ concel oK )

Step 5: Select LONDON/GATWICK ARPT. Click
OK. The Select location for template-based new file
screen appears.

LONDON/GATWICK ARPT is a weather file that comes
along with the DesignBuilder installation. For all other
locations, an Internet connection is needed to download
the weather files.

Select the location template

%5 LEUCHARS l
&5 LINTON-ON-OUSE

LIVERPOOL @
%4 LOCH GLASCARNOCH

MANCHESTER AIRPORT
MANSTON
MARHAM
3 MINDIE WALLNP. 5

| B B |@sw Cancel 73 ‘
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Step 6: Click OK.

Select location for template-based new file
New project Data

Site Location

of
Laiied andweather data for the ste.

‘The location defines the geagraphicallocation and
weather data or all buiings on this ste. You will be
ableto load data rom other locationtem

override the default data fromthe Location data tab at
1-EnergyPlus e

LONDON/GATWICK ARPT

I ASHRAE 90.1 App G PRM

1 Don't show this dialog next time [Ehee ) e JL._ ok ||

The building layout appears with the following tabs at
the bottom of the central display screen:

e Edit

e Visualise

e Heating design
e Cooling design
e Simulation

e CFD

* Daylighting

e Cost and carbon

Step 7: Select Simulation tab. The Edit Calculation
Options screen appears.

totation

© @) United ulking You canaiso copy, move o delte
& @ Buiding 1

©23 GVAC Spen>

@ i A Loop P imp20 aavnatie

& % CHW Loop @ impot B model

e

S8 Zooe Group & Addbicckto draw anew bock

PO @ Addsutacesto aad anewsurtace f e bock

S® k2 smm.mnmwmmmmamﬁmxuamam

© @ Zone 1 e crrent buidi

@ o1 To add or editparons o to craw vid perimetrs such

@@ Zone 1 a8coutrarcs fou shakd golo e ack ity

Nevigutn

Tevel by double-dicking on the appropriate.
Sotiin e Madrden of e o on e ook
tne Nasgator

@ Loaddata (new buidng defauts)

\VS)

 [Van [y e [ G| S 1155 [

| EG buding yout 504, et o delee bocks i the curent bukdng.
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Step 8: Enter the Simulation Period start date to 1 Jan and
the end date to 31 Dec. Click OK to start the simulation.

Edit Calculation Options
Calculation Options Data

Calculation Description Y Simulation Options

These options control the simulation and the output
produced.

Simulation Period

Select the start and end days for the simulation, or
selectatypical period:

«Annual simulation

Simulation Period

Stertday
Start month

OutputIntervals for Reporiing 1| || +Winter desian week
Monthly and annual «Winter typical week

[ Daily .

Hourly

[ Sub-hourly

Iy o
daily, hourly and sub-hourly data can selected by
checkingthe appropriate boxes.

Note that selecting output at hourly or sub-hourly

intervals can produce large amounts of data which
slows processingand results in large file sizes.

Auto-Update

This dialog is always shown when you select'Update
and will also be shown before all simulations if'Don't
showthis dialog next time'at the bottom is cleared

[ Don't show this dialog next time [Lohep  J[ cance Jf ok |

A screen appears showing the simulation progress.
Depending on the configuration of the system, it can take
several minutes to complete the simulation.

" =]

After the simulation is completed, results are displayed
in the Analysis subtab of the Simulation tab.

Step 9: Under Display Options, select Fuel totals from
the Data drop-down list and Annual from the Interval
drop-down list. A screen appears with a bar graph for
annual fuel totals for electricity and gas.

Note: The results are either displayed in IP or SI units
based on your configuration of DesignBuilder. The
steps involved in switching between SI and IP units are
explained in Step 15.
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Info, Help

Simulation Data - Analysis

total simuation ata for the current
Duiding

‘controlsin the Dispiay Options pane.
You can plot:a number of iflerent
types of data on the same graph by
making selections on the Detailed

To update the data using diferent
calculaion options, dlick:

scriptusedin
imulations. Ifyou do not have
ergyPlus OF ediornstalled

extension with a text editorto make
this option work.

Data )
Data 7-Fuel totals

Interval 3-Comfort
Show as 4-Internal gains
Days per page 5-Fabric and ventilation

6-Fuel breakdown
7-Fuel totals
8-CO2 production
9-System loads
99-Custom

Display Options
General

[ Normalise by floor area
Y-Axis
Appearance

Data 7-Fuel totals

Interval
Show as 1-Annual

Days per page 2-Monthly

[ Normalise by floor area 3-Daily
i 4-Hourly
5-Sub-hourly

Appearance
- 6-Distribution




CHAPTER ONE GETTING STARTED WITH ENERGY SIMULATION 1

Step 10: Select the Normalise by floor area check box
and All floor area from the By drop-down list to view
the EUI of the building.

Display Options

General | Detailed

Data ¥
Data 7-Fuel totals v
Interval 1-Annual -
Show as 1-Graph -

365

1-All floor area

Appearance

Ardlyss

72363.40 Fuel Totals - Untitled, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Annusl Licensed

75000 [ I Exciicty [ Gas

700001

65000

60000

55000

Fuel (Btuf2)

40000

35000

30000

25000

20000

Year

Edt | Visualse | Heating design | Cooling design | Simuistion [ CFD | Deybghting | Cost and Carbon |

Units for the Fuel totals can be seen on the y-axis of the
graph.
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The term EUI refers to the energy consumption of the
building per unit area per annum. The same term, in some
countries, is also named as Energy Performance Index
(EPI). The EUI of a building is calculated by dividing the
annual total energy (all fuel types) consumption of the
building with its gross floor area. The unit of measure-
ment is kWh/m? yr or kWh/ft> yr or Btu/ft> yr. A lower
EUI means a better energy performance.

The gross floor area of a building is the total built-up
area, which includes all conditioned and unconditioned
enclosed spaces of the building.

Step 11: Change the Interval from Annual to Monthly to
view monthly results. Refer to step 9.

Untitied, Building 1
osyss | Summay | Paametse | Opomeston |

w0 Fuel Totals - Untitied, Building 1
1Jan - 31 Dec, Monthly

EnergyPius Output Uicensed

— ey === Gas

—
7000

6000

o G
§

3000

Step 12: Select Grid from the Show as drop-down list to
view results in a grid format.
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Navigate, Site Untitled, Building 1

Ardlysis

Stte
S5 -8 X Date/Time Electicy Bw/t2)__| Gas (Bw/it2)
01-01-2002___|2805.626 2093295
Eggﬂi:eigm_ . 01-022002 _|2403.409 1832.774
wcing 01-03-2002 3081.368 1137.447
&5 HVAC System> 01042002 |3425.949 7047684
01-052002  |3998.149 331.7408
01-06-2002  |3868.452 231.8694
01-07-2002 __ |4153.393 146.3186 N
01-08-2002  |4088.434 183.6071
01-092002  |3870.745 351.7012
01-102002  |3761.884 781.1855
01112002 |3257.23 1293.005
01-122002___|2839.737 2176592
Data 7-Fuel totals
Interval 2-Monthly hd
Shoves I
I [Doveperpene — = Eci | Visuslise | Heating design | Cooling design | Smulation | CFD | 0

Step 13: Select Fuel breakdown from the Data drop-
down list to view results for fuel breakdown.

play Options
General

4
v
Data 6-Fuel breakdown -
Interval -Mont 2
Show as 2-Grid 2
Days per page 365
Normalise by floor area
By 1-All floor area <
Y-Axis »
Appearance »
Analyss | Summary | Optimisatio
Date/Time [Room Electicity Bu/12) | Lighting Bu/12) [ System Fans (Btuw/2) [ System Pumps (Btu/f2) [ Heating (Gs) Btuh2) [ Cooling Electicity) (Buft2)
07-01-2002___[692.0494 7536227 | 706.4256 0.732569 2093.295 6526954
01-02-2002_|6046763 6553242 [638.0043 06495762 1832.774 504.7545
01-03-2002 [639.348 688.0803 7047253 07171509 1137.447 1048.488
01-042002  [662.925 7208565 |682.9946 0.9475924 704.7684 1358.225
01-052002 [692.0494 7536227 7125694 2138696 331.7408 1837644
01-06-2002[610.2236 6553242 6886503 2444445 231.8694 1911.81
01-07-2002 |692.0494 7536227 |719.0799 3125918 1463186 1985515
01-08-2002[665.6987 7208566 7164 2.905756 1836071 1982573
01-092002 [636.5743 688.0303 6861201 2144564 351.7012 1857816
01102002 [692.0494 7536227 7045274 1.369266 7611855 1610315
01112002 [636.5743 688.0003  |682.4278 0.9172565 1293.005 1249221
01-12-2002__[665.6987 7208566 |706.832 0.8974392 2176592 745.4519
[

In all the above steps, the results are in SI or IP units based
on the existing configuration of DesignBuilder in your sys-
tem. To change the units, perform the following step.
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Step 14: From the Tools menu, select Program options.
The Edit Program Options screen appears.

File Go

4 Q Optimisation/parametric analysis settings

Import library components and templates to model

Export Data... Ctrl+X
;@ Compile report... Ctrl+W
Admin 4
Libraries ¥

Display simulation input script Ctrl+Shift+]
S & Update Ctel+U
People payback calculator...
° § View EnergyPlus results
Thermal comfort calculator...
@y Lock Y-Axis min/max values Ctrl+Shift+L
0 Stop calculations

Show log file Ctrl+Shift+G
@ Lock/unlock model

Step 15: Select the International tab and select Units as
per your requirement. Click OK. DesignBuilder updates
all the values in the selected units. SI units will be used
in this workbook.

Program Options Data Help
Lenguage IStemetioaal
X Units.
Lencuoge LEngked DesignBuilder can be used either with SIunits (metric)
Units or IP units. Because the program uses Sl units
Units [zinch-Pound ) internally, and because the databases which come with
Eo Noto S been built gSitnis, US
SuIency uwsnuyﬁnusonulmmmsvnm supplied
ECurrency. ) St il S0t 3spects of e user miace.Thess wil
e be addressed in due course.
o Region filter
& Region England end Weles The region filter allows you to see only the data
[ Show ASHRAE data. relevantto your particular reglon. Note that f you have
2l eaded ten DesignBulder il uss e region
LYShowhichdars; fadwith e locatlonof e site. The reglonin
] Show Spanish deta. e Giloge 5 o osed whan o e e
1 Show other regions data

Data tables which can befiltered in this way are:
Show ‘General' region data 2-Aways 2 « Constructions

Show DesignBuilder Early’ data 2-Always = « Activity Templates.

O italien Law  Holidays.

« Sectors

Step 16: From the File menu, select Save to save this model.
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Exercise 1.1
Compare the EUISs of residential and office buildings.

‘Courtyard with VAV example’ is for an office space. Simulate
a file with residential usage and compare the results.

DesignBuilder can open only one file at a time.

Hint: Open the file House example 1. Ensure that the location
is London Gatwick. Repeat the steps given in Tutorial 1.1
to find the EUI Enter the EUI values in the last column of
Table 1.1.

You can observe that even with the same location and build-
ing envelope, the EUIs of office buildings and residential
buildings are different. This is mainly due to the difference
in building usage that includes difference in timing and dura-
tion of use, occupancy density, nature of equipment used and
other factors. Office buildings usually have a higher EUI, as
they have higher internal loads (Table 1.1).

Table 1.1  Energy use intensities for office and residential
buildings

Office building EUI  Residential building EUI
Energy use  (kWh/m?) (kWh/m?)

Electricity
Gas
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TUTORIAL 1.2 Creating a single-zone model
GOAL

To create a single-zone model and find heating and cooling
capacities.

WHAT ARE YOU GOING TO LEARN?
e Creating a new file
* Drawing a rectangular model
* Viewing the building model
* Rendering the building model
* Sizing runs for heating and cooling capacity

e Performing annual energy simulations

PROBLEM STATEMENT

Create a new file and draw a 40 m X 20 m rectangu-
lar building of height 3.5 m with location as LONDON/
GATWICK ARPT. Perform cooling and heating sizing and
annual energy simulation. Use the Dynamic orbit option for
different 3D views of the model.

SOLUTION

Step 1: Click File and select New Project. The Add new
project screen appears.

[seo06)_abtos=
e
o
(C\Users\NareshiDes... 1120 |3/15/2016 1255911 PM. o bl
files. o
At [0VD Faes\Chopter2_ 160 |35 121 46| =
X
| |
cooling [C\ProgromDetaiDes 857 [12/142015 10300PM__|DasinBuidertempicies A
CAPr 1009 112/14/2015 1:03:00 PM
Plenum Example Buillding C\ProgramData\Desi... 891 1201472015 10300 PM__|DesignBuilder templates ) =
F VAV Example C\ProgramDate\Desi... 771 12/14/20151.03.00PM___|DesignBuilder templotes_ -
Calc NatVent | C\Pr 772 12/14/2015 1.03.00 PM.
pl Cir 12/14/2015 10300 PM.
&b Green roof example CiProgramDateDesi.. | 944 1271472015 103:00 P M
| PCM Example CProgramDetaiDesi..[2263 [12/1472015 10300 PM 11 b
CPr ) 12/13/201510256PM | DesignBuider templates ‘users often find Learming mode partculary
Exampls [sf6 —lr2naeors 1250 M [DesanBuldertempiaes B o Rk o i
o7 12/14/2015 10258 PM__|DesignBuider templates.
Single Zone Example FC\Pvng-umDu(uDesu 751 NS 0258 M [DssignBuidertempiees onertoos
pl 920 12014/20151:0258PM___|DesignBuilder templates
| CFD Internal i 115 1211472015 10258 PM__|DesignBuidertemplates W o
& Dehumidincation sxample (CiProgyamDaaDesi- 964 (127142015 10259 FM |DesianBuderemplies
565 [12/14201510250PM [DesgnBuidertompaios
CroE i @8 {11405 10250PM [Designbuidertempeies
Mech Vent with Preheat CAPr 755 12/14/201510258 PM___ | DesignBuilder templates
it odo Ecampls @ 0 [rngmisisor
Tutorials Exa... |C\Pr 1024 12/14/20151:0258 PM___ DesignBuilder templates
Houso Example 1 I i) 1214201510258 P
P i s oty VAY Gl
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Step 2: Enter First Building in the Title text box and
click OK. A blank building layout appears.

FustBuicind_J______| Il BESciiRiccoeintioRBEe s sttt cen

‘The location defines m- geogapnw location

LONDON/GATWICK ARPT ‘weather data for all buildings on this sie. You mn be
ableto load data from wmer location templates or

1-EnergyPlus g’r‘oor:l:v: Ime default data from the Location data tab at

] ASHRAE 501 App G PRM

[ Don't show this dialog nexttime:

| Help | Cancel | OK I
Step 3: Select Plan from the View rotation drop-down list.

File Edit Go View Tools Help | view i« Nomal ‘e

Edit Site Layout

s this screen to create new buidings and
‘change the layout ofexisting buidings on the
site.

€ Add buidingto the site
 1mpon 2:0 srawna e
® imoot B model
Location

You can edithe location and assaci
T weather ﬂhmmesn!ﬂydmnﬂmhe

Locationi
Qmm_mmm-mm
(@ save totempiate

|0 ¢ [ Viuaise | Heating dosign | Coolg design | Smulaton | CFD | Dayighting | Costand Cabor [N
Edthe ayou ofth budings on he sie.

In the DesignBuilder display, the red line represents the
x-axis, green the y-axis, and blue the z-axis.
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Step 4: Click the Add new building button. The Add
new building screen appears.

Ltk DesignBuilder - Untitied 1.dsb - Layout - First Building.
File Edt Go View Toos Help

| View rotation | Axonometic

[P COROOHIRE

=l
o) _ems )| ‘@

Navigate, Site First Building Info, Help

e [ Fegen |
a ‘ ’ E Edit Site Layout
HEAP Use tis sroen o creatsnew buings and
@) FistBudding ‘change the layout of existing buidings on the
-

Location

You can edit the location and associated
‘weaher data or the site by clicking on the
Locationtab

@ Loadtocation fromtempiate
(& save totempiate

10 st [Viuaise [ iesting design | Goolng design | Smultion | CFD | Dahing | Cost and Cabon [N
i th lopout o the budngson e sie.

Step 5: Click OK. The screen appears with a cursor to
draw a building.

New building Data

Draw building + standard data

‘Some typical options are:

«Architedt early stage design - Early design stage whole bulding analysis.
including component, facade and cooling options

«Detailed design c

HVAC definition

+Single zone + simplfied data - Early design stage single zone analysis of
i buiking components, facade and cooling options

* Parametic bulding
L-shaped or courtyard)

&

\SHRAE 90.1, LEED etc

mDDon'lshuwlhlsdiulognmaﬁma [ Hep ][ cance ][ oK )

Step 6: Move pointer to the Origin. Left click, move on
the positive x-axis. The length of the segment is shown.
(In case of any mistake, you can choose to cancel the
drawn line by pressing the ESC key and then try again).
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First Building, Building 1

Origin

\

R

Cursor

O

W st [Visusee Thiesng deson [ Cooing desn [ Smastion 7D [ Depttng [ ot snd Coton [ —

Step 7: Type 40. The Length of the wall is set to 40 m.
Ensure that the properties under the Geometry section
are as follows:

* Block type — Building Block
e Form — Extruded
e Height—3.5m

Press Enter.
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Drawing Options
Tools

v

Geometry
Block type
Form
Height (m)
Auto-complete block
Perimeter

Protractor
Direction Snaps
Point Snaps
Drawing Guides

1-Building block
1-Extruded
350

1-Polygon
1-Straight line

Step 8: Rotate the mouse wheel to zoom in or zoom out.
Move the pointer parallel to the positive y-axis. It snaps
when a dashed vertical line appears. Type 20 to draw the
second side of the rectangle. Press Enter.

&) Fau Budng
® oui

1928 m

Drawing Options

Length (m) 20

1-Building bloc. *

TExuded v
Height (m) 350
Auto-complete block

€6t [Viausiee [ Heatng design [ Coolng design | Smution [ CFD. | Dayighting [ Cost and Catbon [N
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Step 9: Similarly draw other segments and complete the
rectangular building block of dimensions 40 m X 20 m.
The following screen shows the completed block.

First Building, Building 1

Lt | Visuslse | Heating design | Cooling desion | Smulation | CFD | Daytghting | Cost and Carbon |

Step 10: Select the Dynamic orbit tab on the main menu
bar. This shows the block in the orbit mode. Click and
drag the mouse in the layout to view the block in the
orbit mode.

LG5Rlo® ®
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First Building, Building 1

Now you will learn to run the system sizing.

Step 11: Select the Heating design tab at the bottom
of the screen. The Edit Calculation Options screen
appears.

[l Eat | Visualise || Heating design || Cooling design | Simulation | CFD_| Dayighting | Cost and Carbon ||

Heating Design calculations show the heating system size
in the worst conditions (no internal loads and solar heat
gains) for a winter design day.

Steady-state simulations assume that the temperature
across the envelope does not vary with time.
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Step 12: Select OK. The screen appears with the average
and total winter steady-state design data for the current
building in graphical format.

General

Calculation Description Y

Pl Calculation Options

The winter design calculation options provide you with
'some control over the simulation. In general you
the

| Simulation method 1-EnerayPlus = software.
Temperature control 1-Air temperature -
q = = Thi i wh lect 3
[ Exclude all zane natural venilation (infiltration is always included) This halog 12 shiars shown when you seloc ndity
[ Exclude all zone mechanical ventilation showthis dialognext time' at the bottom is cleared.
[ Exclude heat recovery

Dssi;n mmiin 1.25

[ Don't show this dialog next time Hel. Cancel JJ ok |

Fle Go Tools Help

D2ES £V 2 EE S

Navigate, Site First Building, Building 1 Tnfo, Help

Ste
Temperature and Heat Loss =

HQE4P R 29 ‘Winter Design - Steady.-State:

) FitBuldng average and ota wnter
R Ybuiding 1 »

&9 ook 1 curent buikding

© @ Zone 1 i Use the contolsin the Disiay

shown.

desion data setthe Datato All
in the Display Options.

You can plota number of

e ‘same graph by making

he Display Opiions.

dick
2 upsae

d in script

usédin the simuisons. I you

donothave the EnergyPlus IDF

editor installed,

Showas 3Graph andte ~ assocate the i file extension

[ Nomaise by fioor area i atext editor o make this
n = optionwork.

Appearance

This graph shows the heat balance to maintain the inside
temperature of 22°C when the outdoor dry bulb tem-
perature is —4.4°C. You can see that there is a heat flow
from the inside to outside (shown as negative numbers;
the convention is that a positive value is used for a heat
flow from the outside to inside) through the envelop and
due to infiltration and ventilation. To balance this heat
loss, the required zone sensible heating is 58.53 kW.
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The table also shows the air temperature, radiant tem-
perature and operative temperature, where the operative
temperature is calculated as the average of the radiant
and air temperatures.

Steady-state heat loss is the total heat loss from the build-
ing. In other words, it is the amount of heat needed to
maintain the given indoor comfort temperature.

Step 13: Select the Summary tab. The Heating design
data summary appears.

Design capacity is the total heat loss multiplied by the
sizing factor.

Sizing factor is the safety factor considered in sizing the
HVAC system. For example, the heating system is com-
monly oversized by 25%.

The design capacity of the building is 73.16 kW, which is
calculated considering the sizing factor of 25% over the
steady-state heat loss of 58.53 kW. The design capacity
normalized by area is 95.60 W/m?, which is calculated for
the building floor area. In this case, the building dimen-
sions are 40 m X 20 m, and the building area is 800 m?
(Net Floor area is 765.24 m?).

E-@) First Building
E-4® Building 1
= Block 1

&-& Zone 1
&6 Ground floor|: 800,000 m2 (Ground

@-@ Roof - 800.000 m2

@-€¢ Wall- 70.000 m2 - 90.0°
@-E¢ Wall- 140.000 m2- 0.0°
@-E9 Wall- 70.000 m2 - 270.0°
@-Ey Wall- 140.000 m2 - 180.0°
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Step 14: Similarly select the Cooling design tab at
the bottom of the screen. The Calculation Options —
Building 1 screen appears. Click OK. The temperature,
heat gains and other parameters appear in graphical
format.

Calculation Options - Building 1
Calculation Options Data

Calculation Options

The summer design calculation options provide you
- = | I with some control over the simuiation. In general you
Calculation Options should use the default values as supplied with the

Simulation method 1-EnerayPlus. software.
L ] T TS ' s snoun whn o et Upate
2 and will also be shown before all simulations if'Dont
Day 15 'showthis dialog next time' at the bottom is cleared.
Month Jul
Day of week 9-SummerDesignDay
[ Exclude all zone natural venilation (infitration is always included)
[ Exclude all zone mechanical ventilation
Exclude heat recovery
System Sizing

Calculation Description

Design margin 115
Sizing method 1-ASHRAE
Airflow calculation method 1-Sensible only

] Don't show this dialog next time Help cancel )| ok |

A cooling system is commonly oversized by 15%.

Step 15: Select the Summary tab. The screen appears
with the cooling design data summary.

First Building, Building 1

Aoalyss
2009 Temperature and Heat Gains - First Building, Building 1
EnergyPlus Output 15 Jul, Sub-hourly Licensed
[ A Terperatue mmm Radant Tarperature s Operaiie Tamparaiyrs s Ouiside Dy-Bub Tomperaie
| | |
30 =
g 1
=500 T — — =
£ 25
H I
H ]
2 20
= Gy === Wals === Ground Floors = Roofs = Exiamal Ifiaton = Extemal Veni s Ganaral Lghting e Computer + Equp
20-{S== Cospaney = sorGan Bt Widows = 7one
Pz Jl
i =C
e = /
40 ==
2
o= — oo
10 N I]
20
£ =
£ 20 == /
0 = =
250 —
60
= Featve Fumdty
L~
50
g [ — =
R \ =
< 4 P
(o= Thech Vant + Nat Vant + infstion
18 £
16 / AN \
314 =
£ 12
10
208 Z
100 300 500 7:00 900 1100 1300 1500 17:00 19:00 2100 2300
200 400 6:00 800 10:00 12:00 14:00 16:00 18:00 20:00 22:00
ime
Edt | Visualse | Heating desion ‘Smuation | CFD_| Dayhghting | Cost and Carbon
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Table 1.2 Data for the single-zone model

Zone Block 1: Zone 1
Design capacity (kW) 68.9
Design flow rate (m3/s) 4.2
Total cooling load (kW) 59.9
Sensible (kW) 52.9
Latent (kW) 7.0
Air temperature (°C) 24.0
Humidity (%) 49.5
Time of max cooling Jul 15:00
Max op temp in day (°C) 29.9
Floor area (m?) 765.3
Volume (m?) 2,678.5
Flow/floor area (1/s-m?) 5.5
Design cooling load per floor area (W/m?) 90.1
Outside dry bulb temperature at time of peak 27.2
cooling load (°C)

) [a Tempesatue (0 Hurty 29 | ook [Max Op Temp i Dy (C) [Foceveand) _[Voume

Blocid Zonet G094 205 S TN I} T T 7553 75755
Totals 495 INA 288

68.94 12185 59.95 5293 7201 240 7653 2678,

The screen data are provided in table format for a clear
view (Table 1.2).

The load calculated in the building is 68.94 kW. Cooling
load is also described in tons of refrigeration (TR). For
this building, it is 19.64 TR. Enter the cooling and heat-
ing capacities in Table 1.4.

A ton of refrigeration (TR), describes the heat-extraction
capacity of refrigeration and air conditioning equipment.
It is defined as the rate of heat transfer that results in
the melting of 1 short ton (907 kg) of pure ice at 0°C in
24 hours. A refrigeration ton is approximately equivalent
to 3.5 kW of cooling effect.

Sensible versus latent heat:

Sensible heat is the energy required to change the tempera-
ture of a substance with no phase change. Sensible heat rep-
resents only the dry bulb temperature change.

(Continued)
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Latent heat, however, does not affect the temperature of
a substance. Heat that causes a change of state with no
change in temperature is called latent heat.

A cooling system should be capable of removing both the
sensible and latent heat from the building. Therefore, the
total cooling capacity of a system will be (sensible heat
load + latent heat load) X sizing factor.

In this tutorial, sensible heat is 52.93 kW and latent heat
is 7.01 kW. The addition of both sensible and latent heat
is 59.9. Therefore, the design capacity calculated by mul-
tiplying 59.9 with sizing factor (1.15) is 68.93.

You can divide this by 3.51 to convert it into the unit
of TR.

9593 _19.64 TR
3.51

Temperature

Heat supplied

Step 16: Select the Simulation tab to perform the annual
simulation. Select Fuel breakdown from the Data
drop-down list, Annual from the Interval drop-down
list and Grid from the Show as drop-down list.

[[Edt | Visualise | Heating desian | Cooling design || Smuiation | CFD | Dayighting | Cost and Carbon I
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L2k DesignBuilder - Untitied 1.dsb - Layout - First Building, Building 1
File Go Tools Help

DEES R LUREIQAES

Navigate, Site First Building, Building 1

Heaiing (Gas) (kWh) [ Cooling Electiciy) (kWh) [DHW (Electiciy) (cwh)
. 14379.14 3001.284

30807.65

Display Options

Data g

Data. 6-Fuelbre ~
Interval [1-Annual &

Showlas 2.Gid =
Days perpage 365
Normalise by floor area

Step 17: Select the Normalise by floor area check box
and All floor area from the By drop-down list to view
the EUI of the building. Also select Fuel totals from the
Data drop-down list. Enter the electricity EUI value in
Table 1.3.

—
[ DesignBuilder - ntitled 1dsb - Layout - First Building, Building 1 B
File Go Tools Help | &

- ~
D2HS R AU REIQAEE
Navigate, Site First Building, Building 1
| Analysis E Eu_?aanqnc Il_m ‘. D
HdE4dP 2 Date/Time Electic Gas (Whin2) Simulation Data «
[00.00:00 1286942 40256.84 This screen disp|
&) Fist Bulding i
-4 Building 1 current buiding.
&8 Block 1 Selectthe data
-6 Zone 1 controlsin the Dij =
@G Ground floor - 800.000 m2 (Ground) ane.
gnw-mmnmz You can plotan
69 Wal- 70000 m2- S0.0° diflerent types of
@69 Wall-140.000m2-0.0° same by n|
@69 Wall- 70.000m2 - 270.0° {m"&‘“’r"""""
69 Wall- 140,000 m2 - 180.0° e Display Optic
4 »| To update the dz

Display Options different calculati
click:
) & upaze
Bl Exportthis re
Data. v o
) useinine s
s L m— e
Show as 2-Grid 52 assodiate the .idt
365 with atext editor | |
DL optionwork-

Nomalise by floor area

By 1-Allfloor erea > g

§ showtemper
distribution data ™
g

Step 18: Save the model as First Building on Desktop.
You are going to use this model in forthcoming tutorials.
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- = :
dily Save File As i 4@

Savein| Wl Desktop <) @ E? v I

Name ‘ Size Itemt *
= Libraries |
@ Homegroup

2 admin

1% Computer

G\! Network -

Exercise 1.2

Create a larger building and compare the EUI with a smaller
building. Repeat the tutorial to create an 80 m X 40 m rect-
angular building. Compare the EUI of the larger building
with the smaller building (the 40 m X 20 m building created
in Tutorial 1.2) and enter it in Table 1.3. Enter and compare
the cooling and heating capacities of the larger building in
Table 1.4. The method to calculate the EUI (kWh/m? yr) is
explained in Tutorial 1.1.

Table 1.3 EUI for a large and small building

Building with 40 m X 20 m  Building with 80 m X 40 m
dimension kWh/m? yr dimension kWh/m? yr

Electricity
Gas
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Table 1.4 Cooling and heating capacity for a large and small
building

Building with Building with
40 m X 20 m 80 m x 40 m
dimensions dimensions

Capacity of cooling
equipment (kW)

Capacity of heating
equipment (kW)

Cooling capacity (kW/m?)
Heating capacity (kW/m?)

The following observations can be made through the above
exercise:

1. EUISs of both the buildings are different.

2. Cooling and heating equipment capacities are greater for
the 80 m X 40 m building compared to the 40 m X 20 m
building. Larger buildings require higher capacity equip-
ment due to the greater envelope area, occupancy and
internal loads.

3. Cooling/heating equipment capacities per unit area are
different. A larger building has a lower capacity per
unit area. The main reason behind such a difference is
that although most of the internal loads, such as occu-
pancy, lighting and equipment, vary linearly with area,
the heat gain/loss through the building envelope does
not follow the same trend due to a non-linear variation
of the exposed surface area with the floor area or car-
pet area.
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TUTORIAL 1.3  Evaluating the impact of building
location and orientation
GOAL

To evaluate the impact of the building location and its ori-
entation on the HVAC system sizing and building annual
energy consumption.

WHAT ARE YOU GOING TO LEARN?
* Changing the location of a building
* Downloading a weather file
e Changing building orientation
* Analysing the impact of weather and orientation on
the building’s performance

PROBLEM STATEMENTS

1. In Tutorial 1.2, a 40 m X 20 m rectangular building
was simulated for London. Simulate the same build-
ing model for New Delhi and compare the HVAC siz-
ing, monthly energy consumption and annual energy
consumption.

2. Rotate the building by 90° clockwise and simulate
it for New Delhi. Compare the results of the two
models (without rotation and with 90° rotation).

SOLUTION
Step 1: Open the model saved in Tutorial 1.2.

Lookin: i Desktop v 02 P E
Name Size Ttem type
&First Building.dsb 1,617 KB DesignBuilder

[DesignBuider files(".dsb)
Open as read-only
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Step 2: Click First Building.

Navigate, Site First Building, Building 1

Step 3: Select the Location tab. The Location Template
screen appears.

Navigate, Site First Building

e Loy | Logsion [ Fegen |
JE4PZ

E-@) Fist Building
E-4® Building 1
- Block 1
-6 Zone 1

Step 4: Click LONDON/GATWICK ARPT. Three dots
(...) appear. Click the three dots. The Select the location
template screen appears.

[ Location Template

%3 Template LONDON/GATWICK ARPT

¥ Site Location

1Y Site Detall

* Summer Design \Weather Data
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Step 5: Scroll to select INDIA. Double click India and
select NEW DELHI/PALAM. Click OK.

&5 HEARD AND MC DONALD ISLANDS
{5 HOLY SEE (VATICAN CITY STATE)
95 HONDURAS

{5 HONG KONG

95 HUNGARY @
{5 ICELAND

AGARTALA

AHMADABAD

AKOLA

AMRITSAR
AURANGABAD CHIKALTH
BALASORE
BANGALORE
BEGUMPET AIRPORT
BELGAUM/SAMBRA
BHOPAL/BAIRAGARH
BHUBANESWAR
BHUJ-RUDRAMATA
BIKANER
RNMRAY/SANTACRIIZ

| | B @ Comes ] s

MACHILIPATNAM -
----- MADRAS/MINAMBAKKAM
MANGALORE/BAJPE
MINICOY
&3 NAGPUR SONEGAON
&g NELLORE
@
83 NEW DELHI/SAFDARJUN
-~ PATIALA
&g PATNA
-3 PBO ANANTAPUR
&3 PBO R&IPUR
&3 PENDRA ROAD
- &3 POONA
- &3 PORT BLAIR
&3 RAJKOT
-3 RAMGUNDAM
- &3 RATNAGIRI
&3 SHOLAPUR

SURAT
TEZPIIR

| | B @ = ——)

Step 6: Click Building 1.

Navigate, Site First Building

NEW DELHI/PALAM

ather Data
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Step 7: Select the Simulation tab. If your computer is
connected to the Internet, DesignBuilder directly down-
loads the weather file. If, for some reason, DesignBuilder
is not able to download the weather file, you can manu-
ally download the weather file from https://energyplus.

net/weather.

Place the downloaded weather file in the folder C:\
ProgramData\DesignBuilder\Weather Data.

91 items.
W

@@ ). » Computer » OS(C) » ProgramData » DesignBuilder » Weather Data Search Weather Data
Organize v Includeinlibrary v Sharewith v Bum  Newfolder v 0 @
. 2 Name Type Size
I Desktop [ AuT) y 638 EPWFile 1518 K8
{18 Downloads [ BRA_SANTOS_SWERA.epw 27-08-20131644  EPW File 1,541 K8
%l Recent Places [7] CAN_PQ MONTREAL INT'L_WYEC2-B-94... 03-06-2008 19:36 EPW File 1,380 KB
& Autodesk 360 |_] CAN_PQ_MONTREAL JEAN BREBEUF \ 7-08-2013 16:55 EPW File 1,555 KB
) Pictures [) CAN_PQ_MONTREAL MIRABEL WYEC2.e... 27-08-201316:56  EPW File 1,548 KB
33 Dropbox ] Delhi Constant Wind.epw 221020152048 EPW File 1,586 KB
@ OneDrive [ FRA_PARIS IWEC.epw 270820131817 EPWFile 1512K8
[ GBR_LONDON_GATWICK IWEC.epw 03-06-20082031  EPW File 1,392K8
4 Libraries ) Hyderabad_SLC.epw 230320091238 EPW File 1331 K8
[3) Documents (] IND_ANDHRA PRADESH_HYDERABADIS... 03-06-20082035  EPW File 1,418 KB
o Music [ IND_DELHI_NEW DELHI_ISHRAE.epw 03-06-20082037  EPW File 1414K8
&) Pictures [] IND_KARNATAKA BANGALORE ISHRAE.... 27-08-20131824  EPWFile 1443 KB
U Podeasts [ IND_MEGHALAYA SHILLONG ISHRAE.epw 03-06-200820:39  EPW File 1,403 KB
&7 Subversion ~ [) IND_RAJASTHAN_JAIPUR ISHRAE.epw 27-08-20131827  EPWFile 1,445 KB

Navigate, Site

First Building, Building 1
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DesignBuilder uses hourly weather files with .epw
extension. Weather files can be downloaded from
the following link: https://energyplus.net/weather.
Weather files that are downloaded directly from the
website should be copied in the DesignBuilder weather
data folder located at C:\ProgramData\DesignBuilder\
Weather Data.

Step 8: Compare the simulation results for London and
New Delhi locations. Results for London location can be
obtained from Tutorial 1.2.

The impact of location on building energy consumption
can be seen from the results reported in Table 1.5.

You can observe that there is no change in room elec-
tricity and lighting. This is the result of the same inter-
nal loads, and as there is no daylight-based control, the
change in location does not change these values.

From the results in Tables 1.5 and 1.6, the following
observations can be made:

* The heating energy consumption is more in London
than in New Delhi. This is because London has a
colder climate compared to New Delhi.

Table 1.5 Energy consumption with a change in location
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Annual fuel breakdown data

Type London (kWh) New Delhi (kWh)
Room electricity 33,169.41 33,169.41
Lighting 47,936.98 47,936.98
Heating (gas) 30,807.65 1,502.32
Cooling 14,379.14 101,945.7

DHW (electricity) 3,001.28 3,001.28
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Table 1.6 Heating and cooling equipment capacity with a
change in location

London New Delhi
Capacity of cooling equipment (kW) 68.94 99.64
Capacity of heating equipment (kW) 73.16 43.56

e For the cooling energy consumption, it is the
reverse because New Delhi is warmer than
London in summers.

e Similarly, there is a significant effect of location
on the cooling and heating equipment capacity.

Next steps show how to change the orientation.

Step 9: Select the Location tab (refer to Steps 2 and 3
of this tutorial) and click Site Details. Enter 90 in the
Site Orientation text box. Select the Layout tab. You can
observe the change in the north arrow direction before
and after changing the site orientation.

North is indicated by the direction of the north arrow in

the sketch plan view.
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Working at the ‘untitled’ level (here First Building) of the
tree means working at the site level. For example, if there
are multiple buildings on a site that are to be modelled in
DesignBuilder, after creating one building, return to the
site level in the tree to start creating the next building.

Therefore, all site-specific information such as location
and orientation can be assigned to the model only when
the site level is selected in the navigation tree.

Site orientation (°) in DesignBuilder represents the
alignment of the building(s) with respect to true north.
However, since there could be multiple buildings on the
site, this is called site orientation instead of building
orientation.

Step 10: Select the Simulation tab to get the results.

The impact of building orientation on building energy
consumption is shown in the results recorded in
Table 1.7.
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Table 1.7  Annual energy consumption with a change in
orientation

Type Orientation 0° (kWh)  Orientation 90° (kWh)
Room electricity 33,169.41 33,169.41

Lighting 47,936.98 47,936.98

Heating (gas) 1,502.32 1,644.22

Cooling 101,945.7 103,836.7

(electricity)

DHW (electricity) 3,001.28 3,001.28

Table 1.8 Heating and cooling equipment capacity with
change in orientation

Type Orientation 0° (kW) Orientation 90° (kW)
Cooling 99.64 105.49
Heating 43.56 43.56

Changing the orientation of the building changes the
heating and cooling energy consumption and also the
system sizing. You may note that heating capacity does
not get affected by the change in orientation due to the
fact that peak requirement of heating occurs in non-
sunshine hours. Hence, any orientation would require the
same amount of heating (Table 1.8).

Exercise 1.3A

For New Delhi, run simulations for three more orientations — 45°,
180° and 270° — and compare the results (Tables 1.9 and 1.10).

Table 1.9 Energy consumption with a change in orientation

Annual fuel breakdown data

0° 45° 90° 180°  270°
Type (kWh) (kWh) (kWh) (kWh) (kWh)

Room electricity
Lighting

Heating (gas)
Cooling (electricity)
DHW (electricity)
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Table 1.10 Heating and cooling equipment capacity with a
change in orientation

Type 0° 45° 90° 180°  270°

Heating capacity (kW)
Cooling capacity (kW)

Compare the energy consumption for 0° and 180°; what do you
observe?

It can be seen that the results for 0° and 180° are the same, and
those of 90° and 270° are the same. This is due to symmetry in
the shape and window distribution of the building due to which
solar exposure for these two cases becomes similar.

A comparison of the energy consumption for 0° and 90° shows
a difference in the cooling capacity as well as energy consump-
tion due to the change in solar exposure.

Exercise 1.3B

Change the weather location of the model with New York and
Singapore and enter the values in Tables 1.11 and 1.12.

Table 1.11 Energy consumption with a change in location

Annual fuel breakdown data

Type New York (kWh) Singapore (kWh)

Room electricity
Lighting

Heating (gas)
Cooling

DHW (electricity)

Table 1.12 Heating and cooling equipment capacity with a
change in location

Type New York (kW) Singapore (kW)

Heating
Cooling
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Observe and write why energy consumption and system sizing
changed?

It can be seen that the extent of variation is significantly less
for orientation as compared to that of the change in location.

The change in energy consumption due to orientation may be
more pronounced in buildings having a higher aspect ratio (the
ratio of longer and shorter sides) due to the change in solar
exposure of the building that influences heat gain.

The change in energy consumption with location is largely due
to the change in harshness of climatic conditions. This can be
proportional to the cooling degree days (CDDs) for cooling
energy consumption and heating degree days (HDDs) for heat-
ing energy consumption.

Values of CDDs and HDDs can be found in weather files,
design data books and references such as ASHRAE.

HDDs and CDDs are a common measure used to inter-
pret the heating and cooling needs of a location. Degree
days are the summation of the product of the difference
in temperature (A7) between the average outdoor and
the hypothetical average indoor temperature and the
number of days the outdoor temperature above or below
the hypothetical average indoor temperature.

The degree days are calculated in reference to a baseline
line temperature that is commonly 18°C. Temperatures
beyond 18°C need to be cooled and temperatures below
18°C need to be heated.

Example: To calculate CDDs for two consecutive days.

Baseline temperature = 18°C

Daily average outdoor DBT on Day 1 = 20°C
Daily average outdoor DBT on Day 2 = 17°C
CDDonDay 1 =20-18 =2
CDD on Day 2 =17-18 = -1

Total CDD =2

The unit of measurement for CDD or HDD is degree
days.
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TUTORIAL 1.4 Evaluating the impact of opaque
envelope components

GOAL

To understand the impact of thermal properties for opaque
envelope components (the external wall and roof) on the
HVAC system sizing and energy consumption.

WHAT ARE YOU GOING TO LEARN?
e Changing the wall construction in a building from the
library of DesignBuilder

e Changing the roof construction in a building from the
library of DesignBuilder

PROBLEM STATEMENT

For the Courtyard with VAV Example, change the exter-
nal wall from ‘Best practice wall, Medium weight’ to
‘Brickwork single leaf construction dense plaster’ and
record its impact on the building energy performance for
the London weather file.

SOLUTION

Step 1: Open the Courtyard with VAV Example model
from the template.

DesignBuilder Data
Recert Fies

Name. [Folder/ [szexe) [Lest Modiied « s

B

El

DesignBuilderfiles.
ZIC\ Deskt

|=IDADE Files\(Chapter 2 0B fles
b2a

A o Deskiop 1120 371572016 125911 Pt & fies

|DADB Files\Chapter 2 DB fles| 1608 311572016 11:21:45 AM DesignBuilder files.

DesignBuilder templates
|=IC\ProgramDete\DesignBuildenTemplates
& Simple HVAC night cooling CiProgramDat 987 12142015 1:03.00 PM o
& Plenum Example Buillding C\ProgramDat 69 127142015 1:03.00 PM o
4 Green roof example CiProgramDat 944 12/14/2015 1:0300 PM o
Dovhle. 5oL R Ca e X O e L L s LA S LN L
Courtyard with VAV Example CiProgramDate\DesignBuil. |771 12/14/20151:03.00 PM esignBuider templetes
(rom Example with Calc Nal Ven T ProgrambataDe s groun T Tesigntlurder emplates
Zone Multiplier Example |CAProgramDate\DesignBu.. 953 [121472015 10300 PM |DesignBuider templates
PCM Example |CAProgramDate\DesignBul.. 2263 [12n42015 10300 M |DesignBuider templates
ic Simulation Example C\ProgramDate\DesignBui.. 946 1201472015 1:0258 PM D templetes
Heating Example CAPre Date\DesignBuil... 748 12/14/2015 1:0258 PM. Dt templates
Trombe Wall Example CiProgramDate\DesignBuiL.. (878 12/14/2015 1:0258 PM O templates
Single Zone Example [CAProgremDate\DesignBuil.. 751 (1271472015 1:0256 PM |DesignBuider templetes
Model Geometry Example [CAProgramDate\DesignBil.. 920 (1271472015 1:0256 PM |DesignBuider templetes
CFD Internal Analysis Example [CAProgremDate\DesignBuil.. 3115 (1271472015 1:0258 PM [DesignBuider templates
idification example C\ProgramDate\DesignBui.. |94 12/14/2015 1:0258 PM DesignBuider templates
Atrium example base CiProgramDate\DesignBuil 1271472015 1:0258 PM DesignBuider templates
CFD External Analysis Example [CAProgramDatetDesignBul [1271472015 1:0256 PM [DesignBuidertempletes
Mech Vent with Preheat CiProgramDete\DesignBui. 1271472015 1:0258 PM O templetes
Mixed Mode Example C\ProgramDate\DesignBuil 12/14/2015 1:0258 PM O templetes
Video Tutorials Example | C\ProgramDete\DesignBul.. 1024 [12n472015 10258 PM |DesignBuider templetes
| House Example 1 C\ProgramDate\DesignBuil 1271472015 1:0258 PM DesignBuider templetes
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Step 2: Select the Construction tab.

Untitled, Building 1

DesignBuilder uses the tree structure for data organiza-
tion. The ‘Template’ is the root and all the other fields are
the branches. DesignBuilder Templates are databases of
typical generic data.

Therefore, when editing the template at the root level, it
changes at all branches, but if changes are made at the
branch level, root and other branches will not change.

Objects such as external walls in the construction tem-
plate can also be edited individually without changing
the complete root template. However, in that case, it is
to be noted that this particular object will be decoupled
from the root. This means that changing the roof object
does not impact the value of this object.
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Step 3: Make sure that Best practice Wall, Medium
weight is selected as External walls.

File Edit Go View Tools Help

CFD

Medium weight

<yExtemal walls

<pBelow grade walls ‘Best praciice Below grade wall, Medium w
<yFlatroof Best practice Flatroof, Medium weight
<pPitched roof (occupied) Best practice Pitched roof, Medium weight
<yPitched roof (unoccupied) Uninsulated Pitched roof, Lightweight
<pintemal partions Lightweight 2 x 25mm gypsum plasterboard
Semi-Exposed o

<pSemi-exposed walls Best praciice Semi-exposed wall Medium
<pSemi-exposed ceiling Bestpractice Semi-exposed caiing, Mediu
<ySemi-exposed floor Best practice Semi-exposed floor, Medium
" Floors 3 N
<y Ground floor Best praciice Ground floor, Medium weight
floor ice Ground floor, Medium weight
<pExtemal floor Best praciice Extemal floor. Medium weight

<plntemnal floor 100mm concrete slab

Aifightnes

& Modelinfilration
Constantrate (ac/h) 0.050
(4 Schedule On 2477
D

| 0 e [Visusise | Hestng dosion | Cooleg desgn | Semistion | GFD | Dayigring | Costand Carbon [N |

Edit Constructions...

Step 4: Select the Simulation tab. The Edit Calculation
Options screen appears. Click the Annual simulation link
to set annual simulation period.

Simulation Options

These options control the simulation and the output

3 produced.

Simulation Period

Simulation Period

Selectthe start and end days for the simulation, or
13 tvpical period

Start month

Output Intervals for Reporting
Monthly and annual
Daily
O Hourly
[ Sub-hourty Interval

Monthly and annual output is always generatedand
dail_hourl and sub-hourlv data can salacted hv 52

[ Don't show this dialog nexttime _ Hep [ Cace ][ 0K )
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Step 5: Record the energy simulation results.

File Go Tools Help

DEEHS R FAAVREIQARS

Navigate, Site

Simulation Data - Analysis. =
This screen displays average and total

to view using the
Display Options pane.

You can plot a number of difierent

types of data on the same graph by
ing selections on the Detailedtab

of the Display Options.

To update the data using diferent

calculation options, clickc

& upaze

B8l Exporthis report

@ Viewthe input data scriptused in
the smulations_ Ifyou do ot have the
EnergyPlus IDF editor installed, then
you should associate the .idf file
extension with a te) ‘to make
this option work.

§ showtemperature aistribuion data

6-Fuel break
1-Annual
2-Grid Showall

Display Shortcuts:
Clearall

 —— v [l Sustemloads
Edt | Viusise | Heatng desgn | Goolng design | Simiston [[CFD | Deyighing | Gostand Cabon I EuSLIMIS 2

In the next steps, you are going to change the external wall
construction.

Step 6: Click Edit. The Construction Template screen
appears.

st ] Visualise | Heating design | Cooling design | Simuiation [ CFD_| Dayiighting | Cost and Carbon [

Step 7: Click External walls under the Construction
section. Three dots (...) appear. Click the three dots. The
Select the construction screen appears.

Untitled, Building 1
JOpenings | Uohtng | HVAC | Genertion | Economics [ outouts [crD |

@ Construciion Template
Best practice. Medium weight

Best practice Wall Medium weight
<pBelow grade walls Best practice Below grade wall, Medium weight
<pFlatroof Bestpractice Flat oot Medium weight
yPitched roof (occupied) Bestpractice Pitched roof Medium weight
pPitched roof (unoccupied) Uninsulated Pitched roof Lightweight

intemal pertions Lightweight 2 x 25mm gypsum plasterboard with 100mrm ¢

emi-exposed walls est praciice Semi-exposed wall, Medium weight

S dwall B E dwall, Med n
emi-exposed ceiling estpraciice Semi-exposed ceiling, Medium weight
Sermi d ceili B E d ceiling, Medi ht

ySemi-exposed floor Bestpractice Sem-exposed floor, Medium weight
Fi

round floor st praciice Ground floor, Medium weight

Ground fl B Ground floor, Med h

asement ground floor st praciice Ground floor, Medium weight

B d i B Ground floor. Med h

mal floor est praciice Extemal floor, Medium weight

Externalfi B External floor. Med h
100mm concrete slab.

ing ot Junclions
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Step 8: Select Brickwork single leaf construction
dense plaster.

P Biick cavily with uf foam insulation & lightweight plaster ~
P Biick mineralinsulation thermlite block & /w plaster

P Biick/block wall (insulated to 1985 regs)

-9 Biick/block wall (insulated to 1995 regs) o

P Biick/block wall domestic (insulated to 1985 regs)

f construction dense pla:

<9 Biickwiork single leaf construction fibre insulation & render
-9 Biickwork single leaf construction light plaster
<59 Biickwiork single leaf construction with insulation & plaster
- Caviy wall [E6W) 1395 Part L - Standard elemental U-vakie was 0.45. A wall with a Usvalue of 0.45 (using the methods in place then) would have a Ul
- Caviy wall [E6W) 2002 Part L - Cavity wall to 2002 Reguiations, U=?
- Fully filed-50mm min. wool U=0.53 - Cavity wall fuly filed vith 50mm mineral wool, U=?
&P Fully flled-7Smm min. wool U=0.41 - Wall vith 75 mm cavity, full filed with mineral wool, U=?
&P Holes and vents
&P IRT Suface
< Lightweight concrete black ai gap & plasterboard
<9 Lightweight concrete block gip insulation & plasterboard
vy

A inbanints

m ] >

4] 8| 8o i

Untitled, Building 1

<yBelow grade walls. Testprachce Detow grade wal Medum wer]

<pFlatroof Best practice Flat roof, Medium weight

<pPitched roof (occupied) Bestpractice Pitched roof, Medium weight

<pPitched roof (unoccupied) Uninsulated Pitched roof, Lightweight

<gintemal pariitions Lightweight 2 x 25mm gypsum plasterboard with 100mm ¢

Step 9: Select the Simulation tab and perform annual
energy simulation. View the energy simulation results in
Tables 1.13 and 1.14 and compare.

It can be observed that changing the wall impacts the
equipment sizing and energy consumption.

Table 1.13  Energy consumption with a change in the external
wall construction

Annual fuel breakdown data

Best practice Brickwork single
wall, medium leaf construction
Type weight (kWh) dense plaster (kWh)
Room electricity 24,963.73 24,963.73
Lighting 27,058.50 27,058.50
System fans 26,415.89 27,748.42
System pumps 60.09 67.75
Heating (gas) 35,640.30 78,542.51

Cooling (electricity) 52,979.69 53,300.88
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Table 1.14 Heating and cooling equipment capacity (kW) with
a change in the external wall construction

Best practice wall, Brickwork single leaf
Type medium weight construction dense plaster
Cooling 73.77 76.55
Heating 56.04 92.32

Exercise 1.4

Open the model prepared in Tutorial 1.2. Assign flat roof con-
struction as shown in Tables 1.15 and 1.16. Simulate and com-
pare the results for London.

Table 1.15 Energy consumption with a change in roof construction

Annual fuel breakdown data

Roof, ins entirely above Uninsulated flat
deck, R-24 (4.2), U-0.040 roof, medium
Type (0.227) (kWh) weight (kWh)

Room electricity
Lighting

System fans

System pumps
Heating (electricity)
Heating (gas)
Cooling

Table 1.16 Heating and cooling sizing with a change in roof
construction

Heating and cooling sizing (kW)

Roof, ins entirely above deck, Uninsulated flat
Type R-24 (4.2), U-0.040 (0.227) roof, medium weight

Heating
Cooling
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Untitled, Building 1

ayout | Activity | C i Openi
GpTemplate Best practice. Medium weight
<pExternal walls Best practice Wall, Medium weight
<pBelow grade walls g glice B i
<pFlatroof
<pPitched roof (occupied) Best practce Fiched roof, Mediurm welg|
<pPitched roof (unoccupied) Uninsulated Pitched roof, Lightweight
<pinternal partitions Lightweight 2 x 25mm gypsum plasterboard
<pSemi-exposed walls Best practice Semi-exposed wall, Medium
<pSemi-exposed ceiling Best practice Semi-exposed ceiling, Mediu
<pSemi-exposed floor Best practice Semi-exposed floor, Medium
Floors ¥
<pGround floor Best practice Ground floor, Medium weight
<pBasement ground floor Best practice Ground floor, Medium weight
<pExternal floor Best practice External floor, Medium weight

<plnternal floor 100mm concrete slab
Sub-Surfaces
Internal Thermal Mass
Component Block

Geometry, Areas and Volumes
Surface Convection
Linear Thermal Bridging at Junctions
Airtightness
Model infiltration
Constant rate (acth) 0.050

| Roof, Metal Building, R-16 (2.8), U-0.106 (0.608) -
| < Roof, Metal Building, R-16+19 (2.8+3.3), U-0.047 (0.266)

<P Roof, Metal Building, R-19 (3.3), U-0.065 (0.369)

<P Roof, Metal Building, R-19 (3.3), U-0.098 (0.550)

<P Roof, Metal Building, R-19+10 (3.3+1.8), U-0.041 (0.232) |
<P Roof, Metal Building, R-19+19 (3.3+3.3), U-0.046 (0.251)

b -&J Roof, Metal Building, R-6 (1.1), U-0.167 (0.947)

&3 Uninsulated Flat roof, Heavyweight
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m
Select the col ction

Q Roof, Ins Entirely above Deck, R-16 (2.8), U-0.060 (0.341) -
Q Roof, Ins Entirely above Deck, R-17 (3.0), U-0.056 (0.318)

£ Roof, Ins Entirely above Deck, R-18 (3.2), U-0.053 (0.301)

Q Roof, Ins Entirely above Deck, R-19(3.3), U-0.051 (0.230)

&P Roof, Ins Entirely above Deck, R-2 (0.4), U-0.360 (2.044)

&9 Roof, Ins Entirely above Deck, R-20 (3.5), U-0.048 (0.273)

-2 Roof, Ins Entirely above Deck, R-21 (3.7), U-0.046 (0.261)

Q Roof, Ins Entirely above Deck, R-22 (3.9), U-0.044 (0.250)

=R, e Case
&9 Roof, Ins Entirely above Deck, R-26 (4.6), U-0.037 (0.210)
& Roof, Ins Entirely above Deck, R-27 (4.8), U-0.036 (0.204)
Q Roof, Ins Entirely above Deck, R-28 (4.9), U-0.035 (0.199) @
& Roof, Ins Entirely above Deck, R-29 (5.1), U-0.034 (0.193)
& Roof, Ins Entirely above Deck, R-3 (0.5), U-0.265 (1.505)
& Roof, Ins Entirely above Deck, R-30 (5.3), U-0.032 (0.182)
& Roof, Ins Entirely above Deck, R-35 (6.2), U-0.028 (0.159)
& Roof, Ins Entirely above Deck, R-4 (0.7), U-0.209 (1.187)

W O~nf lon Cuabioabe abimeea Danl, O 4 (07 110910 (1 240

n ) »

< |
| G| E | @son ( Canca ) [0k )

You can follow similar steps as you have performed for the
external wall.

TUTORIAL 1.5 Evaluating the impact of WWR
and glass type
GOAL

To evaluate the impact of glazing area and glazing proper-
ties on the energy performance of a building.

In the field of building energy simulations, glazing area is
most commonly quantified in terms of WWR. WWR is
the ratio of the total glazing area to the total external wall
area in conditioned zones.

WHAT YOU ARE GOING TO LEARN?
* Creating zones in a building
e Changing WWR
* Changing glazing type

PROBLEM STATEMENT

Create a 60 m X 40 m five-zone, single-story building
model for London. Take WWR of 30% and 80% and evalu-
ate the building energy performance. Compare cooling
and heating equipment sizing of north and south zones.
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Similarly, compare sizing in east and west zones. Evaluate
the impact of glazing by changing the single pane clear
glazing (Sgl CIr 3 mm) to high-performance low SHGC
dual pane glazing (Dbl Blue 6 mm/13 mm Air).

Step 1: Open a new project and draw a building with
60 m x 40 m.

Untitled, Building 1

&)

Data structure hierarchy in DesignBuilder:

Site—Building—Floors/Levels—Zones/Rooms— Opaque
Components—Transparent—Components

=-a,) Site
ge Building 1
=- Block 1
&-6) Zone 1
@~ Ground floor - 104.093 m2 (Ground)
&0 Roof - 104.033 m2
=-6¢ Wall-31.378 m2 - 90.0°
| B9 Extemal - 22578 m2
[ Window (Extemal) 8.800 m2
@-E9 Wall - 40.640 m2 - 0.0°
@-Eg Wall- 31.378 m2 - 270.0°
@-6¢ Wal - 40.640 m2 - 180.0°

Assigning a template to the upper level branch will result
in the same template for all the sub-branches. For example,
if a construction template named ‘Framed Construction’
is assigned to the building, all floors and zones will have
the same template — ‘Framed Construction’.

When a particular sub-branch is edited, it is separated
from the main branch resulting in a need for a separate
edit from the main branch.

(Continued)
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For example, if a particular zone (such as zone 1) of the
first floor of the building is selected and the construc-
tion template is changed from ‘Framed Construction’
to ‘Mass Construction’, and later the whole building is
selected and the construction template is changed from
‘Framed Construction’ to ‘Steel Construction’, construc-
tion template of zone 1 still retains ‘Mass Construction’.

Step 2: Click Block 1 in navigation tree. The display
changes to Zone 1.

[E Generic Office Area

Zone 1

O

Step 3: Click the draw construction line button to mark
lines on the zone. You need to draw an internal partition
of 10 m offset.

PY MY 11

Similar to other drafting programs, DesignBuilder pro-
vides some important drafting options such as snap
points, gridlines and direction snap. Make sure to select
the relevant options while creating the custom geometry.



CHAPTER ONE GETTING STARTED WITH ENERGY SIMULATION 51

Step 4: Place the pointer near the top-left corner. The
pointer snaps to the corner (green square appears at the
centre of the cross hair). Left click once the pointer has
snapped, and then move the mouse in the right direction
over the north wall of the building and type 10. It draws
a construction line of 10 m from the top-left corner on
the north wall.

[] Generic office area

CTo G SO107 e

[

Zone 1

A
_/

Step 5: Click the right end of the construction line. Now
move the mouse vertically down parallel to the west wall
of the building with an offset of 10 m (as achieved in the
previous step) and snap to the south wall (this time cross
hair will change to the red square because it will be edge
snapping) and click.
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[] Generic office area |

Step 6: Continue drawing all construction lines to mark
core and perimeter zones.

[] Generic office area l

Step 7: Click the Draw partition button. The screen
appears with a cursor to draw the internal partitions.
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. Generic Office Area

Step 8: Trace the construction line to draw a perimeter
zone on the north.

[ ] Generic office area l

A

Step 9: Repeat Step 8 to draw other three zones. This
step results in a total of five zones, four perimeters and
one core as shown below with Axonometric View. (Note:
No need to redraw the partition drawn in the previous
steps.)
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Perimeter and Core zoning is common in building energy
simulations, especially when the internal layout of the build-
ing that is being modelled is not designed. The Perimeter
and Core zoning is also practiced while modelling large
open floor plans.

e s s
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Step 10: Select and rename each zone based on its orien-
tation. (For renaming you need to single click the zone
name and wait for about 1 second, and then click again.
A text box appears to enter a new name.)

Navigate, Site
Stte
dE 4P 2

E-@;) Untitled
E-4® Building 1

Step 11: Click Building 1 in the navigation tree. Now
you are going to set WWR for the whole building.
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Step 12: Select the Openings tab. The Glazing Template
screen appears.

Untitled, Building 1, Block 1

G Template Project glezing template

@Glazing type Project extemal glazing

\@Loyout Preferred height 1.5m. 30% glazed
Type 3-Prefered height -
‘Window to wall % 3000

‘Window height (m) 150
‘Window spacing (m) 500
il height ()

080

Step 13: Make sure that window to wall percentage is 30.

Step 14: Select the Visualise tab. Use the orbit tool for
3D visuals.

[ £t || Visualise_lf Heating design | Cooling design | Simulation | CFD_| Daylighting | Cost and Carbon ||

=

Step 15: Select the Heating design tab.

[ et | visualise [[tezting design J[ Cooling design [ Smuiation | CFD | Dayighting | Costand Carbon |I
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Step 16: Ensure Air temperature is selected in the
Temperature control drop-down list. Click OK.

Calculation Options Data

Calculation Description Y Calculation Options
The winter design calculation options provide you with
. | IY| some control over the simulation. In generalyou
Calculation Options M| || shouid use the defaultvalues as supplied wih the
Simulation method ol soware.
Temperature control Auto-Update
" This dialog is always shown when you select'Update’
[ Exclude all zone natural ventilation (infiltration is and will also be shown before all simulations if Dont
[ Exclude all zone mechanical ventilation showthis dialog next time' at the bottom is cleared.
Exclude heat recovery
System Sizing
Output
Advanced

[ Don't show this dialog nexttime [ Hep J [ cance ]| 0K )

Air temperature control means controlling the mean air
temperature of the zone to the assigned setpoint tempera-
tures. Other control types mainly include operative tem-
perature and adjusting zone radiant temperature control
fraction. These control types are mainly used in advanced
research and comfort analysis studies.

Step 17: Select the Summary tab. The results are
displayed in a grid view. For each zone, the heating
capacity is shown in the table.

Step 18: Select the Cooling design tab. Ensure Air tem-
perature is selected as temperature control. Click OK.

.Ed | Visuaiise | Heating design || Cooling design | Simulation | CFD_| Daylighting | Cost and Carbon -
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Calculation Options.

The summer design calculation options provide you
with some control over the simulation. In general you
‘should use the default values as supplied wih the

Simulation method 1-EnerayPlus software.
Auto-Update
S Tempe I n. This dialog is always shown when you select'Update’
SUnmenesign Jay b and will also be shown before all simulations if ' Dont
Day (%4 showthis dialog next time’ at the bottom is cleared.
Month M
Dey of wesk 9-SummerDesignDay -

[ Exclude all zone natural ventilation (infiltration is always included)
[ Exclude all zone mechanical ventilation
[ Exclude heat recovery
] System Sizing
Design margin 115
Sizing method 1-ASHRAE
Airflow calculation method 1-Sensible only
Output
Solar
Advanced

] Don't show this dialog nexttime [ Hep ][ Conce ]| 0K |

Step 19: Select the Summary tab to view the cooling
system sizing results of each zone (Table 1.17).

It can be seen that the peak cooling for the east zone is at
10:00 and for the west zone at 16:00. Further, note that
the cooling capacity for the west zone is more than the
east zone. Also, the design capacity for the south zone
is more than the north zone. This is because London is
located at 51.5° north latitude, resulting in more solar
radiation on the south facade.

Step 20: Run energy simulation and record the results for
fuel breakdown. Save the model to use in forthcoming
tutorials.

Step 21: Repeat previous steps and set WWR to 80.

Dimensions ¥
Type mualaged height <
Window to wall % 80.00
Window height (m) u
Window spacing (m) 5.00
Sill height (m) 0.80

Step 22: Select the Visualise tab. Use the orbit tool for
3D visuals.

| _—
[l £t | Visusiise | Heating design | Cooling design | Smulation | CFD | Daylighting | Cost and Carbon ||
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Step 23: Record the heating and cooling design data and
fuel breakdown (Tables 1.18 and 1.20).

Now compare the results for each zone to gain a bet-
ter understanding of the impact of WWR on sizing. The
comparison is shown in Table 1.19.

Also compare the energy consumption of the two models
(Table 1.20).

In the tutorial so far, you have learned to change WWR
and its impact on sizing and energy consumption. Now
you will see the impact of glazing by changing from
a single pane clear glazing (‘Sgl Clr 3mm’) to a dual
pane low SHGC high-performance glazing (‘Dbl Blue
6mm/13mm Air’) with 30% WWR. Before going to the
next step, make sure that the WWR is 30% and you are
at the building level in the navigation tree.

Untitled, Building 1
Layout | Activity | Construction | Openings | Lihting | HVAC | Generation | Outputs | CFD.

@ Glazing Template: Y
G Template Project glazing template
w Extemal Windows. 3

g type
@Layout Preferred height 1.5m, 30% glazed
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Table 1.19 Heating and cooling sizing for 30% and 80% WWR

Heating sizing (kW) Cooling sizing (kW)

WWR 30% WWR 80% WWR 30% WWR 80%

North 43.37 48.36 35.92 42.65
South 43.32 48.21 45.37 70.14
East 26.82 29.44 26.18 49.01
West 26.82 29.44 31.97 56.34
Core 52.6 66.41 53.95 56.21

Table 1.20 Energy consumption with 30% and 80% WWR

Annual fuel breakdown data

Type WWR 30% (kWh) WWR 80% (kWh)
Room electricity 99,994 99,993
Lighting 1,44,513 1,44,512
Heating 90,292 91,614
Cooling 36,454 63,526
DHW 9,048 9,048

Step 24: Select the Openings tab and select the Sgl Clr
3mm from the library and run the annual simulation.

Step 25: Now select the Dbl Blue 6mm/13mm Air from
the library and run the annual simulation.

Untitled, Building 1

_Glazing Template ¥

Gp Template Project glazing template
w_External Windows:
[r9/Glazing type Dbl Blue 6mm/13mm Air

@Layout Preferred height 1.5m. 30% glazed

When you compare the results by changing the glazing
from single glazing to double glazing, notice that there is
a change in the consumption of electricity for cooling and
gas for heating (Table 1.21).
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Table 1.21  Annual energy consumption with a change in glass

type
Annual fuel breakdown data
Single glazing (Sgl  Double glazing (Dbl Blue
Type Clr 3mm) kWh 6mm/13mm Air) kWh
Room electricity 99,994 99,994
Lighting 1,44,513 1,44,513
Heating (gas) 1,10,841 1,00,895
Cooling 35,809 30,798
DHW 9,048 9,048

Exercise 1.5
Repeat the above tutorial for Sydney, Australia.

a. Observe the effect when WWR is changed from 30% to
80% (Tables 1.22 and 1.23).

Table 1.22 Energy consumption with 30% and 80% WWR

Annual fuel breakdown data

Type WWR (30%) (kWh) WWR (80%) (kWh)

Room electricity
Lighting

Heating (electricity)
Heating (gas)
Cooling (electricity)

Table 1.23 Heating and cooling sizing capacity with 30% and
80% WWR

Heating sizing (kW) Cooling sizing (kW)

WWR30%  WWR80% WWR30% WWR80%

North
South
East
West
Core
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It can be seen that cooling sizing, and cooling energy
consumption increases with increase in WWR. This is
because larger glass area results in larger solar gain.
Further, as the U-value of the window is inferior to the
U-value of the wall, larger window results in larger heat
gain in summers. It is interesting to note that heating
sizing and heating energy consumption also increases
with the increase in WWR. Though an increased solar
heat gain through the glass tends to reduce the require-
ment of heating during daytime, the heat loss through
the glass due to conduction offsets this effect. At any
given time, glass of only one or two orientations would
allow solar radiation to enter, whereas glass of other ori-
entations would lose more heat through conduction as
compared to a facade with a smaller WWR, assuming
that the walls are more insulated than the glass. Further,
during off-sunshine hours, the entire glazed area results
in more heat loss if the U-value of the glass is inferior to
that of the wall.

However, in subsequent chapters, it will be seen that this effect
is combined with a reduction in lighting energy consump-
tion if artificial light is simulated with a dimming feature.

b. Observe the effect with the change in glass type for 30%
WWR (Tables 1.24 and 1.25).

Table 1.24 Energy consumption with a change in glass type

Annual fuel breakdown data

Single glazing Double glazing (Dbl
(Sgl Clr 3mm) Blue 6mm/13mm
Type kWh Air) kWh

Room electricity
Lighting

Heating (electricity)
Heating (gas)
Cooling (electricity)
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Table 1.25 Heating and cooling sizing capacity with the
change in glass type

Cooling and heating system sizing

Single glazing Double glazing (Dbl Blue
Type (Sgl CIr 3mm) kW 6mm/13mm Air) kW
Heating
Cooling

TUTORIAL 1.6  Evaluating the impact of occupancy
density

GOAL

To evaluate the impact of occupancy density on cooling and
heating loads, and the whole building energy consumption.

WHAT ARE YOU GOING TO LEARN?

e Changing occupancy density

PROBLEM STATEMENT

Use the model created in Tutorial 1.5 (60 m x 40 m with five
zones). Set WWR to 30%, minimum fresh air (I/s-person) to
2.5, Mech vent per area (I/s-m?) to 0.3, and model infiltra-
tion (ac/h) to 0.20. Run simulations with occupancy den-
sity (people/m?) set to 0.07 and 0.10. Analyse the change
in energy consumption. Use the AZ-PHOENIX/SKY
HARBOR, USA weather file.

SOLUTION

Step 1: Select the Activity tab, and under the Occupancy
section, set the occupancy density (people/m?) to 0.1.
Under the Minimum Fresh Air section, set Fresh air
(I/s-person) to 2.5 and Mech vent per area (I/sm?) to 0.3.
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Untitied, Building 1
| Loyout | Actty | Consructon | Openings [ Lghting | HVAC | Generaton | Outputs | cFo

ATemplate Generic Office Area
Secir B Ofices et Woahos busnsses
Zone multiplier 1
Include zone in thermal calculations:
& Include zone in Radiance daylighting calculations

Office_Open0f_Occ.

Fresh air (1/s-person)
Mech vent per area (Ifs-m:

Step 2: Select the Construction tab. Under the Airtight-
ness section, set Model Infiltration Constant rate as
0.200 ac/h.

Untitled, Building 1

Project construction template

<yExtemal walls Projectwall

Below grade walls Project below grade wall

Flatroof Project flat roof

<pPitched roof (occupied) Project pitched raof

<yPitched roof (unaccupied) Projectunoccupied pitched raof
Project perifion

Project sem-exposed wall
pSemi-exposed ceiling Project sem-exposed ceiling
pSemi-exposed fioor Project semi-exposed floor

Fioors
pGround floor Project ground floor
yBasement ground floor Project basement ground floor

pExtemal floor Project externl floor
Projectinternal floor

Constant rate (ac/h)
(i Schedule
fta T end!

Step 3: Perform the annual simulation and record the
results.

Step 4: Set the occupancy density to 0.07 people/m?.
Perform the annual simulation and record the results
(Table 1.26).

Here if you observe the results, they clearly show that a
change in occupancy density has an impact on the total
energy consumption.

The impact of occupancy density on energy consumption
can be explained as follows:

* An increase in occupancy density increases cool-
ing energy consumption due to the increased load
(addition of sensible and latent loads from the occu-
pants) in the zone air.
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Table 1.26 Annual energy consumption with the change in
occupancy density

Type 0.1 people/m? 0.07 people/m?
Room electricity 99,994 99,994
Lighting 1,44,513 1,44,513
Heating (gas) 1,045 1,096
Cooling (electricity) 2,02,307 1,92,100
DHW (electricity) 9,048 9,048

* Anincrease in occupancy density decreases the heat-
ing energy consumption since the heat added by the
occupants to the indoor air helps in reducing the heat-
ing loads. However, this effect is not straightforward
since a higher occupancy would require a higher
fresh air intake that would in turn increase heating
energy consumption. Further, for blowing more air
into the space, the increase in fan power is also a
factor that cannot be neglected.

e Occupancy density has no impact on lighting or
equipment energy consumption unless these are
directly related to the occupancy.

Two important parameters are used to show the occupancy
of a zone:

1. Occupancy density and schedule: As seen in the
tutorial, occupancy density is the maximum num-
ber of people in a zone. Schedule of occupancy
defines when a zone is occupied or unoccupied and
by how many people.

2. Metabolic activity: The amount of heat given out
by people depends on the activity they perform. For
example, a person who is exercising gives out more
heat as compared to a person who is sleeping.

Exercise 1.6

For the same tutorial, observe the effect on cooling and heating
equipment sizing (Table 1.27).

It can be seen from the results that change in occupancy alters
heating and cooling sizing as well.
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Table 1.27 Heating and cooling sizing capacity with a change
in occupancy density

Type 0.1 people/m? 0.07 people/m?

Cooling
Heating

Increasing occupancy density results in additional sensible and
latent heat into the space leading to higher cooling capacity and
higher energy consumption.

Higher occupancy density leads to higher fresh air and supply
air requirements. Hence, system capacity needs to be increased.

TUTORIAL 1.7  Evaluating the impact of space activity
GOAL

To understand the impact of space activity on cooling and
heating loads, and energy consumption.
WHAT ARE YOU GOING TO LEARN?
* Changing space activity
e Understanding various activity types
* Understanding the impact of activity type on sizing and
energy consumption
PROBLEM STATEMENT

Create a 20 m X 15 m single-zone model. Set the activity
template to Office and Restaurant and compare. Study the
effect on sizing and energy consumption for London.

SOLUTION

Step 1: Create a 20 m X 15 m single-zone model. You can
refer to Tutorial 1.2 to create a single-zone model.
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Step 2: Select the Activity tab. The Activity Template
appears.

<«

& Activity Template

& Template Generic Office Area
@ sector B1 Offices and Yorkshop businesses
Zone multiplier 1

Include zone in thermal calculations
Include zone in Radiance daylighting calculations
¥: Floor Areas and Volumes
i ; Occupancy.
Density (people/m2) 01110
(4 Schedule Office_OpenOff_Occ
+ Metabolic
Generic Contaminant Generation
¢ Holidays
x DHW
11 Environmental Control
Heating Setpoint Temperatures
Cooling Setpoint Temperatures
Humidity Control
Ventilation Setpoint Temperatures
Minimum Fresh Air
Lighting
Computers
¥ Office Equipment
o* Miscellaneous
Catering
Process

Step 3: Simulate the model and record the results.

Step 4: Select the Activity Template as Eating/drink-
ing area. It changes internal gains and schedules of the
space.

615 Miscellaneous 24hs activies
&5 Offices / Workshop businesses
15 Passenger teminals

&5 Pimary Health Care Buidings
5 Resideniil spaces
&5 Restauans/C.

& Geneiic k
2 L slrt oo mascntng e AL o mrt o ot o bl condioring prt
2 [Pato

ofthe space. For

2 Toiet - Any tolet areas.
15 Retad and FinancialProfessional services
15 Secure Residential Insttutons
15 Stand slone iy bock
65 Storage or Distibuion
15 Universties and collges

SIS e )

. Aciivity Template: ©
EliTemplate] Eating/drinking area
@5ecior A3/A4/AS Restaurant and Cafes/Drinking Establishments
Zone muliplier 1

[ Include zone in thermal calculations
[ Include zone in Radience deylighting calculations

nd Volumes
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Step 5: Double click on RestPub_EatDrink_Occ
schedule under the Occupancy tab. The Edit
schedule-RestPub_EatDrink_Occ screen appears.
(You can note the occupancy schedule for comparison
with the other activity template as shown in Table 1.28.)

Schedules are used in DesignBuilder to define with
respect to time the following:

e Occupancy
e Equipment, lighting HVAC operation
¢ Heating and cooling temperature setpoints
e Transparency of component blocks (usually
seasonal)
Occupancy, equipment and lighting schedule are defined by
a fraction (0—1). The maximum gain values (e.g. people/m?)

are multiplied by the values in the schedule to obtain the
actual value to use at each time step in the simulation.

Source: http://www.designbuilder.co.uk/helpv4.7/
#Schedules_-_EnergyPlus_Compact_Schedules.htm

i
Edit schedule - RestPub,_EatDrink Occ L= ]
Schedules Data

General || General

i A schedule consists of one daily
Name RE§t?uh_Eu101|nk_0cc profile for each day of the week,
Description  Building: RESTAURANT/BAR/PUBLIC HOUSE Area: EATING DR for each month of the year.
Source UKNCM Schedules are usedwhenthe
[ Category Restaurants/Cafes/Drinking E ~ model detail is set to ‘Schedules
&Region General Compact Schedules

Definethe schedule using
Schedule type 2-Compact Schedule 2 Compact Schedule script based
on the EnergyPlus
Schedule:Compact Schedule:Compact dataset
RestPub_EatDrink_Occ, P Press F1 for more
Fraction, information.
Through: 31 Dec,
Zﬁz%sg‘adgys SummerDesignDay, Locked Library Data
=g This library data cannot be

Until: 09:00, 0.25, edited but you can close this
Until: 12:00, 0.5, dialog, create a copy of this
Until: 14:00, 1 data and edit the copy
Until: 15:
Until: 18:

Until: 19:00, 0.5,
Until: 22:00, 1,
Until: 23:00, 0.5,
Until: 24:00, 0,
For.\Weekends,
Until: 07:00, 0,
Until: 09:00, 0.25,
Until: 12:00, 0.5,
Until: 14:00, 1
Until: 15: 5,
Until: 18:00, 0.25,
Until: 19:00, 0.5,
Until: 22:00, 1,
Until: 23:00, 0.5,
Until: 24:00. 0,

B Locked Library data Help r Cancel



http://www.designbuilder.co.uk/helpv4.7/#Schedules_-_EnergyPlus_Compact_Schedules.htm
http://www.designbuilder.co.uk/helpv4.7/#Schedules_-_EnergyPlus_Compact_Schedules.htm
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Table 1.28 Workday schedules for a generic office and eating/

drinking area

Generic office area
Office_OpenOff_Occ

Eating/drinking area
RestPub_EatDrink_Occ

Schedule: Compact,
Office_OpenOff_Occ,
Fraction,

Through: 31 Dec,
For: Weekdays
SummerDesignDay,
Until: 07:00, 0,
Until: 08:00, 0.25,
Until: 09:00, 0.5,
Until: 12:00, 1,
Until: 14:00, 0.75,
Until: 17:00, 1,
Until: 18:00, 0.5,
Until: 19:00, 0.25,
Until: 24:00, 0O,

For: Weekends,
Until: 24:00, 0,

For: Holidays,
Until: 24:00, 0,

For: WinterDesignDay
AllOtherDays,
Until: 24:00, 0

Schedule: Compact,
RestPub_FoodPrep_Occ,
Fraction,

Through: 31 Dec,

For: Weekdays SummerDesignDay,

Until: 06:00, 0,
Until: 07:00, 0.25,
Until: 08:00, 0.75,
Until: 14:00, 1,
Until: 15:00, 0.75,
Until: 17:00, 0.25,
Until: 18:00, 0.75,
Until: 22:00, 1,
Until: 23:00, 0.75,
Until: 24:00, 0.25,
For: Weekends,
Until: 06:00, 0,
Until: 07:00, 0.25,
Until: 08:00, 0.75,
Until: 14:00, 1,
Until: 15:00, 0.75,
Until: 17:00, 0.25,
Until: 18:00, 0.75,
Until: 22:00, 1,
Until: 23:00, 0.75,
Until: 24:00, 0.25,
For: Holidays,
Until: 06:00, 0,
Until: 07:00, 0.25,
Until: 08:00, 0.75,
Until: 14:00, 1,
Until: 15:00, 0.75,
Until: 17:00, 0.25,
Until: 18:00, 0.75,
Until: 22:00, 1,
Until: 23:00, 0.75,
Until: 24:00, 0.25,

For: WinterDesignDay AllOtherDays,

Until: 24:00, 0;
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Step 6: Click Cancel. The screen closes.

Step 7: Select the Simulation tab to get energy consump-
tion results.

Compare both cases (Table 1.29).

The results show the impact of Activity type on energy
consumption.

From the model, you can find out the interior load param-
eters (Table 1.30). You can get this data from the Activity
and Lighting tabs. You can co-relate the change in energy
consumption with the change in interior loads.

d, Building 1
. Activity Template
& Template Generic Office Area
@ sector B1 Offices and Workshop businesses
Zone multiplier 1

M Include zone in thermal calculations
M Include zone in Radiance daylighting calculations
s and Volumes
i C Y.
Density (people/m2) 0.1110
(14 Schedule Office_OpenOff_Occ
< Metabolic
Generic Contaminant Generation
Holidays
. DHW
Consumption rate (I/m2-da;
11 Environmental Control
Heating Setpoint Temperatures
§ Heating ('C)
§ Heating setback (‘C)
Cooling Setpoint Temperatures
§ Cooling ('C)
{ Cooling setback (‘'C)

Target llluminance (lux)

Default display lighting density (W/m2)
Computers
Oon

% Offics Equipment v

M On
T
(4 Schedule Onice_UpenOff_Equip

Radiant fraction 0.200
o Miscellaneous
Con
+ Catering
% Process ».
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Table 1.29 Annual energy consumption with a change in space

activity
Generic office Eating/drinking

Type area (kWh) area (kWh)
Room electricity 12,131.16 32,225.33
Lighting 17,532.15 12,259.07
Heating (gas) 12,729.33 24,047.98
Cooling (electricity) 6,529.12 8,596.75
DHW (electricity) 1,097.67 43,672.32

Table 1.30 Internal load data for generic office and eating/

drinking area

Generic Eating/
Interior load Unit office area drinking area
Occupancy People/m? 0.111 0.2
Target illuminance ~ Lux 400 150
Interior light W/m? 5 5

per - 100 lux

Equipment W/m? 11.77 18.88
DHW 1/s-day 0.2 5.69
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Exercise 1.7

Compare the cooling and heating energy consumption for a
generic office area and classroom (Table 1.31).

Activity type: Classroom can be found under ‘Universities
and college’ category.

From the model, you can find out the change in the internal load
parameter (Table 1.32).

Table 1.31 Annual energy consumption for a generic office and
eating/drinking area

Generic office Class room area
Type area (kWh) (kWh)

Room electricity
Lighting

Heating (Gas)
Cooling (Electricity)
DHW (Electricity)

Table 1.32 Internal load for a generic office and eating/
drinking area

Generic Classroom
Interior load Unit office area area
Occupancy People/m?
Target illuminance lux
Interior light W/m? 100 lux
Equipment W/m?

DHW 1/s-day
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Compare office and class room schedules in Table 1.33.

Table 1.33 Workday schedules for a generic office and class
room area

Generic office area Office_OpenOff_Occ Classroom area
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TUTORIAL 1.8 Evaluating the impact of lighting
and equipment power
GOAL

To understand the impact of lighting and equipment power
density on HVAC system sizing and energy consumption.

WHAT ARE YOU GOING TO LEARN?
» Changing lighting power density (LPD)
e Changing equipment power density (EPD)

PROBLEM STATEMENT
Compare the energy consumption when you set the LPD

as 13.13 and as 10.0 W/m?. Use the Courtyard with VAV
Example template for London.

SOLUTION

Step 1: Select the Lighting tab, and under the General
Lighting section, set the LPD shown as Lighting energy
(W/m?) to 13.13.

Lighting power density represents the load of any light-
ing equipment in any defined area or the watts per square
meter of the lighting equipment. It can be obtained by
dividing the total lighting load by the area.

Untitled, Building 1
Layout | Activiy | Construction | Openings | Lighting | HVAC | Generation | Outputs | cFD

@ Lighting Template: ¥

© Template Reference

®Mon
Normalised power density (W/m2)
msd’nedule RestPub_EatDrink_Light
Lumineire type 1-Suspended

Radient fraction 0420
Visible fraction 0180
Convective fraction 0.400

Tip: Does your Lighting energy have units as W/m? -
100 lux rather than W/m??

If yes, change this to W/m? in the following way:

Go to: Edit—->Model Options Data—Data—Gain
Data—Lighting Gains Units, and change the lighting
gain units to W/m?2.
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Step 2: Click Simulate and click the Annual simulation
link to perform annual simulation.

Edit Calculation Options

Calculation Options Data

Calculation Description v Simulation Options ~

These options control the simulation and the

= output produced.
Simulation Period ¥ it 3
= < Simulation Period
[om o Select the start and end days for the
Startday simulation, or select a typical period:
Start month T
To
End day
End month
Output Intervals for Reporting ¥
Monthly and annual
Daily

O Hourly:
[ Sub-hourly -
Monthly and annual output is always
generatedand daily, hourly and sub-hourly
data can selected by checking the -
] Don't show this dialog nexttime (i Help J [ cencel ]| 0K |

Step 3: Repeat the steps to set the LPD to 10.00. Perform
annual energy simulation. Compare the end use energy
consumption for both cases (Table 1.34).

From the end use energy consumption shown in Table 1.34,
it is clear that a reduction in LPD decreases the lighting
energy consumption. Also, note the decrease in cooling and
fans and pump energy consumption.

Table 1.34 Annual fuel breakdown with a change in LPD

LPD - 13.13 W/m? LPD - 10.0 W/m?

Type (kWh) (kWh)

Room electricity 24,963.73 24,963.73
Lighting 23,685.21 18,039.00
System fans 25,854.88 24.916.21
System pumps 57.99 54.61
Heating (gas) 36,880.63 39,053.90

Cooling (electricity) 51,073.34 48,160.19
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Exercise 1.8

Set the equipment power density to 20 and 10 W/m? and study the
impact on building energy consumption and sizing (Tables 1.35
and 1.36).

It can be clearly seen from the results that reducing the LPD and
EPD not only results in the reduction of energy consumption
for lighting, but it also helps reduce the cooling energy. This is
because the energy consumed in lighting or operating equipment
such as computers finally gets converted into heat and usually gets
added into the space. This additional heat increases the energy
consumption of the fans and pumps and also increases the system
sizing. In cases of heating energy consumption, the reverse effect
is observed since lighting and equipment add additional heat to
the space, thereby reducing energy requirement for heating.

Table 1.35 Energy consumption with a change in equipment
power density

Annual fuel breakdown data

EPD (20 W/m?) EPD (10 W/m?)
Type (KWh) (kWh)

Room electricity
Lighting

System fans

System pumps
Heating (electricity)
Heating (gas)
Cooling (electricity)

Table 1.36 Heating and cooling sizing capacity with a change
in equipment power density

Type EPD (20 W/m2) (kW) EPD (10 W/m2) (kW)

Heating
Cooling
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TUTORIAL 1.9 Evaluating the impact of daylight
controls

GOAL

To evaluate the impact of daylight controls on energy
consumption.

WHAT ARE YOU GOING TO LEARN?
e Specifying daylight controls in a building model

e Evaluating the impact of daylight controls on energy
consumption

PROBLEM STATEMENT

Create a 60 m X 40 m model with a core and four perimeter
zones. Consider a perimeter depth of 5 m. (Refer Tutorial
1.5 for steps to create the model.) Set WWR to 60% and
use ‘Sgl Grey 3mm’ glass (VLT ~ 60%). Perform annual
energy simulation without daylight sensors, then install
daylight control in the north zone. Compare the lighting
energy consumption with and without daylight control for
London Gatwick location, United Kingdom.

Tip: For single pane glass with 60% visible light transmit-
tance, select ‘Sgl Grey 3mm’ with a light transmission value
of 0.611 under the Single category of the glazing library.
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SOLUTION

Step 1: Create a five-zone core and perimeter model of
size 60 m x 40 m. Set WWR to 60% and select Sgl Grey
3mm glass.

s DesignBuilder - Untitied 1.dsb - Layout - Untitied, Building 1

File Edit Go View Tools Hel

D2ES RS/ &

Edit Building Layout
Use this screen to add, edit or delete blocks
in the current building. You can also copy,
‘move or delete opent

& ada blockto draw a new block

& Add surtacesto add anewsurtace tothe
block

< Draq Face to change the dimensions ofa
block in the current building

To add or edit partitions or to draw void

erimeters such as courtyards you should go
tothe block first by double-clicking on it.

Navigation
Goto block level by double-clicking on the.
‘appropriate block n the Model view or
gingle-clcing on e lockln he Navigator

@ Loaddata (new building defautts)

<O

|0 £t [ Vsuaise | Heatig design | Coolng design | Smulation | CFD | Daykghiing | Costand Cabon |1

Step 2: Select the Simulation tab. The Edit Calculation
Options screen appears. Select the Hourly checkbox
under Output Intervals for Reporting and then click
OK. After simulation, hourly results appear under the
Analysis tab.

Edit Calculation Options

Calculation Options Data

Calculation Description ¥

Simulation Options -
These options control the simulation and the output

Simulation Period produced.
Fi Simulation Period
rom Selectthe start and end days for the simulation, or

Start day 1 selecta typical period:

Start month Jan «Annual simulation

To

End day 31

End month

Output Intervals for Reporting
Monthly and annual

[ Daily

[ Hourly
[TSub-hourly Interval

Monthly and annual output is always generatedand
daily, hourly and sub-hourly data can selected by
i hoxes

[ Don't show this dialog nexttime Help [ cancel ]i[ 0K |

<

«| «

« IR

« IKR

«
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Step 3: Click the Export data icon to export the hourly
energy consumption in the spreadsheet. (Ensure that
Fuel breakdown, Hourly interval and Grid options are
selected.)

Display Options
General

v

5... 1463186
6... 1463186

7...11.463186

Data

Interval 4Hourly
Showas 2Grid

385

Days perpage
] Nomalise by floor area

Date 6-Fuel breakdown

FAICN
= 2712618

961962
923922

84784

84784

84784

88588

885884

84784

84784

84784

923922

2554036

961962

. 11463186

4631
4631

01-200223... 1
2002 [1.463186
-0 3186

0 3186
02-01-200203...|1.463186

Heating desgn | Coding design | Smstion [ CFD | Daybghtng | Cost and Carbon | |

Step 4: Select File from the Export to drop-down list.
Select CSV spreadsheet from the Format drop-down
list. Click OK. The Export CSYV file screen appears.

5 ottt T

Export Data

Output
Export to:
[15i g
Format:
(CsV spreadsheet -
[ Hep ] [ Cancel | oK
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Step 5: Enter the File name Without daylight sensor
and save the file on Desktop.

Savein: [ Desktop - O F e E
' Name - Size Item type Date mo« *
(/9 Libraries
9 Homegroup
Lﬁ Naresh
) Computer
€l Network -
<| T ] »
File name: [Wﬁhout daylight sensor ] | Save l
Save astype: [CSV spreadsheet files(".csv) v | Cancel |

Step 6: Select Annual from the Interval drop-down list.

Untitled, Building 1

Navigate, Site

= 01-01-2002 01:... 39892.05 144365.7 1368627 4374428 9038584
E-4) Untiled
£ Building 1
-9 Block 1
-6 Core N
-6 East
-9 North
2-69 South
-9 West

Display Options

Data 6-Fuel breakd ~
e
Show as ~Gnd b
Days per page 365
[ Normalise by floor area

V-Axis »

Appearance >

Record the simulation results.
In the next step, you are going to install the daylight sen-
sor in the north zone.

Step 7: Select the Edit tab. Click the North zone in the
navigation tree. It shows the north zone in the Layout
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tab. Select the Lighting tab. The Lighting properties are
displayed.

[ Operiogs | ohng [ HvAc [ oupus [cro |

&

AN

DAdiace

Step 8: Expand the Lighting control section. Select the
On check box. Select Linear from the Control type
drop-down list.

Different types of lighting control options that exist in
DesignBuilder are as follows:

1. Linear
2. Linear/off
3. Stepped

Linear control, also called as continuous control, reduces the
power input of the luminaire continuously, thereby decreas-
ing the output light from the lamp till it reaches the mini-
mum input and output fraction provided as a user input. this
is possible with continuously dimmable fixture and lamps.
the decrease in the input power (proportionally the lighting
output) depends on the daylight illuminance requirement in
the space. as the daylight illuminance increases, the input
power reduces till it reaches the minimum input power and
light output fraction and remains at the minimum specified
ratio with a further increase in daylight illuminance.
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Step 9: Select the Layout tab. The daylight sensor is
displayed.

© g Daylight Sensor

@] Light 3o
[=] Adacentto ground

Step 10: Perform the simulation and record the annual
and hourly results of the lighting energy consumption.

Step 11: Compare the results with and without lighting
controls (Table 1.37).

Step 12: Draw the graph for hourly lighting energy
consumption for 1 January with and without a daylight
sensor by using the data exported using a spreadsheet
program.

Lighting power (kW)

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
Time of day (1 Jan)
e Yithout daylight sensor ~ eeceeee With daylight sensor

Table 1.37 Annual energy consumption with or without
lighting control for the north zone

Without lighting With lighting
Type controls (kWh) controls (kWh)
Room electricity 99,892 99,892
Lighting 1,44,366 1,32,533
Heating (gas) 1,36,863 1,42,500
Cooling (electricity) 43,744 41,748

DHW (electricity) 9,039 9,039
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The above figure shows the hourly lighting energy
consumption for 1 January. It can be observed that
there is a reduction in the energy consumption with
the use of daylight sensor and dimmable luminaire.

The effect of daylight control is similar to that of
reducing LPD as discussed in the previous exercise.

The daylight control reduces the artificial lighting
load whenever daylight is available in the space. The
lighting loads are reduced to the extent that the com-
bined lux levels of artificial light and daylight equals
the setpoint lux level.

This reduction in LPD reduces the lighting energy
consumption. For example, east and south zones
would have different extent and timing of availabil-
ity of daylight, and hence these would have different
energy savings too.

Exercise 1.9

Add daylight control in the south zone of the model and study
the effect on the energy consumption (Table 1.38).

It can be observed that the deployment of lighting control
increases the heating energy consumption and decreases the
cooling energy consumption.

Table 1.38 Annual energy consumption with or without
lighting control for the south zone

Without daylight With daylight
Type controls (kWh) control (kWh)

Room electricity
Lighting

System fans

System pumps
Heating (electricity)
Heating (gas)
Cooling (electricity)
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TUTORIAL 1.10 Evaluating the impact of setpoint
temperature
GOAL

To evaluate the impact of setpoint temperature on sizing
and energy consumption.

WHAT ARE YOU GOING TO LEARN?
* Changing the setpoint for heating

e Changing the setpoint for cooling

PROBLEM STATEMENT

Create a 60 m X 40 m model with a core and four perim-
eter zones. Consider a perimeter depth of 5 m. (Refer to
Tutorial 1.5 for steps to create the model.) Set the heating
setpoint to 20°C and 22°C. Simulate the model with the
PARIS-AEROPORT CHAR weather file. Analyse the
effect of setpoint on the energy consumption and HVAC sys-
tem sizing.

SOLUTION

Step 1: Create a five-zone core and perimeter model of
size 60 m X 40 m.

Step 2: Select the Activity tab and go to Heating
Setpoint Temperatures. Enter 20.0 in Heating (°C) box.

Untitled, Building 1

Eating/drinki
AYAJAS Rest

and Cafes/Drinking Establishmerts

calculations.
ce dayfighting calculations

Fresh i (/s-person)
vent per area

Step 3: Perform the annual simulation and record all end
use energy consumption.

Step 4: Repeat steps to set the heating temperature at
22°C. Simulate the model.
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Table 1.39 Energy consumption with a change in heating
setpoint temperature

Annual fuel breakdown data

Heating temperature ~ Heating temperature

20°C (kWh) 22°C (kWh)
Room electricity 99,895 99,895
Lighting 1,44,369 1,44,369
Heating (gas) 61,076 92,223
Cooling (electricity) 51,646 52,776
DHW (electricity) 9,039 9,039

Table 1.40 Heating sizing capacity with a change in heating
setpoint temperature

Heating sizing

With heating setpoint With heating setpoint
Type temperature 20°C (kW) temperature 22°C (kW)
Heating 161.45 175.05

Step 5: Compare result for both cases (Tables 1.39
and 1.40).

You can observe that increasing the heating setpoints
increases the heating energy consumption and heating
sizing (Table 1.40).

Exercise 1.10

Repeat the tutorial for the change in the cooling setpoint from
24°C to 25°C. Compare the results for cooling sizing and energy
consumption. Set the weather location as Brisbane, Australia
(Tables 1.41 and 1.42).



CHAPTER ONE GETTING STARTED WITH ENERGY SIMULATION 87

Table 1.41 Energy consumption with a change in cooling
setpoint temperature

Annual fuel breakdown data

With cooling With cooling
Type setpoint 24°C (kWh)  setpoint 25°C (kWh)

Room electricity
Lighting

System fans
System pumps
Heating (electricity)
Heating (gas)
Cooling (electricity)

Table 1.42 Cooling sizing capacity with change in cooling
setpoint temperature

With cooling setpoint With cooling setpoint
Type 24°C (kW) 25°C (kW)

Cooling

The following can be observed:

¢ Increasing the heating setpoint results in an increase in
energy consumption since more heat is to be added to
the space for keeping a higher temperature. This also
results in a higher system capacity since the rate of heat
addition at an elevated temperature is to be matched
with the higher rate of heat loss. In case of gas heaters
using hot water panels, the energy consumption of the
pump also increases with the increase in the setpoint.

e Similarly, a lower cooling setpoint demands the
removal of more heat, thereby causing more energy
consumption. This also results in a higher capacity of
the cooling equipment and more pump and fan energy
consumption.
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TUTORIAL 1.11  Evaluating the impact of fresh air
supply
GOAL

To evaluate the impact of the fresh air supply quantity on
energy consumption.

WHAT ARE YOU GOING TO LEARN?
* Changing the fresh air flow rate

PROBLEM STATEMENT

Create a single-zone 20 m X 15 m model. Set the fresh air
supply rate (I/s-person) to 5 and 7.5 and compare. Study
the effect on energy consumption for the AZ-PHOENIX
DEER VALLEY, USA location.

SOLUTION

Step 1: Create a single-zone 20 m X 15 m model. Select
the Activity tab.

Untitled, Building 1

s | Lighting | HVAC
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Step 2: Expand the Minimum Fresh Air section and
enter S in the Fresh air (I/s-person).

Untitled, Building 1, Block 1

[ Activity Template
A Template Generic Office Area.
@sector B Offices and Workshop businesses
Zone type 1-Standard
Zone muliplier 1
[ Include zone in thermal calculations

[ Include zone in Rediance daylighting calculations

Step 3: Simulate the model and record the results.
Compare the end use energy consumption results for the
fresh air supply of 5 and 7.5 I/s-person (Table 1.43).

It can be seen from the above table that with the increase
in the fresh air rate, there is an increase in the cooling/
heating energy consumption.

Table 1.43 Energy consumption with a change in fresh air
supply quantity

Annual fuel breakdown data

Fresh air supply of 5 Fresh air supply of

Type I/s-person (kWh) 7.5 I/s-person (kWh)
Room electricity 12,131 12,131
Lighting 17,532 17,532
Heating (gas) 800 812
Cooling (electricity) 31,124 31,442

DHW (electricity) 1,098 1,098
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Exercise 1.11

Compare cooling and heating energy consumption for the
change of fresh air supply volume from 5 to 9 l/s-person
(Table 1.44).

An increase in the fresh air supply rate increases the energy
consumption due to several factors:

* More fresh air brings in more sensible as well as latent
load from outside. This in turn increases the load on the
equipment, which increases the cooling/heating energy
consumption.

e The energy consumption of the fan is proportional to
the volumetric flow rate. With the increase in the flow
rate because of the additional energy required to blow
more supply air (for heating/cooling), the fan energy
consumption increases.

* More heating/cooling load and higher air flow rate result
in the requirement of more water flow as heat adding/
removal medium for a fixed change in temperature across
the air handling unit since more heat is to be taken away
per unit time. This requirement of a higher flow rate
increases the pump rating and results in a higher energy
consumption by the pump.

Table 1.44 Heating and cooling energy consumption by
changing the fresh air supply quantity

Cooling energy consumption Heating energy
electricity (kWh) consumption gas (kWh)

5 1/s-person 9 l/s-person 5 1/s-person 9 1/s-person

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sept
Oct
Nov
Dec




CHAPTER TWO

Geometry of Buildings

In this chapter, we discuss the geometrical aspects, such as
thermal zoning, aspect ratio, floor multiplier, and surface
adjacency.

Usually buildings have several rooms; however, from model-
ling perspective, there may not be a requirement to model each
room separately. If adjacent spaces have the same specifica-
tions, such as schedule, occupancy, and cooling and heating
temperature setpoint, you can combine these spaces and model
it as a single zone. By doing this, the complexity of the model
and its simulation run time can be reduced without affecting the
energy simulation results. Similarly, in cases of multi-storied
buildings, with typical floors, the model can be simplified by
modelling only three floors: ground, mid and top.

One of the important parameters that need to be considered
while designing the building is aspect ratio, which is the ratio
of the length to width of a building. The aspect ratio affects the
envelope area. Increase in the envelope area leads to a higher
heat gain/loss from the building. However, higher aspect ratio
helps in better distribution of daylight and more access to win-
dows for the occupants.

The impact of these aspects on building performance is
explained through four tutorials in this chapter.
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TUTORIAL 2.1  Defining thermal zoning for a building
GOAL

To evaluate the effect of architectural and thermal zoning on
the end use energy consumption and simulation run time.

WHAT ARE YOU GOING TO LEARN?
e Defining thermal zoning

e Adding internal mass

PROBLEM STATEMENT

Create a multi-zone (15 zones as shown in the following
figure) building with a rectangular footprint of 100 m X
50 m. Find its energy performance and simulation run time.
Create another model by combining similar spaces into
thermal zones and compare the energy performance and
run time duration with the previous model.

Use the FRANKFURT MAIN ARPT, Germany weather
file.

20 10

lee- 10 o=

100

All dimensions are in metre.

SOLUTION

Step 1: Open a New Project and create a 100 m X 50 m
block with internal partitions. (Use construction lines to
facilitate easy snapping while creating the partitions.)
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58 towiais Generic Offce Area
Generic Offce A
5@ suing 1
P
5@ 2Zone1
5@ zom 10

H
H
:
b4 Fool] Zone 6 Zone 7 Zone 8 Zone 9 Zone 10 Zone2
H
:
H
H
:

Zone 4 Zone 15 Zone 14 Zone 13, Zone 12 Zone 1

Step 2: Select the Construction tab and select Outer volume
in the Zone floor area calculation method drop-down list.

uilding 1

| Leyout | Actwty Jf Consinvcton JOperings [ Lightng | HVAC | Generation | oupues o |

Project construction template

Projectwall
<pBelow grade walls Project below grade wall
<pFiatroof Projectfat roof
pPitched roof (occupied) Project pitched roof
pPitched roof (unoccupied) Project unoccupied pitched roof
yintemal partiions Project parition

External measurements
2-Outervalume

1-Inner volume

2-Outer volume

Zone floor area calculation method

This setting dictates whether internal or external
measurements (include external wall thickness inside the
zone boundary or not) are used to calculate the zone floor
area. This is required to calculate per m? values such as
occupancy and other internal gains as well as floor area
values for general reporting.

Inner — where the zone volume used in thermal calcula-
tions is derived from the zone inner geometry.

Outer — where the zone volume used in thermal calcula-
tions is derived from the zone outer geometry.

http://www.designbuilder.co.uk/helpv4.7/Content/
GeometryAreasAndVolumes.htm
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Step 3: Perform hourly simulation for the whole year and
record the energy consumption and the run time.

Recording a run time:

After the simulation is complete, type the following path
to open the eplusout.err file. You can use any text editor to
open this file.

C:\Users\User\AppData\Local\DesignBuilder\
EnergyPlus\eplusout.err

The actual folder name on a computer depends on the
language setting and your Windows user name. In the
path given above, the Windows user name is ‘User’.

Alternatively, you can open the EnergyPlus folder from
the DesignBuilder file option.

Designiiider NN . e

File | |[Edit Go Tools Help

[ New project Ctrl+N | (=)
= 2 Open project Ctrl+0
H Save " braries
I Import " Folder
CAUsers\adi

Radiance folder

Weather data folder
1 a.dsh Library data f&'alder
2T1.061.dsb I.emplate. projects folder
3T1.05.dsb Diagnostic files folder

E
F T

At the end of the file, you can find Elapsed Time.

You need to record the elapsed time.

Source: http://www.designbuilder.co.uk/
helpv4.7/Content/_DesignBuilder_files_
location_and_extensions.htm

New Building, Building 1

Analysis | Summary |
Date/Time. | Room Electiicity (kwh) [Lighting (kwh) [Heating (Gas) (kwh) | Cooling (Electicity) (kwih) | DHW (Electricity) (kwhh) |
12.00:00AM __|216714.9 [313200_ |238767.8 |99456.46 [19609.12 |

Step 4: Repeat step 1 while combining zones for spaces
with similar activity, schedule and setpoints. In this
example, let us assume that the north zones (zones 7, 8, 9


http://www.designbuilder.co.uk/helpv4.7/Content/_DesignBuilder_files_location_and_extensions.htm
http://www.designbuilder.co.uk/helpv4.7/Content/_DesignBuilder_files_location_and_extensions.htm
http://www.designbuilder.co.uk/helpv4.7/Content/_DesignBuilder_files_location_and_extensions.htm
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and 10), as shown in the following figure, are similar and
can be combined into a single thermal zone. Similarly,
the south zones (12, 13, 14 and 15) can be combined
into a single thermal zone. Do note that zone numbers
in your model might differ as zones are numbered in the
sequence they are created.

You can select the internal partition and delete the inter-
nal partition by pressing the delete key. (Please ensure
that you are at the block level.)

] Generic office area

*—

Zone 6 Zone 7 Zone 8 Zone 9 Zone 10 | Zone 2

Zone 5 Zone 11 Zone 3

Zone 4 Zone 15 Zone 14 Zone 13 Zone 12 | Zone 1
[] Generic office area

*——

Zone 6 Zone 7 Zone 2
Zone 5 Zone 8 Zone 3
Zone 4 Zone 9 Zone 1
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A ‘thermal zone’, usually termed simply ‘zone’, is a virtual
or real segment of a building that has a homogeneous,
enclosed volume of air. In a simple approach, each physi-
cal space can be treated as one zone. However, to simplify
the modeller’s work, and to reduce the calculation time,
areas having similar thermal and usage conditions such
as occupancy, setpoint, and solar exposure, and those that
are serviced by common mechanical equipment, can be
clubbed to create one zone. Temperatures, supply units,
and layout.

Step 5: Perform annual simulation and record the energy
consumption and the run time.

Compare the energy simulation results and the simula-
tion run time (Tables 2.1 and 2.2).

Table 2.1 Annual fuel breakdown energy with architectural
zoning and lumped thermal zones

With architectural With lumped thermal

Type zoning (kWh) zones (kWh)
Room electricity 216,715 216,715
Lighting 313,200 313,200
Heating (gas) 238,755 238,281
Cooling (electricity) 99,454 99,166
DHW (electricity) 19,609 19,609

Table 2.2 Simulation run time with architectural zoning and
lumped thermal zones

With architectural With lumped
zoning thermal zones

Simulation run time 48.04 seconds 31.03 seconds
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As seen in the results, combining architectural zones to
form thermal zones reduces the simulation run time. In
this case, there is an approximately 37% decrease in the
simulation run time. Note that because there is a dif-
ference in the models, there is a slight difference in the
energy simulation results.

Exercise 2.1

Create thermal zoning for the plan shown in the following
figure. Compare the simulation run time and energy consump-
tion for the models with architectural and thermal zoning
(Tables 2.3 and 2.4).

Office
Office | Office 10 20 Office
25
10—
50

Office 20 T

Lobby Office 115
Office Office lf Meeting Office Office Office

e 10—
100

All dimensions are in metre

Table 2.3 Annual fuel breakdown energy with architectural
zoning and lumped thermal zones

With architectural ~ With lumped thermal
Type zoning (kWh) zones (kWh)

Room electricity
Lighting

Heating (gas)
Cooling (electricity)
DHW (electricity)

Table 2.4 Simulation run time with architectural zoning and
lumped thermal zones

With architectural ~ With lumped thermal
zoning (kWh) zones (kWh)

Run time
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TUTORIAL 2.2  Evaluating the effect of a
zone multiplier

GOAL

To evaluate the effect of a zone multiplier on the energy
consumption and simulation run time.

WHAT ARE YOU GOING TO LEARN?

» Using zone multiplier

PROBLEM STATEMENT

Use the Zone Multiplier Example template file to evaluate
the impact of a floor multiplier on the building energy con-
sumption and simulation run time. This file contains two
buildings with and without the floor multiplier. You need
to select one building at a time and simulate for London
Gatwick Airport, United Kingdom.

DesignBuilder has the concept of zone multiplier. The
zone multiplier data allow you to reduce the size of your
model in cases where there are similar zones by specify-
ing that certain zones are repeated and so only need to be
simulated once. A typical use is for multi-storey buildings
with identical (or very similar) floors. The concept of
zone multiplier when applied at the floor level multiplies
all the zones on the given floor, effectively working as
floor multiplier. Hence, in a building where there are
several identical floors, you can model one floor and use
a zone multiplier on that floor.

(Continued)
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No zone multiplier
(seven zones
required)

Same building with a zone multiplier
(only three zones required)

Adiabatic
component
blocks

Zone multiplier =5

Source: http://www.designbuilder.co.uk/
helpv4.7/#Zone_Multiplier.htm

SOLUTION

99

Step 1: Open the Zone Multiplier Example template
from DesignBuilder templates. The layout appears with
two buildings.



http://www.designbuilder.co.uk/helpv4.7/#Zone_Multiplier.htm
http://www.designbuilder.co.uk/helpv4.7/#Zone_Multiplier.htm
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Step 2: Click the No Zone Multiplier building in the
navigation tree. It selects the building that does not use
a floor multiplier.

Navigate, Site Untitled, No Zone Multiplier

Step 3: Perform annual simulation. Record simulation
run time. The results appear. Record the energy simula-
tion results.

Untitled, No Zone Multiplier

Date/Time | Room Electicity (kwh) | Lighting (K\Wh) [Heating (Gas) (kwh) | Cooling (Electiicity) (Kw/h) | DHW (Gas) (kwih) |

12:00:00 AM __ |29238.68 |52820.29  [33237.48 |22250.89 |2998.367 |

Step 4: Select the Edit tab. Click the Uses Zone
Multiplier building in the navigation tree. Expand the
Uses Zone Multiplier.

[Navigate, Site Untitled, Uses Zone Multiplier

Layou | Actvty | Construction | Openings | Lighting | HVAC | Generation | Outputs | cFD

) Uniiled
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Step 5: Under Mid, click Zone 1.

Navigate, Site
Stte

dE4APZ

&) Untitled
#-4® No Zone Multiplier
&-4® Uses Zone Multiplier

-<® Component block 1
-<® Component block 2
=96

B9 Mid
| B-CP Zone 1

]

& Zone 1

Step 6: Select the Activity tab. Since the mid five floors
are typical floors, the Zone multiplier for the whole
floor is set to 5.

When using a floor multiplier, calculations are performed
only for one floor and multiplied by the zone multiplier.
This helps in reducing the simulation run time.

Compare the results for the models with and without the
zone multiplier (Table 2.5).

Table 2.5 Impact of a zone multiplier

Annual fuel breakdown data

Without floor multiplier With floor multiplier

Type (kWh) (kWh)
Room electricity ~ 29,238.68 29,238.68
Lighting 52,820.29 52,820.29
Heating (gas) 33,237.48 33,203.70
Cooling 22,250.89 21,744.07
(electricity)

DHW (gas) 2998.37 2998.37

Simulation time  25.13 seconds 13.67 seconds
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The results show that using a zone multiplier reduces the
simulation run time. However, it has a slight impact on
the energy consumption.

Exercise 2.2

Create a building with a total of 20 floors. First 10 floors have
a floor plate of dimensions 50 m X 50 m. Floors 11 to 20 have a
floor plate of dimensions 25 m X 25 m. Each floor has a height
of 3 m. All floors are centrally aligned. Perform annual energy
simulation of the building with and without floor multiplier.
Compare energy and runtime of the simulation.

TUTORIAL 2.3  Evaluating the impact
of the aspect ratio

GOAL

To evaluate the impact of building aspect ratio on energy
performance.

WHAT ARE YOU GOING TO LEARN?

e Modelling building with different aspect ratio but
same floor area

PROBLEM STATEMENT

In this tutorial, you are going to analyse the impact of the
aspect ratio of the building on the energy performance. You
need to create models with different aspect ratios for a floor
plate of areas 64 m? and 625 m?. Simulate various cases as
given below and compare their energy consumption for the
London Gatwick weather location. Make sure that WWR
is 30%.

For a rectangular building, aspect ratio is the ratio of the
longest dimension of the building footprint to the narrow-
est dimension. An aspect ratio of 1.0 represents a square
building footprint.

a. For a floor area of 64 m2, Table 2.6 gives the length
and breadth values for various aspect ratios
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Table 2.6 Different aspect ratios for a 64 m? floor area
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Floor Facade area Facade
Length Breadth Aspect arealx b (window + area/floor
S.No. I(m) b(m) ratiol/b (m?) wall) (m?) area
1 8.00 8.00 1 64 112.00 1.75
2 1131 5.65 2 64 118.79 1.86
3 13.85 4.62 3 64 129.33 2.02
4 16.00 4.00 4 64 140.00 2.19

b. For a floor area of 625 m?2, Table 2.7 gives the
length and breadth values for various aspect
ratios

Table 2.7 Different aspect ratios for a 625 m? floor area

Facade area Facade
Length Breadth Aspect Area (window + area/floor
S.No. I(m) b (m) ratiol/b Ixb(m?) wallarea)(m?) area
1 25.0 250 1 625 350.00 0.56
3 433 144 3 625 404.15 0.646
5 559 112 5 625 469.57 0.75
7 66.1 9.4 7 625 529.15 0.846
SOLUTION
Step 1: Open a new project file.
Fle Edt o Viewsosion [fronsie. | (_tews ]| € |

Niews ot s
DIES R S

New Building

e

4 EXeEP9ODDDOEE RO

P € Acotusangtotre site
D impen2 srqung e
® oot B mode!

Location
You can edttne location and associated weather

@

@ save totempiate:

I8 5 [Vision et deson | Cocng desn | St | CFD | Doyt | ot Caton | NINNL
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<D

Step 3: Simulate the model and store the results (Table 2.8).

Table 2.8 Energy simulation results for an 8 m x 8 m model

Room Cooling DHW
electricity ~ Lighting Heating (gas)  (electricity) (electricity)

Wh/m? Wh/m? Wh/m? Wh/m? Wh/m?

43,342.96  62,639.97 65,691.39 37,698.21 3921.82
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Step 4: Repeat steps 1 to 3 for aspect ratios 2, 3 and 4,
respectively. Compare the energy simulation results for
all cases (Table 2.9).

Table 2.9 Energy consumption with different aspect ratios
(without daylight sensor)

Aspect ratio 1 2 3 4
(8 m x (113mx (139mx (16mx
8 m) 5.7 m) 4.6 m) 4 m)

Room electricity ~ 43,342.96 4334296 43,342.96 43,342.96
(Wh/m?)
Lighting (Wh/m?) 62,639.97  62,639.97 62,639.97 62,639.97
Heating (gas) 65,691.39  66,469.18 69,815.29 73,499.85
(Wh/m?)
Cooling 37,698.21  38,203.12 40,965.80 43,371.99
(electricity)
(Wh/m2)
DHW 3,921.82 3921.82 3921.82  3,921.82
(electricity)
(Wh/m2)

160

140
120
100

80

60

Energy consumption (kWh/m?)

40

Aspect ratio
=== Electricity - -4-- Gas

Energy consumption with varying aspect ratios when daylight sensors are not
modelled
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Step 5: Repeat all the above steps with daylight sensor
(Table 2.10).

Table 2.10 Energy consumption with varying aspect ratios (with
daylight sensor)

Aspect ratio 1 2 3 4
Bmx (113mx (139mx (I6mxXx
8 m) 5.7 m) 4.6 m) 4 m)
Room 43,342.96  43,342.96 4334296  43,342.96
electricity
(Wh/m?)
Lighting 15,987.71  15,997.28  15,752.72  14,627.30
(Wh/m?)

Heating (gas)  82,736.33  83,288.69  86,451.32  90,868.41
(Wh/m?)

Cooling 26,754.61  27,236.63  29,863.74  32,160.17
(electricity)

(Wh/m?)

DHW 3,921.82 3,921.82 3,921.82 3,921.82
(electricity)

(Wh/m?)

9%

9

92

90 -
88 -
86 el

84 -

82

80

Energy consumption (kWh/m?)

Aspect ratio
== Flectricity - -4-- Gas

Energy consumption with varying aspect ratios when daylight sensor is modelled
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Step 6: Repeat all the above steps for the floor area of
625 m? (Tables 2.11 and 2.12).

You need to draw the model with the help of plans as
shown in the following figures with aspect ratios 1, 3, 5
and 7.

Aspect ratio 1

6,000 mm

25,000 mm

25,000 mm

Aspect ratio 3
£

6,000 m

14,400 mm

43,300 mm

Aspect ratio 5

11,200 mm

55,900 mm

Aspect ratio 7

9,400 mm

66,100 mm
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Table 2.11 Energy consumption for different aspect ratios

(without daylight sensor)

Aspect ratio 1 3 5 7
25mx (“433mx (359mx (66.1 mx
25 m) 14.4 m) 11.2 m) 9.4 m)

Room electricity 43,342 43,342 43,342 43,342

(Wh/m?)

Lighting (Wh/m?) 62,640 62,639 62,639 62,640

Heating (gas) 45,401 46,695 46,654 48,641

(Wh/m?)

Cooling (electricity) 20,772 22,038 23,289 25,238

(Wh/m?)

DHW (electricity) 3,921 3,921 3,921 3,921

(Wh/m?)

Table 2.12 Energy consumption for different aspect ratios (with

daylight sensor)

Aspect ratio 1 3 5 7
25mx 433mx (559mx (66.1 mx
25 m) 14.4 m) 11.2 m) 9.4 m)

Room electricity 43,342 43,342 43,342 43,342

(Wh/m?)

Lighting (Wh/m?) 35,176 25,783 19,702 18,443

Heating (gas) 54,576 60,245 62,566 65,177

(Wh/m?)

Cooling (electricity) 13,529 12,912 12,876 14,513

(Wh/m?)

DHW (electricity) 3,921 3,921 3,921 3,921

(Wh/m?)
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150

130

110

90

70

50

Energy consumption (kWh/m?)

30

Aspect ratio
=o- Electricity - -4-- Gas

Energy consumption with varying aspect ratios when daylight sensors
are not modelled

100
90
80
70

60 =k

50

Energy consumption (kWh/m?)

40
1 3 5 7

Aspect ratio
=—o— Electricity - -4-- Gas

Energy consumption with varying aspect ratios with daylight sensors

Exercise 2.3
a. Analyse the effect of the aspect ratio for all cases
described in the tutorial for the 90° orientation.

b. Repeat the tutorial for the hot and dry climate (UAE) and
observe the energy simulation results.
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TUTORIAL 2.4 Evaluating the impact of
adjacency of the surface
GOAL

To evaluate the impact of the ground surface on the energy
performance.

WHAT ARE YOU GOING TO LEARN?
* Assigning surface adjacency

* Making surface adiabatic

PROBLEM STATEMENT

In this tutorial, you are going to create a 50 m X 25 m
single-zone model. Assign ground floor construction to a
200 mm aerated concrete slab. Set the ground floor surface
adjacency to Auto and as Adiabatic. Compare the effect of
the surface adjacency on the energy consumption for QC -
Montreal/Mirabel INT’L A, Canada.

SOLUTION

Step 1: Create a 50 m X 25 m single zone model. Expand
Zone 1 in the navigation tree.

New Building, Building 1

6 NewBuidng
£ Building 1

®
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Step 2: Click Ground Floor.

INavigate, Site New Building, Building 1, Block 1, Zone 1, Ground floor - 1250.000 m2 (Ground)

Ste
dE<»Z
S @) Newsaang

& Building 1

59 Block 1

Ground flor-1250,000 m2 (Groure) |

Wal-87.500m2 - 90,0
Wall-175.000m2-0.0°
Wal-87.500m2 - 270.0°
Wall-175.000m2 - 180.0°

[prawing Options

efeult openings

=

Adjacent to ground

Navigate, Site
e
dE4rz

@) New Buiting I
5 @ Building 1
EO Block 1

&8 Zone 1
6 Ground o - 1250000 m2 Ground)
Roof - 1250000 m2
Wall-87.500 n2- 900"
-9 Wall-175.000m2- 0.0

.69 e 675002 2200
& wal 17500021800

Drawing Options

Opti

[ Keep default operings

[E] Adiacent to ground

Step 4: Under the Floors section, click Ground floor.
Three dots (...) appear. Click the dots. The Select the
construction screen appears.

Untitled, Building 1, Block 1, Zone 1, Ground floor - 1250.000 m2 (Ground)

Project construction template

Project ground flaor
Project basement ground floor
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Step 5: Click the Add new data button to create a new
construction.

Select the construction
P Part L2 2010 Notional Ground floor, Heavyweight -
P Pait L2 2010 Notional Ground floor, Lightweight
P Pait L2 2010 Notional Ground floor, Medium weight
P Project basement giound floor E’
Project giound floor

(<P Reference Ground floor, Heavyweight

|~ Reference Ground floor, Lightweight

P Reference Ground floor, Medium weight

Slab-On-Grade Floor, Heated, F-0.638 (1.191)

& Slab-OnGrade Floor, Heated, F-0.843 (1.459)

P Slab-OnGrade Floor, Heated, F-0.860 (1.489)

P Slab-OnGrade Floor, Heated, F-0.900 (1.558)

&P Slab-OnGrade Floor, Heated, F-1.020 (1.766)

P Slab-OnGrade Floor, Urheated, F-0.510 (0.883)

P Slab-OnGrade Floor, Urheated, F-0.520 (0.900)

P Slab-OnGrade Floor, Unheated, F-0.540 (0.935)

&P Slab-OnGrade Floor, Unheated, F-0.730 (1.284)

P Slab-OnGrade, Heated, Full Insulated, R-10.0 (1.8), F-0.550 (0.95)
|- Slab-On Grade, Heated, Fuly Insulated, R-15.0(26), F-0.440 (0.76)

I
| @ it 0e iade Unsiad Cokitosinad D oNNOE CnomCR)

< ™
E] %l 2o

Step 6: Go to the Layers section and make sure that
Areated Concrete Slab is the material and the thick-
ness is 0.2000 m. Click OK.

Edit construction - Floors (ground)
Constructions Data

Name  [Floors (qround) q

Sourcs.
[ Category Floors (ground)
FRegion General
- Bridgir
 — Llovers You can a1s0add biingto any laye o madel ne
ed effect of a relatively more conductive material bridging

briging an insuiation ayer.

Number oflayers. 1 =

are used n energy code comphance chects e
SMaterial Asraled Concrete Slab Unvalues to be calcubted according to BS EN IS0 6946.
Thickness (m) 02000
O Bridged? Energy Code Compiiance

to meetthe mandatory energy code U-value as seton

the Energy Code tab at sile level.

‘This calculation identifies the ‘insulation layer as the
i layer having the highest -valu and requres thatno

bridgng is usedin the construction.

&2 setUvaiue

[ metioes ) (oobtote ] (e ) [ Cas ) [_ok__)

Step 7: Click the Adjacency section. It displays the
Adjacency property of the selected surface.

Ensure Auto is selected in the adjacency drop-down list.

250.000 m2 (Ground)

Project construction template

pGround floor Floors (ground)
yBasement ground floor Project basement ground floor
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Step 8: Perform annual energy simulation. Record the
results for the end use energy consumption.

Untitled, Building 1

Date/Time Room Electricity (Kwh) | Lighting (Kwh) | Heating (Gas) (KWh) | Cooling (Electricity) (Kwh) | DHW (Electricity) (KWh)
12:00:00 AM 52293.8 76675.88  |50881.13 18437.18 4731.727

Step 9: Repeat step 6 to select Adiabatic from the
Adjacency drop-down list.

Untitled, Building 1, Block 1, Zone 1, Ground floor - 1250.000 m2 (Ground)

Project construction template

<pGround floor Floors (ground)
Basement ground floor Project basement ground floor

Step 10: Run simulation to view the results.

Compare the end use energy consumption breakdown
(Table 2.13).

You can observe that there is a change in the cooling
and heating energy consumption when the ground floor
surface property is set to adiabatic.

Table 2.13  Annual fuel breakdown data for building with
ground floor adjacency set to adjacent to ground and adiabatic

Type Adjacent to the ground (kWh) Adiabatic (kWh)
Room electricity 52,293.80 52,293.80
Lighting 75,575.88 75,575.88
Heating (gas) 159,140.60 160,616.20
Cooling (electricity)  23,653.23 26,540.71

DHW (electricity) 4,731.72 4,731.72
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The EnergyPlus weather file provides ground tempera-
tures for undisturbed sites. However, you should not use
the ground temperatures in the EnergyPlus weather file
header because these are for undisturbed sites.

The temperature beneath a building is significantly
affected by the building itself — the EnergyPlus
documentation recommends using a ground tempera-
ture of 2°C below average internal temperatures for large
commercial buildings (where the perimeter heat loss
is relatively less important). Note that this temperature
should be applied directly below the slab and should not
include ground material; so if you use this approach to
ground temperature definition, you should switch off the
use of the ground construction at the site level.

EnergyPlus cannot model very thick constructions, so it is
necessary to use less thick constructions (2 m or smaller)
combined with some assumptions about temperatures at
about half a meter below the floor.

Source: http://www.designbuilder.co.uk/
helpv4.7/Content/Ground_Maodelling.htm

Many modellers prefer to define the ground temperature
just below the slab and exclude the earth layers from
the model. This has the advantage of simplicity and
clarity and the approach recommended by EnergyPlus
developers.

Note: The default ground temperatures provided in
DesignBuilder assume that an earth layer is included in
the constructions adjacent to the ground. If an earth layer
is not included, then you should increase the default site
ground temperatures to values closer to those typically
found just below the ground slab.

Source: http://www.designbuilder.co.uk/
helpv4.7/Content/Ground_Modelling.htm


http://www.designbuilder.co.uk/helpv4.7/Content/Ground_Modelling.htm
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CHAPTER THREE

Material and Construction

The aim of this chapter is to explain how to create a model
while defining materials and constructions and to evaluate
their impact on the energy consumption of buildings. The
chapter starts with a tutorial on evaluating the impact of
thermal mass in the envelope by comparing the performance
of lightweight and heavyweight external wall construction.
Learners can also find a method for calculating the thick-
ness of insulation on the roof or external walls. The tutori-
als cover analysis of roof insulation location (overdeck or
underdeck), use of a cool roof and radiant barrier.

115



116

BUILDING ENERGY SIMULATION

TUTORIAL 3.1 Evaluating the effect of lightweight
and heavyweight construction
GOAL

To evaluate the effect of thermal mass — the lightweight and
heavyweight external wall construction in a building with
night purge — on the thermal performance of the building.

WHAT ARE YOU GOING TO LEARN?
* Assigning lightweight and heavyweight construction

e Getting zone temperatures

PROBLEM STATEMENT

In this tutorial, you are going to use a 50 m X 25 m model and
set external wall construction to lightweight and heavyweight.
Find out the air temperatures inside the zone for both the cases.
You need to analyse it for the DUBAI INTERNATIONAL,
United Arab Emirates weather location.

You are going to use the following construction for external
walls:

e Uninsulated wall, lightweight (wood derivative —
plywood 15 mm)
e Uninsulated wall, heavyweight (stone — granite,

450 mm)

SOLUTION

Step 1: Open a new project file. Create a 50 m X 25 m
building.

<D

Best [Vssioe Theang desgn oo deson [ Sendain 170 T Doty [ Com i Coton
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Step 2: Select the Construction tab.

New Building, Building 1

Layout | Openings | Lighting | HVAC | Generation | Outputs | CFD |

Step 3: In the Construction section, click Project
wall. External walls gets highlighted. Click the Add
new item icon. The Edit construction-Wall screen
appears.

New Building, Building 1 Info, Data
Layout | Activiy | Construction | Openings | Lighting | HVAC | Generation | Outputs | CFD | Help | Data

[ Construction Template

p Template Project construction template ool

= _ Construction Project wall
Projectwall ; Project wall sub-suface constu
“yBelow grade walls Project below grade wall ge:ﬁm zemi-emou: x:
eference Semiexpose
= L _ jciectiietio Reference Semiexposed wal b
pPitched roof (accupied) Project pitched raof Pitesaos Wl Hesvweichi
pPitched roof (unoccupied) Project unoccupied pitched roof Reference Wal, Lightweight

=plnternal paritions Project partion Relz:mWal,Mcdlumvmj\l»'m‘

Step 4: Enter Light weight as the Name. Go to the
Layers section and select Plywood as material (you can
find it under the Wood branch), and set the thickness to
0.025. Click OK. A message box appears.

General

? i Set the number of layers first, then select
;'""" Light Weight the material and thickness for each layer.
ource

[ Category Walls F insertlaver
FRegion General X pelete layer

Dfinition
= Bridging

Definition method 1-Layers You can also add bridgingto any layer to
e model the effect of a relaiively more
conductive material bridging a less
conductive material. For example wooden
joists briging an insulation layer.
Note that bridging effects are NOT used in
Meaterial Plywood (Lightweight) Cnergypls butaro sed inenogy code
Thickness (m) 0.025 Colcoated acoording to BS EN IS0 6946
[ Bridged?

Number of layers

Energy Code Compliance

You can calculate the thickness of
insulation requiredto meet the mandatory
eneray code U-value as set on the Energy
Codetab at site level.

This calculation identifies the ‘insulation
layer as the layer having the highest

idgngis  ~

oo | (BT e ] S | ——

Step 5: Select Light Weight as the external wall.

New Building, Building 1

Lot | ctty ] Consucin

@ Construction Template v

Sp Template Project construction template
= Construction

External walls

<pBelow grade walls Project below grade wall

<pFlatroof Projectflat roof

<pPitched roof (occupied) Project pitched roof

<pPitched roof (unoccupied) Project unoccupied pitched roof @

<aiIntemal partitions Project partition
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Step 6: Go to the Airtightness section and enter 3.000
in the Constant rate (ac/h) box. Click On 24/7 in the
Schedule field. Three dots appear. Click the dots. The
Select the Schedule screen appears.

Aitightness
™ Model infiltration
Constant rate (ac/h) 3.000
On 24/7

Schedule
Delta T and Wind Speed Coefficients

Step 7: Click the Create copy of highlighted item icon.
Make sure that the copy of the item is highlighted.

, Minimum outdoor ventilation air schedule: Always 1 ac/sh

i Mixed mode temperature contiol

f- 01t 2477

|

f! Uuauue all time:

{14 Precool coil setpoint temperature: Always 22.00
Preheat col setpoint temperature: Always 5.00

PV panel efficiency: Always 0.15

Realtime pricing schedule

Relative humidity setpoint schedule: Always 50.00

ScheduledambientRH
ScheduledambientT emp
ScheduledCompressorT emp
Simple Aiflow Conlrol Type Schedule: Always 0
Summer (Northern Hemisphere)
(i3 Summer (Southern Hemisphere)
14 Summer cooling work days (Northem Hemisphere)
Summer cooling work days (Southem Hemisphere)
Summes vent work days (Northern Hemisphere)
Summer vent work days (Southern Hemisphere) n

Step 8: Click the Edit selected data icon. The Edit
Schedule screen appears.

24 Cooling high water temperature schedule: Akways 15.00
(4 Cooling low contiol temperature schedule: Always 22.00
5 Ewhg low water temperature schedule: Always 10.00

iakachedule

7 plers for Design Days Denver
Default DB ump houly rultiphers for Design Days
Default months
Default outdoor CO2 levels 400 ppm (Source: NOAA ESAL)
DOAS supply aif temperature: Abways 18.00
Domestic hot water setpoint temperature: Abways 55.00
Fan operation mode - Continuous
Fan operation mode - Cycling
Fraction of outdoor air schedule: Always 0.5
Gain distibution schedule: Always 0.5

Geneiic contaminant setpoint Abways 0 5ppm

Heat recovery heating setpoint temperature: Always 11
Heat recovery outlet temperature: Always 11.0C
Heating contiol lempem(ule schedue Always 21.00
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Step 9: In the General section, enter Night Purge in the
Name box. Under the Profiles section, edit the schedule
as shown below. Click OK.

Schedules Data

Name
Description
Source
Category
FRegion

DesigrBuider
<General>

General

2-Compact Schedule

Schedule Compact
On,

Unti 2400, 1

month of the year.
‘Schedules are usedwhenthe model detal is setto ‘Schedules
Compact Schedules

foreach

Schedule:Compact dataset
¥ Press F1 for more information.

Model data

Help [

Step 10: Make sure that the Night Purge schedule

SpTemplate
= _ Construction

Semi-Exposed

<pintemal floor
Sub-Surfaces

Internal Thermal Mass
Component Block

Geometry, Areas and Volumes
Surface Convection
Linear Thermal Bridging at Junctions
Aittightness
Model infiltration

Delta T and Wind Speed Coefficients

Project construction template

<yExternal walls Light Weight

<pBelow grade walls Project below grade wall
<pFlat roof Projectflat roof

<pPitched roof (occupied) Project pitched roof

<pPitched roof (unoccupied) Project unoccupied pitched roof
<pIntemal partitions Project partition

\

<pSemi-exposed walls Project semi-exposed wall
<pSemi-exposed ceiling Project semi-exposed ceiling
<pSemi-exposed floor Project semi-exposed floor

Floors ¥
<pGround floor Project ground floor
<pBasement ground floor Project basement ground floor
<pExtemal floor Project external floor

Projectinternal floor

Constant rate (ac/h) 3.000
m Night Purge

I»

3
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Night purge is a technique used in conditioned buildings
in which during unoccupied night hours, cool ambient
air is passed through the building to flush out the heat
released/accumulated in the building.

Step 11: Click Flat roof element - 1250.000 m?
in the navigation tree and select Adiabatic from
the Adjacency drop-down list. Click Building 1 in
the navigation tree.

New Building, Building 1, Block 1, Zone 1, Roof - 1250.000 m2

) New g Project constucion emplate

& o cerent- 100002 |

69 Wal-175,000m2-00"
69 wal-87500m2 - 270
69 wal- 175000 m2- 1800

To understand the effect of the thermal mass of the
external wall, we want to remove the heat gains and
losses from the roof. To achieve this, the roof has been
made adiabatic.

Adiabatic surface means that heat is not transferred
across its external surface.

Source: http://www.designbuilder.
co.uk/helpv4.7/#Adjacency.htm

Step 12: Go to the Building 1 level. Select the Activity
tab and select Density (people/m?) as 0.06 and Office
Equipment Gain (W/m?) as 1.00. (The internal load has
been reduced so that the effect of the thermal mass is clearly
visible. If the internal loads are higher, then the inside zone
temperature is dominated by the internal load and you cannot
observe the effect of the thermal mass from the envelope.)


http://www.designbuilder.co.uk/helpv4.7/#Adjacency.htm
http://www.designbuilder.co.uk/helpv4.7/#Adjacency.htm
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A Template Generic Office Area ﬂ
.SEC'DV B1 Offices and Workshop businesses
Zone multplier 1

M Include zone in thermal calculations

[ Include zone in Radiance daylighting calculations
¥, Floor Areas and Volum
T, Occupancy
Density (people/m2)
{3 Schedule Office_OpenOff_Occ

§ Heating ('C)
{ Heating setback (‘C)

# Office Equipment

[ 0n

Gain (W/m2)
(13 Schedule e OpenOfi_Equip

Radiant fraction 0.200
Oon v

Step 13: Select the Openings tab and ensure that
Preferred height is selected and window-to-wall per-
centage is set as 0.00.

@ Glazing Template

GpTemplate Project glazing template
w External Windows
() Glazing type Project external glazing
@Layout Preferred height 1.5m, 30% glazed
Dimensions

Type S —
Window to wall %

Window height (m) 1.50

Window spacing (m) 5.00

Sill height (m). 0.80

Step 14: Select the Lighting tab and select the Lighting
energy (W/m2-100 lux) as 0.25.

¢ Template Reference
& 0n
Normalised power density (W/m2-100 lux)
(4 Schedule Office_OpenOff_Light
Luminaire type 1-Suspended i
Radiantfraction 0.420
Visible fraction 0.180
Convective fraction 0.400
Oon
* Task and Display Lighting
OOn
O0n

2 Cost
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Step 15: Select the HVAC tab and select the tem-
plate as <None> and clear Mechanical Ventilation,
Heating, Cooling, DHW and Natural Ventilation
check boxes.

@ HVAC Template
4 Template

5, Auiiary Energy’

, HBa(lnu

oling

Natural Ventilation

"9'tarth |ube

¥ Mechanical Ventilation

Pump etc energy (W/m2)
chedt

[ Cooled

0.0000

Office_OpenOff_Occ

Step 16: Simulate the model for hourly interval reporting.

Edit Calculation Options.
Calculation Options Data

Calculation Description

Simulation Period
From
Startday
Start month
To
End day
End month
Output Intarvals for Reporting
Monthly and annual
[ Daily
Hourly
[ Sub-hourly

«

n
||

<@
« KRN < (KK

Simulation Options ~
These options control the simulation and the output
produced.

Simulation Period

Select the start and end days for the simulation, or
selecta typical period:

ftout is always
daily, hourly and sub-hourly data can selected by
checkingthe appropriate boxes.
Note that selecting output at hourly or sub-hourly
intervals can produce large amounts of data which
slows processing and results in large file sizes.
Auto-Update
This dialog is always shown when you select'Update®
and will also be snum before all simulations if'Don't
showthis dialog next ime' at the bottom is cleared.

[ Don't show this dialog nexttime

Help. Cancel oK
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Step 17: Click OK. The results are displayed in the grid. You
need to click on Zone 1 to get the results at the zone level.

Display Options

General | Detailed |

Data

Interval

Show as
Days per page

[ Normalise by floor area

Appearance

3-Comfort <
4-Hourly <
2-Grid v
385

Date/Time Air Temperature ('C) _|Radiant Temperatur... | Operative Temper... | Outside Dry-Bulb Temperature (‘C) | Relative H... o
19.95746 22,6021 21.27978 16.75 67.63126 @

19.18021 22.02618 20.6032 15.7 66.78899

14172002 3: 18.66668 21.57833 20.1225 16.225 68.14468

1712002 4.00.... |18.22894 21.16861 19.69877 14.875 69.80403
17.87279 20.79552 19.33416 145 71.0724

14172002 6: 17.55365 20.44221 18.99793 14.25 71.93117
141/2002 7.00.... |18.83235 20.23939 19.53587 13.825 66.3064

14172002 8: 19.6931 2051507 20.10408 14.675 63.28916

1/1/2002 9:00:... |21.09123 21.41099 21.25111 16.8 59.69363

23.24645 2257734 229119 19.275 56.82771

.. |2456045 2359703 24.07874 22225 55.40805

..|25.56275 244411 24.99692 23.675 56.85401

26.19297 25.05903 25.626 24575 56.92477

26.72131 25.60482 26.16307 24.95 56.03124

27.209 26.03543 26.62222 25.75 §4.77247

27.5538 26.31151 26.93565 25.25 5439133

27.46172 26.24494 26.85333 24.25 56.24974

26.65441 25.5746 26.11451 225 59.41983

25.61076 24.8751 25.24293 214 63.07595

2468477 24.42354 2455416 20.3 66.70626

: 2387914 24.07538 23.97726 20 67.56403

1/1/200210:00... |23.21468 2377383 23.49426 19.25 67.66705
1/1/200211:00... | 2153511 23.39924 2246718 19 69.853

1/2/2002 21.0864 2299313 2203977 19 69.28327
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Step 18: Click the Export Data icon. The Export
Results Spreadsheet dialog box appears. You can save
this results file on your desktop to retrieve it easily.

Export to:

[1-File |
Format:

CSVspreadshest ]

[ Hep ] [ canca ] [ 0K |

Step 19: Repeat the previous steps to create a high thermal
mass external wall.

Constructions Data

oftayers first,
5 Heavy Weight and thickness for each Iayer.
ource
[ Calegory - || e imsertayer
FRegion X Delete laver
Bridging
u can als0 add bridgingto any Iayer to model the

fect of  relatively more conductive materil bridging
iive material. For exampl

briging an insuiation layer.

Note thet bidging efects are NOT used i EnergyPlus; but

are used in energy code compliance Checks requiring
Material Stone - grarite. Unvalues to be calcubted according o BS EN IO 6946,
Thickness (m) [0.4500]
O Bridged?

You required
to meet the mandatory energy code U-value as seton
the Energy Code tab a site level.

This calculation identifies the ‘insulation layer as the
layer having the highest r-value and requires that no
bridging is usedin the construction.

Step 20: Perform hourly simulation and record the
results.

Compare the indoor air temperature for both cases with
the outside dry-bulb temperature.
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40

Temperature °C

25
1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Outside dry-bulb temperature °C === Room air with a low thermal mass

----- Room air with a high thermal mass

e As shown in the above figure, the temperature
difference between the indoor air and outside air
is higher for high thermal mass buildings. This is
because building walls with a high thermal mass
tend to store and increase the time taken for the
heat to transfer from the outside to inside.

e The room air temperature in a high thermal mass
building has less swing as compared to the room
air temperature of a low thermal mass building
that follows the outside temperature pattern.

* The occurrence of the highest room air temper-
ature in a high thermal mass building is not at
the same time when the outside air temperature
peaks. Rather, it is shifted to a later time of the
day. This difference in time when the peaks are
observed in room temperature and the outside air
temperature is defined as the thermal lag.

Exercise 3.1

Repeat the tutorial with insulation on the lightweight external
wall. Compare the results with and without insulation on the
lightweight wall.
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TUTORIAL 3.2  Evaluating the impact of roof insulation
GOAL

To study the effect of roof insulation on the building energy
consumption.

WHAT ARE YOU GOING TO LEARN?
* Creating roof construction

e Setting the U-value of the roof
PROBLEM STATEMENT

In this tutorial, you are going to use a 50 m X 25 m model.
Construct a roof with a 100 mm Aerated concrete slab and
glass fibre slab insulation of varying thicknesses. Achieve
the U-values given in Table 3.1 by varying the insula-
tion thickness. Find out the energy consumption for each
variation. Use the weather file of WIEN/SCHWECHAT-
FLUG, AUSTRIA.

Table 3.1 U-values and R-values of the roof

S.

U-value R-value U-value R-value
No. (Wm?K) @m?>K/W) S.No. (W/m?K) (m?K/W)

O 00 N N AW =

1 1 10 0.31 3.25
0.8 1.25 11 0.29 35
0.67 1.5 12 0.27 3.75
0.57 1.75 13 0.25 4
0.5 2 14 0.24 4.25
0.44 2.25 15 0.22 4.5
0.4 2.5 16 0.21 4.75
0.36 2.75 17 0.2 5
0.33 3
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R-value or thermal resistance (R) — The R-value of any
section having one or more layers with parallel surfaces
is an indication of the resistance offered by the section to
the heat flow. It is the reciprocal of thermal conductance.
For a structure having plane parallel faces, the thermal
resistance is equal to the thickness (L) of the structure
divided by the thermal conductivity (k).

L
R—; (3.1)

The R-value of individual payers can be added to arrive at
the total R-value of the section.

It is also expressed as the ratio of the temperature differ-
ence across an insulator and the heat flux (the heat trans-
fer per unit area per unit time).

Thermal transmittance (U-factor) - thermal
transmittance (U) — The thermal transmission in the unit
time through the unit area of the given section divided by
the temperature difference between the fluid on either side
of the building unit in steady-state conditions. It is also
called the U-value. Its unit is W/m? K. It can be treated as
a measure of the heat loss through the unit area of a build-
ing section such as a wall, floor or roof. A low U-value
generally indicates high levels of insulation.

SOLUTION

Step 1: Open a new project and create a 50 m X 25 m
building.
Step 2: Select the Construction tab.

Step 3: Go to the Construction section, click Flat
roof, and then click the Add new item icon. The Edit
construction — Roof screen appears.

i 4>

§pTemplate Project construction te Roof, Attic & Other, Wood-Framed, Advi a
= Construction Y Roof, Attic & Other, Wood-Framed, Adv.D
<pExtemal walls Projectwall Roof, Attic & Other, Wood Framed, Advi

Roof, Altc & Other, Wood-Framed, Advi
Eybcladgradeivalle Erojecthelowigradewallm Roof, Altc & Other, Wood-Framed, Adv:

[P_’OIEC‘ flatroof - Roof, Attic & Other, Wood-Framed, Advi ™
yPitched roof (occupied)  Project pitched roof d b

<pPitched roof (unoccupi... Projectunoccupied pitched Data Report (Not Editable) ¢

&pintemal partitions Project partition General

Project lat oof
pSemi-exposed walls Project semi-exposed wall Source
<pSemi-exposed ceili.. Project i-exposed ceili Category Roofs
<pSemi-exposed floor Project semi-exposed floor R Region AUSTRI

- Definition
Nefinitinn mathad 1l avere
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Step 4: Select 2 from the Number of layers drop-down list.

‘Aereted Concrete Sleb Uvaloes o b0 caaed sccordng o BS EN 150 345
02000

&
Thickness (m)
fomedtine mancaloy enrgy code Uak 25 et on

Ths calculaton identfes the nsulation ayer as the
ayerhaving the highest rvalue and requres thatno
biiggng s usedin he.

& satuvaue

| T (e e .. —c—)

Step 5: Enter 0.1000 as the Thickness (m) in the
Outermost layer section. Select Glass Fibre Slab from
Insulating materials for the innermost layer.

Y Foam - polyvingichloride
¥ Foam - utea fomaldehyde resin
> Foam Slag

i

7 Glass Fibre Slab

3 “Tore quit
 Glass fibre/wool - e clab

Elace g funod . five_chiawhasdiia
»

Number of layers

ot Data Report (Not Editable)

Aerated Concrete Slab

Thickness (m) Glass Fibre Slab
[ Bridged? Source CIBSE Guide.

Category Insulating mat
Glass Fibre Slab -

FRegion General
Thickness (m) 02000

Material Layer Thickness
3 Force thickness No
Bridged?
D1Bridge Thermal Properties
Detailed properties Yes
Thermal Bulk Properties

 Modotdata | [T | B S | S | S——

Step 6: Click anywhere in the blank space under the
Innermost layer section to update the help section.

o o — )
Constructions Data
Name Roof
Source
[ Category Roofs
Region General
Definition
Definition method 1-Layers
Iculation Settings

Materials
| +~& Foam - poisocyanate

& Foam - polyurethane

& Foam - polyurethane, freon-filed

& Foam - polyvinlchloride

& Foam - urea formaldehyde resin

& Foam Slag

& Glass Fibre Quit

& Glass Fibre Slab

& Glass fibre/wool - ibre quit

Number of layers 2

<

Data Report (Not Editable)
General

Glass Fibre Slab

&Material Aerated Concrete Slab
Thickness (m) 01000
[ Bridged?

Source CIBSE Guide
Glass Fibre Slab B Category Insulating mat
Thickness (m) 02000 ERegion . General
[ Bridged? Material Layer Thickness
Force thickness No
Thermal Properties

Detailed properties Yes
Thermal Bulk Properties

‘-

EETe e ———

Conductivity (W/m-K) 0.0350
Specific Heat (J/kg-K) 1000.00
Density (ka/m3) 25.00
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Step 7: Click the Set U-value link. The Set Construction

U-value screen appears.

Constructions Data

General
Name Roof
Source
[ Category
Region

Definition method
Calculation Settings

Number of layers 2

Outermost layer

&Material Aerated Concrete Slab
Thickness (m) 01000
[ Bridged?

Glass Fibre Slab.
i (m) 0.2000
O Bridged?

Setthe number of layers first, then select the material
and thickness for each layer.

* Insert layer
X Delete laver

Bridging
You can also add bridgingto any layer to model the

effect of a relatively more conductive material bridging
maerial. For

a
briging an insulation layer.

but

Energy Code Compliance

You can calculate the thickness of insulation required
to meet the mandatory energy code U-value as seton
the Energy Code tab at site level.

This calculation identifies the ‘insulation layer as the
layer having the highest r-value and requires that no
bridging is usedin the construction.

‘" Model data

[ imetiayer ] [ Deetolayer ] |

J

Cancel

Hep J (

Step 8: Enter the U-value (W/m? K) as 1.0. Click OK.
A confirmation message appears with the updated insu-

lation thickness.

@ Enter the U-value you would like to use.

Default Maximum U-values - Austria

Flat roof = 0.220 W/m2-K
Pitched roof = 0.220 W/m2-K

Roofspace floor = 0.220 W/m2-K

( Use selected defauk

Step 9: Click OK. The insulation

thickness is updated.

DesignBuilder

0.2000m of Glass Fibre Slab to

0.0082m of Glass Fibre Slab

Confirm *REDUCE* insulation thickness 2 from

Cancel

|
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Step 10: Select the Calculated tab. The updated U-Value
of the construction appears.

[ Constructions Data

Setthe number of layers first, then select the material
and thickness for each layer

Bridging
You can alsoadd mwmgtn any layer to model the
less conducive material. For example wooden josts
2 briging an insulation layer.

Number of I

compiance checks requring
S Materiel Aerated Concrete Slab cakcubted accordingto BS EN 1SO 6946.
Thickness (m) 01000
[0 Bridged?

Innemostlayer

SMateriel Gless Fibre Slab.

Energy Code Compliance

Enurmcodu tab at ste level

- calculation identifies the ‘insulation layer as the
Thickness (m) 0.0082 |ay.. having the highest r-value and requires that no
O Bridged? bridging is usedin the construction.

& setUvale

e

Step 11: Click OK.

Convective heat transfer coefiicient (W/m2-K) This tab pmuusmmnr Icdoralon o 1 hest

transmission| constructi
Rediative heat transfer coefficient (W/m2-K) calculat n.:...mw

_ Surface resistence (m2-KW) Sk and generaly NOT in EnergyPis

Convecive heatrensfer coeficient Wim2-K) Exe-mons are windowframe U-values and use offxed
Radistive heat transfer coefficient (W/m2-K) wm"‘"""’" heattransfer coeflicerts (more
fesksionce e W) Unvalues are shown including and excluding th effect
g dlul‘m l.ﬁﬂlw and are calculatedwith and
T TS (Wim2-) bridging

ReValue (m2-K/W) Note that the outer surtace restance depends
U-Value (W/m2-K) Cipasure townd(on ne Locatontab ot ovey

Convective heat ransfer coefficients

Thickness (m) : used in EnergyPius when ne 'gsgsmnmlm
Nnglrenalieaicapach/ (e inzy] X uses its' own convection algarithm as setin the
Upperresistance fimit (m2-K/W)
Lower resistance limit (m2-K/W) [ Enatead]
UValue suace to surace (Wm2-K)

ReValue (m2-K/W)
U-Value (W/m2-K) 1.001

[ [ m——

Step 12: Perform annual energy simulation and record
the results.

New Building, Building 1

Date/Time Room Electiicity (kwh) | Lighting (Kwh) ]Heding (Gas) (Kwh) ]Cuuling icity) (Kwh) ]DHW icity) (Kwh) I
12:00:00 AM 52293.8 75575.88  |122679 3015415 |4731.727 |

Step 13: Repeat the previous steps to set the U-values as
given in Table 3.1. For each U-value, simulate and record
the results.

Compare the results for all simulations (Table 3.2).
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Table 3.2 Heating and cooling energy consumption for
different U-values

Total cooling
Total heating ~ consumption
U-value R-value consumption (electricity)
S.No. (W/m?K) (m>K/W)  (gas) (kWh) kWh

1 1 1 122,679.00 30,154.15
2 0.8 1.25 108,379.80 30,443.14
3 0.67 1.5 99,166.45 30,778.71
4 0.57 1.75 92,090.48 31,118.85
5 0.5 2 87,049.97 31,404.42
6 0.44 2.25 82,713.34 31,677.60
7 0.4 2.5 79,882.75 31,879.73
8 0.36 2.75 77,004.63 32,093.25
9 0.33 3 74,849.12 32,266.08
10 0.31 3.25 73,423.50 32,383.91
11 0.29 3.5 71,980.63 32,507.87
12 0.27 3.75 70,537.98 32,630.72
13 0.25 4 69,108.34 32,756.97
14 0.24 4.25 68,383.09 32,823.62
15 0.22 4.5 66,954.23 32,955.86
16 0.21 4.75 66,236.32 33,021.09
17 0.2 5 65,521.70 33,087.50

§ 140,000

T;/ 120,000

% 100,000

£ 80,000

£ 60,000

% 40000

€ 20,000

& 112515175 2 22525275 3 32535375 4 42545475 5

R-value (m2-k/W)
—ao—Total heating consumption --«--Total cooling consumption
(Gas) kWh (Electricity) kWh

 In this scenario, the impact of insulation on the heating
energy consumption is more than that on the cooling
energy consumption.

* The law of diminishing returns can be seen here, as the
heating energy consumption does not proportionally
decrease with the increase in the insulation thickness.

Exercise 3.2

Repeat the above with the Miami, Florida location.
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TUTORIAL 3.3 Evaluating the impact of the
position of roof insulation
GOAL

To evaluate the impact of the position of roof insulation
(overdeck and underdeck).

WHAT ARE YOU GOING TO LEARN?

» Editing roof construction

PROBLEM STATEMENT

In this tutorial, you are going to use a 50 m X 25 m model.
Use the construction layers as given in the following table.
Find out the energy consumption for each variation. Use the
weather data for FRANKFURT MAIN ARPT, Germany
and DUBAI INTERNATIONAL, United Arab Emirates
(Table 3.3).

Table 3.3 Construction layers

Case I Case II
Outermost Concrete, medium XPS extruded
layer density, 0.15 m polystyrene - HFC
blowing, 0.05 m
Innermost XPS extruded Concrete, medium
layer polystyrene - HFC density, 0.15 m

blowing, 0.05 m

In most of the locations, except for very high latitudes,
the external surface of the roof is directly exposed to
solar radiation for the longest duration as compared to
other surfaces of the building. The solar radiation upon
being absorbed by the external surface of the roof turns
into heat, which subsequently gets transmitted into the
rooms below through the roof slab. The slab, due to its
thermal mass, also accumulates heat while transmitting
it beneath, which continues to be transmitted even after
sunset due to the temperature difference between the
slab and room interiors. To avoid this transmission and

(Continued)
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accumulation of heat, insulation on the top surface is
required in the form of overdeck insulation. A reduc-
tion in heat transmission by using insulation results in
low energy consumption for operating cooling devices.

If insulation is provided on the inner surface of the roof, it
is termed as underdeck insulation. It results in decreasing
energy consumption for cooling devices since it reduces
the radiant heat from entering the rooms.

In locations requiring heating of buildings, the reverse
is the approach. Insulation is provided on the inner side
for reducing the heat flow from the inside to outside. As
a concept insulation should be put as early as possible in
the path of a heat flow, whether from outside to inside or
from inside to outside.

SOLUTION

Step 1: Open a new project. Create a 50 m X 25 m build-
ing. Change the weather location to Frankfurt, Germany.

Step 2: Select the Construction tab.
Step 3: Add a roof with underdeck insulation — 0.15 m
of Concrete, Medium density (from Concretes materi-
als), and 0.05 m of XPS Extruded Polystyrene - HFC
Blowing (from Insulating materials).

Constructions Data
Layers L image | | Cost | Condensation anlysis | o [ D2z |
B e e eease el
P and thickness for each lajer.
Name Project Roof &
Source Insertlaver
Roofs - || X pelste taver

5 Category
FRegion General
germa)
You can also add bridgingto any layer to model the

Definition method 1-Layers effect of a relatively more conductive materal bridging
Calculation Setings » maerial. For example wooden
> joist briging an instiation ayer.

Note that rigng effects are NOT used in EnergyPlus but

- | | o in ey cose complance coecs ey
0| ] St o o s s o 56 £ 150 65ds

Concrete, Medium density
Energy Code Compliance
015 You can calculate the thickness ofinsulation required

to meetthe mandatory eneray code U-alue as seton
the Energy Code tab at ste level.

< This calculation identifies the ‘insulation [ayer as the
& Tayer having the highest r-value and requires that no
Thickness (m) bridging is usedin the con:

DOBridged? 2 setUvalue

BT v [ SN | S| m—rr—

Step 4: Perform the annual simulation and record the
results.

Site, Building 1

Date/Time |Room Electiicity (kh) [Lighting (kwh) | Heating (Gas) (kwh) [ Cooling (Electicity) (kwh) [ DHW (Electicity) (kwh)

12.00:00AM _ |52293.8 |75575.88  [78150.55 126341.23 [4731.727
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Step 5: Repeat the tutorial for overdeck insulation.

ll constructions Data Help
| Sutace propeties | image | [z |

Construction Layers.
‘Setthe number of layers first, then select the material | |

Roofe ~ || imsertaver
General X Delete laver

Bridging
You can also add bridging to any layer to model the

briging an insulation layer.

Note that bridging effects are NOT used in EnerayPlus, but

Number of layers
Outs st lays are used in energy code compéance checks requiring

&Meterial ENISO 6946,
Thickness (m)

rgy Code jance
[ Bridged? You can calculate the thickness of insulation required
Innermost layer ¥ o meet the mandatory energy code U-value as seton

Ener
SMaterial ConcretaMediandensy the Energy Code tab at site level
Thickness (m) 0,500 This sl
O Bridged? bridging is usedin the construction
2 setUvalve

‘This calculation identifies the ‘insulation Iayer as the

F e[ e ) m——

Step 6: Simulate the model and compare the results for
the two cases (Table 3.4).

Frankfurt requires predominantly heating and under-
deck insulation, preventing the internal heat from being
absorbed by the slab mass, thereby reducing the heating
energy consumption.

Step 7: Change the weather location to DUBAI
INTERNATIONAL, United Arab Emirates and com-
pare the energy consumption for overdeck and underdeck
insulation (Table 3.5).

Cooling is the predominant requirement in Dubai.
Overdeck insulation prevents the external heat from
being absorbed by the slab mass, thereby reducing cool-
ing energy consumption.

Table 3.4 Annual fuel breakdown for underdeck and overdeck
roof insulation for Frankfurt location

With underdeck roof With overdeck roof

insulation (kWh) insulation (kWh)
Room electricity 52,293.8 52,293.8
Lighting 75,575.8 75,575.8
Heating (gas) 78,150.5 83,534.8
Cooling (electricity) 25,341.2 21,440.5

DHW (electricity) 4,731.7 4,731.7
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Table 3.5 Annual fuel breakdown for underdeck and overdeck
roof insulation for Dubai location

With underdeck roof With overdeck roof

insulation (kWh) insulation (kWh)
Room electricity 52,293.8 52,293.8
Lighting 75,575.8 75,575.8
Heating (gas) 659.4 71.2
Cooling (electricity) 171,781.6 169,637.4
DHW (electricity) 4,731.7 4,731.7

Exercise 3.3

Repeat the above tutorial for the external wall. Use the weather
data for FRANKFURT MAIN ARPT, Germany and DUBAI
INTERNATIONAL, United Arab Emirates (Table 3.6).

Table 3.6 Construction layers for external walls

Case I Case 11

Outermost layer Brickwork 230 mm XPS extruded
polystyrene - HFC
blowing, 0.05 m
Innermost layer XPS extruded Brickwork 230 mm
polystyrene - HFC
blowing, 0.05 m
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TUTORIAL 3.4 Evaluating the impact of the
air gap between roof layers
GOAL

To evaluate the effect of the air gap thickness in roof con-
struction on the energy consumption.

WHAT ARE YOU GOING TO LEARN?
* Adding the air gap between the roof layers
* Changing the air gap thickness

PROBLEM STATEMENT
In this tutorial, you are going to use a 50 m X 25 m model
with a roof consisting of the following layers (starting with
the outermost layer):
1. 0.01 m of cement/plaster/mortar-plaster
2. 0.15 m concrete, medium density
3. Air gap with varying thicknesses (as given below)
4. 0.01 m gypsum plasterboard
Thickness of the air gap:
. No air gap
. Air gap 15 mm (downwards)
. Air gap 17 mm (downwards)
. Air gap 25 mm (downwards)
. Air gap 50 mm (downwards)

AN L AW N -

. Air gap 100 mm (downwards)
7. Air gap 300 mm (downwards)

Find out the energy consumption for LONDON/GATWICK
ARPT, United Kingdom.

An air gap is different from the air space layer. An air
gap is enclosed on either side, whereas an air space is a
gap left between exterior finish layers and interior insula-
tion layers — as commonly practiced in the lightweight
construction. The main role of the air space layer is to act
as vapour and water drain/barrier, as compared to an air
gap that improves the overall insulation properties of the
wall/roof section.
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SOLUTION
Step 1: Open a new project. Create a 50 m X 25 m
building.
Step 2: Select the Construction tab.

Step 3: Add a new roof with three layers. Select Cement/
plaster/mortar- cement plaster from Plaster materi-
als with thickness (m) as 0.0100, Concrete, Medium
density from Concretes materials with thickness (m)
as 0.1500 m, and select Gypsum plasterboard from
Plaster materials with thickness (m) as 0.0100 m.

o | 0=
Gonera] =7 || Construction Layers
i Setthe number of ayers first, then
Name | ProjectRoof.1 selectthe material and thickness for
Source layer.
5 Category Roofs °
& Region General
Definition ¥
- 1L - e
Definition method ayers Bridging
You can also add bridgingto any.
a layerto model the effect of a
3 = relatively more conductive material
Number of layers bridging a less conductive material.
e o For example wooden joists brigng
SMaterial Cementplaster/mortar - cement plaster | | | 30 insulation layer.
Thickness (m) 00100
[ Bridged?
SMaterial Concrete. Medium density
i 0.1500 Compli
Thmf‘"“i(m) You can calculate the thickness of
[ Bridged? insulation requiredto meetthe
a mandalory energy code U-value as
SMateriel Cement/plaster/mortar - cement plaster l:rle?n theEnetgy.Codetabatsiel
Thickness (m) 00100
[ Bridged? ‘insulation layer as the layer having
the highest -value andrequires that
no bridgingis used in the
construction. Sd
Model data [ ey [ T | —a—

Step 4: Simulate the model and record the results.

Site, Building 1

Room Electricity (kWh) | Lighting (kWh) | Heating (Gas) (KWh) | Cooling (Electricity) (KWh) | DHW [Electicity) (K\Wh)

52293.8 210535

Step 5: Again select the Construction tab. Edit the roof
construction.

Site, Building 1 Info, Data

| Heb | 02

@ Canstiuction Template

= Gp Template Constructions

=, Construction i
<pExtemnal walls General
<yBelow grade walls Project Roof_1

Source

<pPitched roof (occupied) Project pitched roof Category
<yPitched roof (unoccupied) Project unoccupied pitched roof Region
<plntemal partitions Project partition Definition
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Step 6: Select the Thickness of the Innermost layer (we
want to insert a new layer above this layer; hence, we
have to select this layer). Click Insert layer.

General
Name

Project Roof_1

Source
[ Category
FRegion

Definition
Definiion method

Calculation Settings.

Number of I

&Meaterial

Thickness (m)

O Bridged?
Layer2

SMeterial

Thickness (m)

[m] Endgsd"
Inner

Roofs
General

1-Leyers

Setthe number of layers first, then select
the material and thickness for each layer.

ductive
lotsts briging an Insuauon layer.
Note that bridging effects are NOT used in

Concrete, Medium density
01500

EnergyPlus,
compiance checks requirng U-values fo be
cakulsted according to BS EN ISO 6946

Energy Code Compliance
can calculate the thickness of

insulation requiredto meet the mandatory

energy code U-value as set on the Energy

Codetab at site level.

‘This calculation identifies the ‘insulation

layer as the layer having the highest

rvalue
used in the construction.
2 setUvalue

nsetper ] [ Dekteler | [

Hop ][ Cancsl ][0

f vodeige | (

Step 7: Select Air gap 15mm (downwards) from Gases
materials for the newly inserted layer (Layer 3) and enter
0.001 as thickness (m).

Edit construction - Project Roof_1
Constructions Data

Name  Project Roof_1

Source

[ Cetegory
Region

Demnmon method
Number of layers
Ot

Thickness (m)
[ Bridged?

Thickness (m)

[ Bridged?

SMaterial

Thickness natused in thermal calcs) (m)
steneJ

Thickness (m)
[ Bridged?

| Suface propetties | image | Calviated | Cost | Gondensation analysis |

General

Roofs
General

1-Layers

Cementplastarjmrtar - cement plaster
0.0100

Concrete, Medium density
0.1500

Airgap 15mm (downwards)

Construction Layers

‘Setthe number of layers first, then select
the material and thickness for each layer.

4P Insertlaver
X Detete ayer

You can alsoacd bidinglo any i=sd
modelthe effect of a relatively mo
Conductive mateial DTN 4 1655
conductive material. For example wooden
joists briging an insulation layer.

‘complance checks:
calcubsted eccording to BS EN ISO 69346

Energy

You can calculate the thickness of
insulation requiredto meet the mandatory
energy code U-value as set on the Energy
Codetab at site level.

This calculation identifies the ‘insulation
Iayer as the layer having the highest

0.001

Cement/plasterimortar - cement plaster
00100

bridging is.
usedin the construction.
& setU-value

Model data

[_insotioger ] [ Doletolyer ] [

Help

Step 8: Simulate the model and record the results.

Site, Building 1

Date/Time

12:00:00 AM 522938

146784.7 11597.16

Room Electricity (kWh) | Lighting (kWh) | Heating (Gas) (Kwh) | Cooling (Electricity) (K\h) | DHW [Electricity) (Kwh)
75575.88

4731.727

| Cancel I OK. I
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Step 9: Repeat the previous steps for all the air gap thick-
nesses given in the problem statement.

Compare the results for all simulations (Table 3.7).

Table 3.7 Comparison of annual fuel breakdown data for
various air gaps

Annual fuel breakdown data

Room Heating Cooling DHW
electricity Lighting (gas) (electricity) (electricity)
(kWh)  (kWh) (kWh)  (kWh) (kWh)

No air gap 52,293.80 75,575.88 210,535.00 10,037.76  4,731.73

Air gap I5mm  52,293.80 75,575.88 146,784.70 11,597.16  4,731.73

Airgap 17mm 52,293.80 75,575.88 144,410.50 11,689.15  4,731.73

Air gap25mm 52,293.80 75,575.88 142,125.00 11,780.55  4,731.73

Air gap 50 mm  52,293.80 75,575.88 137,828.30 11,954.16  4,731.73

Air gap 100 mm 52,293.80 75,575.88 135,788.40 12,042.50  4,731.73

Air gap 300 mm 52,293.80 75,575.88 133,825.40 12,127.33  4,731.73

250,000
200,000

150,000

kWh

100,000

50,000

" Noair gap Air gap
15 mm

Annual cooling and heating consumption

Air gap
17 mm

....... °

Airgap  Airgap Airgap Airgap

25 mm

50mm 100 mm 300 mm

=8 Heating consumption (gas) (kWh)

+++®:+ Cooling consumption (electricity) (kWh)
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TUTORIAL 3.5 Evaluating the impact of
surface reflectance
GOAL

To evaluate the effect of surface reflectance on the energy
performance of buildings.

WHAT ARE YOU GOING TO LEARN?
* Changing surface reflectivity

PROBLEM STATEMENT

In this tutorial, you are going to use a 50 m X 25 m model
with a roof consisting of the following layers (starting with
the outermost layer):

* 0.015 m cement/plaster/mortar-plaster

* 0.150 m concrete, medium density

* 0.015 m cement/plaster/mortar-plaster
Vary the roof solar reflectivity on the outermost mate-
rial from 0.9 to 0.1 in steps of 0.1. Find out the impact

of roof solar reflectivity on the energy consumption for
SINGAPORE/PAYA LEBA.

Surface absorptance is the property of the surface mate-
rial to absorb radiation, and it is the opposite to surface
reflectance, which is the capability to reflect radiation.
For opaque surfaces, surface absorptance and surface
reflectance values are therefore ratios whose sum is
always equal to 1.

Solar reflectivity = Solar absorptance — 1

SOLUTION
Step 1: Open a new project. Create a 50 m X 25 m building.
Step 2: Select the Construction tab.
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Step 3: Add a new roof with three layers. Select Cement/
plaster/mortar - cement plaster from Plaster materials
with thickness (m) as 0.01, Concrete, Medium density
from Concretes materials with thickness (m) as 0.15 and
Cement/plaster/mortar-cement plaster from Plaster
materials with thickness (m) as 0.01.

Constructions Data

| Suface properies | inage | [cox |
General 3
Name saun- number n'lly!u first, then select the material
thickness for each layer.

Source *
[ Category Roofs - Insert laver

FRegion General X pelete laver
Definition ¥

Definition mslhnd

Bridging
[ caca b o e el
effect of a relatively more conduciive material bridging

et Conche s I Sl o ot wooda s

iging an insulation layer.
Note that brdging effects are NOT used n EnergyPlus but
are used in energy code complance requinny
EN ISO 6946.

Thickness (m)
[ Bridged?

a
to meet the mandtory energy code U-value as seton

SMaterial Concrete, Medium density IO e
Thickness (m) 015 ’nns calculation identifies the ‘insulation layer as the

u] Bndgsd7 Mdgng isusedin the construction.
4 | 2 setuvaiue

Thickness (m)

O Bridged?

| T (iotios ) (e ) (_iop ) (om0

Step 4: Click Cement/plaster/mortar - cement plaster
in the outermost layer and click the Create copy of high-
lighted item icon.

Constructions Data

General
Name  Project Roof_1

Source }-£5 Phase change

[ Category. 5 Plaster

Region & 05in. (12.7 mm) gypsum board
& 0625 in aypsum board

Number of layers:

Cement/plaster/mortar - cement General
UuTou Cement/plaster/mortar - cement p
Source CIBSE Guid
Category Plaster
&Material Concrete, Medium density B Region General
Thickness (m) 01500 Material Layer Thickness
[ Bridged? Force thickness No
Innermostlayer Y Thermal Properties
SMaterial Cement/plaster/martar - cement pla. Detailed properties Yes

; Thickness (m) 0.0100 Thermal Bulk Properties
O Bridged? Conductivity (W/m-K) 0.7200
| ¥ Wodh  oannn

fl voseigon | [Cimotiyer ) (sl ] [ ) [omen (k]
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Step 5: Select the Copy of Cement/plaster/mortar - cement
plaster and click the Edit highlighted item icon.

$ Cement/plaster/mortar - plaster
& Cement/plaster/mortar - plaster, lightweight aggregate
& Cement/plaster/mortar - plaster, sand aggregate

& [B Cement/plaster/moitar - cement plaster

& Gypsum Plasterboard
& Gypsum Plastering
& Pellite Plasterboard E
& Pellite Plastering

& Plaster (Dense)

&5 Plaster (Liohtweioht] .

Step 6: Enter Plaster - Surface Absorptance 0.9 in the
Name box.

|| Materials Data

New Cement - —

= Materials are used to define the
Name I Plaster - Surface Absorptance 0.9 | Bones i oK covts rickeni

Description layers.There are 2 types of
Source CIBSE Guide A (2006) material: L
Concretes 1) Detailed properties |
gg:;;‘::y General Indu:‘r;g the 1::rmopnyslw
properties, surface
Material Layer Thickness properties and visual !
[ Force thickness appearance for the material

2) Simple resistive material '
with no thermal mass. This
option will typically be used
to model air gaps.

Thermal Properties
@ Detailed properties
Thermal Bulk Properties

Conductivity (W/m-K) 0.7200 I
Specific Heat (J/kg-K) 920.00 I
Density (kg/m3) 1650.00

O Resistance (R-value)
Vapour Resistance »
Moisture Transfer »

Model data Hep [ e J[ ok ] |

Step 7: Select the Surface Properties tab and enter
Solar absorptance as 0.900.

General | Suface propetties | Green roof | Embodied carbon | Phase Cost Info | Data

Surface Properties v Surface properties

Thannal (omicci b ) 0900 Colour

The colour data is used for

Solar absorptance 0.900] display purposes and only when

Lm nilii) the texture is not available for any
e soipiancs L reason. Itis not used in any of the

Roughness 3-Rough bs calculations.

Colour

B Texture GranulatedGray453M

|
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Step 8: Click the Select this data icon.

Constructions Data

Name Roof

Source

[ Category Roofs

& Region General

Definition method 1-Layers -
ulation Seftings »

- Surface Absorptance 0.9 ]
& Medium weight concrete
ioht concrete block, sold g1 _

»

Plaster - Surface Absorptance 0.9

T General
o Br::‘:::’;m) Plaster - Surface Absorptanc

S Soer o
<A = Category Concretes

&Material Concrete, Medium density

Region General
Ehécnkg::; _5m) 0.2000 M?(arizl Layer Thickness
? Force thickness No
Innermost aver Thermal Properties
&Material Cement/plaster/mortar - cement DemiEd properiesiTas
Thickness (m) 0.2000 Thermal Bulk Properties
[ Bridged? Conductivity (W/m-K) 07200
Specific Heat (J/kgK) 920.00

[T B B B | W —

Step 9: Perform the annual simulation and record the
results.

New Building, Building 1

Analysis | Summary
Date/Time | Room Electiicity (kwh) | Lighting (kwih) | Cooling (Electricity) (kwh) [ DHW (Electricity) (kwih)
12:00:00AM  [52293.8 |75676.88  [249997.2 |4731.727

Step 10: Repeat the previous steps for all the values of
solar absorptance given in the problem statement.

Compare the results for all simulations (Table 3.8).

Table 3.8 Annual fuel breakdown data for different surface
absorptance

Room Cooling DHW
Surface Surface  electricity Lighting (electricity) (electricity)
absorptance reflectance (kWh) (kWh)  (kWh) (kWh)

0.9 0.1 52,293.80 75,575.88 249,997.20 4,731.73
0.8 0.2 52,293.80 75,575.88 241,298.20 4,731.73
0.7 0.3 52,293.80 75,575.88 232,533.50 4,731.73
0.6 0.4 52,293.80 75,575.88 223,629.40 4,731.73
0.5 0.5 52,293.80 75,575.88 214,548.10 4,731.73
0.4 0.6 52,293.80 75,575.88 205,382.60 4,731.73
0.3 0.7 52,293.80 75,575.88 196,176.00 4,731.73
0.2 0.8 52,293.80 75,575.88 186,744.60 4,731.73

0.1 0.9 52,293.80 75,575.88 177,542.70 4,731.73
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270,000

250,000

230,000

210,000

kWh

190,000

170,000

150,000
01 02 03 04 05 06 07 08 09

Exercise 3.5

Repeat the above tutorial for the FRANKFURT MAIN
ARPT, Germany weather location (Table 3.9).
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TUTORIAL 3.6 Evaluating the impact of roof
underdeck radiant barrier

GOAL

To evaluate the impact of underdeck radiant barrier on the
energy performance.

WHAT ARE YOU GOING TO LEARN?
* Changing the emissivity of a material

PROBLEM STATEMENT

In this tutorial, you are going to use a 50 m X 25 m model
with a roof consisting of the following layers (starting with
the outermost layer).

e 0.01 m cement/plaster/mortar-plaster
e 0.15 m concrete, medium density

e 0.01 m cement/plaster/mortar-plaster

Vary the thermal emittance on the innermost material of
the roof (ceiling) from 0.1 to 0.9 in steps of 0.1. Find out the
impact of roof thermal emittance on the energy consump-
tion for CA-SAN FRANCISCO INTL, USA.

Thermal absorptance (emissivity)

The thermal absorptance represents the fraction of
incident long wavelength radiation that is absorbed by
the material. This parameter is used when calculating the
long wavelength radiant exchange between various sur-
faces and affects the surface heat balances (both inside
and outside as appropriate). Values for this field must be
between 0.0 and 1.0 (with 1.0 representing ‘black body’
conditions).

http://www.designbuilder.co.uk/helpv4.7/Content/
SurfaceProperties.htm

Radiant barrier is the coating used under the roof deck to
limit the heat transfer from the inside to outside and the
outside to inside.


http://www.designbuilder.co.uk/helpv4.7/Content/SurfaceProperties.htm
http://www.designbuilder.co.uk/helpv4.7/Content/SurfaceProperties.htm
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SOLUTION
Step 1: Open a new project. Create a 50 m X 25 m
building.
Step 2: Select the Construction tab.

Step 3: Add anew roof with three layers. Select Cement/
plaster/mortar - cement plaster from Plaster mate-
rials with thickness (m) as 0.01, Concrete, Medium
density from Concretes materials with thickness (m)
as 0.1500 and select Cement/plaster/mortar - cement
plaster from Plaster materials with thickness (m)
as 0.0100.

General
Name  Project Roof

Source
{5 Category Roofs
Region General

Definition method 1-Layers
Calculation Settings

Energy Code jance  |=
Nurnber of layers You can calculate the thickness ¢

Outermost layer msu‘h;:on Nlllltdh‘;nnmo
sMalzeriul mandatory energy code wul\'j:l
Thickness (m) stelovel
[ Brdged? dentifies th

msulaion layer o mo Inyur
having
Concrete, Medium density. Toqurés hat o ridgng s used

Thickness (m) 0.1500
[ Bridged?

Thickness (m)
O Biidged?

Il Model data
e

Step 4: Click Cement/plaster/mortar - cement plaster
in the innermost layer, create a copy and rename it as
New Cement/plaster/mortar cement plaster.

it construction - Project Roof1
Constructions Data

General

Name Project Roof
Saurce
[ Category Roofs

& 05in. (127 mm) gypsum board

|~& 0625in. gypsum board

& 2010 NCM Plasterboard (wallboard) @

& Cement/plaster/mortar - cement plaster

& Cement/plaster/mortar - cement plaster, sar
& Cement/plaster/mortar - cement/lime plaste +

Cementplaster/mortar - cement plast
Thickness (m). 0.0100 CemenY/plaster/mortar - cement pl
[ Bridged? Source CIBSE Guid
Category Plaster
SMaterial Concrete, Medium density FRegion el
Thickness (m) 01500 Material Layer Thickness
[ Bridged? Force thickness No
Thermal Properties
Cementjplaster/morter - cementpl .. Detailed properties Yes
(m) UoTow Thermal Bulk Properties
[m] Bndggdv Conductivity (W/rm-K) 0.7200
e ATy

nsertlager ] [ Deltelager | [ Hep ][ cencel ][0k ]
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Step 5: Click the Edit highlighted item icon.

Cement/plaster/moras - placter -
Cement/plaster/motas - placter, ightweigh
Cement/placter/mortar . sand a0y
Cement/plaster/morts - vermicuit plaster
Gypsum insuiating plaster

Gypsum Plasterboxd @
Gypsum Plastering

J New Cement/plaster/mora: - cement plasl
3 = S

)
Number of layers i e »
Data Report (Not Editable) I

S Material Cementplaster/mortar - cement plaster
Thickness (m) 00100 New Cement/plaster/mortar -
[ Biidged? Source CIBSE Gu

Category Plaster
S Material Concrete, Medium density &Region General

Thickness (m) 01500 Material Layer Thickness
[ Biidged? Force thickness. No
Thermal Properties.

Detai s Yes

IS foteria] [New Cemeniplasterimoriar - coment pla ..
Thickness (m) X Thermal Bulk Properties

[ Bridged? Conductivity (W/m-K) 07200
i ... R4nnn
B e | ——)

Step 6: Select the Surface properties tab and enter
0.900 as the Thermal absorptance (emissivity).

Materials Data

o Colour

Thermal sbsorptance (emissivity) e ot daa e uaod 0F dsplay

oler absorplance TE00 purposes and only when the texture
; is not available for any reasan. It is
\Rﬁ:hl: ceclerce o su“ugh notusedin any of the calculations.

ughness 3Ro

Colour
BETexture GrenulatedGrey453M

Step 7: Simulate the model and record the results.

New Building, Building 1

Date/Tine Room Electiiy (kWwh [Lighting (<wh) [Healing (Gas) (<wh) [ Cooling (Electicy) (<wh) [ DHW (Electiciy) (<wh)
12:00:00 AM 52293.8 76575.88  |62966.75 15490.71 4731.727

Step 8: Repeat the previous steps for all the values of
thermal emissivity given in the problem statement.

Compare the results for all simulations (Table 3.10).



CHAPTER THREE MATERIAL AND CONSTRUCTION

149

Table 3.10 Comparison of annual fuel breakdown data for
thermal absorptance

Thermal Room Heating Cooling
absorptance electricity Lighting (gas) (electricity) DHW
(emissivity) (kWh) (kWh) (kWh) (kWh) (electricity)
0.9 52,293.80 75,575.88 62,966.75 15490.71  4,731.73
0.8 52,293.80 75,575.88 62,696.43 15,513.52  4,731.73
0.7 52,293.80 75,575.88 62,352.68 15,553.91 4,731.73
0.6 52,293.80 75,575.88 61,982.36 15,619.02  4,731.73
0.5 52,293.80 75,575.88 61,489.79 15,720.82  4,731.73
0.4 52,293.80 75,575.88 60,888.78 15,881.52  4,731.73
0.3 52,293.80 75,575.88 60,104.81 16,128.46  4,731.73
0.2 52,293.80 75,575.88 59,024.70 16,510.27  4,731.73
0.1 52,293.80 75,575.88 57.484.44 17,130.53  4,731.73

64,000

63,000

62,000

61,000

% 60,000

59,000
58,000
57,000

56,000

0.9 0.8

0.7 0.6

Vertical (value) axis major gridlines

0.5 0.4 0.3

Emissivity

0.2 0.1

Exercise 3.6

Repeat the tutorial for the DUBAI INTERNATIONAL,
United Arab Emirates weather location (Table 3.11).
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Table 3.11 Annual fuel breakdown data

Thermal Room Heating Cooling
absorptance electricity Lighting (gas) (electricity) DHW
(emissivity) (kWh) (kWh)  (kWh)  (kWh) (electricity)

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

TUTORIAL 3.7 Evaluating the impact of a green roof

GOAL

To evaluate the impact of a green roof on the energy
consumption.

WHAT ARE YOU GOING TO LEARN?

* Creating a green roof

PROBLEM STATEMENT
In this tutorial, you are going to use a 50 m X 25 m model
with a roof consisting of the following layers (starting with
the outermost layer):

* 0.01 m cement/plaster/mortar-plaster

* (.15 m concrete, medium density

* 0.01 m cement/plaster/mortar-plaster
Add a green roof to the outermost layer of the roof. Find
out the change in energy consumption with and without a

green roof for DUBAI INTERNATIONAL, United Arab
Emirates.
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A green roof or living roof is a roof of a building that
is partially or completely covered with vegetation and a
growing medium planted over a waterproofing membrane.

http://www.designbuilder.co.uk/
helpv4.7/Content/GreenRoof.htm

SOLUTION
Step 1: Open a new project. Create a 50 m X 25 m
building.
Step 2: Select the Construction tab.

Step 3: Add a New roof with three layers. Select Cement/
plaster/mortar - cement plaster from Plaster materi-
als with thickness (m) as 0.0100, Concrete, Medium
density from Concretes materials with thickness (m)
as 0.1500, and Cement/plaster/mortar - cement
plaster from Plaster materials with thickness (m) as
0.0100.

Edit construction - New Roof

compi U-vsivesto
e cakulated accordingto BS EN ISO
6946.

Energy Code Compliance

You can calculate the thickness of

set on the Energy Code tab at site.
level.
This calculation identifies the
“insulation layer as the layer having
the highest r-value andrequires that
no bridgingis used in the.
% construction.

SMeteriel 2 setuvave

Thickness (m)

[ Bridged?

Concrete. Medium density
0.1500

Cementfplaster/martar- cement plaster
Thickness (m) 0.0100
[ Bridged?

(insotyer ) (odtolyer ] (—_Hep ) [ coen JL_oc_]

Step 4: Simulate the model and record the results without
a green roof.

Now you are going to add a green roof.

Step 5: Add a New roof with four layers. Select 12
in. Soil at R-0.104/ in. from sands, stones and soil
materials with thickness (m) as 0.305, Ethylene pro-
pylene diene monomer (EPDM) from rubber materi-
als with thickness (m) as 0.0015 and select Concrete,


http://www.designbuilder.co.uk/helpv4.7/Content/GreenRoof.htm
http://www.designbuilder.co.uk/helpv4.7/Content/GreenRoof.htm
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Medium density from concretes materials with thick-
ness (m) as 0.1500, and Cement/plaster/mortar -
cement plaster from Plaster materials with thickness
(m) as 0.0100.

|| Constructions Data

Construction Layers.

‘Setthe number of Iayers first, then selectthe
material and thickness for each layer.

General

Name Green Roof_1
Source

5 Category

FRegion
Definition

Bridging
Daﬁ“"“”‘ "'w“‘d Youcan asoadd bdginglo any averto
madsine efect o aelavely
conductive material brd
Conductve materis. Fot oxample wooden

Joists briging an insulation layer.
ot st vy eectsare KOT use

cakulsted. m to BS EN ISO 6946
Ethylane propylene dien monomer (EPDM|| )| Eneray Code Comptiance
You can calculate the thickness of insulation
Thickness (m) 00015 energy code

[ Bridged? Uwalue as set on Ihe Energy Code tab at
Layer3 | [ ste tevel.

= This calculation identifies the ‘insulation
SMaterial Concrete, Medium density Iayer as the fayer having the highest r-value
Thickness (m) 0.1500 and requires that no bridgingis used in the
[ Bridged? Sacon

2 setUvaue

&Material
Thickness (1)
O Bridged?

| ET—— e e ] —— |

Step 6: Click 12 in. Soil at R-0.104/ in. In the outermost
layer, it highlights and creates a copy.

Name  Green Roof 1
Source
[ Category PRoofs 12in Soi atR0.104/in.

Region General Abuvial clay, 40% Sands
_ o e
Definiion method T-Layers E e
it ok
Cultivated Clay Soil 125%D W. Moisture
Numberof ayers 4 - gnws«emu/smsnxnw Masue

Du(u Repun (Not Editable)

Thickness (notused in thermal calcs) (m)

12 in. Soil at R-0.104/ in.

Step 7: Select the copy of 12 in. Soil at R-0.104/ in.
Rename it Green Roof Layer.

Material Data

Materials are used to define the.
Name GréenRootiLayer properties of construction
Description layers.There are 2 types of |

Source ASHRAE Handbook material: |

Sands, stones and soils 1) Detailed properties |
B(;:le.govy US General ] includingthe thermo-physical |/
ﬁ glon one properties, surface properties ||

Material Layer Thickness and visual appearance for
[ Force thickness LD LIES i |
Default thickness (m) 0.3048 2 mm:m’;‘:ms J
Thermal Properties i option will typically be used t

O Detailed properties to model air gaps.

© Resistance (R-value)

Thermal resistance (m?-
Vapour Resistance

Moisture Trau

e [ m—
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Step 8: Select the Green roof tab. Select the Green roof
check box.

Green Roof Green Roof
Green roofs can be usedto reduce

cooling loads by providing thermal
5 e = S S mass and evaporative cooling
Moisture diffusion calculstion method 1-Simple WG planGanspiralionETose
Height of plants (m) 0.1000 this material as a green roof in a roof

i construction check the ‘Green roof
LetiEEREEE ) E;ggu checkbox and enter the data.
Lafiidiceniy ; Note that the conduciivity value
Leaf emissivity 0.950 defined on the firsttab of the green

Minimum stomatal resistance (s/m) 180.000 :;Immﬂalisloreamwhenhls
Max volumetric moisture content at saturation 0500 £
Min residual volumetric moisture content 0.010

Note also that the maximum
for
Initial volumetric moisture content 0.150

o G ]

Step 9: Click OK. Green Roof Layer appears as the out-
ermost layer.

[ o | Ot
vEZ+hE 4>
Name  Green Roof_1
Source & Celldar Rubber Underlay.
Bmgnvy Roofs & Cloth/carpet/tek - carpet, snuisid vl
Region General & Cohvcapeliel-capel Witon 3]
& Cothvcarpetet - ek, semiviad, orgsnic
& Cloh/carpie - fo, smiigd, oigaric
Definiion method I-Levers & Cloth/carpettet - e fe, 3 50 degre
& Coth/carpetet - ut fbe, at SOC degt
& Cloh/carpetie - wool el undeday

Nurberof layers 4 = (WS coroories

_ !

3
SEEEE Green Roof Loyer

Thickness (not used in thermel calcs) (m) General

Green Roof Layer
Source ASHRAE
Cotegory Sands, st
& Region US Gener
Material Layer Thickness
Forca thickness s
Defaultthickness (m) 03049
Thermal Properties
Detailed propetties No

&/ Material Ethylene propylene diene monomer (EPDM)
Thickness (m) 00015
[ Bridged?
$Mnleriul Concrete, Medium density
“Thickness (m) 0.1500
[ Bridged?

Material ) Yes
Thickness (m) . Themal resistance (m... 02201

O Bridged? Vapour Resistance
Vepour resistance def.. 1-Factor -

v = | s |

Step 10: Perform annual simulation and record the
results.

Compare the results for both simulations (Table 3.12).



154

BUILDING ENERGY SIMULATION

Table 3.12 Annual fuel breakdown with and without a
green roof

Without a green With a green

roof (kWh) roof (kWh)
Room electricity 52,293.80 52,293.80
Lighting 75,575.88 75,575.88
Heating (gas) 2,483.94 470.05
Cooling (electricity) 196,202.30 188,443.40
DHW (electricity) 4,731.73 4,731.73

Exercise 3.7

Repeat the above tutorial for the CA — San Francisco, USA
weather file (Table 3.13).

Table 3.13  Annual fuel breakdown consumption with and
without a green roof

Annual fuel breakdown consumption

Without a green With a green
roof (kWh) roof (kWh)

Room electricity
Lighting

Heating (gas)
Cooling (electricity)
DHW (electricity)




CHAPTER FOUR

Openings and Shading

Openings are required in buildings to bring daylight and fresh
air, and provide outdoor views. The energy for artificial elec-
tric light can be reduced if there is sufficient daylight in the
space. However, daylight increases the heat gain in a space.
If the climate is hot/warm, it results in an increase in the air-
conditioning energy consumption. Hence, there is a need to
optimize the window-to-wall ratio (WWR) to get the minimum
energy consumption while getting sufficient daylight.

Choosing glass type is also important for buildings; build-
ing glass is specified by some important properties such as
U-value, solar heat gain coefficient (SHGC) and visible light
transmittance (VLT). Generally, VLT to SHGC ratio is taken
as an indicator of glass performance in cooling dominated loca-
tions. Higher is this ratio, better is the glass. Building shades
can be used to cut the direct solar radiation in buildings and
get diffused daylight inside the perimeter space. Overhangs and
fins are classified as fixed building shades. Operable shades can
also be used to cut the direct radiation from windows.

In this chapter, through the three tutorials, you are going to
learn how to analyse the impact of different glazing types, fixed
shades and operable shades for a given climate. This can be
useful in the analysis of different designs and approaches for
reducing solar heat gains through windows.

155
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TUTORIAL 4.1 Evaluating the impact of window
wall ratio and glazing type
GOAL

To evaluate the impact of WWR and glazing type on the
energy consumption.

Window-to-wall ratio (W WR), is the ratio of the total win-
dow area to the total gross exterior above grade wall area.

WHAT ARE YOU GOING TO LEARN?
* Setting WWR
* Selecting glazing type

PROBLEM STATEMENT
In this tutorial, you are going to use a 50 m X 25 m five-

zone model with a 5 m perimeter depth. You are going to
use the following glass types for the simulations (Table 4.1).

Find out energy consumption for all cases for
SINGAPORE/PAYA LEBA.

Light-to-solar gain (L/S) is the ratio between the VLT and
SHGC. It provides a gauge of the relative efficiency of dif-
ferent glass or glazing types in transmitting daylight while
blocking heat gains. The higher the number, the more the
light transmitted without adding excessive amounts of heat.

SOLUTION
Step 1: Create a 50 m X 25 m five-zone model with a 5 m
perimeter depth.

PART I: With Dbl Green 6mm/6mm Air glass.

Step 2: Select the Openings tab and select Glazing type
as Dbl Green 6mm/6mm Air. Set WWR to 0.00%.

New Building, Building 1, Block 1

@ Glazing Template
Gp Template Project glazing template
w External Windows

@Glazing type

\@Layout Preferred height 1.5m, 30% glazed

Dimensions ¥
Type red height <
Window to wall % 0.00 ]
Window height (m)
Window spacing (m) 5.00

Sill height (m) 080
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Step 3: Simulate the model and record the results.

Step 4: Repeat the previous steps to set WWR (from 10%
to 90% in steps of 10%) as given in the problem statement.
Record the results for all WWRs without lighting con-
trol (Table 4.2).

Step 5: Select the Lighting tab. In the Lighting Control
section, select the ON check box.

New Building, Building 1, Block 1

@ Template Reference
[ On
Normalised power density (#/m2-100 lux) 5.0000
(i4 Schedule Office_OpenOff_Light
Luminaire type 1-8uspended
Radiant fraction 0.420
Visible fraction 0.180
Convective fraction 0.400
@ Lighting Control
Working plane height (m) [0:80 |
Control type 1-Linear -
Min output fraction 0.100
Min input power fraction 0.100

When you select the ON check box, you get the daylight
sensor placed in all zones. You can see that the lighting
energy consumption for the daylit perimeter zones will

decrease.

Table 4.2 Annual energy consumption with a double glazing
window without daylight controls

Double glazing without daylight controls (Dbl Green 6mm/6mm Air)

Annual
Room Cooling DHW consumption
WWR electricity Lighting (electricity) (electricity) (electricity)
(%) (kWh) (kWh) (kWh) (kWh) (kWh)
0 51,114.49 73,871.52 188,313.20 4,625.02 317,924.23
10 51,114.49 73,871.52 194,815.30 4,625.02 324,426.33
20 51,114.49 73,871.52 201,498.70 4,625.02 331,109.73
30 51,114.49 73,871.52 207,691.50 4,625.02 337,302.53
40 51,114.49 73,871.52 213,531.40 4,625.02 343,142.43
50 51,114.49 73,871.52 219,081.10 4,625.02 348,692.13
60 51,114.49 73,871.52 224,293.80 4,625.02 353,904.83
70 51,114.49 73,871.52 229,142.60 4,625.02 358,753.63
80 51,114.49 73,871.52 233,851.40 4,625.02 363,462.43
90 51,114.49 73,871.52 238,187.40 4,625.02 367,798.43
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Step 6: Simulate the model and record the results.

Record the results for all WWRs with lighting control
(Table 4.3).

Step 7: Compare the results with and without daylight
controls (Table 4.4).

Table 4.3 Annual energy consumption with a double glazing
window with daylight controls

Double glazing with daylight controls (Dbl Green 6mm/6mm Air)

WWR
(%)

Room
electricity Lighting
(kWh) (kWh)

Cooling

Annual
DHW consumption

(electricity) (electricity) (electricity)

(kWh)

(kWh) (kWh)

10
20
30
40
50
60
70
80
90

51,114.49 73,871.52
51,114.49 53,353.82
51,114.49 46,939.31
51,114.49 45,119.64
51,114.49 44,352.53
51,114.49 43,660.43
51,114.49 43,205.62
51,114.49 42,831.40
51,114.49 43,154.81
51,114.49 42,800.91

188,313.20
182,543.10
185,863.80
191,441.50
197,248.60
202,749.90
208,067.20
213,031.60
218,172.20
222,551.70

4,625.02  317,924.23
4,625.02  291,636.43
4,625.02  288,542.62
4,625.02  292,300.65
4,625.02  297,340.64
4,625.02  302,149.84
4,625.02  307,012.33
4,625.02  311,602.51
4,625.02  317,066.52
4,625.02  321,092.12

Table 4.4 Comparison of the total annual energy consumption
for a double glazed window with and without daylight sensors

Annual energy

Annual energy

WWR consumption without consumption with day

(%) daylight controls (kWh) light controls (kWh)
0 317,924.23 317,924.23

10 324,426.33 291,636.43

20 331,109.73 288,542.62

30 337,302.53 292.,300.65

40 343,142.43 297,340.64

50 348,692.13 302,149.84

60 353,904.83 307,012.33

70 358,753.63 311,602.51

80 363,462.43 317,066.52

90 367,798.43 321,092.12
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380,000
370,000
360,000
350,000
340,000
330,000

kWh

320,000 -
310,000 \ o
300,000 \ -

-
290,000 R

280,000
0 0 20 30 40 50 60 70 80 90

WWR
—o— Annual energy consumption without daylight controls (kWh)
— « = Annual energy consumption with daylight controls (kWh)

The results show that with double glazed glass, a build-
ing consumes the minimum energy at 20% WWR, when
daylight controls are installed in the building in all its
daylit perimeter spaces.

PART II: With Sgl Clr 6mm glass.

Step 8: Repeat the previous steps to get simulation results
with Sgl Clr 6mm glass (Tables 4.5 through 4.7).

New Building, Building 1, Block 1

R Glazing Template

«

Gp Template Project glazing template
w External Windows ¥
[77|Glazing type
|@lLayout Preferred height 1.5m, 30% glazed
Dimensions ¥
Type 3-Preferred height °
Window to wall % 0.00

1
Window height (m) 150 Window to wall %
Window spacing (m) 5.00
Sill height (m) 0.80
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Table 4.5 Annual energy consumption for a single glazed
window without daylight controls

Single glazing without daylight controls (Sgl Clr 6mm)

Annual
Room Cooling DHW consumption
WWR electricity Lighting (electricity) (electricity) (electricity)
(%)  (kWh) (kWh) (kWh) (kWh) (kWh)
0 51,114.49 73,871.52 188,313.20 4,625.02 317,924.23
10 51,114.49 73,871.52 199,104.20 4,625.02 328,715.23
20 51,114.49 73,871.52 209,534.90 4,625.02 339,145.93
30 51,114.49 73,871.52 218,763.50 4,625.02 348,374.53
40 51,114.49 73,871.52 227,147.50 4,625.02 356,758.53
50 51,114.49 73,871.52 234,957.70 4,625.02 364,568.73
60 51,114.49 73,871.52 242,125.10 4,625.02 371,736.13
70 51,114.49 73,871.52 248,650.70 4,625.02 378,261.73
80 51,114.49 73,871.52 254,622.30 4,625.02 384,233.33
90 51,114.49 73,871.52 260,126.20 4,625.02 389,737.23

Table 4.6 Annual energy consumption for a single glazed
window with daylight controls

Single glazing with daylight controls (Sgl Clr 6mm)

Annual
Room Cooling DHW consumption
WWR electricity Lighting (electricity) (electricity) (electricity)

(%)  (kWh) (kWh) (kWh) (kWh) (kWh)
0 51,114.49 73,871.52 188,313.20 4,625.02  317,924.23
10 51,114.49 47,477.93 183,586.70 4,625.02  286,804.14
20 51,114.49 44.369.11 192,984.40 4,625.02  293,093.02
30 51,114.49 43,484.96 202,437.50 4,625.02  301,661.97
40 51,114.49 43,065.26 211,079.50 4,625.02  309,884.27
50 51,114.49 42,599.63 219,113.30 4,625.02  317,452.44
60 51,114.49 4227271 226,499.70 4,625.02  324,511.92
70 51,114.49 42,010.69 233,254.80 4,625.02  331,005.00
80 51,114.49 42,242.57 239,633.50 4,625.02  337,615.58
90 51,114.49 41,992.99 245,322.10 4,625.02  343,054.60
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Table 4.7 Comparison of the total annual energy consumption
for a single glazed window with and without daylight sensors

Annual energy Annual energy
consumption without consumption with
WWR (%) daylight controls (kWh) daylight controls (kWh)
0 317,924.23 317,924.23
10 328,715.23 286,804.14
20 339,145.93 293,093.02
30 348,374.53 301,661.97
40 356,758.53 309,884.27
50 364,568.73 317,452.44
60 371,736.13 324,511.92
70 378,261.73 331,005.00
80 384,233.33 337,615.58
90 389,737.23 343,054.60
400,000
380,000
360,000
=
= 340,000
-
320,000
300,000
280,000

WWR
==@-=Annual energy consumption without daylight controls (kWh)

— = = Annual energy consumption with daylight controls (kWh)

The results show that with single glazed glass, a build-
ing consumes the minimum energy at 10% WWR when
daylight controls are installed in the building in all its
daylit perimeter spaces.

PART III A: With ASHRAE 90.1-2007 equivalent glass
(U-1.20 (6.81), SHGC-0.25 and VLT 53%).

Step 9: Now refer to the previous steps and get simulation
results with ASHRAE 90.1 equivalent glass. Vertical
glazing, 0%-40% of wall, U-1.20 (6.81) and SHGC-
0.25 (Tables 4.8 and 4.9).
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New Building, Building 1, Block 1

0%-40% of wall, U-1.20 (6.81),
Preferred height 1.5m, 30% glazed

Dimensions

Type Preferred height 9
Window to wall % ]
Window height (m) 1.50

Window spacing (m) 5.00

Sill height (m) 0.80

Table 4.8 Annual energy consumption with ASHRAE 90.1
equivalent glass without daylight controls

ASHRAE 90.1 Glass without daylight controls (vertical glazing,
0%-40% of wall, U-1.20 (6.81) and SHGC-0.25)

Annual
Room Cooling DHW consumption
WWR electricity Lighting (electricity) (electricity) (electricity)
(%)  (kWh) (kWh) (kWh) (kWh) (kWh)

0 51,114.49 73,871.52 188,313.20 4,625.02  317,924.23
10 51,114.49 73,871.52 191,587.80 4,625.02  321,198.83
20 51,114.49 73,871.52 194,916.30 4,625.02  324,527.33
30 51,114.49 73,871.52 198,107.40 4,625.02  327,718.43
40 51,114.49 73,871.52 201,055.30 4,625.02  330,666.33
50 51,114.49 73,871.52 203,782.00 4,625.02  333,393.03
60 51,114.49 73,871.52 206,272.20 4,625.02  335,883.23
70 51,114.49 73,871.52 208,605.50 4,625.02  338,216.53
80 51,114.49 73,871.52 210,932.40 4,625.02  340,543.43
90 51,114.49 73,871.52 212,968.10 4,625.02  342,579.13
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Table 4.9 Annual energy consumption with ASHRAE 90.1
equivalent glass with daylight controls

Good glazing with daylight controls (vertical glazing, 0%—40% of
wall, U-1.20 (6.81) and SHGC-0.25)

Annual
Room Cooling DHW consumption
WWR  electricity Lighting (electricity) (electricity) (electricity)
(%)  (kWh) (kWh) (kWh) (kWh) (kWh)
0 51,114.49 73,871.52 188,313.20 4,625.02  317,924.23
10 51,114.49 51,701.49 178,250.50 4,625.02  285,691.50
20 51,114.49 46,126.67 178,795.00 4,625.02  280,661.18
30 51,114.49 44,625.61 181,601.70 4,625.02  281,966.82
40 51,114.49 43,983.63 184,642.30 4,625.02  284,365.44
50 51,114.49 43,373.37 187,426.20 4,625.02  286,539.08
60 51,114.49 42,948.02 190,069.90 4,625.02  288,757.43
70 51,114.49 42,597.32 192,549.70 4,625.02  290,886.53
80 51,114.49 42,902.14 195,325.90 4,625.02  293,967.55
90 51,114.49 42,571.14 197,496.00 4,625.02  295,806.65

Step 10: Compare the results with and without daylight
sensors (Table 4.10).

Table 4.10 Comparison of simulation results of glass with and
without daylight sensors

Annual energy

consumption without

Annual energy
consumption with

WWR (%) daylight controls (kWh) daylight controls (kWh)
0 317,924.23 317,924.23
10 321,198.83 285,691.50
20 324,527.33 280,661.18
30 327,718.43 281,966.82
40 330,666.33 284,365.44
50 333,393.03 286,539.08
60 335,883.23 288,757.43
70 338,216.53 290,886.53
80 340,543.43 293.967.55
90 342,579.13 295,806.65
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kWh

355,000
345,000

335,000
325,000
315,000

305,000 \

295,000 \ -
285,000 - S S

275,000

—&— Annual energy consumption without daylight controls (kWh)
- = — Annual energy consumption with daylight controls (kWh)

Step 11: Now compare the results for all simulations of dou-
ble glazing glass, single glazing glass and ASHRAE 90.1
equivalent glass with lighting controls (Table 4.11).

Table 4.11 Comparison of the total annual energy consumption
for all glass types with daylight controls

ASHRAE 90.1
Double glazing Single glazing equivalent glazing
WWR (L/S=1.35) (L/S =1.09) L/S =2.12)
(%) (kWh) (kWh) (kWh)

0 336,004.18 336,004.18 336,004.18
10 306,612.44 306,036.66 305,364.20
20 304,903.64 311,950.44 298,535.13
30 310,044.69 321,242.29 299.,836.25
40 315,943.50 330,149.92 302,380.69
50 321,484.33 338,323.96 304,731.91
60 326,813.57 345,953.19 307,113.99
70 331,942.46 353,023.54 309,480.51
80 337,800.03 360,149.95 312,833.83
90 342,264.91 366,045.43 314,854.56

Annual consumption with various types of glazings
370,000
360,000
350,000

~ 340,000

= 330,000

= 320,000

310,000

300,000

290,000 0 10 20 30 40 50 60 70 80 90
WWR
~~~~~ Double glazing (L/S =1.35) (kWh) —e— Single glazing (L/S = 1.09) (kWh)

—4— ASHRAE 90.1 equivalent glazing (L/S = 2.12) (kWh)
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PART III B: With ASHRAE 90.1-2007 equivalent glass
(U-1.20 [6.81], SHGC-0.25 and VLT 53%) with the shading
of a 0.5 m overhang.

Step 12: Select the Openings tab, select the Local shad-
ing check box under the Shading section and select 0.5m
Overhang from the Type (Table 4.12).

New Building, Building 1

| Loyout | Activty | Constnuction [ Operings | Lighting | HVAC | Generaion | Outputs | crD |

[ Glazing Template $

Gp Template Project glazing template
w External Windows ¥
(@ Glazing type Vertical glazing, 0%-40% of wall, U-1.20 (6.81). S

|@Layout Preferred height 1.5m, 30% glazed
Dimensions
Frame and Dividers

O Window shading
M Local shading

= Type
Airflow Control Windows
Free Aperture

0.5m Overhang

Table 4.12  Annual energy consumption with ASHRAE 90.1
equivalent glass, with fixed shade and daylight controls

Good glazing with daylight controls (vertical glazing, 0%—-40% of
wall, U-1.20 (6.81) and SHGC-0.25)

Annual
Room Cooling DHW consumption
WWR electricity Lighting (electricity) (electricity) (electricity)
(%)  (kWh) (kWh) (kWh) (kWh) (kWh)

0 51,114.49 73,871.52 188,313.20 4,625.02  317,924.23
10 51,114.49 53,819.91 178,846.40 4,625.02  288,405.82
20 51,114.49 47,004.59 177,688.30 4,625.02  280,432.40
30 51,114.49 45,294.22 179,536.80 4,625.02  280,570.53
40 51,114.49 44,561.03 181,742.40 4,625.02  282,042.94
50 51,114.49 43,683.38 184,197.20 4,625.02  283,620.09
60 51,114.49 43,139.11 186,824.00 4,625.02  285,702.62
70 51,114.49 43,017.17 189,495.10 4,625.02  288,251.78
80 51,114.49 43,106.45 192,231.50 4,625.02  291,077.46
90 51,114.49 42,705.82 194,444.50 4,625.02  292,889.83
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Compare the results for with and without shading con-
trols for ASHRAE 90.1 equivalent glass (Table 4.13).

325,000
320,000
315,000
310,000
= 305,000
= 300,000
% 295,000
290,000
285,000
280,000
275,000

0 10 20 30 40 50 60 70 8 90

WWR

—e— Annual energy consumption without daylight controls (kWh)
-« - Annual energy consumption with daylight controls (kWh)

Table 4.13  Annual energy consumption results for ASHRAE 90.1
equivalent glass with and without shading

Annual energy Annual energy
consumption without consumption with daylight

WWR (%) daylight controls (kWh) controls (kWh)

0
10
20
30
40
50
60
70
80
90

317,924.23 317,924.23
285,691.50 288,405.82
280,661.18 280,432.40
281,966.82 280,570.53
284,365.44 282,042.94
286,539.08 283,620.09
288,757.43 285,702.62
290,886.53 288,251.78
293,967.55 291,077.46

295,806.65 292,889.83
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For warm/hot climates:

1. If a building is without daylight controls, then the
energy consumption increases with the increase
in WWR. With the increase in WWR, heat gains
through glass increase in the building and due
to the absence of artificial lights dimming, the
energy consumption increases.

2. If a building is having daylight sensors, then
artificial lights can be dimmed when sufficient
daylight is available. With the increase in WWR,
more daylight is available to the perimeter spaces.
Daylight sensors help in reducing the artificial
lighting load and offset the heat gains through the
glass. However, after a point when the perimeter
spaces are daylit, an increase in WWR does not
save the artificial lighting energy as the lamps are
fully dimmed. After this point with the increase
in WWR, the heat ingress increases, thereby
increasing the overall energy consumption.

3. Glass with a higher visible light to solar gain
(L/S) needs to be selected to get the maximum
benefit from daylight.

Exercise 4.1

Repeat the above tutorial for WIEN/HOHE VARTE, Austria.

TUTORIAL 4.2 Evaluating the impact of overhangs
and fins

GOAL

To evaluate the impact of window overhangs and fins on the
energy performance.

WHAT ARE YOU GOING TO LEARN?

* Modelling overhangs and fins

PROBLEM STATEMENT

In this tutorial, you are going to use a 30 m X 30 m model
with a 5 m perimeter depth. You need to select the split no
fresh air HVAC system to the simulation model.
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You need to simulate the model with the following options:

1. No shades
2. Overhangs
3. Vertical fins

Use location DUBAI INTERNATIONAL, United Arab
Emirates.

SOLUTION

Step 1: Open a new project and create a 30 m X 30 m
building with a 5 m perimeter depth.

Step 2: Select the Openings tab. Select the Single glaz-

ing, clear, no shading template. Select Sgl Grey 6mm in
Glazing type.

New Building, Building 1

® Glazing Template
GpTemplate Single glazing. clear. no shading
Sgl Grey 6mm

w External Windows

@dLayout Preferred height 1.5m, 30% glazed
Type 3-Preferred height -
Window to wall % 30.00
Window height (m) 150
Window spacing (m) 5.00
Sill height (m) 0.80

Reveal
Frame and Dividers
Shading
Airflow Control Windows
Free Aperture

¥ Intemal Windows

&) Sloped Roof Windows/Skylights

} Doors
External
O Auto generate
Internal
[ Auto generate
Operation »
= Vents »

Step 3: Select the HVAC tab. Select the Split no fresh air
template. Clear the Heated check box under the Heating
section and clear the On check box under DHW. Select
the check box under Cooling system and enter 3.0 as CoP.

When you use the Split no fresh air template, you can get
the cooling energy consumption for all zones separately.
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Split no fresh air

Pump etc energy (W/m2) 0.0000
(14 Schedule Office_OpenOff_Occ
A Heating

<& Cnnlinn

[7]Cooling system Default
Fuel

Office_OpenOff_Cool

Step 4: Select the Simulation tab and select the Output
tab, expand Summary Tables and select the All
Summary check box under the Summary Annual
Reports section.

Calculation Options Data

[¥] Building and block output of zone data

[ Include unoccupied zones in block and building totals and averages
[¥] Allow custom outputs

Graphable Outpuf

Comfort and Environmental
Detailed Daylight Outputs
Summary Tables

Summary output units (SI)
Sum| nual Report:

[J LEED Summary

[ Annual Building Utility Performance Summary (ABUPS)
[ Demand End Use Components Summary

[ Sensible heat gain summary

Input Verification and Results Summary

[ Source Energy End Use Components Summary
Adaptive Comfort Summary

[ Zone Component Load Summary

[ Standard 62.1 Summary

[ Energy Meters

Climatic Data Summary

Equipment Summary
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Step 5: Perform annual simulation and view the data in
graphical format.

EnergyPlus Output jan - 31 Dec, Annual

s8589.15 Temperatures, Heat Gains and Energy Consumption - New Buikling, Building 1
13 Y

Licensed

(W oo Bncircey [T Ughing W Gooieg ©kctrety)

&6 East g
&6 North B
&6 South 3
@ West -

Temperature ('C)

W Goer Lgring W Covv ey T o Goms B Vinows W Zovs Serab

Display Options

Heat Balance (MWAh)

150
= e Rertes

Interval 1-Annual - - -160

Showes  1Goph - (W E -

Days perpage 365 H -170

[ Normalise by floor area 2 bl
-Avis 1|
Appearance >||

O ek Vet <t Ve + i

Total fresh air(ach)

Program Version:EnergyPlus, Version 8.3.0-6497d074ea, YMD=2016.03.19 00:16

‘Tabubr Output Report in Format: HTML
Buidng: Building
Envionment: NEW BUILDING ** ABU DHABI - ARE IWEC Data WMO#=412170

Simution Timestamp: 2016-03-19 00:16:43

Table of Contents 5]

Report: Annual Buikding Utiity Performance Summary
For: Entire Faciity
Timestamp: 2016-03-19 00:16:43

Values gathered over 8760.00 hours

Site and Source Energy
T

Total Energy Per Area [kWh/m2] oy i uilding

Total Stte Energy | 277076.75 | 32822

32822

Nt Stte Energy 27707675 32822

328.22

Total Source Energy 48129831 | 570.26

570.26

Net Source Energy| 48120831 | 570.26

570.26

Table of Contents

Step 7: Scroll down to read Annual and Peak

Values — Other.
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| Analysis | Summary | Parametic | Optimsation |
e —— |

Annual and Peak Values - Other

Annual Value | Minimum Value|  Timestamp of | Maximum Value Timestamp of

@] w] Minimum w] Maximum

Energy Transfer:Facity 564.16 0.00 01-JAN-00:30 82919.54 20JUL-15:00 |

Energy 564.16 0.00 01-JAN-00:30 8201954 20UL-15:00 |

Energy’ OCK1:CORE 185.83 0.00 01-JAN-00:30 26132.77 29-JUL-15:00 1
Heating:Energy Transfer 0.00 0.00 01-JAN-00:30 43.82 25-SEP-05:30 |

Heating:Energy Transfer:Zone:BLOCK1:CORE 0.00 0.00 01-JAN-00:30 18.33 25-SEP-05:30 |
Cooing:Energy Transfer 564.16 0.00 01-JAN-00:30 82919.54 20JUL-15:00 |

Ce OCK1:CORE 185.83 0.00 01-JAN-00:30 26132.77 29-JUL-15:00
EnergyTransfer:Zone:BLOCK1:EAST 109.18 0.00 01-JAN-00:30 18522.09 29-)UL-10:00 |
OCKI:EAST 0.00 0.00 01-JAN-00:30 831 25-5EP-05:30 |

[ OCKL:EAST! 109.18 0.00 01-JAN-00:30 18522.09 20UL-10:00 |
oy OCKI:WEST 9.75 0.00 01-JAN-00:30 17622.79 209UL-16:00 |
OCK1:WEST 0.00 0.00 01-JAN-00:30 7.93 12-AUG-05:30 |

C OCKI:WEST 96.75 0.00 01-JAN-00:30 17622.79) 209UL-16:00 |
oy KL:NORTH 73.95 0.00 01-JAN-00:30 12331.52 209UL-14:30 |

CK1:NORTH 0.00 0.00 01-JAN-00:30 5.51 25-5EP-05:30 |

2 KL:NORTH 73.95 0.00 01-JAN-00:30 12331.52 209UL-14:30 | {5

EnergyTransfer:Zone:BLOCK1:S0UTH 98.46 0.00 01-JAN-00:30 13531.62 14-0CT-13:30 |
CKL:SOUTH 0.00 0.00 01-JAN-00:30 5.86 25-5EP-05:30 |

Cooing:Energy Transfer:Zone:BLOCK1:SOUTH 98.46 0.00 01-JAN-00:30 13531.62 14-0CT-13:30 |
0.00 0.00 01-JAN-00:30 0.00 01-JAN-00:30 |

0.00 0.00 01-JAN-00:30 0.00 01JAN-00:30 |

Heating:DistritHeating 0.00 0.00 01-JAN-00:30 0.00 01JAN-00:30 |
<« m i »

Step 8: Record the annual value for the energy transfer
zone (GJ) for all perimeter zones (Table 4.14).

Save the simulation model for the next step.

Now you are going to model window overhangs.

Step 9: Select the Openings tab.

Step 10: Click the Shading section. Shading options appear.

«

. Glazing Template

GpTemplate Project glazing template
w External Windows v

(@ Glazing type Project external glazing

@Layout Preferred height 1.5m, 30% glazed

Dimensions ¥
Type 3-Preferred height -
Window to wall % 3000
Window height (m) 150
Window spacing (m) 5.00

Sill height (m)

Aitlow Control Windows

Table 4.14 Annual value for the energy transfer for each zone
with no shading

Zone Annual value for energy transfer (GJ)

North 73.95
East 109.18
West 96.75
South 98.46
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Step 11: Select the Local shading check box. It displays
shading type.

Shading
O Window shading
Local shading

E 0.5m Overhang

<«

Step 12: Select the Visualize tab. It displays the rendering
of the building. Make sure that all windows are modelled
with an overhang.

)

Step 13: Repeat the previous steps to get simulation
results (Table 4.15).

Save the simulation model with the name DB_overhang.
In the next steps you are going to model vertical fins.
Step 14: Open the saved simulation model.

Step 15: Select Overhang + sidefins (0.5m projection)
and make a copy of the current selection and edit for
changes.

Table 4.15 Annual value for energy transfer with overhangs

Zone Annual value (GJ)
North 72.30
East 100.23
West 88.33

South 87.45
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Shading

O Window shading
Local shading

o]

|U,5m Overhang

Step 16: Enter 0.5 m Fins as the name.

B <General>

&+ Ovethangs

& 05m Overhang
2 1.0m Overhang
- 1.5m Ovethang
~Z 2.0m Overhang
-~ No shading

General
Name [[05mFins | |
[~ Category <General> ©
&Blade material Steel
Blade thickness (m) 0.0020

«

Louvre, 0.5m projection + 0.5m overhangs and sidefins
auvte_1 0n ion gthanas and sidefins

General Data
Enter the name and category for this local shading data
set.

Overhangs, louvres and sidefins can be specified either
(eg.

(e.g. just orin
side fins combined with louvres).

Overhang

Sidefins

Model data
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Step 18: Clear the Overhangs check box.

Edit local shading device - Overhang + sidefins (0.5m projection)

Local shading Data

Overhang Geometry

Overhangs

[ Overhangs Enter details onthe overhangs if fitted. |
i i 0.000 " |
:Sﬁ:::t)mm I Overhang Rroiecton |
Horizontal window overlap (m) 0.000 1 |
Vertical offset from _ | N
top of window i |

|

-

Window
Side Elevation
v
<| | >
[ e [ cancel || oK |

Edit local shading device - Copy of Overhang + sidefins (0.5m projection)
Local shading Data

| General | Loures | Sidefins | Overhangs

erhanc Geom

|| | Overhangs

Enter details onthe overhangs if fitted.

Overhang Projection

Vertical offset from i z

top of window

Window
Side Elevation

Model data [
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Step 19: Visualize the model. Make sure that all win-
dows have side fins.

New Building, Building 1

Step 20: Perform annual simulation and record the
results (Table 4.16).

Compare the results for all the cases (Table 4.17).

120

Ju—
o
(=]

(e}
(=}

||

Annual cooling energy (GJ)
o
<)

(=}
Z
=}
=
.
=2
qel
)
@
~
§
@
-+
w1
(=}
o
=
=

« No shade » With overhangs » With fins

Table 4.16 Annual value of energy transfer for vertical fins

Zone Annual value (GJ)
North 73.16
East 107.74
West 95.36

South 96.06
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Table 4.17 Comparison of the annual cooling energy for all
types of shades

Annual cooling energy (GJ)

Zone No shade With overhangs With fins
North 73.95 72.30 73.16
East 109.18 100.23 107.74
West 96.75 88.33 95.36

South 98.46 87.45 96.06
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The following are the steps to get the sunpath diagram:

Step 1: Select the Visualize tab.

Step 2: Under the Display options, select the Show sun-
path diagram check box.

Step 3: Click the Apply changes icon.

Exercise 4.2

Repeat the above tutorial for both overhangs and fins to observe
the combined effect. Compare the energy consumption for all
the perimeter zones.

TUTORIAL 4.3 Evaluating the impact of internal
operable shades

GOAL
To evaluate the impact of window internal operable shades
on the energy consumption.
WHAT ARE YOU GOING TO LEARN?
e Modelling operable shades

PROBLEM STATEMENT

In this tutorial, you are going to use the model created in
Tutorial 4.2 (a 30 m X 30 m model with a 5 m perimeter
depth). Find the energy consumption and solar gain for all
perimeter zones.

You need to simulate the model with the following options:

1. Overhang with a 0.5 m depth
2. Internal operable shades with solar control

Use the New Delhi/Palam, India weather location.

SOLUTION

Step 1: Open the model created in Tutorial 4.2 with a
0.5 m overhang. Select the Openings tab and change
window height to 1.00 m. Select the Simulation tab. The
Edit Calculation Options screen appears.
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Site, Building 1

. Glazing Template Y
Go Template Single glazing, clear, no shading
w External Windows
(@ Glazing type Sgl Grey 6mm
DLayout Preferred height 1.5m, 30% glazed
Dimensions. ¥
Type 3-Preferrad height -
Window!to wall % 30,00
Window height (m)
Window specing (m) 7

Sill height (m) 0.80

Frame and Dividers

O Window shading

Local shading

=Type 0.5m Overhang
Aiflow Control Windows
Fres Aperture

¥ Intemal Windows >
« Sloped Roof Windows/Skylights >

Step 2: Simulate the model and select the Sub-hourly
check box. Click OK. The results are displayed.

Edit Calculation Options
Calculation Options Data

General | Options | Output | Smulation Manager |

Calculation Description [ ||j| Simulation Options 4
These options control the simulation
- - : and the output produced.
Simulation Period ¥ - 3 -
5 = Simulation Period
L2 M | || Select the start and end days for the
Start day 1 © i ion, or select a typical period:
Start month Jan < «Annual simulation
End day 31 2 « Summer typical week
End month Dec © «All summer
Output Intervals for Reporting ¥ *Winter design week
Monthly and annual «Winter typical week
Daily «All winter
Hourly
Sub-hourly Interval
Monthly and annual output is always
generatedand daily, hourly and
sub-hourly data can selected by <
[ Don't show this dialog next time [ Hep ][ cCancel || 0K J

Step 3: Select Internal gains from the Data drop-down
list. Click East in the navigation tree. It shows internal
gains for the east zone.
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Navigate, Site Site, Building 1, Block 1, East

i

Ji

Ji

Ji

n 4726994

1172002 3953504

1/172002 6:30 397345

1172002 7 490388

1/1/2002 7 9860969

1/1/2002 8 ] 4062463 4909225

1/1/2002 8:30..._|2.258014 T ).7145187 019094...

1/1/2002 9.00... [2258014_|1.326841 |0.482632 |3.240368 0.79035...

1/1/2002 930... (2258014 [1.326841 |0.9362618 |4373629 1490301

1/1/2002 10.00.. 2258014 _|1.328841 [0.89148 _[3615113 1.455245
/200210 | 657491 1756104

1712002 1_|0.8580176 |1.581159 1905412

171721 1_|0.8580161 |0.9179888 196813

11 108580161 0934361 2168585

I 643512_|0.9972816 2207253

17 10643512 (1037724 2407031 a

Step 4: Click the Export data button. The Export
Results Spreadsheet screen appears.

Step 5: Select File from the Export to the drop-down
list and CSV spreadsheet from the Format drop-down
list. Click OK.

Export to:

[2-File |
Format:

ICSV spreadsheet v]

[ Hep ] [ cancel | | oK ]

Step 6: Name the file as East Zone Results and save this
for the comparison of results.
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Savein: |}, DesignBuider Data - @ # £ M-

| Name - J Date modified Ty
J Backup 3/19/2016 201 AM  Fi
B Upgrade 3/17/201612:28 PM  Fi
< n | »
Fiename:  [East Zone Resutts| | [sae ]
Save sstype: (CSV spreadsheet fles(’csv) v) [l Concel ]

Similarly, repeat the previous step and save the results
files for all the perimeter zones.

The next steps show how to model internal shades.

Step 7: Select the Openings tab. Select the Window
shading check box under the Shading section. It dis-
plays shading type.

Step 8: Select High reflectance — low transmittance

shade from the Type. Select 4-Solar from the Control
type drop-down list. Set 250 as solar setpoint (W/m?).

Site, Building 1

[ Glazing Template

GpTemplate Single glazing. clear. no shading
w External Windows

(7)Glazing type Sgl Grey bmm

@dLayout Preferred height 1.5m, 30% glazed

Dimensions v
Type 3-Preferred height -
Window to wall % 30.00
Window height (m) 1.00
‘Window spacing (m) 5.00

Sill height (m) 0.80

Reveal »
Frame and Dividers »
Shading v

Window shading

EType I Hiah reflectance - low transmittance shade I
Position 1-Inside -
Control type 2
Solar setpoint (W/m2) 250

Operation ¥

(4 Operation schedule Office_OpenOff_Occ
Local shading
=Type 0.5m Overhang

Airflow Control Windows
Free Aperture
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Step 9: Simulate the model and record the results for all
four zones.

Compare the results for two cases in each orientation:
only overhang and overhang with internal shade for solar
gains (kW) for 4 April.

East

Solar gains (kW)

1
]

v 1
AL hial 71

7
6
5
4
3
2
1
0

NN R RN RN NN RN RN RN RN RN RN RN RN
QQ\QWQ%Q Q%Q‘OQ(\QQODO’D Q,\Q%Q%Q NQ%Q\/ Q\/Q 0\90(» Q%\%»Q&QQQ

—+— Only overhang - -- With internal shade and overhang

Solar control type operates the indoor shading devices
based on the amount of radiation given in W/m?. In this
example, the solar setpoint considered is 250 W/m?;
hence, whenever the solar radiation on the window is
above this setpoint, the window shading will be down to
reduce the incoming heat through radiation.

Indoor operable shades have other control types such as
schedules and illuminance levels.

The previous graph shows the profile of solar gains
through the window on the east facade with overhang
and overhang + internal shades for a day (4 April); you
can observe the reduction in solar gains due to internal
shades between 7 AM and 10 AM.

The following sunpath diagram shows direct radiation
coming from the east window at 7 AM. Use of the inter-
nal shade can cut the direct solar radiation.
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Solar gains (kW)

8
7
6
5
4
3
2
1
0

S S SR RE N RN EID

—— Only overhang - e - With internal shade and overhang

You can observe from the graph plotted above that the
internal shade is effective on the west window from
14:00 to 19:00 on 4 April. This can also be seen from the
following sunpath diagram that when there are no inter-
nal shades, west facing windows get direct solar radia-
tion at 16:00 h.
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Solar gain (kW)

1.6
1.4 South o .A\

1.2 4 'y
1 X
x \

0.8 ¥
0.6 \
0.4 / A
0.2 P, A

0 sddsradssdssrand S hrAd drAd rAA A

NN N NN RN RN RN RN RN RN R R R R R R R R R RN RN RN RN
NEVESENEVINAVANSVENRNNEOEINSVENINANANENS SN ENEN NN
SN TG 6 AT R T R RN NON PN P P

Only overhang = & - With internal shade and overhang

You can observe from the graph above that internal
shades are not required on the south window on 4 April
for this building. This can also be seen from the follow-
ing sunpath diagram that the south zone is not getting
any direct glare with an overhang of 0.5 m. This is due
to the fact that the altitude of the sun in daytime, except
for sunrise and sunset hours, is high enough on 4 April
to not cause glare through windows.
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1.60

1.40 North

120

1.00

0.80

0.60

0.40

020

O.OOQQQQQQQQQQQQQQQQQQQQQQQBQ
O R R R R SRS S RSN S IS RN

PP
Only overhang —— With internal shade and overhang

Solar gains (kW)

You can observe from the graph above that the internal
shade is not required on the north facade on 4 April.
This can also be seen from the sunpath diagram that
the window in the north direction is shaded on 4 April.

Now plot the solar gains from the south window fagade
on 6 February when the sun is at a lower altitude.

7

6 South
55
=4
)
S 2 ]
" P 'Y

p eeertesees] v
() 0-0-8 -0-0 © 000 C-0-0 C-0-0 000000000000

TR R S S R RRRRREES
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You can observe that with the internal shades there is a
reduction in solar gains from the south window between
12:00 and 16:00 h.

~I
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Annual energy consumption (GJ)
S
S

ii
i
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§
|
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Eaéf
= With overhang @ With overhang + Internal shades

Annual energy consumption with and without overhang in all directions
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It is observed from the graph above that internal shades
are more effective for the east, west and south zones for
the New Delhi climate.

The following two graphs give the direct normal radiation
and global horizontal radiation on 4th April. You can see
that the solar radiation curve is smooth, implying that the
sky is clear.
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Exercise 4.3

Repeat the above tutorial for operable shade controlled Outdoor
air temp + Solar on window. You can consider the outdoor
temperature setpoint as 35°C for the New Delhi/Palam, India
weather location.
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CHAPTER FIVE

Lighting and Controls

As daylight varies throughout the day, it cannot provide
targeted illuminance levels the whole day. Sensors can be used
to measure the deficit in the illuminance levels and can con-
trol the artificial lighting to provide the balance lumens. The
operating level of artificial lights in daylit areas can be varied
to achieve energy savings. Energy simulation tools are capable
of handling this phenomenon. This is explained through two
tutorials in this chapter.

TUTORIAL 5.1  Evaluating the impact of
daylighting-based controls

GOAL

To evaluate the effect of daylighting-based controls on the
energy consumption.

WHAT ARE YOU GOING TO LEARN?
e Modelling daylight controls

PROBLEM STATEMENT

In this tutorial, you are going to use a 50 m X 25 m model
with a 5 m perimeter depth.

You are going to evaluate the following lighting controls:

a. No lighting control
b. Linear/off

Use the WIEN/HOHE WARTE, Austria weather location.

189
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SOLUTION

Step 1: Open a new project and create a 50 m X 25 m
building with a 5 m perimeter depth.

Step 2: Select the Openings tab and select Dbl Grey
6mm/6mm Air as the Glazing type from the drop-down
list.

Site, Building 1

[ Glazing Template v B

Gp Template Project glazing template
w External Windows

@dLayout Preferred height 1.5m, 30% glazed
Type 3-Preferred height -
Window to wall % 30.00
Window height (m) 150
Window spacing (m) 5.00
Sill height (m) 0.80

Step 3: Select the Activity tab. Select the 24x7 Generic
Office Area template from the Miscellaneous 24hr
activities folder.

@5 Community/Day Centre

- &-{5 Crown and County Courts

{5 Education (Non-esidential)

{5 Education (Residential

{5 Emergency services

{5 General Assembly/Leisure/Night Clubs/Thealres

5 General Industial / Special Industiial

{5 Hospitals/Care Homes
&-f5 Hotels
@5 Libraries/Museums/Galeries
= iscellaneous 2dht activii

2457 Tolet - Any tolet areas. If tolets are subsidiary to changing/shower aclivities refer to Changing facilties with showets.
Data Cenlre - For data centres such as a web hosting faciites, vith 24ht high intemal gains from equipment and transient occupancy.
& Heavy Plant Room - For heavy plant rooms with 24h low-medium intemal gains from equipment and transient occupancy.
L. ok [281ver Hoom - For areas such 2 Computer server spaces With 24N IoW-meduM M inal gains from equipment and transient occupancy. For an arex
&5 Offices / Workshop businesses
T og oo

m ] »

| % | 8w

Step 4: Select the Lighting tab. Make sure to clear the
On check box under Lighting Control.

Site, Building 1

[ Lighting Template

«

¢ Template Reference
& General Lighting 2
[ On

Normalised power density (W/m2-100 lux) [5.0000 ]
(4 Schedule Ware_24x7CellOff_Light
Luminaire type 1-Suspended -
Radiant fraction 0.420
Visible fraction 0.180
Convective fraction 0.400

@ Lighting Control

» Task and Display Lighting
O0n
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Step 5: Perform hourly simulation and record the results.
For getting the results of each zone, go to the Navigation
Tree on the left, select the zone and select Internal
gains from the Data drop-down list and Hourly from the
Interval drop-down list.

Lighting power (kW)

1234567 8 91011121314151617 18192021 222324
Hours

oA~ East —— West North —s— South

Step 6: Save the model using the ‘Save as’ option.

In the next steps, you are going to install daylight
controls.

Step 7: Select the Lighting tab.

Step 8: Select the On check box under the Lighting
Control section. Select Linear from the Control type
drop-down list.

Site, Building 1, Block 1

[ Lighting Template v
@ Template Reference
& General Lighting v
On
Normalised power density (W/m2-100 lux) 5.0000
(¢4 Schedule Ware_24x7CellOff_Light
Luminaire type 1-Suspended i
Radiant fraction 0.420
Visible fraction 0.180
Convective fraction 0.400
@Y Lighting Contral ¥
Working plane height (m) .80
O Warking pane eight ) =
Min oufputiraction 0.100
Min input power fraction 0.100

Based on the control type, lighting controls dim or turn
off the internal lighting when the assigned illuminance
level is met. This reduces the lighting energy consump-
tion as well as the internal heat gain due to the artificial
lighting. This reduction in heat gain decreases the cooling
load and hence the cooling energy consumption.
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Step 9: Select the Hourly Simulation tab and record the
results. For getting the results of each zone, go to the
Navigation Tree on the left, select the zone and select
Internal gains from the Data drop-down list and Hourly
from the Interval drop-down list.

Step 10: Compare the hourly comparison of the light-
ing energy consumption for all options for 18 May. You
can use a spreadsheet program to plot the comparative
graphs.

z 2 '
[=] !
S - \ .‘
on . 1 |
£ Tal 17
£ L % A
— 2\ .
5 05 . A ¢
- L a3
1234567 8 91011121314151617 1819 2021222324
Hours
+-oac East —o— West - « - North —s— South

Direct normal radiation (Wh/m?)

From the above graph, it is clear that with the installation
of controls, the lighting power consumption has reduced
with the the lighting being automatically switched off
between 06:00 and 18:00 h in different zones based on
the daylight availability.

You can also get the solar radiation profile for 18 May
by selecting Site Data from the Data drop-down list.
Export the Direct Normal Solar and plot using a spread-
sheet program.

Hourly time series
1,000

-Direct normal
radiation

i

800

600

400

200

0

0 6 12 18 24
18 May

The date of 18 May is selected for the simulation. The solar
radiation curve is smooth with no perturbations due to
clouds. Hence, it has been selected for the tutorial.
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Exercise 5.1

Repeat the above tutorial and compare the energy consumption
for stepped lighting controls.

TUTORIAL 5.2  Evaluating the impact of daylight
sensor placement
GOAL

To evaluate the impact of daylight sensor positioning on the
energy consumption.

WHAT ARE YOU GOING TO LEARN?

* Defining daylight sensors positioning

PROBLEM STATEMENT

In this tutorial, you are going to use a 10 m X 10 m single-
zone model with one window only on the south facade.
Window area is 40% of gross south facade area. Find out
the change in internal lighting gains in the zone with the
use of a daylight sensor with linear/off.

Place daylight sensor(s) at the following locations:
1. 2 m from the window
2. 8 m from the window
3. At2and 8 m from the window

Use the New Delhi/Palam, India weather location.

SOLUTION

Step 1: Open a new project and create a 10 m X 10 m
single-zone model. Press the ESC button to get out from
the Edit mode.
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Step 2: Click on the west window; it highlights the
window.

<

Step 3: Click Delete selected object(s) (Del). Then
click Yes on the message box. The window disappears.
Similarly, you can delete windows on the north and east
fagade with the help of Dynamic orbit.

J View rotation [Ammmetnc ]

FPARCOOOO

Delete selected object(s) (Del) I

™

DesignBuilder =3

& Confirm delete selected object(s)

e 0~ )
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Site, Building 1

Step 4: Select the Openings tab and select Dbl Grey
6mm/6mm Air from the glazing type. Set Window to
wall % as 40.00.

Site, Building 1

| Lhting | HVAC | Generation | Outputs | CFD |

 Glazing Template ¥
GpTemplate Project glazing template
n External Windows ¥
(WGlazing type
(@Layout Preferred height 1.5m, 30% glazed
Dimensions ¥
Type 3-Preferred height 52
Window to wall %
Window height (m) 150
Window spacing (m) 5.00
Sill height (m) 0.80

Step 5: Select the Activity tab. Select the 24x7 Generic
Office Area template from the Miscellaneous 24hr
activities branch.

R Activity Template ¥
K Template Generic Office Area H
@ Sector B1 Offices and \Workshop businesses

Zone multiplier 1
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@5 Community/Day Centre -
{5 Crown and County Coutts

{5 Education (Nonesidential)

{5 Education (Residential

{5 Emergency services

{5 General Assembly/Leisure/Night Clubs/Thealies

{5 GeneralIndustial / Special Industial

{5 Hospitals/Care Homes
@5 Hotels

{5 Libraries/Museums/Galeries
B Miscellaneous 24h activities

| |2k 2447 Tolet - Any tollet areas. If tolets are subsidiary to changing/shower aclivitie refer to Changing facilties with showets.
| 1~ Data Cenlre - For data centies such as a web hosting faciltes, with 24ht high intemal gains from equipment and transient occupancy.
| =3 Heavy Plant Room - For heavy plant rooms with 24h low-medium intemal gains from equipment and transient occupancy.
| i I8 % | Derver Hoom - o aleas such as Computer Server Spaces with Z3hr low-meaium int|
&5 Offices / Workshop businesses

nal gains from equipment and transient occupancy. Fot an are:

Step 6: Select the Lighting tab. Set the Normalised
power density (W/m?-100 lux) to 3.

Site, Building 1

@ Lighting Template

@ Template Reference
> General Lighting
™ On

I density (W/m2-100 lux) [3 1

(4 Schedule ‘Ware_24x7CellOff_Light

Luminaire type 1-Suspended -

Radiant fraction 0.420

Visible fraction 0.180

Convective fraction 0.400

Step 7: Make sure to clear the ON check box under the
Lighting Control section.

e Lighting Control

1 asn anu wisplay Lighting
Oon

i Exterior Lighting

OOn

#2 Cost »

<«

Step 8: Perform hourly simulation and record the results.

Untitled, Building 1

Room Electicity (kWh) | Lighting (kwh) |Heating (Gas) (kWh) | Cooling (Electricity) (kWwh) | DHW (Electiicity) (kWh)
12:00:00 AM 6800.953 9319.256 26.28051 21729.27 923.8257

Now you are going to enable the daylight control in the
model.

Step 9: Select the Lighting tab.
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Step 10: Select the ON check box under the Lighting
Control section and select Linear/off in the Control
type. Set 100 for % Zone covered by Lighting Area 1.
Select the Layout tab.

Site, Building 1

@ Lighting Template

<«

{ Template Reference
& General Lighting v
On
Normalised power density (W/m2-100 lux) 3.0000
(4 Schedule Ware_24x7CellOff_Light
Luminaire type 1-Suspended -
Radiant fraction 0.420
Visible fraction 0.180
Convective fraction 0.400

m? Lichtina Control

Working plane height (m) !

Control type 2-Linear/off -
Min output fraction 0.100

Min input power fraction 0.100
Glare
Lighting Area 1

% Zone covered by Lighting Area 1
Lighting Area 2

Step 11: Select the Activity tab and make sure that the
target illuminance (lux) is 400.

Activity ||Construction i ighti HVAC | Generation | Outputs | CFD
@ Activity Template ¥
s Template Generic Office Area
.Sector B1 Offices and Workshop businesses
Zone multiplier 1

Include zone in thermal calculations

Include zone in Radiance daylighting calculations
¥; Floor Areas and Volumes
i;Occupancy
= Metabolic
Generic Contaminant Generation
¢ Holidays
~ DHW
I Environmental Control
Heating Setpoint Temperatures
Cooling Setpoint Temperatures

Humidity Control
Ventilation Setpoint Temperatures
Minimum Fresh Air

Lighting
Target llluminance (lux) m
Default display lighting density (W/m?2) 0
Computers
& Office Equipment
o* Miscellaneous

OO0n

% Process

Step 12: Select Zone 1 from the Navigation Tree. The
daylight sensor can be seen in the layout.
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Step 13: Select the Sensor and click the Move selected
object icon. Click the daylight sensor and place it 2 m
away from the window with the help of construction
lines.

DoHSIH 2 &3]

Site, Building 1, Block 1, Zone 1

=@ s

@ puidiog 1 I
| EFEZM |

Roof - 100000 m2

Wal- 35000 m2-90.0°
Wal- B5000m2-00°
Wal- 5000m2-2700"
Wal- 3 000m2- 1800"

Adjacent to ground

Site, Building 1, Block 1, Zone 1

.65 Wall- 3500002 1800

Adjacentto ground
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Step 14: Select the Simulation tab. The Edit Calcu-
lation Options screen appears. Select the Output
tab and click the Detailed Daylight Outputs section.
Select the Daylight map output check box. Click OK.
Perform hourly simulation.

Output Data
Building and block output of zone data Control the data generated frc
[ Include unoccupied zones in block and building totals and averages
Allow custom outputs

Graphable Outputs restrict the simulation comfort

simulations.

output to just occupied period
= selecting 2-Just occupied per
Comfort and Environmental Options are:
led Daylight Outputs 1-All periods - comfort data is
Daylight ut generated for all periods inclt
F4 Daylig mue uui.p. el = times when the zone is
Number of grid divisions in X and Y directions 10 unoccupied
Daylight at reference points 2-Just occupied periods - con
) data is only output during time
Miscellaneous Outpuls When the zone Is occupled so

daily and monthly comfort
Time Setpoints not Met Tolerances statistics become more

| [ Don't show this dialog nexttime Help [ Cancel ] l 0K l

4 April.

[Date/Time | Room Electiiity (kwh) [Lighting (kiwh) [ Heating (Gas) (kwh) [ Cooling (Electricity) (kwwh) | DHW (Electiicity) (kwh) |
[1717200271-00:. 6800953 [5258.402__|p4.22123 [1847011 [923.8257 |
f
1.20

’g 1.00

=

= 0.80

:

2 060

oo

£ 040

p=|

o)

2020

1234567 8 91011121314151617 18192021 2223 24

In the above graph, you can observe that the lighting
consumption is zero between 09:00 and 17:00 h. To get
the lux level at this time, you need to get the illuminance
map.
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Step 16: Open the eplusmap file that exists in the
EnergyPlus folder.

File §Edit Go View Tools Help

[ New project Ctrl+N % | Q % @ I ’
£ Qpen project CtrivO froprryrem
it i Layout | Activity | Construction
Save >
. (' Lighting Template
Epes () Template
Export » =
Eolders > EnergyPlus folder
& Print Radiance folder
Exit Alt+F4 Weather data folder
i
18.8 No heat recovery_New.dsb Library data f?lde'
286 Fixed Dry bulb_New.dsb i
31.11.dsb Diagnostic files folder

OO corvute » towrDuk(@ » e » N » oot » Lo » desgiter > tregs s | - [o|[smige )]
Organize v Includeinlibrary v Sharewith v Bum  Newfolder = A @
i Favories Name - Date modified Type. Size !

M Desktop. & 15 Actual 3/3/2016 134 PM. File folder
0 Downloads 3 15 Notonal JRGIHPM  Fiefolder
%l Recent Places Ji 15 Reference 3A/16134PM  Filefolder
33 Dropbox [£) compact 3/17/201611:09 AM  EP-Launch Docu, 59KB
& dbrunep /1720161109 AM  Windows Batch File 16
2 Libraries ) Energy+idd 42072015849 AM 3653K8
3 Documents ) ey s am ration st 16
& Music [® energyplusapian 42/15849AM  Application extens.. 24074 KB
5] Pictures. = =
H videos | o J19/2016 209PM  Microsoit Bxcel C. T |
ep TS ST UDT T e
) Homegroup 3/19/2016209PM  BND File 9KB
J19/26209PM  DFS File 1w
1% Computer 3/19/2016209PM  DXF File 2k
& LociDisk @) J926200PM  EOFie s
s Local Disk (D) [ eplusout.end 319/2016209PM  END File 1K8
& Local ik €) ) eplosouter J6209PM  ERR Fie 7
3 eplusouteso J19/26209PM  ESOFile 2K
@ Network D) eplusoutmdd 319/2016209PM MDD File 6K8
[ eplusoutmtd 3192016 209PM  MTDFile 12K8
0 eplusoutme J1926209PM  MTRFie 1565k
[0 eplusoutdd 319/2016209PM  RDD File K8
[ eplusoutshd 319/2016209PM  SHO File 318 i

] 37 tems.

Step 17: Get the data for 11:00 h.

Table 5.1 gives the Illuminance map when the sensor is
placed near the window. In the map, each cell reports the
illuminance (in lux) at the location specified by the (X;Y)
coordinates in the column and row headers. These are
XY pairs separated by a semi-colon for ease in import-
ing into the spreadsheet. In eplusmap file, the Z coor-
dinate of the map is shown in the title (the illuminance
map is set in a plane) and the date and time are indicated
in the upper left cell of the map. You can observe that at
09:00 h all artificial lights are off because of sufficient
illuminance near the sensor. This leads to low illumi-
nance in the interiors of the space.
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You can also get the solar radiation profile on 4 April
by selecting Site Data from the Data drop-down list.
Export the Direct Normal Solar and plot using a spread-

sheet program.

1.20

1.00

Direct normal solar radiation (kW)
(=}
[=}
S

012345678 9101112131415161718192021222324

Hours (April 04)

Step 18: Save the model using the Save as option.

Now, you are going to change the location of the daylight
sensor at 8 m distance from the south window.

Step 19: Move the daylight sensor 8 m away from the
window towards the north (as explained earlier).

Site, Building 1, Block 1, Zone 1

[=] Adiac:

AN

ntto ground
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Step 20: Perform hourly simulation. Record the annual
results. Also record hourly lighting data for 4 April.

Site, Building 1

Analysis | Summary | Parametric | Optimisaton |

Date/Time |Room Electicity (kwh) | Lighting (kwh) | Healing (Gas) (kwh) [ Cooling (Electicity) (kwh) [DHW (Electiicity) (kwh)
1/1/2002 1:00.... [6800.953 [6950.233  |44.71268 120403.65 1923.8257

Lighting power (kW)

1.20
1.00
0.80
0.60
0.40
0.20

12345678 9101112131415161718192021222324

Hourly lighting load for 4 April (the daylight sensor at
8 m away from the window).

In the above graph, you can observe that lighting energy
consumption between 08:00 and 17:30 h is higher com-
pared to when the sensor is placed near the window.
When the sensor is moved away from the window it gets
into darker portion of the room and is triggered when
more daylight enters the room. This increase in daylight
might take some time thereby delaying the time when
the lights are switched off. This increases the lighting
energy consumption but ensures that sufficient light is
available even in the interior areas of the room when
the lights are switched off. However, this might lead to
higher illuminance levels near the window, leading to
visual discomfort.

So there is a need to place two sensors at different posi-
tions to get energy savings and visual comfort.

Step 21: Save the model using the Save as option.

Now, you are going to install one more daylight sensor.
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Step 22: Select the Lighting tab and select the Second
lighting area check box. Enter 50.0 as the % Zone
covered by Lighting Area 1 and % Zone covered by
Lighting Area 2. Make sure the Target Illuminance
(lux) is 400.

R Lighting Template

«

 Template Reference
= General Lighting v
On
Normalised power density (W/m2-100... 3.0000
(4 Schedule Ware_24x7CellOff_Light
Luminaire type 1-Suspended -
Radiant fraction 0.420
Visible fraction 0.180
Convective fraction 0.400
g?* Lighting Control v
On
Working plane height (m) 0.80
Control type 2-Linear/off -
Min output fraction 0.100

Min input power fraction 0.100

Lighting Area 1
% Zone covered by Lighti
Lighting Area 2
Target llluminance (lux)
% Zone covered by Lighting Area 3 50.0

Dl Lightse
= | Adjacent to ground
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Step 23: Perform hourly energy simulation and record
the results.

1.20
1.00
0.80
0.60
0.40
0.20

Lighting power (kW)

1234567 8 9101112131415161718192021 222324

In the above graph, we can observe the lighting consump-
tion between 08:00 and 17:30 h. The energy consumption
is less compared to the case when the sensor is placed far
from the window, as artificial lights are switched off near
the window when there is sufficient daylight.

Get the data for 11:00 h for illuminance levels (Table 5.2).

Now compare the annual energy consumption for all
three cases (Table 5.3).
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Table 5.3 Annual lighting energy consumption
with different sensor placements

Annual lighting energy
Sensor placement consumption (kWh)
No sensor 9,319.25
Near to the window 5,258.40
Far from the window 6,950.23
With two sensors 6,056.55

It can be observed that the placement of the sensor affects
the energy consumption. It is due to the fact that while
using a single sensor, the controller assumes the same
illuminance level in the entire zone as is found on the
sensor. With this approach, when the sensor is placed
close to the window, the model calculates the requirement
of artificial light against a higher daylight level, as
compared to the case of a lower daylight level when the
sensor is placed far away. With two sensors, the space is
divided into two zones independently controlled hence
the energy consumption is between the two cases as
discussed above. In practice, however, even while using a
single sensor, different fixtures can be calibrated to adjust
against different daylight levels at various depths.
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CHAPTER SIX

Heating and
Cooling Design

This chapter explains how to size and model the heating, ven-
tilation and air conditioning (HVAC) systems. Out of the three
tutorials, one explains the effect of HVAC operating criteria on
energy consumption. Often, thermostats of HVAC are oper-
ated by sensing the air temperature, and the same criterion is
also used for the evaluation of thermal comfort hours through
simulation. This tutorial shows the difference in alternative
approaches using the case of ‘operative temperature’, that is,
a combination of air temperature and mean radiant tempera-
ture. The second tutorial explains the method of sizing HVAC
systems, and the third one covers the effect of using different
calculation algorithms for performing HVAC calculations in the
simulation.

TUTORIAL 6.1 Evaluating the impact of temperature
control types

GOAL

To evaluate the impact of temperature control types — air
temperature and operative temperature on HVAC equip-
ment sizing and energy consumption.

WHAT ARE YOU GOING TO LEARN?

* Changing temperature setpoint control types and
evaluating its impact

209
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PROBLEM STATEMENT
In this tutorial, you are going to use a 50 m X 25 m model
with a 5 m perimeter depth with the following specifications:
* Number of floors: G+1
*  Window-to-wall ratio: 40%

* Glass type: Dbl Blue 6mm/13mm Air (U-value-2.70°
W/m? K, SHGC-0.48, VLT-0.50)

* Roof construction: Roof, Ins Entirely above Deck,
R-50(8.8), U-0.020(0.114)

* Activity template: 24X7 Generic Office Area

Find the cooling equipment sizing and energy consumption
for the ground floor with the following two temperature
controls:

1. Air temperature (AT)
2. Operative temperature (OT)

Use the New Delhi/Palam, India weather location.

SOLUTION

Step 1: Open a new project and create a 50 m X 25 m
building with a § m perimeter depth and select the tem-
plate as 24x7 Generic Office Area.

Step 2: Go to the Building level and select the Building
on the edit screen.
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Step 3: Click Clone selected object(s). Click the origin
of the floor, move the cursor to the top of the floor to
paste the cloned floor.

Clone selected object(s) (Ctrl+C)
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avigate, Site i ing
Ste Layout | Activty | Construction | Openings | Lighting | HVAC | Generation | Outputs | CFD.

& g Site
Building 1

' Ground Floor
-6 Core
-6 East
©-G) North
©-G) South
5-G) West

Core
58 con
©-G) North
-G) South
©-G) West

Step 4: Select the Openings tab. Select Dbl Blue
6mm/13mm Air as Glazing type and set the layout as
Preferred height 1.5m, 40% glazed.

Site, Building 1

Activity | Construction || Openi

. Glazing Template Y
Gp Template Project glazing template

w External Windows
[79)Glazing type

dLayout eight 1. glazed
Type sawaiaged height -
Window to wall % 40.00
Window height (m) 150
Window spacing (m) 5.00

Sill height (m) 0.0
Reveal

Frame and Dividers

Shading

Airflow Control Windows

Free Aperture
¥ Internal Windows
&) Sloped Roof Windows/Skylights
I 'Doors
= Vents
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Step 5: Select the Construction tab and select Roof, Ins
Entirely above Deck, R-50 (8.8), U-0.020 (0.114) as
the Flat roof type.

J Roof, Ins Entirely above Deck, R-3 (0.5), U-0.265 (1.505)
P Roof, Ins Entirely above Deck, R-30 (5.3), U-0.032 (0.182)
&P Roof, Ins Entirely above Deck, R-35 (6.2), U-0.028 (0.159)
£ Roof, Ins Entirely above Deck, R-4 (0.7), U-0.209 (1.187)
@ Roof, Ins Entirely above Deck, R-4 (0.7), U-0.218 (1.240)
£ Roof, Ins Entirely above Deck, R-40 (7.0), U-0.025 (0.142)
Q Roof, Ins Entirely above Deck, R-45 (7.9), U-0.022 (0.125)

&9 Roof, Ins Entirely above Deck, R-60 (10.4), U-0.016 (0.091)
£ Roof, Ins Entirely above Deck, R-7 (1.2), U-0.129 (0.732)
&3 Roof, Ins Entirely above Deck, R-7.5 (1.3), U-0.119 (0.677)
&P Roof, Ins Entirely above Deck, R-8 (1.4), U-0.114 (0.647)
&3 Roof, Ins Entirely above Deck, R-9 (1.8), U-0.102 (0.579)
& Roof, Metal Building, R-0 (0.0, U-1.280 (7.258)
& Roof, Metal Building, R-10 (1.8), U-0.097 (0.551)
&P Roof, Metal Building, R-10 (1.8), U-0.153 (0.868)

“a
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Step 6: Select the Cooling design tab. The Calculation

Options screen appears.

Step 7: Select Air temperature from

the Temperature

control drop-down list. Click OK. The results are dis-
played in the Analysis tab.

Calculation Description ¥
Calculation Options 5

Simulation method B =

Tanpersrs con
Summer Design Day v

Day 15

Month Jul

Day of week 9-SummerDesignDay ©

[ Exclude all zone natural ventilation (infiltration is always included)
[ Exclude all zone mechanical ventilation

Exclude heat recovery

System Sizing ¥
Design margin 115
Sizing method 1-ASHRAE -

Airflow calculation method
Qutput

Solar

1-Sensible only

Advanced

Calculation Options

The summer design calculation
options provide you with some
control over the simulation. In
general you should use the
defauttvalues as supplied with
the software.

Auto-Update

This dialog is always shown when
you select ‘Update’ and will also
be shown before all simulations if
‘Don't show this dialog nexttime*
atthe bottom is cleared.

[ Don't show this dialog nexttime Help

l OK I
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Day of week field is used to identify the appropriate
daily profile within the schedules to use for the Cooling
design calculations. The day type should be the day
when the most extreme conditions and highest cool-
ing loads are expected. You should normally keep the
9-SummerDesignDay default option, while running

simulations.

Step 8: Select the Summary tab. Record the results.

Navigate, Site

-6 Core
B-GP East
® ) North
- ) South
B-6) West

Site, Building 1

Zone Design Capacity (k) Desian Flow Rate (m3/s)
=IBuilding 1
GroundFloorCore  [52.16 3.5644 |
GroundFloorEast  |15.38 1.0623
GroundFloorWest  [17.31 1.1978
GroundFloor:South  |23.95 1.6433
GroundFloor:North  |23.66 1.6230
TopFloor.Core 54.07 3.6958
TopFloorWest 14.73 1.0169
TopFloorEast 16.37 1.1323
TopFloor:South 24.89 1.7084
TopFloor:North 24.70 1.6957
Totals 267.21 18.3398

Step 9: Select the Simulation tab. In the Edit Calculation
Options screen, select the Options tab. Ensure that
the Air temperature is selected. Ensure that Hourly
Simulation is selected in General tab. Click OK.

Simulation method
Time steps per hour

Temperature control
Solar

Solar distribution
Shadowing interval (days)
Advanced

1-Air temperature

[ Include all buildings in shading calcs
[ Model reflections and shading of ground reflected solar

2-Full exterior
20

Calculation Options

1-EnergyPlus

Calculation Options

These options can also be
accessed fromthe Model Options|
dialog.

Time steps

In general, increasing the number
of timesteps improves accuracy
but slows the simulation (and
generates more data if outputis
requested at the "sub-hourly’
interval).

Solar Distribution

Solar distribution should generally
be setto ‘Full exterior’ as this
provides a good compromise -

[ Don't show this dialog nexttime

Help

Concel I ok |
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Step 10: Click South in the Ground Floor in the navigation
tree. Record the air temperature and operative temperature
for 4 April. (Data displayed on the screen is for the whole
year; you can scroll to get the data for 27 March.)

Navigate, Site Site, Building 1, Ground Floor, South
#ndysis | Summary | Parametric | Optimisation |
e@)ste 1/1/2002 2:00... |24 25.94206 2497103
& g;“'g‘:ﬂ e 1/1/2002 3:00.... [23.99903 25.79273 2489588
. 1/1/2002 4:00... |23.87952 2566814 2477383
1/1/2002 5:00... (2387762 2555683 2471722
1/1/2002 6:00... |23.89386 25.46838 2468112
1/1/2002 7:00..._|23.90203 25.38713 2464458
1/1/2002 8:00... |23.97957 25.41829 2469893
1/1/2002 9:00... |23.9939 26.19025 25.09507
1/1/200210:00... |24 26.30153 _[2615077
1/172002 11:00... |24 29.87432 2693716
1/1/2002 12:00... |24.13863 31.33613 2773738
11/20021:00... [2446738  [31.78887  |28.12813
1/1/2002 2:00... [24.32913 370047 |280148
1/1/2002 3.00... |24.19638 31,5588 2787759
1/1/2002 4:00...|24.02085 30.64679 2733382
1/1/2002 5:00.... [24.00175 29.46 26.73088
Data 3-Comfort 1/1/2002 6:00...[24.00011 28.38308 261916
Interval 4-Hourly < 1/172002 7:00.... [24.00001 27.80162 25.90081
Show as 2-Grid ~ |M[inroozsoo.. [2a [o7atses 2570798
Days perpage 365 1/1/2002 9:00... |24 27.0708 255354
] Nomalise by floor area 1/1/200210:00...|24 26.76938 25.38469
YoAxis B3| [17172002 11:00.. [24 2651663 25.25832
Appearance 5| | 17212002 24 26.30649 2515325 -
« i D

Step 11: Repeat the previous steps (the cooling design
and simulation) by selecting the operative temperature
control in place of the air temperature control.

Operative temperature is defined as follows:

A uniform temperature of a radiantly black enclosure in
which an occupant would exchange the same amount of heat
by radiation plus convection as in the actual non-uniform
environment. It is the combined effect of the mean radiant
temperature and air temperature calculated as the average
of the two. It is also known as dry resultant temperature or
resultant temperature. It can be calculated as follows:

((taxm)+tm,)

1+V109

o

where:
9 = the air velocity
la = the air temperature
Imr = the mean radiant temperature

The mean radiant temperature of an environment is
defined as the uniform temperature of an imaginary
black enclosure that would result in the same heat loss by
radiation from the person as the actual enclosure.
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Step 12: Select Operative temperature from the
Temperature control drop-down list. Click OK and get
the summary of analysis.

Il Calculation Options Data

Calculation Description v
The summer design calculation
options provide you with some
Calculation Options ¥ control over the simulation. In
Simulation method 1-EnerayPlus. e aﬂ:salzysn;’;:ﬁuxmmn default
Temperature control 1-Air temperature Ssoftware,

Summer Design Day:

Auto-Update

Dey This dialog is always sh

Vil e setoctUpdias and wil aiso be
oot = ‘shown before all simulations if Dont

Day of week 3-SummerDesignDay 52 showthis dialog next time' at the

[ Exclude all zone natural ventilation (infiltration s always included) bottomis cleared.

[ Exclude all zone mechanical ventilation
= clude hsal recovery

Deslgn margin 115
Sizing method 1-ASHRAE
Airflow calculation method 1-Sensible only

[ Don't show this dialog nexttime Help Cancel I 0K I

Step 13: Select the Summary tab. Record the results
in a separate spreadsheet (hourly values for AT, OT
on 27 March for all zones on the ground floor, cooling
design data and annual energy consumption results).

Now compare the results for both the cases (Table 6.1).

Step 14: Plot AT and OT for the Ground Floor: South
zone with the air temperature control for 27 March.

Table 6.1 Design capacity of cooling equipment

Design capacity of cooling

equipment (kW)
Air temperature Operative
Zone control temperature control
Ground: East 15.49 20.19
Ground: West 17.44 22.61
Ground: North 23.71 26.43
Ground: South 23.81 26.75

Ground: Core 51.98 53.76
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27.5

27.0 SOUTH

26.5 o Sa

26.0 ,' Sx
250 SRR e
24.5

24.0 —90—0—0—0—0—0—0—0—0—0—0—9—0—0—0—0—0—0—0—0—0—0—0
235

23.0

22.5

Temperature (°C)

1234567 8 91011121314151617181920 21222324

—+— Air temperature === Operative temperature

You can observe that the zone air temperature is main-
tained at 24°C. However, the operative temperature of
the zone is not constant over the day. In this case, the
operative temperature of the zone is higher than the
zone air temperature due to the higher temperature of
the exposed walls and windows. It can also be noted that
this difference is highest during afternoon because the
exposed surfaces of the south zone absorb solar radiation
resulting in a higher surface temperature.

A higher operative temperature can cause discomfort
despite the air temperature being maintained at 24°C.
Hence, to get comfort in the zone, there is a need to set
the thermostat based on the operative temperature.

Step 15: Now plot temperatures (AT and OT) for the
Ground Floor: South zone with the operative tempera-
ture control.

25.00 SOUTH

24.00 e d kA Ak Ak A

23.00 COE Si Mgl an aid STy .‘_._.‘.Q..‘

K Lo
22.00 -
21.00 .

20.00

Temperature (°C)
.

19.00

18.00
1234567 8 9101112131415161718192021222324

+««#-++ Air temperature =+ Operative temperature

It can be noted that for maintaining a constant operative
temperature during the afternoon, the air temperature
was reduced significantly to compensate for the higher
surface temperature in the zones.
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Temperature (°C)

Step 16: Plot a chart for the annual cooling energy con-
sumption for the air and operative temperature controls.

800,000
700,000

ion (kWh)

§ 600,000

500,000
400,000

ing consumpt

£ 300,000

3
200,000
100,000

Annual cool

AT oT

As discussed in the previous step, because the air tempera-
ture was reduced below 24°C to compensate for the higher
surface temperature, the energy consumption in the opera-
tive temperature control mode is higher than that in the air
temperature control mode.

Now repeat the steps for the following two cases:

e Add a local shading 0.5 m overhang

e Use Vertical glazing, 0%-40% of wall, U-1.20
(6.81), SHGC-0.25 glass with local shading as a
0.5 m overhang

Simulate both the models for the air temperature based ther-
mostat control. Record the results and plot the temperatures
for all the zones on the ground floor. Also run annual simu-
lations and observe the energy consumption.

Step 17: Plot the temperatures for all zones on the ground
floor with the air temperature for 4 April.

28.0

275 EAST
27.0
265 o
e 0.
26.0 Lo S Sn o] s 3
255 AR e X KK *';’
250 T80 .09 ‘Qul’;.x'/( ™ *\,\’"l-"l-"l
VIS X e X X N e |

24.5
24.0
235

23.
30 1234567 8 91011121314151617 18192021 222324

—o— Air temperature

-+« OT with Dbl blue 6mm/13mm air glass

=4~ OT with Dbl blue 6mm/13mm air glass with shading

—* - OT with vertical glazing, 0%-40% of wall, U-1.20 (6.81), SHGC-0.25 with shading
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26.0
NORTH _.A m
~ 255 ? o x...x..-x---x...x"
O A..»"”" to) BN
T 250 SR a0 Tk X e,
E SO - T - R
= 24.5
2
g 24.0
S
=235
23.0
123 4 5 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24
—e&— Air temperature
—=o - OT with Dbl Blue 6mm/13mm air glass
== - OT with Dbl blue 6mm/13mm air glass with shading
e+« OT with vertical glazing, 0%—40% of wall, U-1.20 (6.81), SHGC-0.25 with shading
28
SOUTH
o 27
o . PSS IE I 3 .
£ 26 ARl Jh]
2 Tart x—)( X3 § 2 8.
5 § e X RALL:
e P = R 8
g
S 2
23

123 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24

—&— Air temperature
-®--+ OT with Dbl blue 6mm/13mm air glass
= 4= OT with Dbl blue 6mm/13mm air glass with shading
=% - OT with vertical glazing, 0%-40% of wall, U-1.20 (6.81), SHGC-0.25 with shading

28
WEST

27 °®-a
& A A
S 2 ILJEIIY |
E Py _..:.l"—’"‘. X\: *’\’
Z g9 NP 0.8 5 X1 X LTRue..e..
Lo TR et ra=ta
)
Eoog

23

123 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24

—o— Air temperature

«--@-+- OT with Dbl blue 6mm/13mm air glass

= 4= OT with Dbl blue 6mm/13mm air glass with shading

—< - OT with vertical glazing, 0%—-40% of wall, U-1.20 (6.81), SHGC-0.25 with shading

The results display that by putting shade above the
opening reduces the operative temperature. Use of high
performance glass also reduces the OT as the high per-
formance glass surface tends to remain cooler then low
performance glasses.



220 BUILDING ENERGY SIMULATION

It can also be seen that the pattern of operative
temperature is different for each zone. It is governed by
the time of day when the zone receives solar radiation.

26.0 CORE

255 Qg g omd: L *ﬂﬁiﬁ‘k’%}*;“

Temperature (°C)
) [
= I
0 o

N}
[
o

N
w
5

23.
30 1 23 4 5 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24

=& Air temperature

—=e - OT with Dbl blue 6mm/13mm air glass

= 4= OT with Dbl blue 6mm/13mm air glass with shading

«+x--- OT with vertical glazing, 0%-40% of wall, U-1.20 (6.81), SHGC-0.25 with shading

For the core zone it can be observed that the variation in
OT is minimal since the walls are not receiving direct
solar radiation and thus not getting heated up to the
extent of the perimeter zones.

Step 18: Now, plot temperatures for the Ground Floor:
South zone with the operative temperature control.

25

SOUTH

O 4
< . P
£ 23 5:1'.0.1:4.4:‘;,%,\ ~ ‘,‘T.g-‘..t--i-ﬂ
=1 TACA A
S LR P A )’*
g » SR - hrte e
g . T K e e ry
5] ‘e, .
=2 o eiee

20

123 4 5 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24

~—o— QOperative temperature

-+ AT with Dbl blue 6mm/13mm air glass

— = AT with Dbl blue 6mm/13mm air glass with shading

—=& - AT with vertical glazing, 0%—40% of wall, U-1.20 (6.81), SHGC-0.25 with shading
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Step 19: Plot a chart for the annual cooling energy
consumption for the air and operative temperature

controls.
§ 800,000
‘é 700,000
3 600,000
§ — 500,000
o o
%0—% 400,000
?o;‘ = 300,000
S 200,000
=
é 100,000
< With Dbl blue With Dbl blue Vertical glazing, 0%-40%
6mm/13mm 6mm/13mm of wall, U-1.20 (6.81),
air glass air glass with shading SHGC-0.25
2 AT = OT with shading

Analysis of results:

The thermostat control in conventional HVAC systems
is activated as per the air temperature; however, human
comfort is a function of operative temperature. Operative
temperatures include the combined effect of air tem-
perature and mean radiant temperature. During sum-
mer, perimeter spaces are uncomfortable due to higher
operative temperatures. Therefore, there is an increase in
the cooling equipment sizing of the system, because the
operative temperature setpoint continues to condition the
building until comfort conditions are met.

You can observe that the effect of the operative tem-
perature setpoint is more noticeable in perimeter zones
of the building compared to the core zone. This can be
explained by the fact that the perimeter zones have more
surfaces that are connected with the outdoor environ-
ment, whereas for the core zone, only the roof is con-
nected to the outdoor environment.

Exercise 6.1

Repeat the above tutorial for 20% WWR (Table 6.2).
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Table 6.2 Comparison of the design capacity of cooling
equipment for air temperature and operative temperature

controls
Design capacity of cooling
equipment (kW)
Air temperature Operative
Zone control temperature control

Ground: East

Ground: West
Ground: North
Ground: South
Ground: Core

TUTORIAL 6.2 Evaluating the impact of design day
selection

GOAL

To find the cooling equipment capacity using the design-
day and annual energy simulation approaches.

WHAT ARE YOU GOING TO LEARN?

e Sizing using two methods: design day and annual
energy simulation methods

PROBLEM STATEMENT

In this tutorial, you are going to use a 50 m X 25 m model
with a 5 m perimeter depth.

Find the peak cooling load

a. With the design day 15 July (as explained in Tutorial
6.1)

b. Using annual energy simulations
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Use the New Delhi/Palam, India weather file. Find the
total cooling load for both options. Also note the time of
occurrence of the maximum cooling load in each case.

COOLING DESIGN CALCULATION

Cooling design calculations are carried out to deter-
mine the capacity of the mechanical cooling equipment
required to meet the hottest summer design weather con-
ditions likely to be encountered at the site location.

Cooling design simulations using EnergyPlus have the
following characteristics:

e Periodic steady-state external temperatures calcu-
lated using the maximum and minimum design
summer weather conditions

e No wind

e Includes solar gains through windows and sched-
uled natural ventilation

e Includes internal gains from occupants, lighting
and other equipment

e Includes consideration of heat conduction and con-
vection between zones of different temperatures

For buildings situated in the Northern Hemisphere, cool-
ing design calculations are made for the month of July,
and for buildings in the Southern Hemisphere they are
made for the month of January.

Source: http://www.designbuilder.co.uk/helpv4.7/
Content/_Cooling_design_simulation.htm


http://www.designbuilder.co.uk/helpv4.7/Content/_Cooling_design_simulation.htm
http://www.designbuilder.co.uk/helpv4.7/Content/_Cooling_design_simulation.htm
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SOLUTION
Step 1: Open a new model and create a 50 m X 25 m
building with a 5§ m perimeter depth. Select the Cooling
design tab. The Calculation Options screen appears.

Site, Building 1
Layout i

&

| Ecit | Visuaiise | Heating design f Cooling design | Smulation | CFD_| Dayiighting | Cost and Carbon |

Step 2: Click OK. The results are displayed on the
Analysis tab.

General
o> oD
The summer design calculation
o A
Simulation method 1-EnerayPlus g:f"a::]vya?::sn;g:ﬁi:‘fwm

Temperature control 1-Air temperature the software.
Summer Design Day Auto-Update

15 This dialog is always shown when

you select'Update’ and will also

CRNRTNRY <. IIEY -

dl] be shown before al simulations if
Day of week 9-SummerDesignDay 'Don't show this dialog next time"
[ Exclude all zone natural ilati itration is always i { atthe bottom is cleared.
[ Exclude all zone mechanical ventilation
Exclude heat recovery
Design margin 115
Sizing method 1-ASHRAE °
Airflow calculation method 1-Sensible only i
Output
Solar

! [ Don't show this dialog nexttime ( Help ) [ cancel ) 0K | ‘
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Step 3: Select the Summary tab. It shows the design

capacity for 15 July. Select Coincident and record the
results.

Data
Caincident defi...

Totals calculati... EAZEUEEEN

Time of Max Cook.

o
IBuilding 1
o [1757 12106 528 [1488 039 240 78 Jul 1530

Kl i
lockl:Narth 28.04 [1.9224 2438 2364 074 240 82 [Ju15:30
27.98 1.9190 2433 2359 0.74 240 82 Jul16:30

Blocki Core 63.69 43517 55,38 5350 188 240 486 Jul15:30
Totals 150.95 10.3448 131.27 127.19 4.09 24.0 483 Jul 15:30

‘Cooling design’ does not require the weather data file for the
calculation. DesignBuilder has all the required information
in the ‘ASHRAE_ 2005_Yearly_DesignConditions.xIs’ file.
This file can be accessed at C:\ProgramData\DesignBuilder\
Weather Data path.

These details automatically get loaded in the
DesignBuilder when the location is selected.

In the next steps, you are going to find out the cooling
load using annual energy simulations.

Step 4: Select the Simulation with Hourly tab. After
completion of the simulation, select System loads from
the Data drop-down list.
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Display Options

General | Detailed |
N4

Data ¥
Data 9-System loa
Interval 4-Hourly i
Show as -Gid M@
Days per page 365

[ Normalise by floor area
Y-Axis
Appearance

Navigate, Site Site, Building 1

Stte
ﬂ . 4 ’ - Sensible Cooling (kW) | Total Cooling (kW) |Zone Heating (kW)
L i — 0 0 0
&4) Sie 0 0 0
49 Building 1 0 o 0
-8 Block 1
& Zone 1 0 o L]
6 Zone 2 0 0 0
-6 Zone 3 0 0 21.95672
-G Zone 4 0 0 2050932
©-@) Zone 5 0 0 0811373
0262392 -0.262392 0076196
467382 467382 o
.| -16.34008 -16.34008 0
29.45524 -29.45524 0
37.18619 37.18619 0
-40.78593 -40.76593 0

Step 5: Click the Export icon to export the results to the
spreadsheet (Table 6.3).

Export to:

(3Clipboard v
Format:

CSV spreadshest -

e )
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Table 6.3 Total cooling load

Day month Time Total cooling (kW)
19 June 4:00:00 PM —-158.2764
17 June 3:00:00 PM —158.2065
19 June 5:00:00 PM —-158.1657
19 June 3:00:00 PM —158.0092
17 June 4:00:00 PM —157.7638
18 June 4:00:00 PM -156.7041
18 June 3:00:00 PM -156.598
17 June 12:00:00 PM -156.2252
18 June 5:00:00 PM -156.2232
21 June 5:00:00 PM -156.0791
24 June 4:00:00 PM -156.0511
17 June 5:00:00 PM —-156.0495
10 June 4:00:00 PM —-156.0368
17 June 11:00:00 AM -156.0086
24 June 5:00:00 PM -155.972
17 June 2:00:00 PM —155.8881
9 July 5:00:00 PM —-155.832
20 June 3:00:00 PM —155.7305

Step 6: Open the spreadsheet and sort the results for the
total cooling (kW) in decreasing order. This provides the
peak total cooling (kW) of the building.

Compare the results for the building (Table 6.4).

The results show that there is a difference between the
peak total cooling load of the building with the design day
and without explicitly defining the design day. One should
always be cautious while selecting the design day for cool-
ing. Sometimes the design day might not represent the day
of the maximum total cooling load.

Save the simulation model for use in next tutorials.

Table 6.4 Total cooling load for design day and annual energy
simulation

With design day on 15 July With annual energy simulation
Total cooling  Date and time Total cooling  Date and time of
load (kW) of peak load (kW) peak (building)

150.79 15 July at 15:00  158.27 19 June at 14:00
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In some cases, design conditions, namely, max dry bulb,
concurrent wet bulb and minimum dry bulb temperature
are known to HVAC designers. As a third alternate, these
conditions can directly be filled in DesignBuilder.

Site
Layout | Locaton
® Location Template

‘*3Template NEW DELHI/PALAM
+ Site Location
1) Site Details

2% Time and Daylight Saving
2 Simulation Weather Data.
A \Vinter Design \Weather Data

@® Heating 99.6% coverage

Outside design temperature ('C) 6.1
Wind speed (m/s) 8.0
Wind direction () 0.0

Q Heating 99% coverage
¥ Summer Design Weather Data
Temperature Range Modifiers
Wind Data

Design Temperature Period ¥
Design temperature period 1-Single design month <
Yearly Design Temperatures ¥

® 99.6% coverage (based on dry-bulb temp.)

Max dry-bulb temperature ('C)  43.8

Coincidentwet-bulb temperatur... 22.6

Min dry-bulb temperature ('C) 315
O 99% coverage (based on dry-bulb temp.)

O 98% coverage (based on dry-bulb temp.)
O 99.6% coverage (based on wet-bulb temp.)
O 99% coverage (based on wet-bulb temp.)

O 98% coverage (based on wet-bulb temp.)

Exercise 6.2

Repeat the same steps as in the tutorial for London to find the
heating design capacity.

You can use the heating sizing tab for this (Table 6.5).
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Table 6.5 Total heating design capacity for design day and
annual energy simulation

With design day on 15 Jan With annual energy simulation
Total heating Date and time  Total heating Date and time
design of peak of design capacity  of peak
capacity (kW) heating load (kW) heating load

(building)

Heating design calculations are carried out to determine
the size of the heating equipment required to meet the
coldest winter design weather conditions likely to be
encountered at the site location.

The simulation calculates the heating capacities required
to maintain the temperature setpoints in each zone and
displays the total heat loss broken down as follows:

* Glazing

e Walls

e Partitions

e Floors

e Roofs

e External infiltration

e Internal natural ventilation (i.e. the heat lost to
other cooler adjacent spaces through windows,
vents, doors and holes)

TUTORIAL 6.3 Evaluating the impact of the air flow
calculation method

GOAL

To evaluate the impact of the air flow calculation method
on HVAC equipment sizing.

WHAT ARE YOU GOING TO LEARN?

* Changing the air flow calculation method and finding
the design air flow
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PROBLEM STATEMENT

In this tutorial, you are going to use the simulation model
used for Tutorial 6.2 (50 m X 25 m model with a 5 m perim-
eter depth) with building usage as classroom. Find the
cooling equipment sizing, and design flow rates, for the fol-
lowing airflow calculation methods:

1. Sensible

2. Sensible + latent
Use the AZ - PHOENIX/SKY HARBOR, USA weather file.

SOLUTION

Step 1: Open the model saved in Tutorial 6.2 (a 50 m X
25 m building with a § m perimeter depth).

Step 2: Select the Activity tab. Select Classroom in the
Universities and colleges section.

Untitled, Building 1

. Activity Template

U iTemplate Classroom
@ sector C2 Residential Institutions - Universities and colleges
Zone multiplier 1

Include zone in thermal calculations
Include zone in Radiance daylighting calculations.

Step 3: Select the Cooling design tab. The Calculation
Options screen appears.

Step 4: Select Sensible only from the Airflow calcula-
tion method drop-down list. Click OK. The results are
displayed in the Analysis tab.

Calculation Options

The summer design calculation
options provide you with some
Calculation Options control over the simulation. In

Simulation method 1-EnerayPlus general you should use the
" default values as supplied with
Temperature control 1-Air temperature the s
Summer Design Day.

Calculation Description

|

CRIRIRT - (K]

Auto-Update
Day 15 This dialog is always shown when
Month Jul you select'Update’ and will also

be shown before all simulations if
‘Don't show this dialog next time

Day of week 9-SummerDesignDay
atthe bottom is cleared.

[ Exclude all zone natural ventilation (infiltration is always included)

[ Exclude all zone mechanical ventilation

Exclude heatrecovery
System Sizing

Design margin

Sizing method

“ASEIMA
Airflow calculation method 1-Sensible only <
»
~|

[ Don't show this dialog nexttime [_Hep  J[ comcel  JI 0K ]|
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The supply air for cooling

qs
[
C(tg —15)

The supply air for dehumidification

_ qL
Q= =W

where:
O, = supply air volume required to satisfy the peak
sensible load
O, = supply air volume required to satisfy the peak
latent load
q, = peak sensible load
q, = peak latent load
tr = room air temperature
t, = supply air temperature
Wg = room humidity ratio
W, = humidity ratio of the dehumidified supply air
C, = 1.23 (For calculation in SI units)
C, = 3010 (For calculation in SI units)

Step 3: Select the Summary tab. Record the results.

s [Design Capaciy (kW)__|Desion Flow Rate (n3/s) | Total Coolg Load (kW) _[Sensble (W) __[Latere (kW) [A Temperawe (€) __[HumidiyC) |

60.4: 7209 52 2 123
ast [13.1 -0665 1

Step 4: Repeat the previous steps to select Sensible+latent
from the Airflow calculation method drop-down list.
Click OK.
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culation Op
| Calculation

Options Data

Day
Month

Solar

Calculation Description

Calculation Options

Day of wesk

rflow calculation method

[ Store surface output
[ Include unoccupied zones in block and building totals and averages

[ Exclude heatrecovery
System Sizing

Design margin

Sizing method

Simulation method
Temperature control
Summer Design Day

1-EnerayPlus

1-Air temperature

15

Jul

9-SummerDasignDay

[ Exclude all zone natural ventilation (infiltration is always included)
[ Exclude all zone mechanical ventilation

Calculation Options

The summer design calculation options provide you
with some control over the simulation. In general you
should use the default values as supplied wih the
software.

Auto-Update
This dialog is always shown when you select'Update'
and will also be shown before all simulations if Don't
showthis dialog next time' at the bottom is cleared.

HI ] Don't show this dialog next time

) m——|

Step 5: Select the Summary tab. Record the results.

Untitled, Building 1

Zone [Design Capacity (kw) [Totel Cooing Load (kW) _[Sensible (kw) [ Latent (k) [Ai Temperatue () [Humiiy (%) |
=IBuilding 1
Block! Core 60.43 6367 52 52 %
Blockl East 13.65 8644 11 il I
Blockl West 16.3: 0212 14 14 .
Block! North 271 6676 23 23 I
Blockl South 28.0! 7286 24 24 4
Totals 145.73 .9185 126.72 126.72 .6

Compare both cases (Table 6.6).

Table 6.6 Design capacity and design flow rate for each zone

Design

Design flow rate (m%/s)

Zone capacity (kW) Sensible only Sensible + latent
Core 15.88 4.72 3.64
East 26.94 1.07 0.86

West
North
South
Total

13.38
61.03
27.94
145.16

1.28
2.12
2.19
11.38

1.02
1.67
1.73
8.92
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Factors that influence the sensible
cooling load

Factors that influence the
latent cooling load

Glass, windows or doors

Solar radiation striking
windows, skylights or glass
doors

Thermal resistance of exterior
walls

Partitions (that separate spaces
of different temperatures)
Ceilings under an attic
Thermal resistance of roofs
and floors

Air infiltration through cracks/
gaps in the building, doors and
windows

Building occupants
Equipment and appliances
operated in the summer

Light

Moisture is introduced
into a structure through:
* Building occupants
* Equipment and
appliances that
release vapour in
space, such as tea
kettle
* Air infiltration
through cracks/gaps
in the building, doors
and windows and
frequent doors
opening to the
ambience

Exercise 6.3

Repeat the above tutorial for the London Getwick Airport, UK
(Table 6.7).

Table 6.7 Design capacity and design flow rate for each zone

Zone

Design flow rate (m?/s)

Design

capacity (kW) Sensible only Sensible + latent

Core
East
West
North
South
Total




Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


http://taylorandfrancis.com

CHAPTER SEVEN

Unitary HVAC Systems

In most unitary HVAC systems, coefficient of performance
(COP) and fan properties are the two key aspects that govern
their energy consumption. Higher COP is associated with a
reduction in energy consumption. Unitary systems require
a fan for blowing air over the condenser as well as evaporator
tubes. A fan is characterized by its static pressure and volu-
metric air flow rate. High static pressure and flow rate help in
achieving setpoint faster, however, they are also associated with
higher energy consumption. If these parameters are not speci-
fied properly, results of the energy model could significantly
deviate from the actual performance. This chapter explains the
method of modelling unitary systems by specifying COP and
fan properties.

TUTORIAL 7.1  Evaluating the impact of unitary
air conditioner COP

GOAL
To evaluate the impact of unitary air conditioner COP on
building energy performance.
WHAT ARE YOU GOING TO LEARN?
* Modelling the unitary HVAC system
* Changing the cooling system COP

PROBLEM STATEMENT

In this tutorial, you are going to create a 50 m X 25 m 5-zone
model with 5 m perimeter depth. You need to model the uni-
tary HVAC system and then change the COP of the system.

235
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You need to change the cooling COP from 1.5 to 3.5 with
increments of 0.5.

Use FL — MIAMI, USA weather file. Find energy con-
sumption for all COP values.

COP = desired effect/work input

For cooling:

0,
COPcooling = W (71)
For heating:
0
COPHcating = Wk (72)
where:

0, = heat absorbed in the evaporator
O, = heat rejected in the condenser
W = compressor work

The COP of the refrigeration cycle is a dimensionless
index used to indicate the performance of a thermody-
namic cycle or the thermal system. The magnitude of
COP is usually greater than 1.

SOLUTION

Step 1: Open a new project and create a 50 m X 25 m
building with five zones and consider a 5§ m perimeter
depth. Select the HVAC tab.
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<D

Step 2: Make sure Simple HVAC detail is displayed
under the Help tab.

Info, Help

Edit Heating/Cooling System

£? simple HVAC detail I
anical ventilation

Use this screen to edit the building-wide heating,
cooling and mechanical ventilation system defaults
and the buidings' installed heating plant.

You can set the fuel used by the boiler andthe
boilers’ seasonal efficiency (average over the year).

There are three HVAC model options available in
DesignBuilder:

Simple HVAC is suitable for use at early design stages.
The heating/cooling system is modelled using basic loads
calculation algorithms.

Compact HVAC - the heating/cooling systems are
defined in DesignBuilder using moderately basic HVAC
descriptions that are expanded into detailed HVAC defi-
nitions and modelled in EnergyPlus including boiler,
chiller and fan part-load characteristics. Compact HVAC
is now a deprecated feature and may not be supported in
future releases.
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Detailed HVAC - the HVAC system is modelled in full
detail using EnergyPlus air and water-side components
linked together on a schematic layout drawing. This
option will usually involve more work in setting up the
setpoints, etc. especially for large models, but there is
increased flexibility.

Source: http://www.designbuilder.co.uk/helpv4.7/
Content/_HVAC _model_detail.htm

Step 3: Click Template under the HVAC Template
section. It displays three (...) dots. Click the three dots.
The Select the HVAC template screen appears.

@ HVAC Template
(2Mechanical Ventilation
On
Outside air definition method 4-Min fresh air (Sum per person + per area)
Operation
(¥4 Schedule Office_OpenOff_Occ

Economiser (Free Cooling)
Heat Recovery

Step 4: Select Packaged DX. Click OK.

U Cooled beams, DOAS, displacement ventilation -~
Electric Convectors, Nat Vent
Il Electiic storage heaters, Nat Vent
i Fan Coil Unit (4-Pipe) with District Heating + Cooling
Il Fan Coil Unit (4-Pipe), Air cooled Chiller
Fan Coil Unit (4-Pipe), Air cooled Chiller, DOAS
Fan Coil Unit (4-Pipe), Water cooled Chiller, \Water-side economiser
GSHP Unitary Water-to-air Heat Pump
i GSHP Water to Water heat Pump, Heated Floor, Chilled Beams, Nat Vent
GSHP Water to Water heat Pump, Heated Floor, Nat Vent
Heated floor, Boiler HW, Nat Vent
i Heated floor, Solar Assisted Boiler HW, Nat Vent
Heating and Ventilation Ducted Supply + Extract
4 HW Convectors, Nat Vent
4 Natural ventilation - No Heating/Cooling
A i PTAC Electiic Heating
4 PTAC HW Heating
PTHP
Ul Radiator heating, Boiler H\W, Mech vent Supply + Extract
U Radiator heating, Boiler HW, Mixed mode Nat Vent, Local comfort cooling
i Radiator heating, Boiler HW, Nat Vent
Il Radiators Electric, Nat Vent Y

d | G| B | @so [ cameel ] ok ]



http://www.designbuilder.co.uk/helpv4.7/Content/_HVAC_model_detail.htm
http://www.designbuilder.co.uk/helpv4.7/Content/_HVAC_model_detail.htm
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The screen appears showing the selected template as
Packaged DX:

@ HVAC Template

Packaged DX
(%Mechanical Ventilation ¥
[ On
Outside air definition method 4-Min fresh air (Sum per person + per area)
Operation
(4 Schedule Office_OpenOff_Occ

Economiser (Free Cooling)
Heat Recovery

A unitary system combines heating, cooling and fan
sections all in one or a few assemblies for simplified
application and installation and are used in most classes
of buildings, particularly where low initial cost and
simplified installation are important.

In DesignBuilder, the Unitary single zone option allows
you to model simple single constant volume direct expan-
sion (DX)-based HVAC configurations with several heat-
ing options. Direct expansion includes single-packaged
rooftop systems commonly seen in commercial build-
ings and split systems commonly seen in residential
buildings.

Source: http://www.designbuilder.co.uk/

helpv4.7/#_Unitary_single_zone.htm

Step 5: Enter 1.5 as the Cooling system seasonal CoP in
the Cooling section.

<«

< Cooling
Cooled
[[2Cooling system Default

Fuel | icity from gricl <
Cooling system seasonal CoP 1.5 ]

Step 6: Perform annual simulation and record the
results.

Step 7: Repeat the previous steps for all other COP values
and record the results (Table 7.1).

Compare the results.


http://www.designbuilder.co.uk/helpv4.7/#_Unitary_single_zone.htm
http://www.designbuilder.co.uk/helpv4.7/#_Unitary_single_zone.htm
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Table 7.1 Variation in annual energy consumption (kWh) with COP

COop
End-use
category 1.5 2 2.5 3 3.5
Room 51,11494 51,11494 51,11494 51,114.94 51,114.94
electricity

Lighting 73,872.16  73,872.16 73,872.16 73,872.16 73,872.16
Cooling 186,137.60 139,603.20 111,682.60 93,068.80 79,773.26
(electricity)
DHW 4,625.06 4,625.06  4,625.06 4,625.06 4,625.06
(electricity)

200,000
180,000
160,000
140,000
120,000
100,000
80,000
60,000
40,000
20,000

Annual cooling energy consumption (kWh)

15 2 2.5 3 3.5
Coefficient of performance

Results show that there is a decrease in energy consump-
tion with the increase in COP of the system. Systems with
higher COP require lesser energy input to remove the same
amount of heat from the thermal zone.

Save the model to use in the subsequent tutorial.

Exercise 7.1

Repeat the above tutorial for the heating system COP. Use
CA-SAN FRANCISCO INTL, USA weather data.

Annual energy consumption (kWh)

COP COP COP COP COP
End-use category 1.5 2.0 2.5 3.0 35

Room electricity
Lighting

System fans
Heating (electricity)
Cooling (electricity)
DHW (electricity)
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TUTORIAL 7.2  Evaluating the impact of the fan
efficiency of a unitary air
conditioning system

GOAL

To evaluate the impact of the fan efficiency of a unitary air

conditioning system on energy performance.

WHAT ARE YOU GOING TO LEARN?

* Changing the fan efficiency

PROBLEM STATEMENT

In this tutorial, you are going to use a 50 m X 25 m five-
zone model with 5 m perimeter depth.

Model the unitary HVAC system with the following three
fan efficiencies:

1. 0.600

2. 0.700

3. 0.800

Find change in energy consumption for all the cases.

Use Rio de Janeiro (AERQO), Brazil location.

SOLUTION

Step 1: Open a new project and create a 50 m X 25 m
building with § m perimeter depth.
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Step 2: Select the HVAC tab. Click Simple link under
the Help tab. The Model Options — Building and Block

screen appears.

Site, Building 1

4 Template
+Mechanical Ventilation

=00
Outside air definition method

Fan Coil Unit (4-Pipe). Air cooled C

4Min fresh air (Sum per person + pera ~

Operation v
4 Schedule
Economiser (Free Cooling)

Office_OpenOfi_Oce.

Heat Recovery.

Info, Help

Usingldeal Loads for mechanical
ventilation

Use this screen to edit the building-wide
heating, cooling and mechanical
ventilation system defaults and the
buikdings' installed heating plant

You can setthe fuel used by the boiler
and the boiers’ seasonal efficiency

(average over the year).

Step 3: Click Detailed under the HVAC slider. Select
Detailed HVAC Data from the Detailed HVAC drop-
down list. Click OK. It displays the <HVAC system>

option under Building 1.

Draw building + standard data.

Detailed HVAC

Use this dialog to configure the
‘model detail to your requirements.
‘The descriptions to the right of the.
sliders, taken together, provide a
‘summary of the current model detal

Scope

You can use the scope control to
Switch between Whole buiding’ and
“singlezone’ modes. To model a

v
Simple Compact Detaited || ComEo0ents

gl make
sure you are editing the zone you
wantto scope.

Detailed HVAC activity data 2-Detailed HVAC Data
[ Run free (disable detailed HVAC systern)
ation and Infiltration

Natural ventilation Scheduled ventilation

toZone'

‘The ‘Construction and glazing' model
‘option controls the way construction
templates are loadedin Model Data.

e scheduls and controled using 3 set pont temperatue.

Infiltration units. 1-ach
BIM Surfaces

pli to ‘Pre-design

you can select the construction

template using the Insulation and
iermal mass slider controls.

Gains Data
There are three levels of gains mode
detait

« Lumped- all internal gains are.

Step 4: Click <HVAC System>. It displays initializing
HVAC progress bar and subsequently the Load HVAC

template screen appears.

Navigate, Site
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Step 5: Click Detailed HVAC Template. It displays
three (...) dots. Click the three dots. The Select the
Detailed HVAC Template screen appears.

HVAC Template Selection
Select an HVAC System

FCU 4-pipe, Air-cooled Chiller

Preview

o

[ coce ] [ Heo ] Back [T [ Fush )

Step 6: Select Unitary Heat Cool under Select Detailed
HVAC Template. The Load HVAC template screen
appears.

Detailed HVAC Templ

----- ﬁ FCU 4-pipe, Water-cooled Chiller, Waterside Economiser o
‘24 FCU with DOAS, Ai-cooled Chiller
n Ground Heat Exchanger, Chilled Ceiling
n GSHP In-zone Water-to-air Heat Pump
2] GSHP Unitary Waterto-air Heat Pump
~2] GSHP Water-to-water HP, Heated Floor
T GSHP Waterto-water HP, Heated Floor, Chilled Beams
] Heated Floor, Boller HW/, Nat Vent
3] PTAC Electiic Heating
3] PTAC HW Heating
3] PTHP
2 Radiator Electiic, Nat Vent
‘& Radiator heating, Boiler Hw/, Nat Vent

‘Z] VAV Reheat, Air-cooled Chiller

2] VAV Reheat, Air-cooled Chiller, Steam Humidifier
ﬂ VAV Reheat, Chiller Cooled by Fluid Cooler

n VAV Reheat, DX cooling with Dehumidification
T VAV Rahast Watarnenalad Chillar

| G| & | @so e ) | x|
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Step 7: Click Next. It displays all the zones.

HVAC Template Selection

Select an HVAC System
Detailed HYAC Template v B
t¢|Detailed HVAC Template Unitary Heat Cool
Preview Y

Unitary Heat Cool: Select the zones served by this HYAC System
Use the check boxes to select the zones to be served by this HVAC system.

Znnaa

[ cancel ] [ Hep ) [ Back Next T
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Step 9: In the navigation tree, select Air Loop Unitary
HeatCool Supply Fan from the <HVAC System> tree.
You need to click + to expand the tree.

Navigate, Site
Site

dEAPZ

géeéinldmg 1

Air Loop Demand Side
; Air Loop Supply Side
=] ﬂ Air Loop Unitary HeatCool

Info, Help

‘Supply Fan - AHU Component
‘The type of this fan is fixed as “Constart volume"
Decatsetne Aloop AHU has been deined 25

oomun rolume fans operate continuously base
on a ime schedule and will nat cycle on and L
w: Air Loop Demand s.a. basedon coolingheating load or other control
[} - Air Loop Supply Si
=2} Air Loop um-u HeatCool

it Loop Unitary HealCool DX Cooling Coil
At Loop Unitary HealCool Heating Coil
it Loop Unitary HealCool Supply Fan

and a ated pressir fise to Calculte fan
performance.

General
Name
Type
Fan total efficiency
Pressure rise (Pa)
End-use subcategol

Maximurn flow rate (m3/s)
Motor
Motor efficiency
Motor in airstream fraction
Operation
8 Availability schedule

Air Loop Unitary HeatCool Supply
ntvolume 4

600.0
General

Autosize

0.900
1.000

On 24/7

Constant Volume Fan

The type of this fan is fixed as
“Constant volume™ because the Air
loop AHU has been defined as
CAV.

Constantvolume fans operale
continuously based on a time
schedule and will not cydo on and
off based on coolingheating load
or other control signals.

Constant volume fans use total
efficiency rating and a rated
pressure rise to calculate fan
performance.

& Model data <admin>
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A fan is a power-driven rotary machine that causes a
continuous flow of air.

A fan is a machine that causes flow of air.

There are two broad categories of fans — axial and

centrifugal.
Axis of
rotation ::>
Axis of
rotation
Axial flow fan Centrifugal fan

In axial flow fans, air moves parallel to the shaft. This
type is used in many applications such as a cooling fan
for electronics and wind tunnel.

A centrifugal fan blows air at 90° to the intake of the fan.
Mostly, it is used for HVAC applications.

Fan Efficiency
The fan efficiency is the ratio between the power trans-
ferred to the air flow and the power used by the fan.

_AP.Q

= (1.3)

where:
n = fan efficiency (values between 0 and 1)
AP = total pressure (Pa)
Q = air volume delivered by the fan (m?%/s)
W = power used by the fan (Watt)

Step 12: In the navigation tree, click Building 1. Perform
annual simulation and record the results.

Site, Building 1

Analyss

Date/Time |Room Electicity (kWh) | Lighting (kwh) | System Fans (kwh) | Cooling (Electicity) (kwh) |

12.00:00AM  [51114.3 [73871.25  [23220.41 |84774.2
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Table 7.2 Variation of annual energy consumption with fan
efficiency

Annual energy consumption (kWh)

End use 0.60 0.70 0.80

Room electricity 51,114.30 51,114.30 51,114.30
Lighting 73,871.25 73,871.25 73,871.25
System fans 23,220.41 19,903.21 17,415.31

Cooling (electricity) 84,774.20 83,792.05 83,051.09

Step 13: Repeat the previous steps for 0.700 and 0.800
fan efficiency.

Compare the results (Table 7.2).

It can be seen that in addition to the reduction in energy
consumption under system fans, there is a decrease in
cooling (electricity) with the increase in fan efficiency.
It is due to the fact that with a high-efficiency fan, lesser
heat is added to the air while it passes over the fan motor,
thus requiring a lesser cooling effect to be delivered by the
system.

Save the simulation model with 0.7 fan efficiency to use
in the next tutorial.

Exercise 7.2

Repeat the above tutorial for fan efficiency varying from 0.3 to
0.9 with steps of 0.1 for climate Melbourne, Australia.

TUTORIAL 7.3  Evaluating the impact of fan
pressure rise
GOAL
To evaluate the impact of fan pressure on building energy
performance.
WHAT ARE YOU GOING TO LEARN?

e Changing fan pressure rise

PROBLEM STATEMENT

In this tutorial, you are going to use the simulation model
created in Tutorial 7.2 (50 m X 25 m model with 5 m peri-
meter depth).
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Model the unitary HVAC system with the following two
fan pressures:

1. 500 Pa
2. 750 Pa
Find the change in energy consumption for both cases.

Use Rio de Janeiro (AERQO), Brazil weather location.

SOLUTION
Step 1: Open the project file used in Tutorial 7.2. In
the navigation tree select Air Loop Unitary HeatCool
Supply Fan. Click Edit component.

(523
il gy it g Go g View ois el rr——— 2| tons )| ‘& |
PODOO BE QS
Site, Building 1 Info, Help
dE4» 2 SupplyFan - AHU Component
The type ofthis fan is fixed as “Constant volume™
=) sie becauss he Airloop AHU has been defined as
- Building 1 CAV.
E1Z3 <HVAC System> Constant volume fans operate confinuously based
& % Air Loop on atime schedule and wil not cycle on and off
" Air Loop Demand Side based on coolingheating load or ather control
45 Air Loop Supply Sic
| &2} Air Loop Unitary HeatCool v Constantvolume fans use total efficiency rating
Air Loop Unitary HealCool DX Cooling Coil and a rated pressure ise fo calculae fan
Air Loop Unitary HealCool Heating Coil pAbES
@ Air Loop Unitary HeatCool Supply Fan
| @@ Zone Group
= Block 1
@ Zone 1
& & Zone 2
& Zone 3
6 Zone 4
& & Zone 5
180 st [[Visatse | Heatng design | Coolng desion | Smd
Ready

T Constant Volume Fan

General ¥
v o The type of this fan is fixed as
Name Air Loop Unitary HeatCool Suppl FConsnioR R bacae AL

Type 1-Constantvolume: M loop AHU has been definedas
i 0.700 =
ﬂi‘w 500 Constant volume fans operate
Pressure rise (Po) continuously based on a time
End-use subcategol enel schedule and will not cycle on and
off based on cooling/heating load
- I
Maximum flow rate (m?3/s) Autosize e
Constant volume fans use total

Motor efficiency rating and a rated
Motor efficiency 0.900 pressure rise to calculate fan
1.000 performance.

Motor in airstream fraction
Operation
8 Availability schedule On 24/7

& _Model data <admin>
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Fans provide energy to air that helps the air to move
through the ducts and other parts of the air side of an
HVAC system, such as grills, diffusers, air filters, humidi-
fiers and dampers.

All these components impose resistance to the flow of
air. To overcome such resistance, an increase in pressure
is required.

As seen in Tutorial 7.2, fan power is inversely propor-
tional to pressure rise:

* A typical fan running at a fixed speed can provide
a greater volumetric flow rate for systems with
smaller total pressure drops (if we are to the right
of the peak in the fan curve).

Static pressure is used to overcome the pressure drop due
to various ventilation system components on the airflow
path within a given system. For mechanical ventilation
systems, the fans create positive static pressure to move
air through a given system.

The positive static pressure created by the fans equals
the negative static pressure created by resistance as air
navigates obstacles in the ventilation path plus the head
required to impart sufficient kinetic energy to air for get-
ting spread into the space.

Proper air filtration results in better conditions and air
quality for occupants of the building as well as increases
the longevity of the HVAC system. However, due to high
negative pressure or resistance to flow with filtration
devices, their use results in the rise in the static pressure
requirement of the fan for maintaining the same flow rate.

Step 3: In the navigation tree, click Building 1. Perform
annual simulation and record the results.

Site, Building 1

Analysis | Summary | Parametic | Optimisation |

Date/Time [Room Electicity (kwh) | Lighting (kwh) | System Fans (kwh) | Cooling (Electicity) (kwh) |

12.00:00AM  [51114.3 |73871.25 |16586.01 |82802.66
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Table 7.3  Variation of annual energy consumption with fan
pressure rise

Annual energy consumption (kWh)

End-use categories 500 Pa 750 Pa

Room electricity 51,114.30 51,114.30
Lighting 73,871.25 73,871.25
System fans 16,586.01 24.879.01
Cooling (electricity) 82,802.66 85,262.43

Step 4: Repeat the previous steps for 750 Pa fan pressure.
Compare the results (Table 7.3).

From the results, you can observe that there is an increase
in fan energy consumption due to the rise in fan pressure.
Also you can observe that there is an increase in cooling
energy consumption with the increase in pressure rise
due to the addition of more heat to the air passing over a
fan motor of higher power rating.

Exercise 7.3

In the tutorial, make Motor in airstream fraction as 0 and observe
the effect on the cooling and fan energy consumption. Use the
same Rio de Janeiro (AERO), Brazil weather file (Table 7.4).

Fan Data

General ¥ Constant Volume Fan

The type of this fan is fixed as
e Air Loop Unitary HeatCool Supply. ~Constantvolume® because the
Type 1-Constant volume b Airloop AHU has been definedas
Fen total efficiency 0.700 CAV.
Pressure rise (Pa) 750.0 Eonataickimafinsonsatd
continuously based on a time
End-use subcategof General schedule and will not cycle on and
off based on cooling/eating load
Maimurn flow rate (m3/s) Autosize CIEIEIEETIEIEEED
e
efficiency rating and a rated
Motor efficien: 0.900 pressure riseto calculate fan

Motor in airstream fraction 0

8 Availability schedule On 2477

T T
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Table 7.4 Variation of annual energy consumption with
fan efficiency

Annual energy consumption (kWh)

End-use categories 500 Pa 750 Pa

Room electricity
Lighting

System fans
Cooling (electricity)
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CHAPTER EIGHT

Central HVAC System

Energy consumption of the centralized HVAC (Heating,
Ventilating and Air Conditioning) system depends on the selec-
tion of individual components and their integration in the entire
system. Major variations include the type of condenser for heat
rejection, chilled water-pumping scheme, efficiency of the air
distribution system, waste heat recovery and efficiency of the
chiller and boiler. This chapter, through its tutorials, explains the
method of modelling central HVAC systems. Different varia-
tions of systems are explained, such as types of chillers, cooling
towers and the use of variable speed drives in HVAC compo-
nents. The impact of each variation on energy consumption is
also explained.

TUTORIAL 8.1  Evaluating the impact of air-cooled
and water-cooled chillers

GOAL

To evaluate the impact of air-cooled and water-cooled
chillers on the building energy consumption.

WHAT ARE YOU GOING TO LEARN?
* Modelling the central HVAC system
e Modelling the air-cooled chiller
*  Modelling the water-cooled chiller

PROBLEM STATEMENT

In this tutorial, you are going to use a G+5 floor building
model. Each floor has a 50 m X 25 m area and five zones
with 5 m perimeter depth. You need to make use of the
floor/zone multiplier option to model the building. Model
HVAC systems having VAV with reheat.

253



254 BUILDING ENERGY SIMULATION

Use the following two options for a chiller in the HVAC
system:

1. Air cooled

2. Water cooled
Compare the energy consumption of the two chillers for
AZ-PHOENIX/SKY HARBOR, USA weather location.

Phoenix has long, very hot summers and short, mild winters.
The climate is arid, with plenty of sunshine and clear skies.

SOLUTION

Step 1: Open a new project and create a building with
ground floor having a 50 m X 25 m area and five zones
with 5 m perimeter depth.

Step 2: Copy ground floor and create two other floors.
(You can refer to Tutorial 6.1 to copy/clone floors.)
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Step 3: Select Plan from View rotation drop-down. Click
the add block icon.

i | View rotation| Plan ~JC chmafji
heodFEF v e%%&.zmoga@@@\- oYE eI

Before drafting, select Block type as Component block
and Adiabatic in the Component block type and enter
10.50 in Height (m).

Drawing Options
Tools

v

Block type 3-Component block

Component block ff.. 3-Adiabatic v
Form 1-Extruded v
Height (m) 10.50

Auto-complete bl
Perimeter

Shape 1-Polygon v
Line type 1-Straight line
Protractor
Direction Shaps

Point Shaps
Drawing Guides

Go to Axonometric view, click in the corner and make
sure that the roof is selected, when you click the point.




256 BUILDING ENERGY SIMULATION

With the help of Move Selected Object icon, it can be
adjusted.

LBLHPIPBes RS

(You can also refer to Chapter 2 for floor/zone
multiplier.)

Step 4: Select the HVAC tab. Click Simple link under
Help tab. The Model Options — Building and Block
screen appears.

Site, Building 1 Info, Help

Heip [ Dato |

Edit Heating/Cooling System -

4fTemplate Fan Coil Unit (4-Pipe). Air cooled Chil /AC detail
" Mechanical Ventilation 3 CSMYTIEar Loads for mechanical
on ventilation
Use this screen to edit the
Outside air definition method 4-Min fresh air (Sum per person + perar - buiding-wide heating, cooling and
Y ‘mechanical ventiétion system defauts
lings' ir lle i
Offics_OpenOff_Oce 2 e o beeg heald

You can setthe fuel used by the boiler
Y and the boilers’ seasonal efficiency

3 Auxiliary Energy [ (average over the year).

Pump etc energy (W/m2) 0.0000 Data shown with a green

background is only used in Heating
(i Schedule Office_OpenOff_Occ andlor Coolina desian calculations

Step 5: Click Detailed under HVAC slider. Select
Detailed HVAC Data from the Detailed HVAC drop-
down list. Click OK. It displays <HVAC system> option
under Building 1.
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e 9 4| Project Data Detail (Building Data) -
Data Options 17 Use this dialog to configure the model
7 e detail to your requirements.
@ Model options template Draw building + stendard deta e e D
skiders, taken together, provide a
'summary of the current model detail

Scope
| I You can use the scope control to switch
between Whole buiding and 'single
Detailed HVAC : ¥
bui
simple. Compact Oetiled

cchange the scope to Zone"
Detailed HVAC activity deta. ] 2-0etoiled HVAC Data - 08108 soomsfo 2.
[ Run free (diseble detailed HVAC system)

The ‘Construction and glazing’ model
| | option controls the way construction
templates are loadedin Model Data.
Scheduled ventilation When the option is setto Pre-desion’
Scheduled il R S o] g B o e usingthe Insulation and Thermal mass
1-ech ~ ||| suder controis.

Gains Data
‘There are three levels of gains model
detait

Help Cancel I [ I |

Detailed HVAC — The HVAC system is modelled in
detail using EnergyPlus air- and water-side components
linked together on a schematic layout drawing. In this

case, HVAC data is accessed by clicking on the <HVAC
System> navigator node.

Step 6: Click <HVAC System>. It displays the initial-

izing HVAC progress bar and subsequently the Load
HVAC template screen appears.

Navigate, Site
Stte
dE 4P 2
E-@) Sie
=2-9

~B) <HVAC System>

Step 7: Select VAV Reheat, Air-cooled Chiller from
Detailed HVAC Template. Click Next.
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HVAC Template Selection
Select an HVAC System

Detailed HYAC Template

De(ailed HVAC Template VAV Reheat, Air-cooled Chiller

Preview

Summary of Equipment »

Concel | | Hep | [ ek ][ e T

In medium to large air conditioning systems, chilled water
from the central plant is used to cool the air at the coils in
an air handling unit (AHU).

Based on the condenser cooling, chillers are of two types:

An air-cooled chiller has a condenser that is cooled
by ambient air. Air-cooled chillers are preferred for
small or medium installations and are preferred in
cases where there is not enough water.

A water-cooled chiller has a condenser connected with
a cooling tower. Cold water is obtained through partial
evaporation of water through ambient air that is used
to facilitate heat rejection from the condenser. The
use of a cooling tower to cool the condenser increases
the efficiency of water-cooled chillers over air-cooled
systems in which ambient air cools the condenser.

Air cooled Water cooled

Efficiency Less High
Cost Less High
Maintenance  Less High
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Step 8: Select all the check boxes from the Zones section.
Click Finish. It displays the system layout.

VAV Reheat, Air-cooled Chiller: Select the zones served by this HYAC System
Use the check boxes to select the zones to be served by this HVAC system.

Zones

5[] Building 1
2-[1$ Ground

[P Zone 1

Options 5
Replace all existing HYAC systermns
[ Override template defaults

Cancel Help. Back Next Finish

Step 9: In the navigation bar, expand CHW Loop.

Navigate, Site

B T

ST ]

s :
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Step 10: Expand CHW Loop Supply Side and click
Chiller. The Chiller layout appears. Click Edit compo-
nent under the Help tab. The Chiller data appears.

Navigate, Site Site, Building 1 Info, Help

Chiller
Chillers are placed in Chilled
water sub loops and provide
chilled water to cooling coils,
chilled beams and cooled
ceilings.
Condenser
CHW Loop D d Side The condenser type determines
"‘T" s what type of condenser wil be
[l 2ice included with this chiller. Valid
l:m e condenser types are:
erwEobp Setpoint Mana i
® CHW Loop Supply Pump 1-Air cooled
HW Loop « 2-Water cooled
Zone Group + 3-Evaporatively cooled
Water cooled chillers must be
connectedto a Condenser l0op.
h do not require a

Edt [Visualse T Heating design [ Cooing design |

Step 11: Make sure that Air Cooled Default is selected

for Chiller template.
Chiller Data

Chiller

General ¥
Name i
J¢ Chiller template %oled Default I
Chiller type ZElectncEIR -
Reference capacity (W) [Autosize ]
Reference COP 5.500
Compressor motor efficiency 1.000
Chiller flow mode 3-Not modulated -
Sizing factor 1.00
Condenser type 1-Air cooled 2
Condenser fan power ratio 0.035
Reference leaving chilled water temperature ('C) 6.670
Reference entering condenser fluid temperature ('C)  29.400
Leaving chilled water temperature limit (‘'C) 5.000

Flow Rates

\

Reference chilled water flow rate (m3/s) Autosize

Performance Curves
[£]Cooling capacity function of temperature curve Air cooled CentCapFT
[CJElectiic inputto cooling output ratio function of tem... Air cooled CentEIRFT
[C]Electricinputto cooling output ratio function of part .. Air cooled CentEIRFPLR

\

PartLoad Settings ¥
Minimum partload ratio 0.000
Maximum part load ratio 1.000
Optimum part load ratio 1.000
Minimum unloading ratio 0.250

Step 12: Simulate the model and record Annual Fuel
Breakdown results.
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Step 13: Select the Edit tab. In the navigation tree click
<HVAC System> and select Load HVAC Template.

Info, Help
Help | Data

HVAC System Level -~

AtHVAC systemlevel you can add, edit and delete
zone groups andvarious types of air loop, hot and cold
water loops and condensor loops.

HVAC Templates
You can create templates of frequently used HVAC
systems andreloadtheminto this or any other model

using the Load and Save HVAC Template tools:
&3 Load HVAC tempiate

'ﬂ Save HVAC Template

Add Zone group

Zone groups are used as a container for all zones that
are supplied by the same HVAC system and have
similarzone components. They help to simplify and L
speedup HVAC data entry.

Eo' Add Zone group

Step 14: Repeat the previous steps to select VAV Reheat,
Water-cooled Chiller from Select the Detailed HVAC
Template.

HVAC Template Selection !
Select an HVAC System

Detailed HYAC Template 2 -~

f#|Detailed HVAC Template VAV Reheat, Water-cooled Chiller

Preview

«

Summary of Equipment » R4

[ cocel ] [ Heo ] [ Back | [LNew ] [ Fnsh |
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Step 15: Select DOE-2 Centrifugal/5.50COP in the
chiller template field.

Chiller Data

Chiller

General ¥
Name Chiller
4 Chiller template DOE-2 Centrifugal/5.50COP
Chiller type 2-ElectricEIR v
Reference capacity (W) Autosize
Reference COP 5.500
Compressor motor efficiency 1.000
Chiller flow mode 3-Not modulated <
Sizing factor 1.00

Condenser

\

Condensertype 2-Water cooled @
Reference leaving chilled water temperature (‘'C) 6.670
Reference entering condenser fluid temperature ('C) 29.400
Leavini chilled water temperature limit (’i 2.000

Flow Rates ¥
Reference chilled water flow rate (m3/s) Autosize
Reference condenser water flow rate (m3/s) Autosize
[]Coaoling capacity function of temperature curve DOE-2 Centrifugal/5.50COP CAPFT
[[JElectric inputto cooling output ratio function of tempera... DOE-2 Centi S50COP EIRFT

[C]Electricinput to cooling output ratio function of partloa... DOE-2 Centrifugal/5.50COP EIRFPLR
Part Load Settings

\

Minimum partload ratio 0.100
Maximum part load ratio 1.000
Optimum partload ratio 1.000
Minimum unloading ratio 0.200

Heat Recovery
[ Heat recovery

l

Step 16: Perform annual energy simulation and compare
results for both cases (Table 8.1).

Table 8.1  Energy consumption for air- and water-cooled chillers

Annual energy consumption (kWh)

End-use categories Air-cooled chiller Water-cooled chiller
Room electricity 153,342.90 153,342.90
Lighting 221,613.80 221,613.80
System fans 168,257.40 168,257.40
System pumps 1,275.77 8,569.14
Heating (gas) 100,853.20 100,853.20
Cooling (electricity) 494,753.60 253,026.60

Heat rejection Not applicable 55,257.56
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Air-cooled chillers do not have a cooling tower for
condenser cooling. In DesignBuilder, a heat rejection
term is used for reporting cooling tower energy
consumption. Hence, for the air-cooled chiller in the
end-use category — heat rejection — there is no value.

You can also observe that the cooling energy consump-
tion with the water-cooled chiller is less compared with
the air-cooled chiller. The use of water instead of air
increases the efficiency of heat transfer from the con-
denser, thereby increasing the efficiency of the chiller.

However, due to the addition of a water loop, a circu-
lation pump called condenser water pump is required,
which increases the energy consumption under system
pumps.

Save the simulation model with the water-cooled chiller to
use in subsequent tutorials.

TUTORIAL 8.2 Evaluating the impact of variable
speed drive (VSD) on a chiller
GOAL

To evaluate the impact of VSD on a centrifugal chiller on
building energy consumption.

WHAT ARE YOU GOING TO LEARN?
* Modelling the chiller with VSD

PROBLEM STATEMENT

In this tutorial, you are going to use the water-cooled chiller
model saved in Tutorial 8.1 (50 m X 25 m model with 5 m
perimeter depth, six floors).

You need to select the following two chillers and find out
energy consumption in both cases:

1. EIRchiller Centrifugal Carrier 19XR 1213kW/
71.78COP/Vanes

2. EIRchiller Centrifugal Carrier 19XR 1143kW/
6.57COP/VSD

Use AZ-PHOENIX/SKY HARBOR, USA weather
location.
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SOLUTION

Step 1: Open the simulation model saved in Tutorial 8.1.
Click <HVAC System> in the navigation pane.

Navigate, Site Site, Building 1

]
@ Component block 1
2§ Ground
Zone 1
Zone 2

Zone 3
Zone 4
Zone 5
Middle
Zone 1
Zone 2
Zone 3
Zone 4
Zone 5
op

Zone 1
Zone 2

@

o
seeredoaseaduanns

Zone 3
Zone 4
Zone 5

Step 2: Click CHW Loop. The components under the
CHW loop appear.

avigate, Site Site, Building 1

Ste

dE4>Z

E‘g:i;ﬂuildiml
J!]vHVAAC‘Sywn)

| % CHW Loop

i

5 : HW Loop
Zone Group
Component block 1
Ground

Zone 1

Zone 2
Zone 3
Zone 4

Zone 5

ol
3

ES
z
g

peraeadeaenadueaaedd
N
s
3
~
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Step 3: Click CHW Loop Supply Side.

Navigate, Site

Ste
HdE4P>Z
=3 Site

-4 Building 1

a3

5 HW Loop
= 3 Zone Group
1

—

o -
CRCRCRCROR JoRCRCRORCR %/ IoRCRORCRC
§
3
~

Site, Building 1

CHW Loop Sugply Splitter

Chiller

CHW Loop Subply Mixer

CHW Loop Supply Punp

Step 4: Click Chiller. The chiller layout appears on the
Layout tab. Click Edit component under the Help tab.
The Edit Chiller screen appears.

Navigate, Site

Ste
dE4rz

Site, Building 1

B-4) Sie
2@ Building 1
B33 <HVAC System>
@ Lo

CHW Loop Demand Side
B4 upply Side
m W"TUbp Setpoint Manager
® CHW Loop Supply Pump
% Condenser Loop

“; HW Loop
@ Zone Group

| @6 Zones
B Midde
| ®
| @ Zone2
| &
| &

@

@ Zone 5

Info, Help

Chiller

Chillers are placed in Chilled
water sub loops and provide
chilled water to cooling cols,
chilled beams and cooled
ceilngs.
Condenser type
The condenser type determines
what type of condenser will be
inciuded with this chiller. Valid
condensertypes are:

« 1-Air cooled
| < 2:water coolea

« 3-Evaporatively cooled

Water cooled chillers must be
connected to a Condenser loop.
The other types do not require a
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Step 5: Click DOE-2 Centrifugal/5.5COP. Three dots
(...) appear. Click the three dots. The Select the Chiller
screen appears.

General ¥
Name Chiller
P Chiller template DOE-2 Centrifugal/5 50COP B
Chiller type 2-Electric EIR
Reference capacity (W) Autosize
Reference COP 5.500
Compressor motor efficiency 1.000
Chiller flow mode 3-Not modulated b
Sizing factor 1.00
Condensertype 2-ater cooled <
Reference leaving chilled water temperature ('C) 6.670
Ref e entering cond fluid temp ('0) 29.400
Leaving chilled water temperature limit ('C) 2.000
Reference chilled water flow rate (m3/s) Autosize
Reference condenser water flow rate (m3/s) Autasize

Performance Curves

|

[£]Cooling capacity function of temperature curve DOE-2 Centrifugal{5.50COP CAPFT
[C]Electricinput to cooling output ratio function of temperat.. DOE-2 Centrifugal/5.50COP EIRFT
[|Electricinput to cooling output ratio function of part load... DOE-2 Centrifugal/5.50COP EIRFPLR
Part Load Settings

\

Minimum part load ratio 0.100
Maximum part load ratio 1.000
Optimum part load ratio 1.000
Minimum unloading ratio 0.200

Heat Recovery

|

[ Heatrecovery

Step 6: Click ElectricEIRChiller Centrifugal Carrier
19XR 1213kW/7.78 COP/Vanes.

~

Select the Chiller
% ElectiicEIRChiller Centrifugal Carier 19XL 1797k\W/5.69COPAanes -
% ElectiicEIRChiller Centrifugal Carrier 19XL 1871k\W/6.43COPAanes
S ElecticEIRChiller Centrifugal Carrier 19XL 2057kW/6.05C0PAVanes m

ElectiicEIRChiller Centiifugal Carrier 19XR 1076kW/5.52C0P/A/anes
2= ElectiicEIRChiller Centrifugal Carrier 19XR 1143kW/6.57COPA/SD
ElectiicEIRChiller Centrifugal Carrier 19XR 1157kw/5.62C0P/A/SD

== QCOPA/ana

ElectricEIRChiller Centrifugal Carrier 19XR 1213kWw/7.78COP/Yanes
eClllc RLnlierce UQa affle AR qr N L. IJLUP/VOU
lectricEIRChiller Centrifugal Carrier 19XR 1259k\W/6.26C0P//anes

ElectricEIRChiller Centrifugal Carrier 19XR 1284k\Ww/6.20COP//anes
ElectiicEIRChiller Centrifugal Carrier 19XR 1234kw/7.61COPA/anes
ElectricEIRChiller Centrifugal Carrier 19XR 1350kw/7.90COP//SD
ElectricEIRChiller Centrifugal Carrier 19<R 1403kw/7.09COPAYSD
S ElecticEIRChiller Centrifugal Carrier 19XR 1407kW/6.04COPA/SD
4% ElecticEIRChiller Centrifugal Carrier 19XR 1410kW/8.54COPASD
ElectricEIRChiller Centrifugal Carrier 19<R 1558kw/5.81COPAYSD

..... S FlantiaFIRChillar Canbifiinal Mariar 1R 1722047/ VNP AN

| | & | @son

J
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Step 7: Click Electric input to cooling output ratio
function of part load ratio curve. EIR vs part load
curve is displayed on the right side.

Numerically, EIR (energy input ratio) is the inverse
of COP. The part-load ratio is the ratio of actual cool-
ing load delivered at any point of time compared to the
chiller’s cooling capacity.

General

Name Chiller

4 Chiller template. ElectricEIRChiller Centrifugal Carrier 19XR 1213kW/7.78COPNanes
Chiller type: 2ElecticEIR =
Reference capacity (W) 1213200.000

Reference COP 7.780

Compressor motor efiiciency [T:000 ]
Chiller flow mode 3-Not modulated ]
Sizing factor

23Water cooled

Reference leaving chilled water temperature ('C)
Reference entering condenser fluid temperature ('C)
ing chilled water temperature imit (‘C)
eles

ce chilled water flow rate (m3/s) 0032430
Reference condenserwaterflow rate (m3/s) 0047820

ElectricEIRChiller Carrier 19XR 1213KW/7.78COP/Vanes CAPFT

ElectricEIRChiller Carrier 19XR 1213KW/7.78COP/Vanes EIRFT
ElectricEIRChiller Carrier 19XR 1213kW/7.78C0P/Vanes EIRFPLR

Minimum pert load ratio
Meximum pert load ratio.
Optimum pertload ratio

Minimum unloading ratio

[ Heat recovery
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You can also view the curve coefficients.

v+ pE 4P

Data Report (Not Editable)

General

ElectricEIRChiller Carrier 19XR 1213kW/7.78COPfVanes EIRFPLR

Note

EnergyPlus
Quadratic

Source

Category
Curve Plot

ElectricEIR Chiller Carrier 19XR 1213kW/7.78COP/Vanes EIRFPLR

-

—L_L__a

||||||||| -t
| ]
e e E R et =
Ll i o e e LN e o ]
| T 1 1
- I e G
1 ' 1 |
F ==l ———— [ N &
| 1 1 !
Feasssas e
el oo e ! L e e
I T T 1
IR P | FP R R |
1 ] ] 1
e (P LA e
1 ' 1 1
e e e
| ' 1 1
AR (Bt e ]
el e L o SRR
1 i =N =0
P T | P R p—p—
1 ' 1 1
. T [ e |
1 1 1 1
P (FoE e e
| 1 1 ]
[[SSrEe ST HE RS E T
O P L Sl
1 l T 1
B S e, L s )
1 ' 1 1
F--lm-==== [t ettt |
t T t y T T t
o @ ® ~ © w -
- o o o o o

Coefficients

0.2847744000
0.4027863000
0.3114896000

Coefficient 1

Coefficient 2

Coefficient 3
Range

MinimumX

0.170000
1.020000

MaximumX

Input unittype for Y’

Output

Minimum curve output

Maximum curve output

Output units
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Performance Curves

Cooling capacity function of temperature curve

The biquadratic performance curve parameterizes the
variation of the cooling capacity as a function of the leav-
ing chilled water temperature and the entering condenser
fluid temperature. The output of this curve is multiplied
by the reference capacity to give the cooling capacity at
specific temperature operating conditions (i.e. at tem-
peratures different from the reference temperatures). The
curve should have a value of 1.0 at the reference tem-
peratures and flow rates specified above. The biquadratic
curve should be valid for the range of water temperatures
anticipated for the simulation.

Electric input to cooling output ratio function of tem-
perature curve

The biquadratic performance curve parameterizes the
variation of the energy input to cooling output ratio (EIR)
as a function of the leaving chilled water temperature and
the entering condenser fluid temperature. The output of
this curve is multiplied by the reference EIR (inverse of
the reference COP) to give the EIR at specific temperature
operating conditions (i.e. at temperatures different from
the reference temperatures). The curve should have a value
of 1.0 at the reference temperatures and flow rates speci-
fied above. The biquadratic curve should be valid for the
range of water temperatures anticipated for the simulation.

Electric input to cooling output ratio function of part
load ratio curve

The quadratic performance curve parameterizes the vari-
ation of the EIR as a function of the part load ratio. The
output of this curve is multiplied by the reference EIR
(inverse of the reference COP) and the energy input to
cooling output ratio function of temperature curve to give
the EIR at the specific temperatures and part load ratio
at which the chiller is operating. This curve should have
a value of 1.0 when the part load ratio equals 1.0. The
quadratic curve should be valid for the range of part load
ratios anticipated for the simulation.

Source: http://www.designbuilder.co.uk/
helpv4.7/Content/Performance_Curves.htm


http://www.designbuilder.co.uk/helpv4.7/Content/Performance_Curves.htm
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Step 8: Perform annual simulation and record the results.

Step 9: Repeat the previous steps to select
ElectricEIRChiller  Centrifugal Carrier 19XR
1143kW/6.57COP/VSD.

' 5

Select the Chiller

----- 3 ElectricEIRChiller Centrifugal Carrier 19EX 4997kW /6.40COPAfanes

= ElecticEIRChiller Centrifugal Carrier 19EX 5148k /6.34COPAVanes m
----- 3 ElectiicEIRChiller Centrifugal Carrier 19EX 5208kW/6.88C0PA/anes
ElectricEIRChiller Centrifugal Carrier 19FA 5651kWw//5.50C0PAYanes
= ElectricEIRChiller Centrifugal Carrier 19XL 1674k /7.83COPA/anes
2= ElectiicEIRChiller Centrifugal Carrier 19XL 1779kW/6.18COPAanes
% ElectricEIRChiller Centrifugal Carrier 19XL 1797kW/5.69C0PVanes
== ElectiicEIRChiller Centrifugal Carrier 19XL 1871k\W/6.43COPanes

% ElectricEIRChiller Centrifugal Carier 19XL 2057k\W/6.05COPAanes

>

-4 ElectricEIRChiler Centiifugal Carrier 19XR 1143k\w/6.57COPA/SD
e LT T e e T ST e STeT

TR TTITRW T J0ZCOT T o0

= ElectricEIRChiller Centrifugal Carrier 19<R 1196kW/6.50COP/Vanes
% ElecticEIRChiller Centrifugal Carrier 19XR 1213kW/7.78COPAVanes
% ElectricEIRChiller Centrifugal Carrier 19XR 1234k\W/5.39COPASD

3% ElecticEIRChiller Centrifugal Carrier 19¢R 1259KW/6.26C0OPAYanes
- ElectricEIRChiller Centrifugal Carier 19XR 1284kW/6.20COPAVanes
% ElecticEIRChiller Centrifugal Carier 19XR 1234kW/7 61COPAanes
ElectiicEIRChiller Centrifugal Carrier 19XR 1350k\w/7. S0COPASD

= ElectricEIRChiller Centrifugal Carrier 19<R 1403kW/7.03COPAYSD
9 FlackiaFIRMhillar Nantifiinal Pariar 18¢R 14070 /R NAPNPAIRN

_'?_] i] ._@J [¥] Sort Cancel I 0K I

-

General
Chiller
4 Chillertemplate ElecticEIRChiller Centifugal Carrier 18XR 1143KW/6 57COPNVSD
Chilertyps 2-ElecticEIR
Reference capacity (W) 1142800.000
Reference COP
Compressor motor eficiency
Chillerflow mode 3Notmodulated
Sizing factor

Condensertype: 2-Water cooled
Ternperatures
Reference leaving chilled water temperature ('C) 10000
Reference entering condenser fluid temperature ('C) 26670
Leaving chilled water temperature it (C) 2000

rence chillec water flow rate (m3/s) 0025930
Reference condenser waer flow rate (m3/s) 0051420
Performance Curves
[[]Cooling capacity function of temperature curve ElecticEIRChiller Carier 19XR 1143KW/6 57COPVSD CAPFT
O cooling curve ElecticEIRChiller Caner 19XR 1143KW/8 57COPNVSD EIRFT
[[]Electic inputto cooling autput rato function of partload ratio curve ElecticEIRChiller Carrier 19XR 1143KW/6 57COPVSD EIRFPLR
Part tings
Minimum pertloed ratio
Maimurm part load ratio
Optimum partload ratio
Minimum unloading ratio
Heat Recovery
[ Heat recovery

VSD on the chiller provides you better efficiency while
operating in part-load conditions.
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EnergyPlus
Quadratic

ElectricEIR Chiller Carrier 19XR 1143kW/6.57COP/VSD EIRFPLR

ElectricEIRChiller Carrier 19XR 1143kW/6.57COP/VSD EIRFPLR

You can also view the curve coefficients.
Note

General
Source
Category

Curve Plot

v+ pE 4p

m Data
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Compare the energy consumption for both cases

Step 10: Simulate the model and record the results.
(Table 8.2).

Maximum curve output

Minimum curve output
Output units

Output
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Table 8.2 Effect of VSD on the chiller

Annual energy consumption (kWh)

Chiller without Chiller with

VSD VSD
Room electricity 153,342.90 153,342.90
Lighting 221,613.80 221,613.80
System fans 168,257.40 168,257.40
System pumps 13,138.87 14,004.84
Heating (gas) 100,853.20 100,853.20
Cooling (electricity) 302,814.30 115,774.90
Heat rejection 80,947.34 82,738.82

There is a significant reduction in cooling energy consump-
tion with the VSD chiller. If you want to analyse the results,
you need to look at the cooling load profile of the building.

Installing VSD on the chiller provides you better effi-
ciency while operating in part load conditions.

TUTORIAL 8.3 Evaluating the impact of VSD
on a chilled water pump

GOAL

To evaluate the impact of VSD on a chilled water pump on
the building energy consumption.

WHAT ARE YOU GOING TO LEARN?
* Modelling the variable speed chilled water pump

PROBLEM STATEMENT

In this tutorial, you are going to use the water-cooled chiller
model saved in Tutorial 8.1 (50 m X 25 m model with 5 m
perimeter depth, six floors).

You need to select the following two configurations of the
chilled water pump and compare energy consumption in
both cases:

1. Constant flow
2. Variable flow
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Use FL - MIAMI, USA weather location. Miami has a trop-
ical monsoon climate with hot, humid summers and short,
warm winters, with a marked drier season in the winter.

SOLUTION

Step 1: Open the simulation model saved in Tutorial 8.1.
Click <HVAC System> in the navigation pane. Click
Load HVAC template.

Navigate, Site Site, Building 1 Info, Help

Hep [ Dotc |

HVAC System Level

AtHVAC system level you can add, edit

and delete zone groups andvarious
types of air loop, hot and coldwater

loops and condensor loops.

HVAC Templates
You can create templates of frequently

Condenser Loop

-3 Zone Group
@ Component block 1
2§ Ground

#-6) Zone 1

#-6) Zone 2 : =Ro P Add Zone group

: used HVAC systems and reload them
£ i 1 m(owsorarvyotnermodei using the
W Loop e s a) plate tools:

Zone 3 — Zone groups are used as a container fol
g g z:: 4 allzones that are supplied by the same

HVAC system and have simiar zone

5 @) Zone 5 B i : ¢ || components. They help to simpify and

- @ Middle speedup HVAC data entry.

B Adazone aroup
‘Add Air loop

systemto be modelle

“2 Add Generic Air Loop

Edt | Visualise | Heating design [ Cooling design | Smulation | CFD

Add an air loop depending on the type o
d

Step 2: Select System No. 8 VAV with PFP Boxes from
ASHRAE 90.1 Appendix G baseline. Click OK. The
Load HVAC template appears.

= B ASHRAE 90.1 Appendix G baseline P

T] SystemNo. 1 PTAC

':] System No. 10 Heating (Electiic) and Ventilation
System No. 2 PTHP
System No. 3 PSZ-AC

&1
|
% System No. 4 PSZ-HP
&1

System No. 5 Packaged VA&V with Reheat
System No. 6 Packaged VAV with PFP Boxes

System No. 8 VAY with PFP Boxes

@£ DHW
& b Heating and Cooling Systems
o ﬂ ASHPAu to-water Heat Pump, Integrated Boiler, Water Convector

cav Reheat, Air-cooled Chiller

l CAV with 4-Pipe Induction Units

i~Z} Chilled Ceiling. Air-cooled Chiller

e ﬂ Convector Heating, Boiler HW, Nat Vent

444444 Coanvantar Hastina Flanhia Nat Vant

ﬁ‘ﬂ

_| S| B [@se e ) ok f
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Step 3: Click Next. Select all the check boxes from
the Zones section. Click Finish. It displays the system
layout.

HVAC Template Selection
Select an HVAC System

| Cencel | | Hep | Back L Next 1 Finish

Step 4: Select CHW Loop. Click Edit loop data under
the Help tab. The Edit Plant loop screen appears.

avigate, Site site, Building 1 Info, Help
HQE4» Chilled Water Plant Loop
From Chilled Water looplevel you
B4 ste ‘can navigate to a supply or demand
& @ Buiding 1 sub-oop.
T <HVAC System> # Golo supply subloopwhereyou
E can configure chillers and related
 %; CHW Loop
-%; Condenser Loop » N
5 & Zone roup Ioogtaconsmers of nlec vt
B Block 1 such as cooling coils, chilled
& 6 Zone 1 e
&) Zone 2 &
=69 Zone 3 ez Or you can edit details of the plant
© 69 Zone 4 i
5.6 Zone 5 - lIEmm I
@ Block 11
-6 Zone 1 N L
& 69 Zone 2 :
© 69 Zone 3 i
69 Zone 4 H
Ly i
® Block 111
&6 Zone 1
& 69 Zone 2
=69 Zone 3
© 69 Zone 4
=69 Zone 5
@ Component block 1
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Step 5: Select Constant flow from the Plant loop flow type.

|| Plant loop Data

Chilled Water Loop

The Chilled water loop consists of:

« Supply sub loop which contains one or more
chillers, a pump and a setpoint controller. I

 Demand sub loop which distributes the chilled |
‘water to water cooling cois, chilled ceilings, cooled
beams etc*

Maxinum loop temperature (0 fhe oyt lcon,
Load Distribution
Minimurn loop termpersture ( 000 Ces b e R,
used to sequence equipment operation in ﬂlﬂ" lﬂ
meet the plant loop demand There are 3 options:
+ ‘Sequential’ uses each piece of equipmentto its.

I
Maximum loop flow rate (m3/s) Autosize |
maumum pat load ratio andwilloperate the last |
|
I

Minimum loop flow rate (m3/s) 0.000000
Load distibution scheme 1-Sequential

required piece of equipment between ts minimum

Plantlogp demand calculation scheme 1-SingleSetPoint D TR ST
Sizing
- = « ‘Optimar operates each piece of equipment at its
Design loop exittemperature ('C) 667 apmal par 03d ato snowil aperals e last |
Loop design temperature diference (deltaC) 5.67 ‘component between its minimum and maximum |
alion partload ratioin order to meetthe loop demand.
mAvmlahlllly schedule On 2477 e

amongst allavailabl onthe
eI or s ven osdrange
O Outside nampevamre operation ‘

m fx Model data <admin> Help Cancel. OK

Step 6: Perform annual energy simulation and record the
results.

Step 7: Repeat the previous steps for Variable flow
CHW Loop.

Plant loop Data

Chilled WaterLoop =
The Chiled water loop consists of
« Supply sub loapwhich corfains one or more I
P chilers, a pump and 2 sefpoirt controller. |
cocuae « Demand sub loop which distributes the chi |
water o water cooling cols, iledcatings,cooled
beams elc”

Maximum loop hempemmre (0 80,00 the overall loop.

Minimum loop temperatu 0.00 e e et
'to sequence equipment W.ﬂluﬂ In nn‘hl to

Maximurm loop flow rate (m3/s) Autosize meet he plantloop demand There

I
|

+ "Sequentiar uses each piece of equipment o its
Minimum loop flow rete (m3/s) 0.000000 masmum patsad alo and il operaisnelast |
Loed distibution scheme 1-Sequential - i
I

required piece of equipment between ts minimum
Plam loop demand calculation scheme 1-SingleSetPoint and maximum part [0ad ratio in order to meet the.

opecenend

. 13 i
Deslgn Ioop exittermperature ('C) .67 S Sl SR Tt
Loop design temperature difference (deltaC) 6.67 mm between its minimum and maximum |
I —— | =i o oo

« Unifornt evenly distributes the 1oop demand
[RyAvsiatiGschedis ety amongst allavailable components on the
equipment listfor a given load range.

Step 8: Perform annual energy simulation and record the
results.

Save the simulation model to use in subsequent tutorials.

Compare the energy consumption in both cases
(Table 8.3).
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Table 8.3 Energy consumption for constant and
variable flow on the chilled water pump

Annual energy consumption (kWh)

End-use category Constant flow Variable flow
Room electricity 153,342.90 153,342.90
Lighting 221,613.80 221,613.80
System fans 72,965.29 72,965.28
System pumps 255,151.10 235,740.20
Heating (electricity) 8,253.35 8,253.35
Cooling (electricity) 297,860.90 296,225.90
Heat rejection 117,246.00 117,093.10

You can observe that there is a reduction in pump energy,
cooling energy and energy consumption for heat rejection.
Where variable flow is used, it can be clearly seen that there
is less energy consumption for system pumps. Also there is
a small decrease in cooling energy consumption of chiller
and heat rejection due to the change in operating conditions
of the chiller.

TUTORIAL 8.4 Evaluating the impact of a cooling
tower fan type
GOAL

To evaluate the impact of a cooling tower fan type on the
building energy consumption.

WHAT ARE YOU GOING TO LEARN?

* Modelling the cooling tower with a single speed fan

e Modelling the cooling tower with a double speed fan

PROBLEM STATEMENT

In this tutorial, you are going to use the variable flow model
saved in Tutorial 8.3 (50 m X 25 m model with 5 m perim-
eter depth, six floors).
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You need to select the following two configurations of the
chilled water pump and find out energy consumption in
both cases:

1. Single speed fan cooling tower
2. Double speed fan cooling tower

Use AZ-PHOENIX/SKY HARBOR, USA weather location.

A cooling tower is an equipment that rejects heat extracted
from the building to the atmosphere by the evaporation of
water. Cooling tower fans help in governing the air flow
and rate of evaporation.

SOLUTION

Step 1: Open the variable flow model saved in Tutorial 8.3.
Expand <HVAC System> in the navigation pane.

Navigate, Site
Sit

dE4 P> 2
EJ@ site
=]

=33 <HVAC System>

CHW Loop
CHW Loop 1
Condenser Loop
% Zone Group
[#-<® Component block 1
=- Ground
®-69 Zone 1
6P Zone 2
E@ Zone 3
69 Zone 4
#-GP Zone 5
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Step 2: Select Cooling Tower under Condenser Loop
Supply Side. Click Edit component under the Help tab.
The Edit Cooling Tower screen appears.

avigate, Site site, Building 1 Info, Help
dE 4P 2 Cooling Tower
Cooling towers are used o reject heat
@) ste from Water-cooled chillers. These are
£ Buiding 1 normaly more energy efficient than
© 23 <HVAC System> air-cooled chilers dueto heatrejection

to tower water at or near wet-bulb.
temperatures. Air-cooled chillers must

reject heat at the dry-bulbtemperature
andthus have a lower average
reverse-Camot cycle effectiveness.
Coolng tower performance is defined
using one of two methods: design heat
5= Condenser Loop Setpoint Manager transfer coefficient-area product (UA)

and design water flow rate, of nominal
= Cooling Tower Pomp == tower capacty al a specifc rating point.
Regardless of which method is chosen
155" sntriwns the designaifow rate and
& Grou 1 ‘specified, though these can both be
&6 Zone 1 | AN AN AN ANTAY autosized
©-§) Zone 2 The model willlso accourt or tower
-6 Zone 3 performancein the X
&6 Zone 4 Tegime, when the {ower fan s offbut the.
.69 Zone 5 ‘water pump remains on and he
& Midde ransfer il occurs (albet ata low
Tevel) Ifyou want the model o account
&8 Zone 1 forfree convection’, you should specify
4 g Zone 2 thecorspondng aitowrleand heat
.69 Zone + cofcient area produs
&6 Zone 4 orthe nominal tower capaciy duing
.69 Zone 5 this mode of operation.
°%s" [ catomonen |
e BN
69 Zone 2
-6 Zone 3
#-G) Zone 4
-6 Zone 5

Step 3: Select Single speed for cooling tower type.

General v
Name
Cooling tower type
Design air flow rate (m3/s) Autosize
Fan power at design air flow rate (W) Autosize
Airflow rate in free convection regime (m3/s) Autosize
Evaporation loss mode 1-Saturated exit -
Drift loss percent 0.008
Heating sizing factor 1.00
Performance input method 2-UA and design water flow rate  ~
Design water flow rate (m3/s) Autosize
UA at design air flow rate (W/K) Autosize
UA at free convection air flow rate (W/K) Autosize
Free convection air flow rate sizing factor 0.100
Basin heater capacity (W/K) 0.0
Basin heater setpaint temperature ('C) 2.00
(4 Basin heater operating schedule On 247
Blowdown calculation mode 1-Concentration ratio ©
Blowdown concentration ratio 3.000
Capacity control 1-Fan cycling -

Multi-Cell Tower Settings ¥

[ Multi-cell tower

Step 4: Simulate the model and record the results.

Step 5: Repeat the previous steps to select Double speed
cooling tower type.
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Cooling tower Data
Cooling Tower

General ¥
Name Cooling o —
Cooling tower type [2-Doublespeed |
Design air flow rate (m3/s) Autosize
Fan power at design air flow rate (W) Autosize
Airflow rate in free convection regime (m3/s) Autosize
Evaporation loss mode 1-Saturated exit <
Drift loss percent 0.008
Heating sizing factor 1.00
Performance input method 2-UA and design water flow rate  ~
High fan speed UA value Autosize
Low fan speed UA value Autosize
Low fan speed UA sizing factor 0.000
Design water flow rate (m3/s) Autosize
UA at design air flow rate (W/K) Autosize
UA at free convection air flow rate (W/K) Autosize
Free convection air flow rate sizing factor 0.100
Basin heater capacity (W/K) 0.0
Basin heater setpoint temperature ('C) 2.00
(4 Basin heater operating schedule On 247
Blowdown calculation mode 1-Concentration ratio
Blowdown concentration ratio 3.000
Capacny control 1-Fan cycling

I Multi-cell tower

Multi-speed/Variable Speed Drive (VSD) fan is the pre-
ferred method of capacity control for cooling towers. By
matching the fan motor speeds to the required heat rejec-
tion, multi-speed/VSD cooling towers can significantly
reduce energy consumption for heat rejection.

Step 6: Perform annual energy simulation and record the
results.

Save the simulation model to be used in the next tutorial.
Compare results for both cases (Table 8.4).
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Table 8.4 Energy consumption for single speed and double
speed cooling tower fans

Annual energy consumption (kWh)

Single speed Double speed
End-use components  cooling tower fan  cooling tower fan

Room electricity 153,342.90 153,342.90
Lighting 221,613.80 221,613.80
System fans 95,181.46 95,181.46
System pumps 165,284.00 165,284.00
Heating (electricity) 52,254.34 52,254.34
Cooling (electricity)  202,158.00 202,158.00
Heat rejection 82,768.20 28,458.18

You can observe from the results that there is a sig-
nificant reduction in energy consumption under heat
rejection.

TUTORIAL 8.5 Evaluating the impact of condenser
water pump with VSD

GOAL

To evaluate the impact of using VSD with a condenser
water pump on the building energy consumption.

WHAT ARE YOU GOING TO LEARN?
* Modelling VSD on the condenser water pump

PROBLEM STATEMENT

In this tutorial, you are going to use the double speed model
saved in Tutorial 8.4 (50 m X 25 m model with 5 m perim-
eter depth, six floors).

You need to select the following two configurations of the
condenser water pump and find out energy consumption in
both cases:

1. One speed condenser water pump

2. Variable speed condenser water pump

Use FL — MIAMI, USA weather location.
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SOLUTION

Step 1: Open the double speed model saved in Tutorial 8.4.
Expand <HVAC System> in the navigation pane.

Navigate, Site site, Building 1

[

Naviga

Condenser Loop
&5 Zone Group

- Block 1
-6 Zone 1
69 Zone 2
-6 Zone 3
-G Zone 4
@ Zone 5
- Block 11
-6 Zone 1
69 Zone 2
&6 Zone 3
-G Zone 4
-9 Zone 5
- Block 111

Step 2: Click Condenser Loop. It displays a condenser
loop diagram in the Layout tab.

te, Site site, Building 1
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Step 3: Click Condenser Loop Supply Pump. Click
Edit component under the Help tab. The Edit Pump
screen appears.

Pump - Constant Speed

This pump isfixed as Constant s

Decauseine Plantioop has been dfned
as being Constant sper

To change the pump | Iype you must edit

the Plantloop flow type.

When the Cortinuous type is selected, the.
wil ess of of|

i run re ther
T4 Condenser Loop Demand Side there is a load This may have the net
e effect of adding heatto the loop ifno

Erwy Cendeneas Loop Sceoly Shie ‘equipmentis umed on.fthe Intermitent

~ - e optionis selected, the pump wil run atits
® Condenser Loop Supply Pump capaci if a 0ad s sensed and wil shut
offf there isnoloadon the loop.

Step 4: Select Constant speed from the Type drop-down
list. Click OK.

Pump Data

Pump - Constant Speed

This pump is fixed as Constant speed

because the Plant loop has been definec

as being Constant speed

To change the pump type you must edit

Rated power consumption (W) Autosize the Plantloopflow type.

Rated pump head 235241.37 Pump Control type

P.nP G 090 When the Continuous type is selected,

Motor efficiency 2 the pump will run regardiess of whether

Fraction of motor inefficiencies to fluid stre... 0.00 or :\o( “«:;n' is d‘ Glom: n:lls Tl“mnm!
- net effect of adding heat to the loop if no

Pump control type 2atomitent equipment isturned on. fthe

Intermittent option is sueueq the pump

will run atts capacity if a load is sensed

and will shut off if there is no load on the ~

W & Model data <admin>

Step 5: Simulate the model and record the results.

Step 6: Repeat the previous steps to select Variable
speed from the Type drop-down list.

Pump Data

] Pump - Variable Speed

Name Landenserl This pump isﬁudasvarinmsn:: 4
ined as

Type 2-Variable speed being Variable speed.
To change the pump type you must editthe
Rated power consumption (W) Autosize Plantloopflow type.

" 23524137 i MG
Rated pump head (Pa) Theres a choiceof Continuous or
SDI

Motor efficiency 0.80 Intermittent operatic
Fraction of motor inefficiencies to fluid stream  0.00 is definedwith nanmunan

i s ho physical limks of e devica
Minimurn flow rate (m3/s) 0.000000 iiners s no oad o ie 1oopand e pur &
2-Intermittent L| operating intermittently, then the pump can
shutdown. For any other condition such as
the loop having a load andthe pump is
operating intermittently or the pump is
Pump Coeffici continuously operating (regardless of the

- loading condition), the pump will operate and

Pump coeficient 1 0.0000000 select a flow somewhere between
Pump coeficient 2 1.0000000 minimum and madmum limits. n these cases

i it willtry to meet
Pump coefficient 3 0.0000000 the flow request made by demand side
Pump coeficient 4 0.0000000 compor
Autosizable data is shown in blue. This can
either have the text‘autosize’ or numeric data

‘l & Model data <admin>

Step 7: Simulate the model and record the results.
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Table 8.5 Energy consumption for the single speed and
variable speed condenser water pumps

Annual energy consumption (kWh)

Single speed Variable speed

condenser condenser
End-use category water pump water pump
Room electricity 153,342.90 153,342.90
Lighting 221,613.80 221,613.80
System fans 72,965.28 72,965.28
System pumps 235,740.20 110,578.00
Heating (electricity) 8,253.35 8,253.35
Cooling (electricity) 296,225.90 295,302.80
Heat rejection 117,093.10 110,880.00

Compare energy consumption for both cases (Table 8.5).

A reduction in energy consumption under system pumps
can be seen in the case of a variable speed condenser
water pump. A small reduction in energy consumption
for heat rejection can also be seen.

TUTORIAL 8.6 Evaluating the impact of
an air-side economiser
GOAL
To evaluate the impact of an air-side economiser on build-
ing energy performance.
WHAT ARE YOU GOING TO LEARN?

e Modelling the air-side economiser (free cooling system)

PROBLEM STATEMENT

In this tutorial, you are going to use the variable flow model
saved in Tutorial 8.3 (50 m X 25 m model with 5 m perim-
eter depth, six floors).

Model the unitary HVAC system with the following options
for the air-side economiser:

1. None

2. Fixed dry bulb temperature based

3. Fixed enthalpy based
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Find the change in energy consumption for all three cases.

Use New Delhi/Palam, India weather location. The cli-
mate of New Delhi is a monsoon-influenced humid sub-
tropical climate with high variation between summer and
winter in terms of both temperature and rainfall. The tem-
perature varies from 46°C in summers to around 0°C in
winters.

An economiser is an adjustable fresh air intake unit that
can draw up to 100% outside air when the outside air is
cooler than the temperature inside the building and not
humid, thereby providing free cooling.

Air-side economisers in HVAC can save energy in build-
ings by using cool outside air to cool the indoor space.
When the temperature and/or enthalpy of the outside air
is less than the temperature/enthalpy of the recirculated
air, conditioning the outside air is more energy efficient
than conditioning recirculated air. When the outside air is
both sufficiently cool and dry (depending on the climate),
no additional conditioning is required; this portion of the
air-side economiser control scheme is called free cooling.

SOLUTION
Step 1: Open the variable flow model saved in Tutorial 8.3.
Step 2: Click Air Loop AHU. Click Edit component
under the Help tab. The Air handling unit Data screen
appears.

Navigate, Site site, Building 1 Info, Help

HE 4P Air Handling Unit
= The AHU consists of afan
S ste component (constant or variable
& @ Building 1 volume) with options for a chillec
T <HUAC Symems> ‘water cooing co a heating col
. A Loop (Mot st or ey an
A o Demand Side evaporalve cooler and a
2 The fan can be configured as
& {2 A Loop AHU L1 eitherDlowthrough (where itis
T placed before allof the coils) or
CHW Loop “dray ¥ (wher t placed
CHW Loop 1 A after the coils
Condenser Loop An exract fan can optionall be
[ Zone Group included
&9 Bhock1 > - === || ousside air system
© @ Zone 1 Outdoor air control provides
© G Zone 2 outdoor airfor ventilation with
& Zone 3 optional for free cooling (hrougt
1G9 Zone 4 ) ar

bypassing an ai-to-air heat
exchanger) whenever possitie.
The outdoor air controler
&6 Zone 1 includes a number of
user-selectable limt controls. I

o
4
g
7

rate is setto the minimum.

Illzgmmnmml

<@ Componert block 1
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Step 3: Select the Outdoor Air System tab.

Air handling unit Data

oot oo |

Recirculation

On

Minimum outdoor air flow rate (m3/s) Autosize

Maximum outdoor air flow rate (m3/s) Autosize

Minimum limit type 2-Fixed minimum -
Economiser control type 2-Fixed dry bulb <
Lockouttype 1-No lockout hd

Economiser control action type 1-Modulate flow
Outdoor Dry-Bulb Temperature Low Limit Control
[ Outdoor dry-bulb temperature low limit control
door Dry-Bulb Temperature High Limit Control
Outdoor dry-bulb temperature high limit control
Economiser maximum limit dry bulb temperature (°... 21.11
Outdoor Enthalpy High Limit Control
[ Outdoor enthalpy high limit control
Outdoor Dew Paint Temperature High Limit Control
[ Outdoor dew point temperature high limit control

Time of Day Economiser Overide Contral Schedule
IOn
Humidity Control

Outdoor Air Schedules
Demand Controlled Ventilation
Heat Recovery
Pre-Treatment

Step 4: Select No economiser from the Economiser
control type drop-down menu under Economiser (Free
Cooling).

7| | | Outside Air System
Outdoor air control provides
e < - outdoor air for ventilation with
Minimum outdoor air flow rate (m3/s) optional for free cooling (through
Maximum outdoor air flow rate (m3/s) Autosize addtional outdoor air and/or

Al o . = bypassing an air-to-air heat
Minimum limit typs 2-Fixed minimum exchanger) whenever possible.

Economiser (Free Caoling) Y The outdoor air controller includes

- , anumber of user-selectable limit
Economiser control type controls. If any of the selected

Outdoor Air Schedules limits are exceeded, the outdoor
Demand Controlled Ventilation airflowrate is setto the minimum.

Heat Recovery Autosizable data is shown in blue.
S This can either have the text

Pre-Treatment ‘autosize’ or numeric data. In the
case where "autosize' is entered
EnergyPlus will calculate an
appropriate value before the
simulation based on the sing
data provided.

;’ o Model data <admin> Help. J L Cancel I 0K I

Step 5: Simulate the model and record the results.

Repeat the previous steps to select the fixed dry bulb
air-side economiser control type.



286 BUILDING ENERGY SIMULATION

Step 6: Select Fixed dry bulb from the Economiser
control type drop-down menu under Economiser (Free
Cooling).

Edit Air handling unit -
Air handling unit Data

Minimum outdoor air flow rete (m3/s) Autosize
Meximum outdaor eirflow rate (m3/s) Autosize
2-Fixed minimum

Economiserconol ype 2-Fixed cry bulb
Lockouttype G Tockout
Economiser control action type 1-Modulate flow

El Outdoor diy-bulb temperature high it control
Economiss mesdnim frk e b iempsrsiae (0 Binieksesxalis sebe

Cm ) om w]

Step 7: Simulate the model and record the results.

Repeat the previous steps to select fixed enthalpy air-side
economiser control type.

Step 8: Select Fixed enthalpy from the Economiser con-
trol type drop-down menu under Economiser (Free
Cooling).

Enthalpy is the total heat content of the air. This covers
the combined effect of temperature and humidity.

‘ Air handling unit Data
| General | Outdoor Ar System
Recirculation Outside Air System

M0on Outdoor air control provides
‘outdoor air for ventilation with
Minimur outdoor air flow rate (m3/s) Autosize optional for free cooling (through

Maximum outdoor air flow rate (m3/s) Autosize
Minimum limit type 2-Fixed minimum

Economiser control type

Lockouttype irtsare exceeded the oudor
Economiser control action' -Modulate flow setto the minimum.

is entered

simulation based on the seing
data provided.

EOutdoor entialpy highlimt ool
Economiser maximum limit enthalpy (J/ka) 50000.00

I & Model data <admin> Help. Cancel l OK |‘
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Table 8.6 Energy consumption for no, fixed DBT and fixed
enthalpy-based economisers

Annual energy consumption (kWh)

Fixed dry bulb Fixed

No temperature-based enthalpy-based

End-use category economiser economiser economiser
Room electricity  153,342.90  153,342.90 153,342.90
Lighting 221,613.80 221,613.80 221,613.80
System fans 92,796.03 92,794.31 92,793.84
System pumps 244,590.30  196,796.50 196,773.80
Heating 29,138.51 33,129.39 33,129.37
(electricity)

Cooling 313,250.80  289,159.50 288,984.30
(electricity)

Heat rejection 80,399.58 80,292.47 80,233.80

Step 9: Simulate the model and record the results.
Compare the results (Table 8.6).

You can observe that application of free cooling leads
to reduction in annual cooling energy consumption.
Enthalpy type air-side economiser leads to higher energy
savings as compared to a dry bulb type economiser.
There is a reduction in energy consumption of all the
HVAC components, namely, cooling, pumps and heat
rejection.

Save the model with no economiser for use in further
tutorials.

Exercise

Compare the energy savings in Miami, Florida and London
Gatwick using both types of air-side economisers.
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TUTORIAL 8.7 Evaluating the impact of supply
air fan operation mode during
unoccupied hours

GOAL

To evaluate the impact of fan operation mode during unoc-
cupied hours on energy consumption.

WHAT ARE YOU GOING TO LEARN?

e Changing fan operation mode during unoccupied hours
PROBLEM STATEMENT

In this tutorial, you are going to use the No economiser
model saved in Tutorial 8.6 (50 m X 25 m model with 5 m
perimeter depth, six floors).

You need to simulate the model with the following two
options for New Delhi/Palam, India weather location for
supply air fan operation:

1. Stay off
2. Cycle on any

Find energy consumption in both cases.

Applicability schedule (night cycle)

This schedule determines whether or not for a given time
period this mechanism is to be applied. Schedule values
greater than zero (usually I is used) indicate the night
cycle mechanism is to be applied, whereas schedule val-
ues less than or equal to zero (usually O is used) denote
that it is not used for this time period.

Control type
The possible inputs are as follows:

e Stay off means that the night cycle mechanism will
have no effect — AHU on/off will be determined by
the fan schedule.

¢ Cycle on any means that if any zone served by the
air loop incorporating this AHU has an air tempera-
ture outside the cooling or heating setpoints, the
central fan will turn on even though the fan sched-
ule indicates the fan is off.

(Continued)
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This setting is used to enable cycling of an air system when
one or more zones become too hot or too cold. A com-
mon requirement for this mechanism is where the AHU is
turned off at night. However, if the building gets too cold,
there might be condensation on the walls and other dam-
age. Thus, the control system is usually programmed to
turn the system on if either a specified control thermostat
or any thermostat shows a zone temperature of less than
a nighttime setpoint. Similarly, there might be a concern
about a building getting too hot. Again the control system
is programmed to turn the AHU back on if one or any
zone temperature exceeds a nighttime cooling setpoint.

This mechanism offers considerable flexibility in deter-
mining how the nighttime on/off decision will be made.
The temperature in one specific zone may be used or the
temperatures in all the zones connected to the AHU may
be sampled. You can specify a temperature tolerance and
a run time for the system once it switches on. There is
also an applicability schedule for scheduling when this
mechanism may be applied.

Source: http://www.designbuilder.co.uk/
helpv4.7/#Generic_ AHU.htm?Highlight=Generic
Air Handling Unit (AHU)

Heating setback setpoint temperature

Some buildings require a low level of heating during
unoccupied periods to avoid condensation/frost damage
or to prevent the building from becoming too cold and to
reduce peak heating requirements at start-up. Enter the
setpoint temperature to be used at nighttime, weekends
and other holidays during the heating season.

Cooling setback setpoint temperature

Some buildings require a low level of cooling during unoc-
cupied periods to prevent the building from becoming too
hot and to reduce the start-up cooling load the next morn-
ing. Enter the setpoint temperature to be used at nighttime,
weekends and other holidays during the cooling season.

Source: http://www.designbuilder.co.uk/helpv4.7/
Content/_Environmental_comfort.htm


http://www.designbuilder.co.uk/helpv4.7/Content/_Environmental_comfort.htm
http://www.designbuilder.co.uk/helpv4.7/Content/_Environmental_comfort.htm
http://www.designbuilder.co.uk/helpv4.7/#Generic_AHU.htm?Highlight=Generic
http://www.designbuilder.co.uk/helpv4.7/#Generic_AHU.htm?Highlight=Generic
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SOLUTION

Step 1: Open the fixed dry bulb model saved in
Tutorial 8.6. Enter 8.0 in Heating set back (°C) and 35.0
in Cooling set back (°C) text boxes in the Activity tab.

Layout | Activity | C { Openings | Lighting | HVAC { E i Outputs | CFD
[ Activity Template Y
A Template Generic Office Area
.Sedor B1 Offices and YWorkshop businesses
Zone multiplier 1

Include zone in thermal calculations

Include zone in Radiance daylighting calculations
¥: Floor Areas and Volumes
i'; Occupancy
Density (people/m2) 01110
(4 Schedule Office_OpenOff_Occ

s Metabolic

Generic Contaminant Generation
¢ Holidays
1}, Environmental Control

Heating Setpoint Temperatures

{ Heating ('C) 22.0
{ Heating setback (‘C) 150 |
Cooling Setpoint Temperatures ¥

{ Coaling ('C)
{ Cooling sethack ('C)
Humidity Control

Step 2: Click Air Loop AHU in the navigation tree.
Click Edit component under the Help tab. The Edit Air
handling unit screen appears.

INavigate, Site site, Building 1 Info, Help

Air Handling Unit
The AHU consists of afan

humidfier.
‘The fan can be configured as
either blowthrougl (where itis.
placed before allof the coils) or
‘draw-through' (where it placed
after the coils).

AN extract fan can optionaly be
included

¥

e.
‘Outdoor air control provides
outdoor air for ventiiation with
optional for free cooling (through
addtional outdoor air andlor
bypassing an air-to-air heat
exchanger) whenever possitle.
air controller

¥

user-selectable limit controls. If
any of the selected limis ar

s
re
low
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Step 3: Under the Night Cycle section, select Stay off
from the Control type drop down menu and select 8:00 -
18:00 Mon - Fri under the Operation section and make
sure Heat Recovery check box is clear under Outdoor
Air System tab.

Il Air handling unit Data

1| || Air Handling Unit (AHU)

A AH The AHU consists of a fan component
A ir Loop AHU (constant or variabie volume) with
2Variable volume ~ || options for a chilled water cooling coil, a

Resins i walr f o an

| I evaporative cooler and a humidifier.

7 ; The fan can be configured as either
(i3Availability schedule 8:00-18:00 Mon - Fri e (e e b Tioan
Night Cycle all ofthe colls) or draw-througtt (where

& 0n it placed after the coils).

[t Applicability schedule On 2: ﬁlr&m? fan can optionally be
Contolype 1Stay off 3| ] Autosizable data is shown n biue. This

Thermostat tolerance (deltaC) 1.000 can either have the text ‘autosize' or

Kt numeric data.In the case where
ing run time (5 1800.000 “autosize' s entered EnergyPlus wil
calculate an appropriate value before

the simulation based on the sizing data
[ Include extract fan e

Mpxed Mode Zone Equipment 3
[ Mixed mode on

ll5 Model dota cadmin> e |

Step 4: Simulate the model and record the results.

Step 5: Repeat the previous steps to select Cycle on
any from the Control type drop down menu and select
8:00 - 18:00 Mon - Fri under the Operation section.

Air Handling Unit (AHU)

; The AHU conssts of a fan componert
e ERE (constant or variable volume) wi
i 2-Variable volume = |} options for a chilled water cooling coil,
i . Adosito aheating coil (ot water or electic) an
DesinieUpphalulonEElw/e) ||| evaporative cooler and a humidifier.

s ; - The fan can be configured as either
{3 Availability schedule 8:00-18:00 Mon - Fri “blowthrough’ (where itis placed
Night Cycle F4|| | before allof the coils) or
“draw-through’ (where it placed after
on ‘draw
— the coils).
(23 Applicabilty schedule R oo
Control type included.
Thermostattolerance (deltaC) 1 Autosizable data is shown in biue.
) 1800.000 This can either have the text ‘autosize’

o | | ornumeric data. In the case where
“autosize is entered EnergyPlus will

be

Include extractfan calculate an appropriate value before
= - = | I the simulation based onthe sizing
Mixed Mode Zone Equipment | e ot

[ Mixed mode on

& Model data <admin> [ Heb ][ Cancel ] I”_‘I‘

Step 6: Simulate the model and record the results.
Compare the results (Table 8.7).

You can observe that there is an increase in systems
fans, cooling and heating energy consumption. This is
due to the reason that when the Cycle on any option is
selected, fan runs for additional duration in unoccupied
hours.
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Table 8.7 Energy consumption in changing supply air fan
operating mode

Annual energy consumption (kWh)

End-use categories Stay off Cycle on any
Room electricity 153,342.90 153,342.90
Lighting 221,613.80 221,613.80
System fans 36,524.22 61,160.97
System pumps 4,894.60 11,862.04
Heating (electricity) 161.73 32,574.40
Cooling (electricity) 149,971.20 258,275.00
Heat rejection 17,444.70 40,430.50

Codes such as ASHRAE 90.1-2010 Appendix G, requires
that schedules for HVAC fans, which provide outdoor air
for ventilation, shall run continuously whenever spaces
are occupied and shall be cycled on and off to meet heat-
ing and cooling loads during unoccupied hours.

TUTORIAL 8.8 Evaluating the impact of heat recovery
between fresh and exhaust air
GOAL

To evaluate the impact of recovering heat between fresh air
intake and exhaust on building energy performance.

WHAT ARE YOU GOING TO LEARN?

* Modelling the heat recovery system

PROBLEM STATEMENT

In this tutorial, you are going to use the air-cooled chiller
model saved in Tutorial 8.1 (50 m X 25 m model with 5 m
perimeter depth, six floors).

You need to simulate the model with the following three
options:

1. No heat recovery

2. Sensible heat recovery

3. Enthalpy-based heat recovery
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Find out energy for all the cases.

Use New Delhi/Palam, India weather location.

Energy recovery ventilation is the energy recovery pro-
cess of exchanging the energy contained in air exhausted
from building or space air and using it to treat (precon-
dition) the incoming outdoor ventilation air in HVAC
systems. Air-to-air energy recovery reduces energy use
and can significantly reduce heating and cooling system
sizes. The driving force behind the exchange is the differ-
ence in temperatures between the opposing air streams,
which is also called the thermal gradient.

Supply fresh air with
heat recovery

&=
iy

Part of return air at
room temperature for
exhaust

Cold outside air

-
EEE)

Exhaust air

There are two types of heat recovery:

1. Sensible

2. Enthalpy (The enthalpy of moist and humid air
includes the enthalpy of the dry air — the sensible heat and
the enthalpy of the evaporated water — the latent heat.)

Sensible heat recovery is possible by the use of fixed plate
heat exchangers. A fixed plate heat exchanger has no mov-
ing parts, and consists of alternating layers of plates that
are separated and sealed. Typical flow is cross current, and
since the majority of plates are solid and non-permeable,
sensible only transfer is the result. Sensible heat recovery
is also possible through a rotating wheel heat exchanger.

Enthalpy heat recovery is possible by the use of a rotating
wheel heat exchanger. Rotating wheel heat exchanger is
composed of a rotating cylinder filled with an air permeable
material resulting in a large surface area. The surface area
is the medium for the sensible energy transfer. As the wheel

(Continued)
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rotates between the ventilation and exhaust air streams,
it picks up heat energy and releases it into the colder air
stream.

The enthalpy exchange is accomplished through the use
of desiccants. Desiccants transfer moisture through the
process of adsorption that is predominantly driven by
the difference in the partial pressure of vapour within the
opposing air streams. Typical desiccants consist of silica
gel and molecular sieves.

Source: http://www.designbuilder.co.uk/helpv4.7/
Content/Unitary_Heat_Recovery.htm

SOLUTION

Step 1: Open the air-cooled chiller model saved in
Tutorial 8.1. Select the Activity tab. Enter 7.100 in
the Fresh air (I/s-person) text box in the Minimum
Fresh Air tab and select 24x7 Generic Office Area as
Template.

@ Activity Template

& Template 24x7 Generic Office Area
@ Sector Omers - Miscenaneous 2anr activities
Zone multiplier 1

Include zone in thermal calculations

Include zone in Radiance daylighting calculations
r: Floor Areas and Volumes
i; Occupancy

Density (people/m2) 0.0951

(4 Schedule Ware_24x7CellOff_Occ
5 Metabolic

Generic Contaminant Generation

!1. Environmental Control
Heating Setpoint Temperatures

§ Heating ('C)
§ Heating setback (‘'C)

Cooling Setpoint Temperatures

§ Cooling (‘'C)

§ Cooling setback ('C)
Humidity Control
Ventilation Setpoint Temperatures
Minimum Fresh Air

Fresh air (Ifs-person)
Mech vent per area (I/s-m2)



http://www.designbuilder.co.uk/helpv4.7/Content/Unitary_Heat_Recovery.htm
http://www.designbuilder.co.uk/helpv4.7/Content/Unitary_Heat_Recovery.htm
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Step 2: Click Air Loop AHU in the navigation tree.
Click Edit component under the Help tab. The Edit Air
Handling Unit Data screen appears.

Info, Help
Ste
JE<4»2 Air Handling Unit
EATESTEE—— The AHU consists ofafan
Site. ‘component (constant or variable
EQ Building 1 te ol i, a he i':a‘g:;ﬂ
water cooing col, a heating
=5 VAL St (ot water or electric) an
&% Air Loop evaporative cooler and a
| I - humidfier.

The fan can be configured as

either ‘Dlowthrough (where itis

placed before all of the coils) or
3 itplaced

@ %, CHW Loop

% HW Loop.

5 Zone Group
-9 Component block 1

“draw-through' (
afterthe coils).
An extract fan can optionally be.
included.

Ouside Air Sys

Outdoor air control provides

bypassing an air-to-air heat
exchanger) whenever possible
The outdoor aif controller
includes a number of
user-selectable limit controls. If
any of the selected imts are
exceeded, the outdoor airflow.
= 5

Step 3: Select the Outdoor Air System tab. Select the
On checkbox under Heat Recovery. Make sure that
Plate is selected from the Heat exchanger type drop-
down list.

Air handling unit Data

Recirculation
On
Minimum outdoor air flow rate (m3/s) Autosize
Maximum outdoor air flow rate (m3/s) Autosize

Minimum limit type 2-Fixed minimum =

Economiser (Free Cooling) ¥
Economiser control type 1-No economizer

Outdoor Air Schedules

Nominal supply air flow rate (m3/s) Autosize
Nominal electric power (W) 0.000
i 1-No >
Heat exchanger type I-H:he & |
Economiser lockout 1-Yes v
Effectiveness ¥
Sensible ¥
at75% Heating air flow 0.750
at75% Cooling air flow 0.750
at100% Heating air flow 0.700
at100% Cooling air flow 0.700
at 75% Heating air flow 0.000
at75% Cooling air flow 0.000
at100% Heating air flow 0.000
at100% Cuolini air flow 0.000
Frost control type 1-None v
(13 Availability schedule 0On 24/7

Pre-Treatment » I
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Step 4: Click HW Loop in the navigation tree. Click
Edit loop data under the Help tab. The Edit Plant loop
screen appears.

avigate, Site site, Building 1 Tnfo, Help

e
SQE4d» 2 Hot WaterLoop.

From Hot Water loop level you can

a4 se navigateto a supply or demand
(=4 Building 1 ‘sub-loop.
2] AL Sy
) i Go lo supply sub 100p
e # Goto suppy b loopwhereyou

an configure Dolers and related
pUMps and sek-point managers.

@ loop where
you an connect the hot water 100p.
o consumers of hot waler such as.
heating colls,raciators and DHW
water heaters.

-
5 2] A Loop AHU
1= Ai Loop Selpint Manager

op
i Loop Demand Side * %)
Loop Supply Side. :

op Suppl =

O you can edt details ofthe plant

I:mmm I

- Conpanent bock 1

Step 5: Select Off 24/7 in the Availability schedule.
Click OK.

Plant loop Data Help

Gener | Pont Enpment Operton | s
General Hot Water Loop
Name HW Loop The Hot water loop consists of:

f K + Supply sub loopwhich
RMERED 1 Weler i Dlp more boilers,
Plant loop volume (m3) Autocalculate a pump anda setpoint

Flow Type controller
-Vari + Demand sub loopwhich
o owiype Zforiskle flow distributes the hqpl water to
- - ‘water heating coils, heated
Meximum loop temperature (‘C) 100.00 floors, radiators efc.

Minimum loop temperature (‘C) 10.00 This dialog covers the sizing and| |
gpersion datasof e avean

= loop.
Maximum loop flow rate (m3/s) Autosize Dt baton o
Minimum loop flow rate (m3/s) 0.000000 [§| The Load Distribution Scheme

Load distribution scheme 1-Sequential :s:‘:ﬁ;geazlezr’ﬂmﬁ? ::on i
Plantloop demand calculation scheme 1-SingleSetPoint order to meet the plant loop
e here 3 gt

Design loop exittemperature ('C) 80.00 « ‘Sequential’ uses each piece
o " 10.00 of equipment to its madmum
Loop design temperature difference (deltaC) . part load ratio and will operatt
the last re?:lr;’d ple?"; of
ilabili equipment between
(4 Availability schedule minimum and maxmum part

Outside Temperature Operation
[ Outside temperature operation

loadratio in order to meet the
loop demand

« 'Optimar operates each piece ~

& Model data <admin> Help coce J| ok |

Step 6: Simulate the model and record the results.

Step 7: Select Rotary from the Heat exchanger type
drop-down list. Enter 0.70 under Latent effectiveness.
Click OK.
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Air handling unit Data
Outdoor Air System

Recirculation ¥
On
Minimum outdoor air flow rate (m3/s) Autosize
Maximum outdoor air flow rate (m3/s) Autosize
Minimum limit type 2-Fixed minimum <
Economiser (Free Cooling) ¥
Economiser control type 1-No econorizer <

Outdoor Air Schedules
Demand Controlled Ventilation
Heat Recovery
[ 0On
General ¥
Nominal supply air flow rate (m3/s) Autosize
Nominal electric power (W) 0.000
Supply air outlet temperature control =No <
Heat exchanger type
Economiser lockout
Effectiveness
Sensible
at 75% Heating air flow 0.750
at 75% Cooling air flow 0.750
at100% Heating air flow 0.700
at100% Cooling air flow 0.700

«| «

at 75% Heating air flow
at 75% Cooling air flow
at100% Heating air flow

at100% Cooling air flow
Frost Control

Frost control type 1-None o
Heat Recovery Operation ¥

(14 Availability schedule On 247
Pre-Treatment »

Step 8: Simulate the model and record the results.

Step 9: Simulate the model and record the results with-
out heat recovery. You can do it by clearing the On
check box under the Heat Recovery section. Click OK.

Compare the results (Table 8.8).

Outside Air System
Outdoor air control provides outdoor air for

. ventilation with optional for free cooling
Minimum outdoor air flow rate (m3/s) Autosize (through additional outdoor air andlor
i i i bypassing an air-to-air heat exchanger)
Maximum outdoor air flow rate (m3/s) T whenever possible. The outdoor air controller
2-Fixed minimum includes a number of user-selectable limit
controls. If any of the selected limits are
exceeded, the outdoor airflow rate is setto
the minimum.
Autosizable data is shown in blue. This can
either have the text ‘autosize’ or numeric
data. In the case where ‘autosize' is entered
EnergyPlus will calculate an appropriate
value before the simulation based on the
sizing data provided.

1-No economizer




298 BUILDING ENERGY SIMULATION

Table 8.8 Effect of exhaust air heat recovery in the HVAC system

Annual energy consumption (kWh)

Sensible heat  Enthalpy heat

None recovery recovery
Room electricity 271,405.70  271,405.70 271,405.70
Lighting 619,839.30  619,839.30 619,839.30
System fans 186,069.30  186,036.80 186,031.70
System pumps 2,306.85 2,264.16 1,989.80

Cooling (electricity)  630,411.30  613,200.20 578,378.80

You can observe that there is a decrease in cooling
energy consumption with sensible heat recovery. Use of
enthalpy heat recovery gives higher savings.

Generally, there is an increase in fan energy consump-
tion with the heat recovery system. This is due to the
increase in static pressure of the fan for the heat recov-
ery wheel. To model this effect in the compact option,
you need to change the fan pressure rise.

Building an air conditioning system requires fresh air
supply to maintain indoor air quality. There are differ-
ent standards such as ASHRAE 60.1-2010 that specify
minimum fresh air requirements in different space types.
In a cold climate, the temperature of fresh air is lower
than the exhaust air (which is nearly at the room tem-
perature). Bringing fresh air temperature from low to
room temperature requires heating energy. Similarly, in
hot climates bringing fresh air temperature from hot to
room temperature requires cooling energy. Recovering
heat/coolth from outgoing air offers energy saving
opportunity.
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Nominal electric power

This is the electric consumption rate of the device (W).
Electric power is considered constant whenever the unit
operates. This numeric input can be used to model elec-
tric power consumption by controls (transformers, relays,
etc.) and/or a motor for a rotary heat exchanger. None of
this electric power contributes thermal load to the supply
or exhaust air streams. The default value for this field is 0.

Economiser lockout

This input denotes whether the heat exchanger unit is
locked out (bypassed for plate type heat exchangers or
the rotation is suspended for rotary type heat exchang-
ers) when the air-side economiser is operating. Both the
economiser and high humidity control activate the heat
exchanger lockout as specified by this input. The input
choices are Yes (meaning locked out) or No.

Sensible effectiveness at 100% heating air flow

The sensible heat exchange effectiveness at the heating
condition defined in the above table with both the supply
and exhaust air volume flow rates is equal to 100% of
the nominal supply air flow rate specified in the previous
input field. The default value for this field is 0.

Latent effectiveness at 100% heating air flow

The latent heat exchange effectiveness at the heating con-
dition defined in the Operating Conditions for Defining
Heat Exchanger Performance table with both the supply
and exhaust air volume flow rates is equal to 100% of the
nominal supply air flow rate. Specify this value as 0.0 if
the heat exchanger does not transfer latent energy. The
default value for this field is 0.

Sensible effectiveness at 75% heating air flow

The sensible heat exchange effectiveness at the heating
condition defined in the Operating Conditions for Defining
Heat Exchanger Performance table with both the supply and
exhaust air volume flow rates is equal to 75% of the nominal
supply air flow rate. The default value for this field is 0.

Latent effectiveness at 75% heating air flow
The latent heat exchange effectiveness at the heating con-
dition defined in the Operating Conditions for Defining

(Continued)
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Heat Exchanger Performance table with both the supply
and exhaust air volume flow rates is equal to 75% of the
nominal supply air flow rate. Specify this value as 0.0 if
the heat exchanger does not transfer latent energy. The
default value for this field is 0.

Sensible effectiveness at 100% cooling air flow

The sensible heat exchange effectiveness at the cooling
condition defined in the Operating Conditions for Defining
Heat Exchanger Performance table with both the supply and
exhaust air volume flow rates is equal to 100% of the nominal
supply air flow rate. The default value for this setting is 0.

Latent effectiveness at 100% cooling air flow

The latent heat exchange effectiveness at the cooling con-
dition defined in the Operating Conditions for Defining
Heat Exchanger Performance table with both the supply
and exhaust air volume flow rates is equal to 100% of the
nominal supply air flow rate. Specify this value as 0.0 if
the heat exchanger does not transfer latent energy. The
default value for this setting is 0.

Sensible effectiveness at 75% cooling air flow

The sensible heat exchange effectiveness at the cool-
ing condition defined in the Operating Conditions for
Defining Heat Exchanger Performance table with both
the supply and exhaust air volume flow rates is equal to
75% of the nominal supply air flow rate. The default value
for this setting is 0.

Latent effectiveness at 75% cooling air flow

The latent heat exchange effectiveness at the cooling con-
dition defined in the Operating Conditions for Defining
Heat Exchanger Performance table with both the supply
and exhaust air volume flow rates is equal to 75% of the
nominal supply air flow rate. Specify this value as 0.0 if
the heat exchanger does not transfer latent energy. The
default value for this field is 0.

Source: http://www.designbuilder.
co.uk/helpv4.7/#Generic_AHU.
htm?Highlight=Generic AHU.htm


http://www.designbuilder.co.uk/helpv4.7/#Generic_AHU.htm?Highlight=GenericAHU.htm
http://www.designbuilder.co.uk/helpv4.7/#Generic_AHU.htm?Highlight=GenericAHU.htm
http://www.designbuilder.co.uk/helpv4.7/#Generic_AHU.htm?Highlight=GenericAHU.htm
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Exercise

Repeat the tutorial for Montreal, Canada climate.

TUTORIAL 8.9 Evaluating the impact of boiler
nominal thermal efficiency

GOAL

To evaluate the impact of boiler efficiency on building
energy performance.

WHAT ARE YOU GOING TO LEARN?
* Changing boiler efficiency

PROBLEM STATEMENT

In this tutorial, you are going to use the air-cooled chiller
model saved in Tutorial 8.1 (50 m X 25 m model with 5 m
perimeter depth, six floors).

You need to simulate the model with the following boiler
efficiencies ranging from 0.89 to 0.95 in increment of 0.02.
Find out energy consumption for all the cases.

Use PARIS-AEROPORT CHAR, France weather location.

Nominal thermal efficiency

This is the heating efficiency (as a fraction between 0 and 1)
of the boiler’s burner relative to the higher heating value
(HHV) of fuel at a part load ratio of 1.0. Manufacturers
typically specify the efficiency of a boiler using the higher
heating value of the fuel. For the rare occurrences when a
manufacturer’s (or particular data set) thermal efficiency is
based on the lower heating value (LHV) of the fuel, multiply
the thermal efficiency by the lower-to-higher heating value
ratio. For example, assume that a fuel’s lower and higher
heating values are approximately 45,450 and 50,000 kJ/kg,
respectively. For a manufacturer’s thermal efficiency rating
of 0.90 (based on the LHV), the nominal thermal efficiency
entered here is 0.82 (i.e. 0.9 multiplied by 45,450/50,000).

Heating value: The amount of heat produced by a com-
plete combustion of fuel and it is measured as a unit of
energy per unit mass or volume of substance (e.g. kcal/kg,
kJ/kg, J/mol and Btu/m?).

(Continued)
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HHYV is defined as the gross calorific value, defined as
the amount of heat released when fuel is combusted and
the products have returned to a temperature of 25°C. The
heat of condensation of the water is included in the total
measured heat.

The LHYV is defined as the net calorific value and is deter-
mined by subtracting the heat of vaporization of water
vapour (generated during combustion of fuel) from the HHV.

Source: http://www.designbuilder.
co.uk/helpv4.7/#Boilers.htm

SOLUTION

Step 1: Open the simulation model created in Tutorial 8.1
with an air-cooled chiller. Click HW Loop.

Step 2: Click HW Loop Supply Side.

HW Loop Demand Side

= Boiler

4= HW Loop Setpoint Manager
® HW Loop Supply Pump

3 Zone Group

Block 1

Zone 1

Zone 2

Zone 3 4

—

Zone 4
Zone 5
lock 11
Zone 1
Zone 2
Zone 3
Zone 4
Zone 5
lock 111
Zone 1

" S

HW Loop Suply Splitter HW Loop Sugply Mixer

o)

W Loop Supply P
Zone 2 HW Loop Supply Pump

Zone 3
Zone 4
Zone 5
Component block 1

Jeeeeedrennndrneneada R

[ —

Step 3: Click Boiler. Click Edit component under the
Help tab. The Edit Hot Water Boiler screen appears.

[Navigate, Site site, Building 1 Info, Help

Ste
ﬂ."g Boiler

Boilers provide hot water to hot
=2

accurately represent performance.
The boiler flow mode is fixed at the.
Hot water loop level soif you want
to change this you must edit Hot
‘water loop data,

pply Side

i

£ob Setpoint Manager

® HW Loop Supply Pump
3 Zone Group

-9 Block 1
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Step 4: Enter 0.890 in the Nominal thermal efficiency
text box under the Efficiency subtab.

Hot Water Boiler
General G
il Boilers provide hot water to hot water
Mo Boler s heating cols, hot water radators,
|, Boilertemplate Gas-fired condensing boiler heatedfloors, baseboards etc. The
1-Natural gas - fuel consumed by the boiler is
il We o . g calculated using a nominalthermal
Nominal capacity (W) Autosize efficiency value in combination with a
Boiler flow mode 3-Not modulated = normalised efficiency performance
s o curve to accurately represent
Parasitic electric load (W) 25.000 performance.
Sizing factor 1.00 The boiler flow mode s fixed atthe
Efficiency ¥ Hot water loop level soif you wantto
Nominal thermel efficiency } ‘ 0.890 pes fg‘:;‘g:l:“s HouReteMHictwaed
Eficiency curve lustion varieble L ™ ||} Autosizable data is shown in biue.

[ |Normalized boiler efficiency curve

Watar Outlet

Design water flow rate (m3/s) Autosize
PartLoad Ratios ¥

Minimum partload ratio
Maximum part load ratio
Optimum partload ratio

CondensingBoilerEff

This can either have the text

¥ ‘autosize’ or numeric data. In the
case where 'autosize' is entered
EnergyPlus will calculate an
appropriate value before the
simulation based on the sizing data
provided.

0.000
1.000
1.000

B G Model data <admin> [ Hep
|

Heating gas (kWh)

Step 5: Simulate the model and record the results.

Step 6: Repeat the previous steps to simulate the model
with 0.91, 0.93 and 0.95 nominal thermal efficiencies

(Table 8.9).

430,000
425,000
420,000
415,000
410,000
405,000
400,000
395,000
390,000
385,000

380,000 0.89

0.91 0.93
Boiler nominal thermal efficiency

0.95
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Table 8.9 Energy consumption with change in nominal thermal

efficiency

Annual energy consumption (kWh)
End-use
category 0.89 0.91 0.93 0.95
Room 153,342.90 153,342.90 153,342.90 153,342.90
electricity
Lighting 221,613.80 221,613.80 221,613.80 221,613.80
System fans 128,277.70  128,277.70 128,277.70 128,277.70
System pumps 419.34 419.34 419.34 419.34
Heating (gas)  423,825.50 414,510.70 405,596.40 397,057.60
Cooling 255,680.80 255,680.80 255,680.80 255,680.80

(electricity)




CHAPTER NINE

Simulation Parameters

This chapter will help you to understand the nuances of
simulation engine settings that not only affect the accuracy
of calculations but also affect the run time of a model. This
becomes very important especially for large building models.
Three concepts covered in this chapter are time step, which
may be treated analogous to the least count of the model,
method of calculation for energy balance and the algorithm
for convective heat transfer in various building components.
Simulation tools offer freedom to choose a smaller time step
at the cost of a significant increase in running time. Similarly,
the calculation method and convection algorithm are also
associated with the accuracy of calculation at the cost of run
time. These tutorials help in understanding the methods as
well as the extent of difference that is obtained in the results
while using different approaches. This information can be
useful to the simulator to decide the appropriate simulation
setting as per the availability of computing power, time and
requirement of accuracy.
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TUTORIAL 9.1 Evaluating the impact of time
steps per hour on run time

GOAL

To evaluate the change in simulation run time with the
change in time steps per hour.

WHAT ARE YOU GOING TO LEARN?
* Changing time steps per hour

PROBLEM STATEMENT

In this tutorial, you are going to use the water-cooled chiller
model saved in Tutorial 8.1 (50 m X 25 m model with 5 m
perimeter depth, six floors).

You are going to use the following time steps per hour:
2, 10, 30 and 60.

Find the change in energy consumption and run time for
all cases.

Use Brisbane Aero, Australia weather location.

Simulation time steps define the interval at which the
heat transfer calculations are performed. In EnergyPlus
(which is the simulation engine of DesignBuilder), this
minimum time step is 1, which means that the heat trans-
fer and load calculation are performed on an hourly basis.
The maximum number of time steps that can be assigned
is 60, which means the calculations are performed for
every minute. The allowed options for time steps are 1, 2,
3,4,5,6, 10, 15, 20, 30 and 60. The higher the number of
time steps, the more precise are the results.

Source: http://www.designbuilder.co.uk/
helpv4.7/Content/Calculation_Options.htm

Caution: Note the difference between simulation time steps,
simulation period (also called run period) and run time. A run
period is the time of the year for which the calculation should
be performed, whereas time step is the frequency at which
these calculations are performed. Further, run time is the time
taken for performing energy simulation. Run time depends
on several factors such as the complexity of the model, the
speed of the computer hardware, run period and the time step.
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SOLUTION

Step 1: Open the simulation model saved in Tutorial 8.1.
Select the Simulation tab. The Edit Calculation
Options screen appears.

Step 2: Select the Options tab.

Calculation Description
These options control the simulation and the
output produced.

Simulation Period

Select the start and end days for the simulation,
or select a typical period:

Simulation Period

Start month
To

<« KRN «| «

I End day 31 2
I End month Dec o
M| OutputIntervals for Reporting M &
| Monthly and annual
|| [ Deily
| O Hourly
|| O Sub-hourly Interval
I Monthly and annual output is
generatedand daily, hourly and sub-hourly data
I can selected by checking the appropriate boxes.
Note that selecting output at hourly or sub-hourly
f data >
[ Don't show this dialog nexttime [ Hep ][ cancet ][ 0K |

Step 3: Select 2 from the Time steps per hour drop-
down list and click OK.

Calculation Options Data

Simulation method
Time steps per hour el
Temperature control In general, increasing the number of timesteps.
impraiss sccuracy bt sows e smusion and
O Include all buildings in shading calcs Subhouty inteval)
[ Model reflections and shading of ground reflected solar ‘Solar Distribution
Solar distribution 2-Full exterior Solar distribution should generally be set to Full
A exterior’ as this provides a good compromise
Shadowing interval (de 20 Jj| between accuracy and versatity.
Note that the *Full interior and exterior" option
Advanced only works for convex shaped zones (zones
whose surfaces can all ‘see’ each other).
Include ail buildings
Check the Include al buildings in shading calcs'if
you want to use the surfaces of other buildings on
the ste to shade the current buildngin the
simulation.

m [ Don't show this dialog nexttime _ Hep ) [ concel oK

Step 4: Perform annual simulation and note down the
results for energy and run time.
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How to record the run time:

After the simulation is complete, open the eplusout.err
file from the EnergyPlus folder. You can use any text
editor to view this file.

File | Edit Go Tools Help
[ New project Ctrl+N B‘
g Open project Ctrl+O
Save > | Libraries
Import * i | size (k.

‘ Print Radiance folder
Exit Alt+F4 Weather data folder
Library data folder

18.8 No heat recovery_New.dsb
2 8.6 Fixed Dry bulb_New.dsb
31.11.dsb

"~

Template projects folder

Diagnostic files folder

P yrrvey
B Cilaa\ Clianiar © ND 61

an e~ [ LT i“ cnA
At the end of the file, you can find Elapsed Time.

You need to record the elapsed time.

Source: http://www.designbuilder.co.uk/
helpv4.7/Content/_DesignBuilder_files_

location_and_extensions.htm

Step 5: Repeat the previous steps for the time steps 10,
30 and 60.

Compare the run time for all the cases (Table 9.1).
7:12
6:00
4:48
3:36

2:24

0:00
10 30

Time steps per hour

60
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Table 9.1 Variation of annual energy consumption with
variation in time steps

Time steps ~ Time Time steps

Time steps 10 per steps 30 60 per

2 per hour hour per hour hour
Run time 0:24 1:15 2:59 5:43
(min)
Room 153,342.9 153,342.9  153,342.9  153,342.9
electricity
Lighting 221,613.8 221,613.8  221,613.8 221,613.8
System fans 132,544 133,927.5 134,233.3  134,310.2
System 8,179.506 8,246.28 8,260.38 8,264.02
pumps
Heating (gas) 80,341.41 85,960.33  87,098.55  87,375.35
Cooling 231,246.2 232,903.3 2332532 233,372.8
(electricity)
Heat 53,253.13 55,180.27  55,330.14  55,359.05
rejection

You can observe from the results that as the number of
time steps per hour increases, the simulation run time
also increases. You can also observe a slight change in
the HVAC energy consumption due to the change in the
resolution of energy calculations. Please note that since
the above-mentioned run times depend on the system
configuration, your results might differ from the ones
shown above. However, the trend would remain the
same. In most cases, the difference in the results is very
less, of the order of 1%; hence, unless necessary, use of
smaller time steps is not recommended.

Save the simulation model with time steps 2 per hour to
use in subsequent tutorials.
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TUTORIAL 9.2 Evaluating the impact of the solar
distribution algorithm

GOAL

To evaluate the impact of the solar distribution algorithm
on energy consumption and simulation run time.

WHAT ARE YOU GOING TO LEARN?
* Changing the solar distribution algorithm

PROBLEM STATEMENT

In this tutorial, you are going to use the time steps 2 per
hour as the model saved in Tutorial 9.1 (50 m X 25 m model
with 5 m perimeter depth, six floors). Add 1 m overhang on
all the windows.

You need to select the following solar distribution:

a. Full exterior

b. Minimal shading
Find the change in energy consumption for both cases.

Use AZ — PHOENIX/SKY HARBOR, Arizona, USA
weather location.

This option determines how EnergyPlus treats beam solar
radiation and reflectance from exterior surfaces that strike
the building and, ultimately, enter the zone.

(1) Minimal shadowing: in this case, there is no exte-
rior shadowing except from window and door reveals.
All beam solar radiation entering the zone is assumed
to fall on the floor, where it is absorbed according to
the floor’s solar absorptance. Any reflected by the floor
is added to the transmitted diffuse radiation, which is
assumed to be uniformly distributed on all interior sur-
faces. If no floor is present in the zone, the incident
beam solar radiation is absorbed on all interior surfaces
according to their absorptances. The zone heat balance
is then applied at each surface and on the zone’s air
with the absorbed radiation being treated as a flux on
the surface.

(Continued)
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(2) Full exterior: in this case, shadow patterns on
exterior surfaces caused by detached shading, wings,
overhangs, and exterior surfaces of all zones are com-
puted. As for Minimal shadowing, shadowing by win-
dow and door reveals is also calculated. Beam solar
radiation entering the zone is treated as for ‘Minimal
shadowing’—all beam solar radiation entering the zone
is assumed to fall on the floor, where it is absorbed
according to the floor’s solar absorptance. Any reflected
by the floor is added to the transmitted diffuse radiation,
which is distributed among interior surfaces according
to view factors. If no floor is present in the zone, the
incident beam solar radiation is absorbed on all interior
surfaces according to their absorptance.

(3) Full interior and exterior: this is the same as Full
exterior except that instead of assuming all transmitted
beam solar falls on the floor the program calculates the
amount of beam radiation falling on each surface in the
zone, including floor, walls and windows, by project-
ing the sun’s rays through the exterior windows, taking
into account the effect of exterior shadowing surfaces
and window shading devices. If this option is used,
you should be sure that the surfaces of the zone totally
enclose a space. This can be determined by viewing the
eplusout.dxf file with an external DXF viewer program.

Source: http://www.designbuilder.co.uk/
helpv4.7/#Solar_Options.htm

SOLUTION

Step 1: Open the simulation model saved in Tutorial 9.1
with time steps per hour as 2.

Step 2: Select the Openings tab. Select the Local
Shading check box in the Shading section. Select 1.0 m
Overhang as Type.
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Site, Building 1

[ Activiy |
@ Glazing Template ¥
Gp Template Project glazing template
w External Windows ¥
(@) Glazing type Project external glazing
diLayout Preferred height 1.5m, 30% glazed
Dimensions ¥
Type 3-Preferred height <
Window to wall % 30.00
Window height (m) 1.50
Window spacing (m) 5.00
Sill height (m) 0.80

Frame and Dividers

Shading
[ Window shading

Local shading
= Type 1.0m Overhang

AI(IIU\N LUNUUL WINQUws
Free Aperure
¥ Internal Windows

&) Sloped Roof Windows/Skylights
| | Doors

Step 3: Select the HVAC tab and select Detailed HVAC
detail under Info, Help.

Info, Help

Help | Datc |

HVAC Data
/9 Detailed HVAC detail

When using Detailed HVAC the HVAC
systemis defined using components and
the data on the HVAC tab is used for:

To access HVAC data click on the <HVAC
System=> navigator node

Detailed HVAC Activity Data

The "Detailed HVAC Activity data™ model
option set to "2-Detailed HVAC", so the data
on the HVAC tab is used as follows:

« Heating and Cooling design calculations

« Naturalventilation and Temperatute
distribution data are usedfor
Simulations

Step 4: Click Simple under the HVAC slider.
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Model Options Data

Data Options

Model options template

Simple HVAC

- 5 HVM:sysmnmodﬂndmmﬂlcmlud
o Detilea  CoRSHOR calculated from loads using seasonal
HVAC sizing 3-Autosize <
Simple HVAC autosize method 1-EnergyPlus 57
Specify Simple/Design HVAC details
Auxiliary energy calculations 2-Separate fans and pumps b4
Mechanical ventilation method 2-ldeal loads b4
Natural Ventilation and Infiltration ¥
Natural ventilation Scheduled ventilation
4 Ventilation is defined as an air-change rate modified by an
Scheduled Calculateq  OPEration scheduie and controlied using a set-point
temnaratins
Infiltration units 1-acth <

BIM Surfaces »

Step 5: Select the Simulation tab. The Edit Calculation
Options screen appears.

Step 6: Select the Options tab. Expand the Solar section.
Select Full exterior from the Solar distribution drop-
down list. Click OK.

Calculation Options Data

Calculation Options Calculation Options

-

<«

i 1-E | These options can also be
Simulation method nerayPlus accessed ffomhe Model Opto
Time steps per hour 2 dialog.

Temperature control 1-Air temperature Time steps

Solar

In general, increasing the numb:
of timesteps improves accuracy
but slows the simulation (and

generates more data if output is

O Include all buildings in shading calcs
[ Model reflections and shading of ground reflected solar

. K hourl,
Solar distribution 2-Full exterior 2 :‘:l%‘:v?l)e CetteEIE oy
Shadowing interval (days) Solar Distribution
Solar distibution should genera
be setto Full exterior as this
- [ Don't show this dialog nexttime Help. g Cancel I 0K I

Step 7: Simulate the model and record the results for
energy and simulation run time.

Step 8: Select the Summary tab and click Table of
Contents.
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Site, Building 1

Program Version:EnergyPlus, Version 8.3.0-6d97d074ea,
YMD=2016.04.07 09:49

Tabular Output Report in Format: HTML
Building: Building

Environment: SITE (01-01:31-12) ** Phoenix Sky Harbor Intl Ap AZ USA TMY3
WMO#=722780

Simulation Timestamp: 2016-04-07 09:49:46

Step 9: Click the Sensible Heat Gain Summary link.

Site, Building 1

Table of Contents

Top

Annual Building Utility Performance Summary
Input Verification and Results Summary
Demand End Use Components Summary
Component Szing Summary

Climatic Data Summary

Envelope Summary

Lighting Summary

Equipment Summary

HVAC Sizing Summary

System Summary

Qutdoor Air Summary

Sensible Heat Gain Summary

Step 10: Copy the table Annual Building Sensible Heat
Gain Components to a spreadsheet program. (You need
to select the table and right click and select copy and
paste in the spreadsheet.)

—

e

e —
R e e s e o o o T e P =
| BT I N S T e T e S TR e B
el e e R
o R i iy wdD i OB TR W R TR

GROUND:ZONES 0994 61.908. 0000 0.000 5817 20288 14.038|  48.210. 0.000 5.281 0.003) 0.000 10466 0.000 9710 12.544)
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Step 11: Repeat the previous steps to select Minimal shad-
owing from the Solar distribution drop-down list.

Calculation Options Data

Options | Output | Simulation Manager

Calculation Options Y
Simulation method 1-EnergyPlus <
Time steps per hour 2 2
Temperature control 1-Air temperature M

Solar 7
[ Include all buildings in shading calcs
[1 Model reflections and shading of ground re r
Solar distribution i 1-Minimal shadowing v
Shadowing interval (days)

Advanced »

Step 12: Click OK. Record the results.

Compare results for both simulations (Tables 9.2
and 9.3).

It can be observed from the results that with the Minimal
shading option, there is an increase in the HVAC energy
consumption, as there is no exterior shadowing consid-
ered in the calculations except from window and door
reveals.

The results also show that the window heat gain is lesser
with Full exterior. This is because the shadow patterns on
the exterior surface caused by overhangs and exterior sur-
faces are taken into account for calculations.

Table 9.2 Variation of annual energy consumption with
variation in local shading

Annual fuel breakdown

consumption (kWh)
Full exterior Minimal shading
Run time 0:16 0:14
Room electricity 153,342.90 153,342.90
Lighting 221,613.80 221,613.80
Heating (gas) 10,616.47 8,836.53
Cooling (electricity) 256,906.00 287,547.30

DHW (electricity) 13,875.00 13,875.00
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Table 9.3 Heat gains from window

Window heat addition (GJ)

Minimal Full exterior
Ground: West 72.42 48.44
Ground: North 57.40 51.35
Ground: East 71.50 47.74
Ground: South 169.90 96.46
Ground: Core - -
Middle: West 68.29 45.60
Middle: North 53.42 47.73
Middle: East 67.08 44.72
Middle: South 161.26 91.53
Middle: Core - -
Top: West 69.19 46.11
Top: North 54.05 47.96
Top: East 68.17 45.24
Top: South 162.27 91.54
Top: Core - -
Total facility 1,074.94 704.41

Save the model to use in the next tutorial.

Exercise 9.1

Repeat the above tutorial for the Full interior and exterior solar

distribution algorithm.

TUTORIAL 9.3  Evaluating the impact of the
solution algorithm

GOAL

To evaluate the building energy performance and the run
time with the change in the solution algorithm.

WHAT ARE YOU GOING TO LEARN?
* Changing the solution algorithm

PROBLEM STATEMENT

In this tutorial, you are going to use the simulation model
saved in Tutorial 9.1 with time steps per hour as 2.

You need to select the following algorithms:

1. Conduction Transfer Function

2. Finite Difference



CHAPTER NINE SIMULATION PARAMETERS 317

Find the change in energy consumption with both cases.

Use AZ — PHOENIX/SKY HARBOR, Arizona, USA
weather location.

CTF: the default method used in EnergyPlus for CTF
calculations is known as the state space method. CTF is a
sensible heat-only solution not taking into account mois-
ture storage or diffusion in the construction elements.

Finite Difference: this solution technique uses a 1-D
finite difference solution in the construction elements.
It is a sensible heat-only solution and does not take into
account moisture storage or diffusion in the construction
elements.

Finite Difference Settings

The settings below are required when the general solution
algorithm is set to 2-Finite Difference or if any construc-
tions used in the simulation override the general setting
to use the Finite Difference algorithm.

Difference Scheme

This field determines the solution scheme used by the
Conduction Finite Difference model.

There are two options:

(1) Fully implicit first-order scheme, which is first order
in time and is more stable over time. But it may be slower
than option 2.

(2) Crank Nicholson second order, which is second order
in time and may be faster than option 1, but it can be
unstable over time when boundary conditions change
abruptly and severely.

Source: http://www.designbuilder.co.uk/helpv4.7/
Content/Advanced_Calculation_Options.htm

SOLUTION

Step 1: Open the simulation model saved in Tutorial 9.1
with time steps per hour as 2. Select the Simulation tab.

Step 2: Select the Options tab and expand the Advanced
section.
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Calculation Options Data

Calculation Options 5
Simulation method 1-EnergyPlus <
Time steps per hour 2 <
Temperature control 1-Air temperature @

[ Include all buildings in shading calcs
[ Model reflections and shading of ground reflected solar
Solar distribution 2-Full exterior @
Shadowing interval (days) 20
Detailed HVAC Autosizing »
Advanced

Step 3: Select Conduction Transfer Function from the
Solution algorithm drop-down list.

Simulation method 1-EnerayPlus -
Time steps per hour 2 -
“Temperature control 1-Air temperature -

Calculation Options

D include all buildings in shading calcs

I Model reflections and shading of ground reflected solar

Solar distribution 2Full exterior -
ingi (da 20

ral Solution
Solution algorithm

1-Conduction Transfer Function

[ Allow individual constructions to override solution method
Finite Difference Setings

Finite difference scheme 1-Fully implicit first order S
Space discretization constant 3.00

Relexation factor 1.000
Inside face surface temperature convergence criteria 0.0020
Airflow Natwork

Maximun iterations 1000
Absolute airlow convergence tolerance (ka/s) 0.000001000
Relative airflow convergence tolerance 0.000100000

Inside convection elgorithm
Outside convection algorithm 6-DOE-2

Step 4: Simulate the model and record the results.

Step 5: Repeat previous steps and select Finite Differ-
ence from the Solution algorithm drop-down list.

Simulation method 1-EnerayPlus <
Time steps per hour 2 ©
Temperature control 1-Air temperature ©

O Include all buildings in shading calcs

[ Model reflections and shading of ground reflected solar

Solar distribution 2-Full exterior 5
Shadowing interval (days) 20

Detailed HYAC Autosizing

General Solution

Solution algorithm 2-Finite Difference
[4 Allow individual constructions to override solution method
Finite difference scheme 1-Fully implicit first order -
Space discretization constant 3.00
Relaxation factor 1.000
Inside face surface temperature convergence criteria 0.0020
Airflow Network

Maximum iterations 1000

Absolute airflow convergence tolerance (kg/s) 0.000001000

Relative airflow convergence tolerance 0.000100000
Convection

Inside convection algorithm 6-TARP =
Outside convection algorithm 6-DOE-2 o
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Table 9.4 Variation in simulation run time with variation in the
solution algorithm

Annual fuel breakdown consumption (kWh)

Conduction Finite Difference (fully
Transfer Function  implicit first order)

Run time 0:27 3:57
Room electricity 153,342.90 153,342.90
Lighting 221,613.30 221,613.80
System fans 155,002.60 156,511.60
System pumps 7,939.26 8,021.31
Heating (electricity) 101,686.90 106,023.80
Cooling (electricity)  230,764.70 232,707.50
Heat rejection 51,146.54 51,847.43

Step 6: Simulate the model and record the results.
Compare the results for both simulations (Table 9.4).

It can be seen from the results that with the Finite Difference
method there is an increase in the simulation run time.

TUTORIAL 9.4 Evaluating the effect of the inside
convection algorithm
GOAL

To evaluate building energy performance with the change
in the inside convection algorithm.

WHAT ARE YOU GOING TO LEARN?
e Changing the inside convection algorithm

PROBLEM STATEMENT

In this tutorial, you are going to use the simulation model
saved in Tutorial 9.1 with time steps per hour as 2.

You are going to select the following algorithms:

1. Adaptive convection
2. Simple
3. CIBSE
4. TARP

Find the change in energy consumption for all cases.

Use PARIS-AEROPORT CHAR, France weather location.
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Inside convection algorithm

You can select from six main EnergyPlus inside convec-
tion algorithms for calculating the convection between
internal zone surfaces and the rest of the zone air in the
simulation calculations. Unless you have a good reason to
do so, you are advised to use the default TARP convec-
tion algorithm.

1-Adaptive convection algorithm: this advanced
option provides a dynamic selection of convection
models based on conditions. Beausoleil-Morrison
(2000, 2002) developed a methodology for dynami-
cally managing the selection of /. equations, called
the adaptive convection algorithm. The algorithm
is used to select among the available %, equations
for the one that is most appropriate for a given sur-
face at a given time. As Beausoleil-Morrison notes,
the adaptive convection algorithm is intended to be
expanded and altered to reflect different classifica-
tion schemes and/or new £ equations. The adaptive
convection algorithm implemented in EnergyPlus
for the inside face has a total of 45 different cat-
egories for surfaces and 29 different options for
h. equation selections. The tables provided in the
Engineering document summarize the categories
and the default assignments for £, equations.

2-Simple: the simple convection model uses con-
stant coefficients for different heat transfer con-
figurations, using the criteria to determine reduced
and enhanced convections. The coefficients are
taken directly from Walton (1983). Walton derived
his coefficients from the surface conductance for
€ = 0.90 found in the ASHRAE Handbook (1985)
in Table 1 on p. 23.2. The radiative heat transfer
component was estimated at 1.02 * 0.9 = 0.918
BTU/h ft> F and then subtracted off. Finally, the
coefficients were converted to SI units to yield the
following values. For a vertical surface, i, = 3.076.
For a horizontal surface with reduced convection,
h, = 0.948. For a horizontal surface with enhanced
convection, h, = 4.040. For a tilted surface with

(Continued)
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reduced convection, 4, = 2.281. For a tilted surface
with enhanced convection, i, = 3.870.

* 3-CIBSE: applies constant heat transfer coefficient
derived from traditional CIBSE values.

e 4-Ceiling diffuser: a mixed and forced convection
model for ceiling diffuser configurations. The model
correlates the heat transfer coefficient to the air change
rate for ceilings, walls and floors. The ceiling diffuser
algorithm is based on empirical correlations developed
by Fisher and Pedersen (1997). The correlation was
reformulated to use the room outlet temperature as
the reference temperature. The correlations are shown
below. For floors, . = 3.873 4+ 0.082 X ACH ” 0.98.
For ceilings, h, = 2.234 + 4.099 x ACH ” 0.503. For
walls, h, = 1.208 + 1.012 X ACH * 0.604.

e 5-Cavity: this algorithm was developed to model
convection in a ‘“Trombe wall zone’ that is the air
space between the storage wall surface and the exte-
rior glazing. (See the later sections on Passive and
Active Trombe Walls below for more information
about Trombe walls.) The algorithm is identical to
the convection model (based on ISO 15099) used in
Window5 for convection between glazing layers in
multipane window systems. The use of the algorithm
for modelling an unvented Trombe wall has been
validated against experimental data by Ellis (2003).
This algorithm gives the convection coefficients for
air in a narrow vertical cavity that is sealed and not
ventilated. This applies both to the air gap in between
panes of a window and to the air gap between the
Trombe wall glazing and the inner surface (often a
selective surface). These convection coefficients are
really the only difference between a normal zone and
a Trombe zone. See also the note below.

* 6-TARP: based on variable natural convec-
tion based on the temperature difference from
ASHRAE algorithms. This is the same as the old
‘Detailed’ Inside convection algorithm provided in
earlier versions of DesignBuilder.

Source: http://www.designbuilder.co.uk/
helpv4.7/Content/Surface_Convection.htm
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SOLUTION

Step 1: Open the simulation model saved in Tutorial 9.1
with time steps per hour as 2.

Step 2: Select the Simulation tab.

Step 3: Select the Options tab and expand the Advanced
section.

Calculation Options Data

General §lOptions [§Output lation Manag
Ll
Calculation Options ¥
Simulation method 1-EnergyPlus v
Time steps per hour 2 -
Temperature control 1-Air temperature <
Solar

[ Include all buildings in shading calcs
[ Model reflections and shading of ground reflected solar
Solar distribution 2-Full exterior -

Shadowing interval (days) 20
Detailed HVAC Auto >
Advanced I

Step 4: Select Adaptive Convection Algorithm from
the Inside convection algorithm drop-down list in the
Convection section.

Calculation Options Data

Solar distribution 2-Full exterior v ;l
Shadowing interval (days) 20
> Autosizing

Advanced

General Solution
Solution algorithm 1-Conduction Transfer Function
Allow individual constructions to ovenide solution method

Finite difference scheme 1-Fully implicitfirst order
Space discretization constant 3.00
Relaxation factor 1.000
Inside face surface temperature convergence criteria 0.0020
Airflow Network ¥
Maximum iterations 1000

0.000001000

0.000100000

Convection ¥
Inside convection algorithm 1-AdaptiveConvectionAlgorithm <
Outside convection algorithm b-DOE-Z <
Minimum number of warmup days 6 Tl
Maximum number of warmup days 25
Temperature convergence tolerance 0.400000
Loads convergence tolerance 0.040000

Step 5: Click OK and note down the results.
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Table 9.5 Variation in simulation run time with variation in the
inside convection algorithm

Annual fuel breakdown consumption (kWh)

Adaptive
convection
algorithm  Simple CIBSE TARP

Run time (min) 0.27 0.22 0.19 0.20
Room 153,342.90 153,342.90 153,342.90 153,342.90
electricity

Lighting 221,613.80 221,613.80 221,613.80 221,613.80

System fans 122,129.20 131,199.00 134,431.30 128,277.70
System pumps 421591 4.,841.64 5,136.61 4,664.57
Heating (gas)  417,841.00 437,897.80 440,730.00 423,825.50
Cooling 86,390.53  98,280.73 102,366.10  94,650.77
(electricity)

Heat rejection 26,360.16  30,413.91  31,752.80 29,144.83

Step 6: Repeat the previous steps for Simple, CIBSE
and TARP from the Inside convection algorithm drop-
down list.

Compare the results for simulations (Table 9.5).

Difference in the HVAC energy consumption and the run
time while using different algorithms can be noted from
the above table.

Exercise 9.2

Repeat the above tutorial to evaluate the building energy per-
formance with the change in the outside convection algorithm.

You need to select the following algorithms:
1. Adaptive convection
2. Simple combined

3. TARP
4. DOE-2

Use PARIS-AEROPORT CHAR, France weather location.
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TUTORIAL 9.5 Evaluating the impact of the
shadowing interval

GOAL

To evaluate the impact of the shadowing interval on the
building energy consumption.

WHAT ARE YOU GOING TO LEARN?

* Changing the shadowing interval

PROBLEM STATEMENT

In this tutorial, you are going to use the simulation model
saved in Tutorial 9.2 with Full exterior.

You are going to simulate the model for the following
intervals:

5, 10, 20 and 30 days

Use New Delhi/Palam, India weather location.

Shadowing interval is important for determining the
amount of sun entering your building and by inference
the amount of cooling or heating load needed for main-
taining the building. Though termed ‘shadowing’ cal-
culations, it in effect determines the sun’s position on a
particular day in a weather file period simulation. (Each
design day will use the date of the design day object.)
Even though weather file data contain the amount of solar
radiation, the internal calculation of the sun’s position
will govern how it affects various parts of the building.

By default, the calculations are done for every 20 days
throughout a weather run period; an average solar posi-
tion is chosen and the solar factors (such as sunlit areas
of surfaces) remain the same for that number of days.
More integrated calculations are needed for controlling
dynamic windows or shades.

Source: EnergyPlus InputOutput Reference
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SOLUTION
Step 1: Open the simulation model saved in Tutorial 9.2.
Step 2: Select the Simulation tab.
Step 3: Select the Options tab.

Calculation Options Data

| General || Options || Output | Simulation Manages

Calculation Options Y
Simulation method 1-EnerayPlus -
Time steps per hour 2 -
Temperature control 1-Air temperature -

[ Include all buildings in shading calcs
[ Model reflections and shading of ground reflected solar

Solar distribution 2-Full exterior >
Shadowing interval (days) 20

Step 4: Type 5 in the Shadowing interval (days).

Calculation Options Data
Options | Outpus |

Calculation Options || | Calculation Options o

7 12E =] = These options can also be accessed
S{mUIE‘“D” method [y from the Model Options dialog.
Time steps per hour 2 b g

Temperature control 1-Air temperature ' In general, increasing the number of

Hmestepsimprores sccracy it
o 5 slows the simulation (and generates.
[ Include all buildings in shading calcs more data if output is requestedat the
[ Model reflections and shading of ground reflected solar | || 'sub-hourly interval).
Solar distribution ZEnllovton = gol'ﬂ’d;mh'w i 0 i ot

. o olar lon should general e
Shadowing interval (days) 5 setto 'Full exterior’ as this provides a
good etween
and versatility. -

| [ Don't show this dialog nexttime & Help | | Cancel I 0K I
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Step 5: Simulate the model and record the results.

Step 6: Repeat previous steps for shading intervals of 10,
20 and 30 days.

Compare the data for all the cases (Table 9.6).

Table 9.6 Variation in simulation run time with variation in the
shadowing interval

Annual fuel breakdown data

Shading interval

End use

component 5 days 10 days 20 days 30 days
Run time (min) 0:18 0.15 0.14 0.13
Room electricity  153,342.90 153,342.90 153,342.90 153,342.90
Lighting 221,613.80 221,613.80 221,613.80 221,613.80
Heating (gas) 10,568.76  10,578.89 10,616.47 10,658.09
Cooling 256,742.50 256,770.60 256,906.00 256,897.60
(electricity)

DHW 13,875.00 13,875.00 13,875.00 13,875.00

(electricity)




CHAPTER TEN

Natural Ventilation

The method of simulating natural ventilation is somewhat
different from that of simulating HVAC components. Natural
ventilation is often achieved either using windows or using
ventilation fans. Simulation tools can model both the cases
and can predict the thermal conditions of indoors. Mixed-
mode buildings, which use both natural ventilation when
ambient conditions are moderate and HVAC system when it
is harsh, can also be modelled by defining the opening of
windows and operation of HVAC in the simulation model.
In this chapter, the method of modelling naturally ventilated
buildings is explained through six tutorials. Various aspects
of modelling of natural ventilation, such as how to define
window opening, how to define scheduled opening and clos-
ing of windows and the impact of window opening on indoor
conditions are explained. Design issues such as the size of the
openable window and the temperature-controlled automatic
opening of windows are also discussed.

327
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TUTORIAL 10.1 Evaluating the impact of wind
speed on natural ventilation
GOAL

To evaluate the impact of the change in wind speed on ven-
tilation rate.

WHAT ARE YOU GOING TO LEARN?
* Modelling natural ventilation

* Defining glazing area openings for natural ventilation

There are two general approaches to natural ventilation
and infiltration modelling in DesignBuilder depending on
the setting of the Natural ventilation model option:

* Scheduled in which the natural ventilation change
rate is explicitly defined for each zone in terms of a
maximum ACH value and a schedule, and infiltra-
tion air change rate is defined by a constant ACH
value. A range of control options are provided.

e Calculated where natural ventilation and infiltra-
tion are calculated based on window openings,
cracks, buoyancy and wind-driven pressure differ-
ences, crack dimensions and so on. Control options
are provided.

Source: http://www.designbuilder.co.uk/helpv4.7/
Content/_Natural_ventilation_modelling.htm

PROBLEM STATEMENT

In this tutorial, you are going to use a 10 m X 10 m single-
zone model.

Find zone air changes for the model with natural ventilation.
Use New Delhi/Safdarjung, India weather location.

SOLUTION

Step 1: Open a new blank project file and create a
10 m x 10 m single-zone building. Select the Activity tab.


http://www.designbuilder.co.uk/helpv4.7/Content/_Natural_ventilation_modelling.htm
http://www.designbuilder.co.uk/helpv4.7/Content/_Natural_ventilation_modelling.htm

CHAPTER TEN NATURAL VENTILATION 329

<D

Step 2: Select the 24X7 Generic Office Area template.

Set Fresh air (I/s-person) and Mech vent per area (I/s-
m?) to 0.

Site, Building 1

[ Activity Template o -
Template
@ sector Others - Miscellaneous 24hr activities
Zone multiplier 1

Include zone in thermal calculations
clude zone in Radiance daylighting calculations
¥: Floor Areas and Volumes
i; Occupancy
= Metabolic
Generic Contaminant Generation
¢ Holidays
t~ DHW
11 Environmental Contral
Heating Setpoint Temperatures

Cooling Setpoint Temperatures
Humidity Control

Ventilation Setpoint Temperatures
Minimum Fresh Air

Fresh air (|/s-person)

Mech vent per area (I/s-m2)
Lighting
Computers

O0On

Step 3: Select the HVAC tab. Select the Natural
ventilation — No Heating/Cooling template.

Site, Building 1

0 HVAC Template

3yTemplore
(2 Mechanical Ventilation
O0n
3 - Auxiliary Energy ¥
Pump etc energy (W/m2) 0.0000

24 Schedule Office_OpenOff_Occ
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Step 4: Click Simple under the Help tab.

Info, Help

Edit Heating/Cooling System

4% simple HVAC detail

Usingldeal Loads for mechanical ventilation

Use this screen to edit the building-wide heating,
cooling and mechanical ventilation system defaults
and the buidings'installed heating plant.

You can set the fuel used by the boiler andthe
boilers' seasonal efficiency (average over the A
year). =

Step 5: Click Calculated under Natural ventilation.
Click OK.

Model Options Data

Data Detail (Buiqu Data) ~

Use this dialog to configure the mods!
detailto your requirements.
‘The descriptions to the right nﬂnu
siders, taken logether, rov
ey of e Carer moc cetad

sewe

You can use the scope control o switch

etwsen whdke bulding and'singiezone
Simple HVAC modes. To model a sngle-zone witi

s building make sure you are editing th
A caluaied from lads uaing sessonaleffcences 2o you wano model and Changetne
i e Leaeed || see $

Ww sizing ) 3-Autosize c«nmm e
Simple HVAC autosize method 1-EnergyPlus | gl The ‘Construction and alaz!nn’ model
[ Specity Simple/Design HVAC details aptonconrol n way constucton
Ausiliery energy calculations 2-Separate fans and purps Whet e optnis el - doag
Mechanical ventilation method 2-Ideal loads You can select the construction tempiate
Natural Ventilation and Infiltrafion usingthe Insulalion and Thermal mass

‘slider controls.
Naturai ventiation [ Coleutated ventiaiion s
Data
L e e There are three levels of gains model
o G detait

Infiltration units T-ach d

Aimihmass method 1-Template slider =

 Lumped- all internal gains are
lumped together into a single value.

« Early- gains canbe defined g
seoardely under variniis cateaories

Step 6: Click the Options sub-section in the Natural
Ventilation section and select Constant for the External
control mode and Internal control mode drop-down lists.

72 Natural Ventilation ¥
On
Outside air definition method 1-By zone -
Outside air (ac/h) 5.000
Operation

(4 Schedule Ware_24x7CellOff_Occ
Outdoor Temperature Limits

Delta T Limits
Delta T and Wind Speed Coefficients

Wind factor 100
External control mode 4-Constant -
Internal control mode 4-Constant -

[0 Modulate opening areas
Mixed Mode Zone Equipment 2
[ Mixed mode on ~
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Constant — Whenever an opening’s operation schedule
allows venting, all of the zone’s openable windows and
doors are open, independent of indoor or outdoor condi-
tions. Note that ‘Constant’ here means that the size of
each opening is fixed while venting; the air flow through
each opening can, of course, vary from time step to
time step. This option allows modelling of a window
that is opened for fresh air regardless of inside/outside
temperature/enthalpy.

Source: http://www.designbuilder.co.uk/
helpv4.7/Content/CalculatedNatVent.htm

Step 7: Select the Opening tab. Set Window to wall % to 20.00.
Click the Free Aperture section. Set % Glazing area opens
to 100.0 and select On 24/7 in Operation schedule.

Site, Building 1

| Layout | Activiy |  cFp |
GpTemplate Project glazing template
w External Windows ¥
() Glazing type Project external glazing
(@Layout Preferred height 1.5m. 30% glazed
Type sbwafered height -
Window to wall %
Window height (m) 1.50
Window spacing (m) 5.00
Sill height (m) 0.80
Reveal v
Outside reveal depth (m) 0.000
Inside reveal depth (m) 0.000

Inside sill depth (m) 0.000
Frame and Dividers
Shading
Airflow Control \Windows
Operation

[(#]Operation schedule On 24;7

Free Apenure

Opening position A-Left

% Glazing area opens
¥ _Intemnal Windows
#) Sloped Roof Windows/Skylights
I 'Doors

Step 8: Perform hourly simulation. After simulation,
click Clear all.

Step 9: Now click the links Fabric and ventilation and
Site from Add Data to record the results for Wind speed
and Mechanical ventilation. Select Grid in the Show as
dropdown list.


http://www.designbuilder.co.uk/helpv4.7/Content/CalculatedNatVent.htm
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' viewthe input data script used in the
simulations. Ifyou do not have the
EnergyPlus IDF editor installed, then you
should associate the .idf file extension with
a text editor to make this option work.

§ showtemperature distribution data

Display Shortcuts:
Clear all

Showall

Add Data:
Gains data

[Ee]
System loads
Fuel total

Fuel breakdown

Site, Building 1

Outside .. [ Mech Vent + Nat Vent + Infilation (sc/h) [wWind Speed (mn/s) [[vir ~
1/1/20021:00:.. 7. I 31403t 1o 2o}
1/1/20022:00... [6.625 4375  |-6.508322 |30.55686 1.625 27
1/1/2002 3.00:... |6.55 385 -5.239213 [33.94604 1.925 261
1/1/2002400... 6225  |3.25 -5.185522 |33.839 1.925 25
1/1/20025:00-.. [6.925  |2.65 -5.269088 |30.90661 175 2
1/1/2002 6:00:... |7.35 1.75 5143509 |40.09126 2375 27
1/1/20027:00.. 7925 [1575  |-4733286 |50.04868 3128 27
1/1/20028:00;.. 9225 1825  |-4.245484 |63.02525 375 28!
1/1/20029:00... [11.25 2725  |-3.668017 |69.73933 39 29;
1/1/2002 10:00...[13.9 3525 |-3.206588 |72.39957 39 201
1/1/2002 11:00...[16.7 3775 |-2612462 [70.12128 39 20:
1/1/200212:00..[19.05  [3125  |-2.062108 |77.15937 4275 20:
1/1720021:00-.. 20425 |23 185321 8052464 4625 29°
11/2002200... 20775  [1125  |-2.247421 [86.45415 4925 29

Export the results to a spreadsheet and plot a scatter graph
between Mech Vent + Nat Vent + Infiltration (ac/h) and
Wind speed (m/s).

250

200 .
150 e .
100

50

Zone air changes (ac/h)
)

0 2 4 6 8 10 12
Wind speed (m/s)
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You can observe that with an increase in wind speed,
there is an increase in zone air change.

Step 10: Repeat the above tutorial with Scheduled under
Natural ventilation.

Model Options Data
Project details
Advanced || Heating Design || Cooling Design
Data Options
Mocdel options template

Construction and Glazing Data
Gains Data.

Draw building + standard data

HVAC Simple HVAC
7 HVAC systems are modelled using |deal Loads,
Simple Compact e (2 eons«::?m calculated from koads using
HVAC sizing 3-Autosize v
Simple HVAC autosize method 1-EnergyPlus -

Specify Simple/Design HVAC details
Auxiliary energy calculations

2-Separate fans and pumps
Mechanical ventilation method

2-ldeal loads %

Natural Ventilation and Infiltration ¥
Natural ventilation Scheduled ventilation
7 Ventilation is defined as an air-change rate modified
Sof Iluled . by an operation schedule and controlied using a
<at-noint
Infiltration units 1-acth i
BIM Surfaces

Scheduled — the ventilation rates are predefined using

a maximum air change rate modified by operation
schedules.

Source: http://www.designbuilder.co.uk/helpv4.7/
Content/ Ventilation_model_detail.htm

Step 11: Select the Activity tab. Clear both Indoor

min and max temperature control checkboxes in the
Natural Ventilation section.


http://www.designbuilder.co.uk/helpv4.7/Content/_Ventilation_model_detail.htm
http://www.designbuilder.co.uk/helpv4.7/Content/_Ventilation_model_detail.htm
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Site, Building 1

[ Layout | Actvity | Construction | Openings | Lighting |

@ Activity Template v
& Template 24x7 Generic Office Area
@ Sector Others - Miscellaneous 24hr activities
Zone multiplier 1

Include zone in thermal calculations
Include zone in Radiance daylighting calculations
¥: Floor Areas and Volumes
i; Occupancy
= Metabolic
Generic Contaminant Generation
¢ Holidays
~ DHW
11 Environmental Control
Heating Setpoint Temperatures
Cooling Setpoint Temperatures
Humidity Control
Ventilation Setpoint Temperatures
Natural Ventilation

[ Indoor min temperature control
[ Indoor max temperature control
Minimum Fresh Air

Fresh air (I/s-person) 0.000
Mech vent per area (I/s-m2)

" Computers

¥ Office Equipment

Step 12: Select the Construction tab. Clear Model
infiltration in the Airtightness section.

Site, Building 1

Construction | Openings | Lighting | HVAC | Generation | outputs | cFD |

! Construction Template

<«

Gp Template Project construction template
= Construction Y
“pExtemal walls Projectwall
<pBelow grade walls Project below grade wall
<pFlatroof Projectflat roof
<pPitched roof (occupied) Project pitched roof
<pPitched roof (unoccupied) Project unoccupied pitched roof

<pinternal partitions
Semi-Exposed
Floors
Sub-Surfaces
Internal Thermal Mass
Component Block

Geometry, Areas and Volumes

Project partition

Surface Convection
Linear Thermal Bridging at Junctions
Airtinhin

[0 Model infiltration

=5 Uost

Step 13: Enter 3.000 for Outside air (ac/h) under the
Natural Ventilation section and select On 24/7 in
the Operation section.
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Site, Building 1

| Layout | Activy | Construction | Openings | Lighting | HvAC

4 Template Natural ventilation - No Heating/Cooli
A9Mechanical Ventilation 5
O0n
Pump etc energy (W/m?2) 0.0000
[t Schedule Office_OpenOff_Occ
[ Heated
[ Cooled
y Humidity Control
a DHW
O 0On
On

Outside air definition method 1-By zone
Outside air (ac/h)

Outdoor Temperature Limits

Delta T Limits

Delta T and Wind Speed Coefficients
Mixed Mode Zone Equipment

Perform hourly simulation and record the results.
35
3 DR N e  ob o © °
2.5
2
L5

Zone air changes (ac/h)

0 2 4 6 8 10 12
Wind speed (m/s)

You may note that there is no change in ventilation rate
with wind speed, since in this option, the ventilation is
fixed.

Exercise 10.1

Repeat the above tutorial for % Glazing area opens to 50.
Plot the chart between zone air changes (ac/h) with Wind speed
(m/s). Observe the change in Air changes per hour.
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TUTORIAL 10.2  Evaluating the impact of natural
ventilation with constant
wind speed and direction
GOAL

To understand the impact of natural ventilation with con-
stant wind and direction.

WHAT ARE YOU GOING TO LEARN?

* Changing the weather data file for wind speed and
direction

PROBLEM STATEMENT
In this tutorial, you are going to use a 10 m X 10 m single-
zone model with a window on the north and south fagades.
You are going to change wind velocity and direction in the
weather file.

*  Wind velocity 1 and 2 m/s

¢ Wind direction 0° (wind from the north to south)

Then simulate the weather file and observe the effect on
Air changes per hour.

Use New Delhi/Safdarjung, India weather location.

SOLUTION
First, you are going to modify the weather data file for wind
speed and direction.
Step 1: Download the weather data for New Delhi from
the following link and download the .epw file.”
Or
Copy from the Weather data folder.
Step 2: Download the following CSV editor tool." (You
can use any csv editor.)
(For this tutorial, we have used CSVed 2.4.)

Step 3: Open the CSV editor tool and select the down-
loaded .epw file of New Delhi weather location.

“ https://energyplus.net/weather-location/asia_wmo_region_2/IND//IND_
New. Delhi.421820_ISHRAE
 http://csved.sjfrancke.nl (by Sam Francke)


https://energyplus.net/weather-location/asia_wmo_region_2/IND//IND_New.Delhi.421820_ISHRAE
https://energyplus.net/weather-location/asia_wmo_region_2/IND//IND_New.Delhi.421820_ISHRAE
http://csved.sjfrancke.nl
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File Edit View Tools Help | §768x10[1]i1]

DUl-@del 90 MNP vAE aQELDX@H |

Navigation | Cliphoard,__]|| Cotumn 1 Column 2 Column 3 Column 5 o1+
Goto Coamy LocaTION New Delns Dens IsaRaz 218
f & DesIoN comprTIoNs 1 Ciimace Design... Heacing .
Gt TYPICAL/EXTREM... 8 Wet Season - W... Typical /14 /2
Column 2 GROUND TEMPERA... 3 .5
Cobmn 3
Column 4 HOLIDAYS/DAYLI... No o ] o
(Coumn’s COMMENTS 1 ISHRAE India W...
Com &
Colmn 7 comMENTS 2 -- Ground temp...
Colmn’s DATA PERIODS 1 1 Data Sunday Y]
Comn 3
Colamn 10 1950 1 a g &0 207
1990 1 a 2 60 297+
«; m »
CSVed version 2.4 2016 *
GotoRon:
i = Start an... Colum... | Colum...| Date T... [Join an... | Leadin... | Modify | Proper [Filtera... | Save [Search..| xwL [Fxedi..]| sSon |+
SetSeparator | StartRow | Edithem ide -Unhide Cokumns
> ?’.’""1'21”, L 2l | @ comma Set StartRow (skiprows): | Select Colums tohide: _ Column Width for unhide:
o © ;SemiColon ~ [[]Use Value atevery Fie - 150
e 5] e St R s CoonCapers
»-Onte Thousans Decimst |3 ‘ wh s e
»-Join and Split Olpipe
- Leading Zeros or Spaces © Other New Cobumn Nome:
» Mody == ~ G
v Filter and Dups Set New Column Order
»-Save 2
i Sasrch and Raniace. i

@| browse comma, j | quotechar” | notportable | s | Hint

Source: From http://csved.sjfrancke.nl/.

Step 4: After opening the file, go to Set Start Row in
Start and Item Edit tab. Set Start Row to 9.

Set Separator StartRow
© , Comma Set Start Row (skip rows):
© ; Semi Colon
© Tab
© | Pipe
® OtherD New Column Name: Add
' || Column v

Use Value at every File
Use Start Row as Column Captions
[] with Number Prefix

In the .epw file, Columns 21 and 22 represent the Wind
direction and speed, respectively.

Column 18 Colunn 18 Column 20 Column 21 Cotumn 22 Column 23 Columnn 24
o 289 1.4 o s
o o o 270 37 o s
o o o 265 2.0 o 1
o o o 208 Ao o 7
o o o 270 5. o s
o o o 276 Frls 1 7
o o o 280 &S| 2 B
o o o 202 3.0 9 !
o o o 293 5.9 s s
o o o 297 3.9 € o
o o o 202 3.9 6 e
o o o 204 a.a s F
o o o 250 4.7 s o
o o o 292 5.0 s e
o o o 287 a5 s 2
o o o 201 3.9 2 P
o o o 292 2.8 1 e
o o o 304 2.3 1 B
o o o 308 1.9 4 2
o o o 515 2o a s
o o o 306 2.4 2 2
o o o 302 2.9 2 1
o o o 202 2.8 1 s
o o o 200 a7 1 B
o o o 250 23 o B
o o o 292 7 o 2
o o o 282 1.2 o s
o ] o 278 i) o 2
o o o 207 2.2 1 B
o o o 231 18 1 e

Source: From http://csved.sjfrancke.nl/.


http://csved.sjfrancke.nl/
http://csved.sjfrancke.nl/
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Step 5: For changing the wind direction to 0° select
Column Edit 1 tab and select Column 21 from the
drop-down and enter 0 in the New Value text box. Click

Column Edit2 [ Date Thousands De.. |

Copy - Move Column £

Source Column: V.
-~ Column1l ¥

Target Column:  C

Column1 v B

Edit Column.
CSVed version 2.4 2016

Start and Item Edit Column Edit1
Edit Column : Delete Columns
Selected Rows Select Columns:

= Column 19

Column to Edit: Column 20

Column 21 v

Column 22

New Value: Column 23

0 Column 24

X Use Range Copy Column i

8,0
Edit Column Range: 1-2

Move Column [

[ Delete Columns )

Source: From http://csved.sjfrancke.nl/.

Step 6: Similarly, for changing the wind speed to 1 m/s,
select Column 22 and enter 1 in the New Value text box.

Click Edit Column.

<

CSVed version 2.4 2016

Start and Item Edit Column Edit1

1

Edit Column Delete Columns
Selected Rows Select Columns:
Column to Edit:

Column 22 v
New Value:

I Column Edit 2 I Date Thousands De...

Copy - Move Column
~ Column1 v

Target Column: |

| Column 22 [} Column1 -

T [[]useRange Copy Column

|

[ Delete Columns ]

Source: From http://csved.sjfrancke.nl/.

Step 7: Save the file with the name Delhi Constant

Wind.epw on Desktop.
Open DesignBuilder.

Select the File > Folders > Weather data folder and
paste it as the Delhi Constant Wind.epw weather file.


http://csved.sjfrancke.nl/
http://csved.sjfrancke.nl/
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m
File ‘ Go Tools Help
[) New project Ctrl+N @l
g Open project Ctrl+0
Save ’ te Libraries
| 1mpor d - Size (KE
Export » |B Files\Chapter2 DB ... |1631
I Folders » EnergyPlus folder
‘ Print gadiance folder
Exit Alt+Fd4 Weather data folder I
124.dsb Library data folder
2528m sensor.dsb Template projects folder
323625.dsb Diagnostic files folder

Source: From http://csved.sjfrancke.nl/.

Step 8: Open the project file saved in Tutorial 10.1 with
calculated Natural ventilation and delete both east and
west facades.

N2,

Step 9: Select the Construction tab. Select Outer for
the Zone volume calculation method and Zone floor
area calculation method in the Geometry, Areas and
Volumes section.

Geometry, Areas and Yolumes ¥
&G y cO ti I External measurements

Zone geometry and surface areas - <
Zone vol calculati hod 2-Outer -
Zone floor area calculati hod 2-Outer -



http://csved.sjfrancke.nl/

340 BUILDING ENERGY SIMULATION

Step 10: Select the Location tab and select Hourly
weather data under the Simulation Weather Data
section.

Site

 Location Template v

‘&3 Template NEW DELHIfSAFDARJUN
+ Site Location
1} Site Details
2 Time and Daylight Saving
% Simulatinn Weaathar Data
s Hourly weath
Day of week for start day
4 \Winter Design Weather Data
¥ Summer Design Weather Data

Step 11: Click the Add new item icon under the Help
tab.

Info, Data

3 Template NEW DELHI/SAFDARJUN Hourly weather
IND_ASSAM_GUWAHATI_ISHRAE
IND_ASSAM_JORHAT_ISHRAE
IND_ASSAM_TEZPUR_ISHRAE
IND_BIHAR_BHAGALPUR_ISHRAE
IND_BIHAR_PATNA_ISHRAE
IND_BIHAR_RAXAUL_ISHRAE
IND_CALCUTTA_IWEC
IND_CHENNAI_IWEC
IND_CHHATTISGARH_RAIPUR_ISHR:
% IND_DELHI_NEW DELHI_ISHRAE

IND_DELHI_NEW DELHI_ISH
8-Use weather file

¥ Summer Design Weather Data

Step 12: In the Edit hourly weather - Delhi Constant
Wind screen, rename with your custom weather file and
search for the file by clicking Filename. Click OK to
successfully select the file.

Hourly weather Data

eneral 77| | | Hourly Weather Data Templates
Hourly weather data templates
Name | Dethi Constant Wind are a database of hourly weather
Source ISHRAE files from around the world.
[~ Country NDIA . If you select an hourly weather file
Filename Delhi Constant Wind.epw from the DesignBuilder database
Detail e which does not yet exist on your
elal's ¥ computer, DesignBuilder will
Latitude () 28.58 automatically download it from the
: website.
Longitude () 77.20
WMO station identifier 421820
ASHRAE climate zone Unknown

!
| = — |

Step 13: Select Exposed from the Exposure to wind
drop-down list under the Site Details section.
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. Location Template ¥
‘®3Template NEW DELHI/SAFDARJUN

+* Site Location »
1) Site Details Y

Elevation above sea level (m) 216.0

Exposure to wind | 3-Exposed B |
Site orientation () 0

Ground »

Step 14: Simulate the model and record the results.
Observe the results in Wind Speed, Wind Direction and
Mech Vent + Nat Vent + Infiltration (ac/h).

Analysis Parametric
Date/Time Outside Dr... | Outside De. f{ Wind Speed (m/s) |Wind Direction (*) fSolar Altitu... | Solar Azim... | Atmospt 4
1412002 12.85833 |2.604167 1 0 0 1U1UD(|E]
1722002 12.625 3.745833 |1 0 0 0 10100(
1432002 13.59167 |5.854167 |1 0 0 0 10112¢
17472002 14.44167 |7.483334 |1 0 0 0 10125(
1/5/2002 14.20833 |9.566667 |1 0 0 0 10100(
1/6/2002 147125 |9.779166 |1 0 0 0 10108:
14742002 15.2375  |10.30417 |1 0 0 0 10150(
1/8/2002 14.92917 [10.7126 |1 0 0 0 10116¢
17972002 15.21667 |11.19167 |1 0 0 0 10100(
1/10/2002 16.4 11.18333 |1 0 0 0 10108¢
141142002 1447083 [12.5375 |1 0 0 0 10141¢
141242002 15.37083 |10.95 1 0 0 0 10145¢
141372002 16.8875  [11.46667 |1 0 0 0 10162¢
141472002 14.05417 |10.075 1 0 0 0 10141¢
141572002 13.64167 (9120833 |1 0 0 0 10154°
1/16/2002 11.27917 |9.870833 |1 0 0 0 10129°
141742002 13.00833 |96 1 0 0 0 10154
11872002 12.0625 |9.825 1 0 0 0 10137¢
1419/2002 10.98333 |9.620833 |1 0 0 0 10200(
172042002 13.4625 |8.683333 |1 0 0 0 10137¢
172142002 13.42917 |7.5125 1 0 0 0 10120¢
172242002 13.36667 |7.8875 1 0 0 0 10120¢
1/23/2002 135125 |7.454166 |1 0 0 0 10166¢
Andlysis Parmetric
Date/Time Lighting (k... | Air Temper... | Radiant Te...| Operative ... | Outside Dr... | Extemal Air.. | General Li... | Solar Gain... §Mech Vent + Nat Vent + Infiliation (ac/h) §
17172002 1:00... |2 9721354 |15.95517 [12.83826 |7.55 558922_|2 0 :
.. |2 8878499 (1532376 [12.10113 [6625  |-681512 |2 0 211334

2 8655287 [147548 |11.70504 655 5.440234 |2 0 2113978

2 8325451 (1436089 (1134317 [6.225  |-5.423567 |2 0 21.09971

2 8727758 [1401154 |11.36965 |6.925  |-4665512 |2 0 21.1813

-2 9013419 [13.89292 [11.45317 |7.36 4298749 |2 0 21.16726

1/1/2002 7:00... [2 93937363 (1378261 [11.58999 [7.925  |-3807067 |2 0 21.20516
1/1/2002 8:00... [2 1037359 [13.82569 (1209964 (9225  |-2.960361 |2 0.0634592 [21.20729
1/1/20029:00..._ |2 120175 (1430534 (1316142 |11.25  |-1.967999 |2 07034124 |21.20846
1/1/200210:00...[2 1437079 [1551845 [14.94462 139 1198257 |2 2221532 [2119323
1/1/2002 11:00...[2 16.97026 |16.94967 |16.95996 |16.7 0683357 |2 3019037 [2118478
1/1/200212:00...[2 1915695 [185511 [16.85402 [19.05  |-0.270792 |2 373964 [2117654
1/1/2002 1:00... [2 2048458 |196923 [20.08874 [20425  |-0.151862 |2 3244034 _[2117348
17172002 2.00... [2 2094652 [20.46544 [20.70598 |20.775  |-0.426918 |2 2770406 _[2117048
17172002 3.00... [2 2058341 [20.94597 [20.76469 |20.2 -0.954946 |2 2426734 _|21.17159
1/1/2002 400..._ |2 19.68828 |2088714 [20.28771 |19.1 146861 |2 1552328 [21.18874
1/1/2002 2 18.60686 |20.44795 [19.52741 |17.9 1770642 0.6678638 [21.19156
1/1/2002 6:00... [2 1764022 [19.86421 [18.75222 [16.85  |-1.985715 |2 5.720396..[21.13304
1/1/2002 7:00... [2 1669375 [19.36917 [16.03146 [15775  |-2.315656 |2 0 2119326
17172002 8:00... |2 1574891 (1892001 [17.33446 |14675  |-2.714459 |2 0 2119031
1/1/20029.00.. |2 1458615 [16.45519 (1652067 |13.275  |-3.324424 2 117896
1/1/2002 10:00.. 132744 179086 [155915 |11.7 4010018 |2 1.18154
1/1/2002 11:00... 1. 17.28456 [1458303 [10.025  |-4.74800: 16785
1/2/2002 0. 1660165 [13.64539 [8.625  |-5.29190! 13069
1/2/2002 1:00.... 826315 159473 |12.88681 7.7 547271 14835
1/2/2002 2.00.... 367215 153782 [12.36771 |7.275  |5.362625 11956 -
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You can observe that Air changes per hour are almost
constant throughout the year.

Step 15: Modify the weather data with Wind speed
as 2 m/s and Wind direction as 0° with the help of previ-
ous steps.

Step 16: Simulate the model and note down the results.

Observe the results in Wind Speed, Wind Direction and
Mech Vent + Nat Vent + Infiltration (ac/h).

Analysis Parametric

Date/Time Outside Dr... | Outside De. §| Wind Speed (m/s) Wind Direction () Solar Allitu... | Solar Azim... | Atmospheri..| Direct Nor...
1/1/2002 12.85833 |2.604167 -14.77771 |177.6181 101000 558675
1422002 1262292 |3.732292 -14.73057 |177.5012 |101000  |5.796
1/3/2002 13.56458 |5.822917 -14679  |177.3857 |101125  |5.565
1742002 1444375 |7.479167 -14.62301 |177.2715 (101250  |4.794
1/5/2002 1419792 |9.55625 -1456261 |177.183 101000 |3.252
1/6/2002 1471771 |9.784375 -14.49779 |177.0482 |101083.3 |3.968
1472002 15.24271 |10.30625 -14.42856 |176.9393 |101489.6 |5.028
1/8/2002 1492188 |10.70417 -14.35493 |176.8323 [101177.1 |4.499
1482002 1619167 |11.16979 -14.27691 |176.7273 |101000  |3.015
141072002 16.41042 |11.19583 -141945 |176.6246 |1010833 |2.69575

141172002 1448958 1254375
141242002 15.33958 |10.93437
1413/2002 15.89063 |11.46667
1A14/2002 14.08125 [10.10312
141542002 1365521 914375
1/16/2002 11.27917 19.847917
141742002 13.00417 (96
1/18/2002 12.06667 9.825
141972002 10.99167 9628125
1/20/2002 13.45625 |8.692708
142172002 13.42708 |7.504167
1/22{2002 13.37604 |7.890625
1423/2002 13.49375 |7.451042
1/24/2002 13.84896 |5.819792
1/25/2002 13.79688 |5.7375
1/26/2002 13.975 6.060417
172742002 1397917 9.466666
1/28/2002 1492396 9523958
1/29/2002 165.26667 1061875
1/30/2002 1643333 |11.53021

-1410772 [176.5241 |101406.3 |1.041
-14.01657 |176.426  |101458.3 31395
-13.92108 |176.3304 |101625  |3.504
-13.82125 |176.2413 [101416.7 |3.609
-13.71711 1761782 [101541.7 4135
-13.60867 |176.1158 1013021 |0.43
-13.49596 |176.0542 |101531.3 [2.3445
-13.37899 |175.9934 [101375  |1.818
-13.25779 |175.9336 |102000  |1.084
-13.13233 |175.875 1013854 |4.5675
-13.00281 [175.8176 |101208.3 |5.16375
-12.8691 |175.7617 |101208.3 |4.905
-12.73127 |175.7073 |101656.3 |5.745
-12.58937 [175.6545 |101468.8 |6.68275
-12.44343 |175.6036 |101166.7 |6.17425
-12.29349 |175.5645 |101281.3 |5.36675
-12.1396  |175.5075 1014583 |3.841
-11.98179 |175.4626 |101416.7 |5.445
-11.82012 1754189 [101302.1 |4.9165
-11.65463 [176.3795 1013333 |3.978
-11.48538 1763415 1013333 |3.67575

NEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
BEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

1/31/2002 1564167 |11.60729

B L Scle Gain. | Mech Verd + Nat Vent + Infitation (ac/h) |
1343512_|1655211 (1499361 _ 1285633 |-71.44456
13.23312 |16.53766 |14.88533 |12.62292 |-75.60387 2065007 |42.40345
1406458 [16,67644 1537051 1356458 -61.96915 2030718 |42:39244
17472002 |48 1495918 [17.58778 |16.27348 1444375 |-63.988 |48 18.74929 |42.40048
1/5/2002 |48 1471339 (1758712 1615026 1419792 |-63.2599 |48 15.46985 _|42.39462
1/6/2002 8 15.22552 [17.87527 1656039 1471771 |-62.55011 |48 1715997 |42.39639
1/7/2002 48 15.74263 [18.36096 |17.0518 |15.24271 |-61.86818 |48 193339 |42.39691
1/8/2002 |28 1545935 [18.2917 |16.87563 1492188 |-66.27816 |48 17.81438_|42.40128
1/9/2002 |48 156741823991 [16.95695 |15.19167 |-69.18798 |48 1479877 |42.30451
1n0j002 |48 1687027 (1920712 [18.0387 1641092 |-562439 |48 [1410314 4239755 _
1Moz |48 1503912 |18.25718 [16.64815 |14.48958 |-67.45989 |48 9394398 | 42.39695
1ngje002 |48 1576976 17.99518 [16.88247 |15.33958 |-53.10181 |48 15.38769_|42.36715
N0 |48 1638739 [19.07148 |12.72943 |15.89063 |-61.21595 |48 1623145 |42.39942
1142002 |48 (1470097 1833269 |1651683 (1408125 |-76.21751 |48 16.33936_|4241026
171542002 8 1423923 1753168 |15.88546 |1365521 |-72.29655 |48 17.44697 |42.4035
1162002 |48 1187076 [15.40755 1363916 |11.27917 |-73.19688 |48 5370644 |42.39591
1n7002 |48 1343093 [15.73781 (1458437 |13.00417 |-52.94247 |48 1220812 _|42.36873
1/18/2002 8 1258444 1564777 [141161 _|12.06667 |-64.07486 |48 1181416 |42 39665
1/19/2002 148 1153674 [14.75872 |13.14723 |10.99167 |-67.99506 |48 9.737206 |42.39683
11202002 |48 1386004 |15.90719 [14.88362 |13.45625 |-50.12586 |48 1838432 |42.36223
1/21/2002 |48 1395228 [16.73211 [15.3422 |13.42708 |-66.14606 |48 16.80874_|42.39901
1/22/2002 |48 1391903 [16.74391 (1533147 |13.37604 |-62.60484 |48 1740286 |42 40156
11232002 |48 1401518 |16.79054 [15.40286 |13.49375 |-66.02526 |48 19.85933 | 42.39923
11242002 |48 1439279 [17.35601 [15.8744 138489 |-67.47822 |48 215369 |42.39879
11252002 |48 1440482 _|17.66574_[16.03528 |13.79688 |-75.24442 |48 2063347 |42.40715
11262002 |48 1453029 [17.48887 [16.00958 |13975  |-68.70015 |48 191845 |42.40103
1222000 |48 1450237 [17.18624_[158443 |1397917 |-66.14906 |48 1617116 _|42.40168
1282002 |48 1542192 [17.92839 (1667516 |149239 |-61.99186 |48 1920823 |42.39928
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You can calculate the Air changes per hour for two win-
dows with the following equation:”
Coi—Cp2
0=U, *\/ 1 p2 . . 1 2
(AxC)  (Ax*Cy)

where C, is the pressure drag coefficient, C is the dis-
charge coefficient, U is the wind speed and A is the area
of the opening.

Wind pressure coefficient data

3 4| Roof ridge

Wide angle
Low-rise buildings (up to three storeys)
Length-to-width ratio: 1:1
Shielding condition: exposed
Wind speed reference level = building height
Wind angle (Table 10.1)

Table 10.1  Wind pressure coefficient data

Location 0 45 90 135 180 225 270 315

Face 1 07 035 -05 -04 -02 -04 -05 035
Face2 -02 -04 -05 035 0.7 035 -05 -04
Face3 -05 035 0.7 035 -05 -04 -02 -04
Face4 -05 -04 -02 -04 -05 035 0.7 035

Source: http://www.designbuilder.co.uk/downloads/
AIVCWindPressureCoefficientData.pdf

http://www.designbuilder.co.uk/helpv4.7/
Content/Pressure_Coefficients_Data.htm

“ ASHRAE Handbook of Fundamentals — 2015. ©ASHRAE, www.ashrae.
org. (2015) ASHRAE Handbook—(Fundamentals).


http://www.designbuilder.co.uk/helpv4.7/Content/Pressure_Coefficients_Data.htm
http://www.designbuilder.co.uk/downloads/AIVCWindPressureCoefficientData.pdf
http://www.designbuilder.co.uk/helpv4.7/Content/Pressure_Coefficients_Data.htm
http://www.designbuilder.co.uk/downloads/AIVCWindPressureCoefficientData.pdf
http://www.ashrae.org
http://www.ashrae.org
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Wind pressure coefficient templates

Wind pressure coefficients are used when the Natural ven-
tilation model option is set to ‘Calculated’. The EnergyPlus
Airflow Network calculations use pressure coefficients
when calculating wind-induced pressure on each surface
during simulations when the Calculated Natural ventilation
option is selected.

DesignBuilder is supplied with a database of wind
pressure coefficients based on the data from Martin
Liddament, Air Infiltration Calculation Techniques,
An Applications Guide, AIVC. The C, data are build-
ings of three storeys or less, with square surfaces and for
three levels of site exposure. The data are given in 45°
increments.

http://www.designbuilder.co.uk/downloadsvi/
AIVCWindPressureCoefficientData.pdf

http://www.designbuilder.co.uk/helpv4.7/
Content/Pressure_Coefficients_Data.htm

Wind speed provided in the weather file is for 10-m
height. You can use the following formula to calculate
the wind speed at 2-m height:

o is approximately 1/7, or 0.143 (it varies with local
topography).

Tables 10.2 and 10.3 gives the calculation for natural
ventilation in the zone.


http://www.designbuilder.co.uk/helpv4.7/Content/Pressure_Coefficients_Data.htm
http://www.designbuilder.co.uk/downloadsv1/AIVCWindPressureCoefficientData.pdf
http://www.designbuilder.co.uk/helpv4.7/Content/Pressure_Coefficients_Data.htm
http://www.designbuilder.co.uk/downloadsv1/AIVCWindPressureCoefficientData.pdf
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Table 10.2 Calculation of zone air changes per hour
at a wind speed of 1 m/s at 10-m height

Wind speed at 2 m 0.72 m/s
Area of window 6.59 m?
Cp 0.7

Cp -0.2

C, 0.65

C, 0.65

0 2.07 m?/s
0 7,442 m’/h
Zone volume 350 m3
Air changes 21.26 ac/h

Table 10.3 Calculation of zone air changes per hour
at a wind speed of 2 m/s at 10 m-height

Wind speed at 2 m 1.44 m/s
Area of window 6.59 m?
C, 0.7

Cpo 0.2

C, 0.65

C, 0.65

0 4.13 m’/s
Q 14,385 m’h
Zone volume 350 m3
Air changes 42.53 ac/h

345

Exercise 10.2

Repeat the above tutorial for the window area 16 m?.
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TUTORIAL 10.3 Evaluating the impact of window
opening and closing schedule

GOAL

To evaluate the impact of window opening and closing
schedule.

WHAT ARE YOU GOING TO LEARN?

* Defining window opening and closing schedule for
natural ventilation

PROBLEM STATEMENT

In this tutorial, you are going to use the model saved in
Tutorial 10.2 and add windows in remaining two directions.

You need to simulate the model for the following two win-
dow operation schedules:

1. On (windows are always open)
2. 8:00-18:00 Mon—Sat

Use New Delhi/Safdarjung, India weather location.

SOLUTION
Step 1: Open a project saved in Tutorial 10.2.

Wz,

Step 2: In the navigation tree select East facing wall by
selecting Wall — 35.000 m? — 90.0°.
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Navigate, Site Site, Building 1, Block 1, Zone 1, Wall - 35.000 m2 - 90.0°

S ot | Conscton | panngs | HVAC [ Oupus [0 |
JE4PZ

B4 Ste
-4 Building 1
-9 Block 1

00.000 m2 (Ground)

T 000
569 Wal - 35.000m2-00°
-6 Wall-35.000m2 - 270.0°
-9 Wall - 35.000m2- 180.0°

Options
Custom openings deleted (use 'Clear

Protractor

Direction Snaps
Point Shaps

Drawing Grid @

Step 3: Select Left in the View rotation dropdown list
then select Draw window in the Help tab to draw a win-
dow with the same dimensions as that on the north or
south side.

- 4.44 m -

2.80 m

1‘.50 m

0.80 m

Step 4: Similarly, draw the west window.
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Step 5: Select the Openings tab. Click the Operation
section. Make sure that Operation schedule is On 24/7.

Site, Building 1

. Glazing Template ¥
Gp Template Project glazing template
n_ External Windows ¥
(P Glazing type Project external glazing
|diLayout Preferred height 1.5m, 30% glazed
Dimensions £
Type 3-Preferred height <
Window to wall % 20.00
Window height (m) 150
\Window spacing (m) 5.00

Sill height (m) 0.80
Frame and Dividers

Airflow Control Windows
Operation

(4 Operation schedule

Free Aperture

¥ Internal Windows

Simulate the model and record the results by exporting
them to the spreadsheet.

Step 6: Repeat the above steps for Operation schedule
8:00 - 18:00 Mon - Sat.

Airflow Control Windows |

[(#]Operation schedule 8:00-18:00 Mon - Sat

Free Aperture

Simulate the model and record the results. Plot the
graph for January 1 and 2 for Mech Vent + Nat Vent +
Infiltration (Air changes per hour, ac/h).
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ac/h

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
~~~~~~~~ With 24 h schedule ——— With 8 AM to 6 PM Mon-Sat schedule

You can observe the impact of window opening and clos-
ing on air change rate.

TUTORIAL 10.4 Evaluating the impact of window
opening control based
on temperature

GOAL

To evaluate the impact of window opening control based on
zone and outdoor air temperature.
WHAT ARE YOU GOING TO LEARN?
* Defining window operation control for natural
ventilation
PROBLEM STATEMENT

In this tutorial, you are going to use the calculated model
saved in Tutorial 10.1. You are going to simulate the model
for Temperature control mode.

Use New Delhi/Safdarjung, India weather location.

SOLUTION

Step 1: Open the model saved in Tutorial 10.1 with
natural ventilation set to calculate.
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to 20.0.

Template

s Template 24x7 Generic Office Area
@ Sector

Others - Miscellaneous 24hr activities
Zone multiplier 1

Include zone in thermal calculations
M Include zone in Radiance daylighting calculations
¥: Floor Areas and Volumes
i ; Occupancy
2 Metabolic
Generic Contaminant Generation
¢ Holidays
2 DHW
11 Environmental Control
Heating Setpoint Temperatures
Cooling Setpoint Temperatures
Humidity Control
Ventilation Setpoint Temperatures
Natural Ventilation

Indoor min temperature control

Min temperature definition e M
{ Min temperature (*C) m

[ Indoor max temperature control
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Natural ventilation min temperature

This is the fixed indoor temperature below which ventila-
tion is shut off. The control is visible when the 1-By value
option is selected for Min temperature definition. It can
be thought of as the cooling setpoint temperature which
controls the activation of natural ventilation. If the inside
air temperature is greater than this setpoint temperature
(and the natural ventilation operation schedule is on),
then natural ventilation can take place.

http://www.designbuilder.co.uk/helpv4.7/
Content/_Environmental_comfort.htm

Step 3: Select the Openings tab. Click the Operation
section. Make sure that Operation schedule is On 24/7.

Site, Building 1

@ Glazing Template 5

Gp Template Project glazing template
w External Windows v
(@) Glazing type Project external glazing

|@Layout
Dimensions
Frame and Dividers
Shading

Airflow Control \Windows
Operation

m Operation schedule On 247

Preferred height 1.5m, 30% glazed

Free Aperture
¥ Internal Windows
&) Sloped Roof Windows/Skylights
I |Doors
= Vents

Step 4: Select the HVAC tab. Enter Outside air (ac/h)
as 3.000. Select Temperature for the External and
Internal Control mode drop-down lists.


http://www.designbuilder.co.uk/helpv4.7/Content/_Environmental_comfort.htm
http://www.designbuilder.co.uk/helpv4.7/Content/_Environmental_comfort.htm
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Site, Building 1

[ HVAC Template
[ Template Natural ventilation - No Heating/Cooling
(% Mechanical Ventilation
O0n
3 -Auxiliary Energy
Pump etc energy (W/m2) 0.0000
(4 Schedule Office_OpenOff_Occ
A Heating
[ Heated
= Cooling
[ Cooled
yHumidity Control »
~ DHW

<« « «

\

«

«

\.
(=]
S
«

Natural Ventilation

On

Outside air definition method
Outside air (ac/h)
Operation

Qutdoor Temperature Limits

Delta T Limits
Delta T and Wind Speed Coefficients

Wind factor Ll
External control mode 2-Temperature -
Internal control mode 2-Temperature -

O Modulate opening areas
Mixed Mode Zone Equipment
O Mixed mode on

«
<

To see the effect of window opening controls, we need
the following:

1. Generate and view the results at system time
steps instead of fixed user defined time steps.
This can be achieved by selecting the ‘detailed’
frequency option on an HVAC output variable
(e.g. Zone Air Temperature).

2. Generate more output variables such as window
opening factor, zone infiltration and zone air
temperature.
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Field: Ventilation Control Mode

Specifies the type of zone-level natural ventilation con-
trol. The windows are ‘open’ when:

T,

zone_air

> T,

setpoint

schedule value = 1

AND T,

zone_air

> T

outside_air

AND the

where T, e ir 15 €qual to the outdoor air temperature,
T ,one_air 18 €qual to the previous time step’s zone air tem-
perature, Ty 1S €qual to the Vent Temperature Schedule

value.

http://www.designbuilder.co.uk/helpv4.7/
Content/_Operation2.htm

System time step is a variable-length time step that governs
the driving time step for HVAC and Plant system model-
ling. The user cannot directly control the system time step
(except by use of the ConvergenceLimits object). When
the HVAC portion of the simulation begins its solution for
the current zone time step, it uses the zone time step as
its maximum length but can then reduce the time step, as
necessary, to improve the solution.

Users can see the system time step used if they select
the ‘detailed’ frequency option on an HVAC output vari-
able (e.g. Zone Air Temperature). In contrast, the ‘Zone’
variables will only be reported on the zone time step (e.g.
Zone Mean Air Temperature).

Note that hourly data (such as outdoor conditions
expressed by Design Days or Weather data) are interpo-
lated to the Zone Time step.

Source: EnergyPlus InputOutput Reference


http://www.designbuilder.co.uk/helpv4.7/Content/_Operation2.htm
http://www.designbuilder.co.uk/helpv4.7/Content/_Operation2.htm
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Zone Mean Air Temperature (°C)

Zone Mean Air Temperature is the average temperature
of the air temperatures at the system time step. Remember
that the zone heat balance represents a ‘well-stirred’
model for a zone; therefore, there is only one mean air
temperature to represent the air temperature for the zone.
This is reported only at the zone time step.

Zone Air Temperature (°C)

This is very similar to the mean air temperature. The
‘well-stirred’ model for the zone is the basis, but this tem-
perature is also available at the ‘detailed’” system time step.

Source: EnergyPlus InputOutput Reference

Step 5: Minimize the DesignBuilder window. Create a
new file named output.idf. Write additional output vari-
ables as follows:

Output:Variable, *, Zone Air Temperature, Detailed;
Output:Variable, *, AFN Surface Venting Window or
Door Opening Factor, Detailed;

Output:Variable, *, AFN Zone Infiltration, Detailed;

Ewmxdml

2
3
4

5

1 Output:Variable, *, Zone Air Temperature, Detailed;

Output:Variable, %, AFN Surface Venting Window or Door Opening Factor, Detailed;
Output:Variable, *, AFN Zone Infiltration, Detailed;
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This .idf file needs to be placed in the following path:

Edit Go View Tools Help

(D o o [ia] @9 8] Q ¢
Open project SO Site, Building 1
Close Ctrl+F4
Save »
@ HVYAC Template

Import A Template
(2Mechanical Ventil

Radiance folder
Exit Alt+F4 Weather data folder
1104.dsb Library data folder
210.4 sheduled.dsb Template projects folder
33.7.dsb Diagnostic files flder
43.415mm air gap.dsb [ Cooled

y Humidity Control

53.1 Light Weight.dsb
64.3 Overhang+Internal.dsb

" O 0n
741 good glass+ shading model.dsb —
e 7 Natural Ventilation|
8 rs.dsl On
10.2 with 10.1 calc.dsb S T
210 s Outside air defi
1010.3.dsb

Outside air (&

You can use any text editor such as Notepad++ and
Editplus.

Step 6: Maximize the DesignBuilder window and select
the HVAC tab. Click Simple under the Help tab. The
Model Options — Building and Block screen appears.

Site, Building 1 Info, Help

Natural ventilation - No Heating/Cooli

Pump etc energy (Wim?) 00000

(23 Schedule Office_Open0ff_Occ L

boilers’ seasonal eficiency (average over
the year).

Data shownwith a green background is

only used in Heating andior Cooling design

calculations andis NOT used in Simuiations.
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Step 7: Select the Simulation tab. Click the Advanced
section.

Model Options Data

Simulation Options Y
From ¥
Start day 1
Start month Jan -
To ¥
End day 31
End month Dec <
Calculation Options ¥
Sirmulation method 1-EnergyPlus <
Time steps per hour [2 =
Temperature control 1-Air temperature v
Solar ¥
[ Include all buildings in shading calcs
[ Model reflections and shading of ground reflected solar
Solar distribution 2-Full exterior <

20

Shadowing interval (days)

Detailed HY
Advanced
Qutput

Step 8: Select the IDF File 1 check box and select the
Output.idf file from the EnergyPlus folder. Click OK.

Model Options Data Help
 Cos/Cron | T
[ to [ dvanced | Hesing Dsn | Coing Desn | Smision | D | Drowngiods | - | Proectdctas |1 | Simulaion Caiculation Options
T Data on this tab allows you to

‘control the simulations.

This data is also shown before

simulations.

B tion Options >,
Calculation Optio

IDF File 1

Output idf =

[ 'Surfaces within zone' treated as adiabatic

Air valul:iilur comfort calculations mlsi 0.1370

”I Help Cancel l 0K !
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Step 9: Select the Simulation tab. The Edit Calculation
Options screen appears. Click OK.

Calculation Options Data

Simulation Options
— LT
Simulation Period andHicoip plodUceE
i
a0 Selectthe start and end days for the
Start day 1 simulation, or select a typical period:
Start month Jan +Annua simulation
To * Summer design week
End day 31 « Summer typical week

<«

Calculation Des!

«| «

« <A

End month Dec *All summer
+Winter desion week
Monthly and annual «Winter typical week
Daily «All winter
Hourly
[ Sub-hourly Interval

Monthly and annual output is always
generatedand daily, hourly and
sub-hourly data can selected by
checkingthe appropriate boxes.

Note that selecting output at hourly or
sub-hourly intervals can produce large +

[ Don't show this dialog nexttime [ Help ] [ Cancel ] I 0K I |

After simulation, the results on the screen appear, but
DesignBuilder does not support viewing ‘Detailed’
reporting frequency.

After simulation, an ESO file is generated in the
EnergyPlus folder which contains results at detailed
reporting frequency. You can view this in the XESOView
tool.

xESOView can be downloaded from http://xesoview.
sourceforge.net/.

Step 10: Click the View EnergyPlus results icon.
From the EnergyPlus folder, select the eplusout.eso file.
xESOView tool will open.

File Go Tools Help

BEEEY PR

Navigate, Site Site, Building 1
L selectfile
Lok PEewPs - @@F @
& Name. = Date modified Type
Q’ b ASHRAE901 4/1/2016 505 PM File folder
Recent Places {15 Actual 3/216134PM  File folder
i LS_Notional 3/3/20161:34 PM File folder

Desktop Itzeplusom 4/21/2016 6:30 PM un-Enq

Libraries

i

Computer

Network



http://xesoview.sourceforge.net/
http://xesoview.sourceforge.net/
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Pus
Verson 830/64574074ea, YMD=2016.0421 1830

Ervonmert
ez 1=

c 11
7 utdoor Ar Or... Envionment. c G =
: Gt oty
H e -
P e e B S
f el e
B MO Cwme ey
L e aan -
W SeOub D Cneomed  Fa o
TR a2 =
1 SeOuba el e 12 Moty
L e e
I piekig e i oy
3 SeWmted Coomen  me Oy
» - e by .
Do o 50128 1746023 144080020 113006117 05 2ec 140520
2 Wind Drection Environment deg Time
5 e e, S
35 SeWedirooon ot &y Pt
B SeWndOncn oot g Aofe

Step 11: Enter Site Outdoor Air Drybulb Temperature
in the Name field of the Filter section to view the vari-
able. From the filtered list select the variable with hourly
Timestep.

= ElEl]

£ bhoseton, Site Outdoor Air Drybulb Temperature Environment

EnergyPlus
Verson 8.3,064374074ea, YMD=2016.04.25 11.07

Enveonment
[sTE@1013112) =

Varable Ifomation
Total: 20020101 00:00:00 - 20021231 23.0000

Matmum: 44,15 Mium: 55 Average: 246338
Visble: 20020101 00:00:00 - 20021201 00:0000

Matmum: 44,15 Mium: 585

Average: 256158

T T T
Jan 0100:00 Feb 27 20:53 Apr 26 17:46 Jun 23 14:40 Aug 20 11:33 Oct 17 08.26
Time

e bod

You can copy the variable data to view in a spreadsheet.
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Step 12: Click Copy and select Copy variable data.

o, iew - [C: laresh/AppD: ocal/DesignBuilder/EnergyPlus,
te, File View @..' Bookmark Window Help

B E »t Copy graphic Ctrl+Shift+C ]

Ctrl+C

Enemiis D] Copy file information

Version 8.3.0
e @ Copy variable information

[SITE (01-01:31-12) [+]
Variable Information
Total: 2002-01-01 00:00:00 - 2002-12-31 23:00:00

Maximum: 44.15 Minimum: 5.5 Average: 24.6938
Visible: 2002-01-01 00:00:00 - 2002-12-01 00:00:00

Maximum: 44.15 Minimum: 5.85 Average: 25.6158
Fiter

Name Area Unit Timestep

[Ste Outdoor A D I I |
([ Cear ] [——

You can copy only one variable at a time.

Step 13: Open a spreadsheet program and paste the data
as shown in the below screen.

A 5 c o 3 £ G |
AFNSurface Venting  AFNSurface Venting | AFN Surface Venting  AFN Zone
AFN Surface Venting Window Window or Door Window or Door Opening Window orDoor  Infiltration Air
site Outdoor Air or Door Opening Factor Opening Factor Factor ‘Opening Factor Change Rate
Drybulb Temperature  BLOCK1:ZONEL_WALL_2_0_0_ BLOCKI:ZONEL_WALL 3 BLOCKLZONEL_WALL 4_ BLOCK1:ZONEL WALL BLOCK1:ZONEL

1 [Date/Time Environment [C] 0_0_0_WIN[] 00000 WIN[] 0_0_0_0_0_WIN [] 5.0.0.0.0_0_WIN[] [ach]
2 [1/1/22 12:4m 755 0868534 0.86853 0.868534 0.868534 001
3 |1/1/22 12:2: AM 7.55 0 0 0 0 0.01
4 11/1/22 12:4:AM 7.55. 0 0 0 0 0.01
5 |1/1/22 12:6: AM 7.55 0 0 0 0 0.01
6 11/1/22 12:9:AM 7.55. 0 0 0 0 0.01
7 7.55 o 0 [ 0 001
s 7.55 o 0 o o 0.01
7.55 o 0 [ o 001
7.55 o 0 [ o 001
7.55 o 0 [ o 0.01
7.55 o 0 0 o 0.01
7.55 0 0 [ o 001
755 0.87345 0.87345 0.87345 0.87345 0.01
755 0 0 [ o 0.01
755 o 0 [ o 001
7.55 0 0 [ 0 0.01
18 (1/1/22 12:38: AM 7.55. 0 0 0 0 0.01
19 11/1/22 12:4: AM 7.55, 0 0 0 0 0.01

Similarly, copy and paste the below variables with time
step as hourly:

e AFN Surface Venting Window or Door
Opening Factor BLOCKI:ZONEI_WALL_

e AFN Surface Venting Window or Door
Opening Factor BLOCKI:ZONEI1_WALL_
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e AFN Surface Venting Window or Door
Opening Factor BLOCKI:ZONE1_WALL_

e AFN Surface Venting Window or Door
Opening Factor BLOCKI:ZONE1_WALL_

e AFN Zone Infiltration Air Change Rate
BLOCKI: ZONEI [ach]

e Zone Air Temperature BLOCK1:ZONEI [C]

T R R )| B |

= 0 < T 5 G G T T e
eine onenrcheckit
Stcoudoor At orDoor Openingractor . Openingractor  actor opening Facor Temperature TanesTout
oryblb Temperature  BLOCKI ZONEL WALL 2.0.0_ BLOCKI ZONEY WAL 3_ BLOCKIZONEL WALL 4.0 BLOCKIZONEL WAL BLOCKIZONEL  BLOCKLZONEL and
1 loaterrime 0.00wnD 00000wNI _0000wnD 0.0.0.0.0WING fach © Tane0
51732 e ) osiaon v o9z oo osee rase
576111122 cas o o o o o toe e mue
5733122 asaoun oseaser osssser osssser osssser Toee  omm rse
578373122 40w s L0002 fresy 1o0c02 1o0c02 somre  toocor_rase
Srsfu/a2 5. o o o o oo 20sm[ o]
58017322 527 oses227 oses227 0986227 osss227 ooec2l  os0ss PASE
Sail1/12 s o o o ER— 10700 e
38213722 5.0 B B B o roeo2  osem T
5817302 5o o B B o ioee 2005 e
500373122 52000 osesior osssa07 osssa07 osssa07 tooee2 s e
501373722 55,70 o o o o imee  wws s
502133722 547000 o o o o e om0 e
03173722 s45-p00 osessse osessos ossssse osessss  ooee2 s rase
a0si 173722 551000 o o o o toee s e
305i3/3122 553000 o B B o toe oz e
3081373122 535,000 osessas osessas = oo e s rase
509/3/3122 537.000 o o o o i wwe e
50831722 520w 1685 L0002 1o0c02 100c02 10002 s aoece rse
09 173722 57w o o o Y T
s101/3/22 527 osst osst ossrot osst Tooec2  sems rase
St o5 o o o o E - T ™

You can observe from the above that if the following
conditions are true, then there is natural ventilation.

Tzonefair > Tselpoinl AND Tzone;‘lir > Toulsidefair

Please note that the zone setpoint is 20°C. You can see
that the windows open in the succeeding time step after
the above mentioned condition is met. Please note that the
Zone infiltration air change rate is reported hourly and
not on the system timestep. Hence, even when the win-
dows are open the zone ventilation will not be reported in
that timestep, it will be reported in the hourly time step.

TUTORIAL 10.5 Evaluating the impact of window
opening area modulation
on natural ventilation

GOAL

To evaluate the impact of window opening area modulation
based on zone and outdoor air temperature.

WHAT ARE YOU GOING TO LEARN?

e Defining window opening area modulation
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PROBLEM STATEMENT

In this tutorial, you are going to use the model saved in
Tutorial 10.4.

You are going to simulate the model for Temperature con-
trol mode.

Use New Delhi/Safdarjung, India weather location.

The modulation takes the following form when
Ventilation Control Mode = Temperature.

T, — T, = [Lower value on inside/outside temperature

difference for modulating the venting open factor]; then
multiplication factor = 1.0.

[Lower value on inside/outside temperature difference
for modulating the venting open factor] < 7, .. — T, <
[upper value on inside/outside temperature difference for
modulating the venting open factor]; then multiplication
factor varies linearly from 1.0 to [limit value on multi-

plier for modulating the venting open factor].

T, — T, = [upper value on inside/outside temperature

zone out —

difference for modulating the venting open factor]; then
multiplication factor = [limit value on multiplier for mod-
ulating the venting open factor].

Multiplier on

the venting

open factor
1.0

Limit value on
multiplier for ~ —|s===-
modulating the

venting 0.0 2 —
open factor  Lower value on / ng er value on out
inside/outside inside/outside

temperature difference for temperature difference for
modulating the venting  modulating the venting
open factor open factor

Ref: EnergyPlus InputOutput Reference.
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SOLUTION
Step 1: Open the project saved in Tutorial 10.4.

7,

Step 2: Select the HVAC tab. Expand the Natural
Ventilation section.

5 Auxiliary Energy
Pump etc energy (W/m?2) 0.0000
(4 Schedule Office_OpenOff_Occ
\ Heating
[0 Heated

% Cooling
O Cooled
yHumidlity Control
“DHW
On

n
Outside air definition method 1-By zone -
Outside air (ac/h) 3.000

Outdoor Temperature Limits

Delta T Limits
Delta T and Wind Speed Coefficients
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Step 3: Select the Modulate opening areas check box.
Enter the lower value of T;, — 7, as 5.0 and the upper
value as 15.

<«

Natural Ventilation

On
Outside air definition method 1-By zone -
Outside air (ac/h) 3.000

Operation

Outdoor Temperature Limits
Delta T Limits
Delta T and \Wind Speed Coefficients
Options
\Wind factor 1.00
External control mode 2-Temperature b
alempeiaue, =
[ Modulate opening areas
Lower value of Tin-Tout (deltaC) 5.0
Upper value of Tin-Tout (deltaC) 15
imi i i ar 0.010

Step 4: Minimize the DesignBuilder window. Create an
output.idf file. Write additional output variables:

Output: Variable, *, Zone Air Temperature, Detailed,
Output: Variable, *, AFN Surface Venting Window or
Door Opening Factor, Detailed;

Output: Variable, *, AFN Zone Infiltration, Detailed;

| File Edit Search View Encoding Language Settin Macro  Run  Plugins Window ? X

{—L_"E_S_SS__“S—
HEB B skl 23 RRISI(EREOHL| EED BB
| EHoupuic B

1 Output:Variable, *, Zone Air Temperature, Detailed; =
2 oOutput:Variable, *, AFN Surface Venting Window or Door Opening Factor, Detailed; H
3 Output:Variable, *, AFN Zone Infiltration, Detailed;

4
<l i T

| Normal length:191 lines:5 Ln:3 Col:53 Sel:0]0 Dos\Windows  UTF-8 INs | f
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This .idf file needs to be placed in the following path:

New project

Open project Ctrl+O

Close Ctrl+F4

Save

@ HVAC Template
[ Template

BHMechanical Ventild

Radiance folder
Exit Alt+F4 Weather data folder
1104.dsb Library data folder
2104 sheduled.dsb Template projects folder
33.7.dsb L Diagnostic files folder
43.415mm air gap.dsb [ Cooled

53.1 Light Weight.dsb yHumidity Control
o Y
6 4.3 Overhang+Internal.dsb

741 good glass+ shading model.dsb L1 0n e
8103 24‘hrs.dsb on

910.2 with 10.1 calc.dsb e
1010.3.dsb Outside air (¢

Step 5: Maximize the DesignBuilder window and select
the HVAC tab. Click Simple under the Help tab. The
Model Options — Building and Block screen appears.

Site, Building 1 Info, Help

Edit Heating/Cooling System

Natural ventilation - No Heating/Cooll
L oads for mechanicalventiation
Use this screen to edit the building wide
> Albdlar Energy * system defauits and the buikiings' installed
Pump etc energy (Wim?) 00000 heatingplart.
(¢4 Schedule Office_OpenOff_Occ You can set the fuel used by the boiler and
\ Healing 3 the bollers'seasonal eficiency (average over
2 the year).
ClLieskd Data shownwith a green background is
¥ Cooling v only used in Heating and/or Cooling design

[ Cooled e
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Step 6: Select the Simulation tab. Click the Advanced
section.

Simulation Options

From

Start day 1

Start month Jan o

End day 31

End month Dec -

Calculation Options Y

Simulation method 1-EnergyPlus <
Time steps per hour [2 =]
Temperature control 1-Air temperature <

Solar

[ Include all buildings in shading calcs
[0 Model reflections and shading of ground reflected solar
Solar distribution 2-Full exterior <
Shadowing interval (days) 20
Detailed HVYAC Autosizina
Advanced
QOutput

Step 7: Select the IDF File 1 check box and select the
Output.idf file from the EnergyPlus folder. Click OK.

lodel Options Data Help
T
[ uto [ dvanced | Hesing D | Coing Desn | Smssion | Dspe | Drownpiods | - | Proectdetas || Simulaion Caiculation Options

Data on this tab allows you to
control the simulations.

This data is also shown before
simulations.

ir IDF Data
IDF File 1

Outputict 2

[ 'Surfaces within zone' treated as adiabatic

Air velul:iilur comfort calculations mlsi 0.1370
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Step 8: Select the Simulation tab. The Edit Calculation
Options screen appears. Click OK.

Simulation Options

—

Simulation Period aadielotipitpioduced
e
oI Selectthe start and end days for the

Start day 1 simulation, or select a typical period:
Start month Jan +Annual simulation
To »Summer design week
End day 3 « Summer typical week
End month *All summer
Output Intervals for Reporting «Winter design week
Monthly and annual
[ Daily
Hourly
[ Sub-hourly

Calculation Description ¥

<

«| «

| e

terval
Monthly and annual outout is always
generatedand daily, hourly and
sub-hourly data can selected by
checkingthe appropriate boxes.

Note that selecting output at hourly or
sub-hourly intervals can produce large «

[ Don't show this dialog nexttime

Step 9: Select the EnergyPlus results. Select eplusout
file, so that the file will automatically open in the xESO-
View tool.

File Go Tools Help

DEOES| R

Navigate, Site Site, Building 1
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(L Select ile =)
Lookin:  }} EnergyPlus - 0F P aE
l Name = ‘ Date modified Type
- J| ASHRAE901 4/1/20165:05PM  File folder
RecentPlaces )15 Actual 3/3/20161:34PM  File folder
! '} L5_Notional 3/3/2016 1:34 PM File folder
) e 23/, o i
Desktop 1, eplusout 4/21/20166:30 PM  eso - EneI
Libraries
Computer
<[ n ] »
@ File name: eplusout %
Network
Fies of type: EnergyPlus ESO files
[ Open as read-only

The xEsoView screen appears:

el

Site Outdoor Air Drybulb Temperature Environment

Enegfis
Verson 8306457407462, YHD=2016.0421 1830

Ervemert
STEGIOT3T =

6 13 o
7" Ste Outdoor Ar Dr.. Envionment c B i
DENEAS B (e
v e v
R et s B
s e B
BN B €
s Tt S e B
i et S B
s et el
BORMEAY Deem N
i (i B
[ it e A v
ol e
§oEwT Do ‘ ! !
AT o 0T COGTe 27 2053618 746023 T A0 2313504118 3w 140520
2 Environment deg  Daly Time
H el
v ol
oo S & o




368

BUILDING ENERGY SIMULATION

Step 10: Enter Site Outdoor Air Drybulb Temperature
in the Name field of the Filter section to view the
variable.

e EE=

Fie-rfomaton

Site Outdoor Air Drybulb Temperature Environment

EnergyPlus
‘Version 8.3.0-64974074es, YMD=2016.04.25 11.07.

e
SITE ©10131-12)

Vasable kfomation

Tota: 20020101 00.00.00 - 20021231 230000
Matmu: 44,15 Moimum: 55

Average: 246938
Vatie: 20020101 000000 - 20021201 000000
Madmum: 4415 Maimum: 5.85 Average: 256158
Fter
o e Timoter
‘Ste Outdoor Ar Dryb
| R )
o~ e oo U Tieas)
7 nbub Temperasture  Envionment Daly
8 Ste Outdoor Ar Drybub Te Envionment [ Morthly
9 Ste Outdoor Ar Drybub Temperature  Envionment c RunPeriod

r T T T T T
Jan 0100.00 Feb 2720:53 Apr 26 17:46 Jun 23 14:40 Aug20 1133 0ct 170826
Time

) b Tl )

You can copy the variable data to view in a spreadsheet.
Step 11: Click Copy and select Copy variable data.

!ir;etgyPhsss:; @ Copy file information

@ Copy variable information

Environment
|SITE (01-01:31-12) [+]

Variable Information
Total: 2002-01-01 00:00:00 - 2002-12-31 23:00:00

Maximum: 44.15 Minimum: 5.5 Average: 24.6938
Visible: 2002-01-01 00:00:00 - 2002-12-01 00:00:00

Maximum: 44.15 Minimum: 5.85 Average: 25.6158
Filter

Name Area Unit Timestep

|Stte Outdoor Air D I I |
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Step 12: Open a spreadsheet and paste the data.

A 3 c o 3 £ G
AFNSurface Venting  AFNSurfaceVenting | AFN Surface Venting  AFN Zone
AFN Surface Venting Window Window or Door Window or Door Opening Window orDoor  Infiltration Air
site Outdoor Air or Door Opening Factor Opening Factor Factor Opening Factor Change Rate
Drybulb Temperature  BLOCK1:ZONEL_WALL_2_0_0_ BLOCK1:ZONEL WALL 3 BLOCKLZONEL WALL 4_ BLOCK1:ZONEL WALL BLOCK1:ZONEL

1 |pate/Time Environment [c] 0,00 wINTl 00000WN[  00000WN[ 5.0.0.0.0.0 WIN[] [ach]
2 11/1/22 12:AM 7.55, 0.868534 0.868534. 0.868534 0.868534 0.01
3 |1/1/22 1 7.55, 0 0 0 0 0.01
4 11/1/22 1. 7.55 0 0 0 0 0.01
s [11/22 755 0 0 [ 0 0.01
6 [11/22 755 o 0 [ 0 0.01
7 vy 755 0 0 [ 0 0.01
8 |1/1/22 7.55 0 0 0 0 0.01
9 11/1/22 1. 7.55 0 0 0 0 0.01
10 11/1/22 1: 7.55 0 0 0 0 0.01
111/1/22 12:2:AM 7.55. 0 0 0 0 0.01
12 11/1/22 12:23: AM 7.55 0 0 0 0 0.01
13 11/1/22 12:25: AM 7.55, 0 0 0 0 0.01
14 11/1/22 12:27: AM 7.55, 0.87345 0.87345 0.87345 0.87345 0.01
15 11/1/22 1: 7.55, 0 0 0 0 0.01
16 11/1/22 1: 7.55, 0 0 0 0 0.01
17 1/1/22 1. 7.55 0 0 0 0 0.01
18 1/1/22 755 0 0 [ 0 0.01
19(1/1/22 12:4: 755 0 0 [ 0 001

You can check if natural ventilation is working as per the
controls applied.

1248 ~@ e || =1F(AND(1248>8248,H248>20) TRUE.FALSE) |
2 A 5 T < 3 3 s W 0
3 3 g AFNZone Checkif
pening Infiltration Air  Zone Air Teone>
Factor OpeningFactor ~ ChangeRate  Temperature  Toutand
Drybulb Temperature WAL 2.00_ L WALL 3 L WALL4_ WAL Teone
000 WIND 00000 WN 00000 WN[ 500000 WN (ach] el >0
T} o o o o L00E02 19450 FALSE
125 o o o 3 L00E02 20513 TRUE
29 125 o.926861 o.926861 0526861 0926851 L00E02 16569 FALSE
250 125 o o o o L00E02 156037 FALSE
= e 1 o o o R —
259(1/1/22 9:38: A 125 3 3 o o 100602 174751 FALsE
260/1/1/22 9:4: A, n2s 3 3 o 3 100602 18.2332 FALsE
261/1/1/22 942: AM 125 3 3 o 3 100602 19337 FALSE
262/1/1/22 904 A 125 0 0 o o 100602 202925 TRUE
263/1/1/22 9:45: am 125 0.943068 0.943068 0.543068 0943068 100602 17.7963|_FALSE
264/1/1/2 947. AM 1.5 3 3 o 3 100602 16,7258 FALSE
2651/1/22 9:49: AM 1.5 3 3 o 3 100802 17.058 FALSE
266/1/1/22 951: AM 1 3 3 o o 100802 182150 FALSE
267/1/1/22 952: A 12 3 3 o o 100E-02 193217 FALsE
268/1/1/22 9:5: A 1 3 3 o 3 100802 202802 TRUE
269/1/1/22 9:56: A 12 0.943195 0.943195 0543195 0943195 L00E02 17.7508_FALSE
270/1/1/22 9:58: A 1 3 o o 3 100802 167205 FALSE
271|y/1/22 o am 13 L00E02 L00E.02 Looe.02 100E02 10,8368 L0002 FALSE
27|y 1:am 3 3 o 3 L00E-02 19,0569 FALSE

You can observe from the above that if the following
conditions are true, then there is natural ventilation

Tzone_air > Tsetpoim AND Tzone_air > Toutside_air

and Window opening fraction is dependent on the
T, T,

zone ~ 4 out*

TUTORIAL 10.6 Evaluating the impact of mixed
mode operation

GOAL

To evaluate the impact of mixed mode operation on energy
performance.

WHAT ARE YOU GOING TO LEARN?
e Modelling mixed-mode ventilation
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PROBLEM STATEMENT

In this tutorial, you are going to use the model saved in
Tutorial 10.4.

Find out the energy consumption for the following two
cases:

1. With mixed mode

2. Fully air conditioned

Use the New Delhi/Safdarjung, India weather location.

Mixed-Mode Cooling

In mixed-mode buildings, natural ventilation is used as
the primary means of providing cooling, and active cool-
ing is introduced when this is inadequate to provide com-
fort conditions.

Mixed-Mode Building

Mixed mode refers to a hybrid approach to space con-
ditioning that uses a combination of natural ventilation
from operable windows (either manually or automati-
cally controlled) and mechanical systems that include air
distribution equipment and refrigeration equipment for
cooling. A well-designed mixed-mode building begins
with an intelligent facade design to minimize cooling
loads. It then integrates the use of air conditioning when
and where necessary, with the use of natural ventilation
whenever it is feasible or desirable, to maximize comfort
while avoiding the significant energy use and operating
costs of year-round air conditioning.

Source: http://www.cbe.berkeley.edu/mixedmode
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SOLUTION
Step 1: Open the file saved in Tutorial 10.4.

Step 2: Select the HVAC tab. Select the HVAC template
as Radiator heating, Boiler HW, Mixed mode Nat
Vent, Local comfort cooling.

plate
|4 GSHP Water to Water heat Pump, Heated Floor, Nat Vent -
|§ Heated floor, Boiler HW/, Nat Vent

|4 Heated floor, Solar Assisted Boiler HW, Nat Vent

|}l Heating and Ventilation Ducted Supply + Extract

HW Convectors, Nat Vent

Natural ventilation - No Heating/Cooling

Packaged DX

PTAC Electriic Heating

PTAC HW Heating

PTHP

----- = |'} Radiator heating, Boiler HW, Mixed mode Nat Vent, Local comfort cooling
Bad el

|4 Radiators Electric, Nat Vent

Split + Separate Mechanical Ventilation

Split no fresh air

Unitary Heat Cool

Unitary Heat Pump

VAV, Air-cooled Chiller, Fan-assisted Reheat (Parallel PIU)
VAV, Air-cooled Chiller, HR, Dutdoor air reset

..... VA Aireanlad Chillar HR Mitdnnr sic racat 4 mivad mada

_I_l_l-sm —reorp— i ——
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Step 3: Clear the Heated checkbox in the Heating sec-
tion and make sure Outside air (ac/h) is 3.000.

[Site, Building 1

@ HVAC Template v S
4fTemplate Radiator heating. Boiler HW. Mixed mode Nat

Y Mechanical Ventilation

5 Auxiliary Energy ¥
Pump etc energy (W/m2) 0.0000
(34 Schedule Office_OpenOff_Occ

L Heatinn

<& Cooling
Cooled
[@]Cooling system Default
Fuel 1-Electricity from grid ©
Cooling system seasonal CoP 1.800
Supply Air Condition »
Operation ¥
(14 Schedule ‘Ware_24x7CellOff_Cool
+Humidity Control »
 DHW ¥

(23 Schedule Ware_24x7CellOff_Occ |

Step 4: Ensure the Mixed mode on check box is selected.

Mixed Mode Zone Equipment
Wind and Rain
Temperature Control

Min outdoor temperature (°C)

Max outdoor temperature (°C)
Enthalpy Control »
Dew Point Control
Advanced

Step 5: Minimize the DesignBuilder window. Create
an output.idf file. Write additional output variables as
follows:

Output: Variable, *, Zone Air Temperature, Detailed;

Output: Variable, *, AFN Surface Venting Window or Door
Opening Factor, Detailed;

Output: Variable, *, AFN Zone Infiltration Air Change
Rate, Detailed;

Output: Variable, *, Zone Ideal Loads Supply Air Total
Cooling Rate, Detailed;
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This .idf file needs to be placed in the following path:

sb - HVAC
View Tools

| ©D|E| Q¢

Site, Building 1

pen project Ctrl+O
Close Ctrl+F4

@ HVAC Template
[ Template

(AMechanical Ventild

Radiance folder
Exit Alt+F4 Weather data folder
1104.dsb Library data folder
2104 sheduled.dsb Template projects folder
33.7.dsb L Diagnostic files folder
434 15mm air gap.dsb [ Cooled

53.1 Light Weight.dsb sHumidlity Control
& 7
64.3 Overhang+Internal.dsb 1 DHW

2 10n
714.1 good glass+ shading model.dsb N -
3 h .7 Natural Ventilation|
810.3 24hrs.dsb On
10.2 with 10.1 calc.dsb 5 = ]
2Rz S Outside air defi
004> Outside air (¢
File Edit Search View Encoding Language Settings Macro Run Plugins Window ? =

DHR A4 hD 2/l 23 BEISIEREHEENBG
Eouputicf B

Output:Variable, *, Zone Air Temperature, Detailed;

Output:Variable, *, AFN Surface Venting Window or Door Opening Factor, Detailed;
Output:Variable, *, AFN Zone Infiltration Air Change Rate, Detailed;
Output:Variable, *, Zone Ideal Loads Supply Air Total Cooling Rate, Detailed:

amw N

Step 6: Maximize the DesignBuilder window and select the
HVAC tab. Click Simple under the Help tab. The Model
Options — Building and Block screen appears.

Site, Building 1

Info, Help
| Dato |

aating(Cooling System

[VAC detail
UsingIdeal Loads for mechanical

ventilation

Use this screen to edit the

(¥ Mechanical Ventilation

buldingwide heaing coolngand
Pump etc energy (W/m2) 0.0000 mechanical ventiiation system defauls |=
(23 Schedule Office_OpenOff_Occ ;,"a" IS GG Faled st
\ Heating

You can setthe fuel used by the boiler

[0 Heated andthe boilers seasonal efficiency
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Step 7: Select the Simulation tab. Click the Advanced
section.

Model Options Data

Simulation Options Y
From ¥
Start day 1
Start month Jan -
To ¥
End day 31
End month Dec <
Calculation Options ¥
Sirmulation method 1-EnergyPlus <
Time steps per hour [2 =
Temperature control 1-Air temperature v
Solar ¥
[ Include all buildings in shading calcs
[ Model reflections and shading of ground reflected solar
Solar distribution 2-Full exterior <

20

Shadowing interval (days)

Detailed HY
Advanced
Qutput

Step 8: Select the IDF File 1 check box and select the
Output.idf file from the EnergyPlus folder. Click OK.

Model Options Data Help
 Cos/Cron | T
[ to [ dvanced | Hesing Dsn | Coing Desn | Smision | D | Drowngiods | - | Proectdctas |1 | Simulaion Caiculation Options
T Data on this tab allows you to

‘control the simulations.

This data is also shown before

simulations.

B tion Options >,
Calculation Optio

IDF File 1

Output idf =

[ 'Surfaces within zone' treated as adiabatic

Air valul:iilur comfort calculations mlsi 0.1370

”I Help Cancel l 0K !
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Step 9: Select the Simulation tab. The Edit Calculation
Options screen appears. Click OK.

Calculation Options Data

Calculation Description

v Simulation Options
— LT
Simulation Period andHicoip plodUceE
i
a0 Selectthe start and end days for the
Start day 1 simulation, or select a typical period:
Start month Jan +Annua simulation
To * Summer design week
End day 31 « Summer typical week

<

«| «

« <A

End month Dec *All summer
- intr desion week
Monthly and annual «Winter typical week
Daily «All winter
Hourly
[ Sub-hourly Interval

Monthly and annual output is always
generatedand daily, hourly and
sub-hourly data can selected by
checkingthe appropriate boxes.

Note that selecting output at hourly or
sub-hourly intervals can produce large +

‘ [ Don't show this dialog nexttime [ Help ] [ Cancel ] I 0K I ;

Step 10: Select the EnergyPlus results. Select eplusout
file, so that the file will automatically open in the XESO-
View tool.

File Go Tools Help

BEEEY PR N E

Navigate, Site Site, Building 1

Ly Select file |
Lookin:  }} EnergyPlus - @ F B
e—‘ l Name 2 ‘ Date modified Type
bj‘ )L ASHRAE90L 4/1/2016505PM  File folder
RecentPlaces /|5 Actual 3/3/20161:34PM  File folder
)\ L5_Notional 3/3/20161:34 PM File folder
q ") £ 23L 2 i
Desktop te, eplusout 4/21/20166:30PM  eso - Ene‘
Libraries
Computer
< n ] »
@ File name: eplusout Y ~ Open
Network
Flesoftpe:  (EnergyPlus ESOfiles -
[ Open as read-only
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The xEsoView screen appears:

T viom Site Outdoor Air Drybulb Temperature Environment

EnergyPlus
Version 8.3,046497074e2, YMD=2016.05.06 1304

Envionment
SITE (01:01:3112)

Vaale Ifomation
Total: 2002.01-01 000000 -2002:12:31 23:00:00

Madmum: 44.15 Miimum: 5.5
Visble: 200201-01 00:00:00- 2002-12.31 000000
Madmum: 44.15 M

55 Average: 247284

Enviorment
Envionment

5
7

8 Ste Outdoor Ar Dybulb Temperature

3 Environment

r T T T T T T
Jan 0100:00Feb 27 20:53 Apr 26 17:46 Jun 23 14:40 Aug 20 11:33 Oct 17 08:26 Dec 14 05:
Time

Ceawn

Step 11: Enter Site Outdoor Air Drybulb Temperature
in the Name field of the Filter section to view the

variable.

e Site Outdoor Air Drybulb Temperature Environment

EnergyPlus
Version 8.3.06497d074ea, YMD=2016.05.06 1304

Enviorment
SITE (01:01:31-12)

Variale kfomation

Tota: 20020101 000000 -2002:12:31 23:00:00
Mamum: 44.15 Winimu:

Visble: 20020101 00:00:00- 20021231 000000
Mamum: 44.15 Miimum: 55

Average: 24653

Average: 247284

Fiter
Name ren unt Timestep

dy | I

4~

7 Temperature
8 Ste Outdoor Ar Dybulb Temperature
3 Ste Outdoor Ar Dybulb Temperature Envicoment

r T T T
Jan 0100.00Feb 27 20:53 Apr 26 17.46 Jun 23 14:40 Aug 20 1133 Oct 17 08:26 Dec 14 05:
Time

You can copy the variable data to view it in a spreadsheet.
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Step 12: Click Copy; then select Copy variable data.

e X C:/ PP Design
te, File View [{@€J9% Bookmark Window Help

C:/Users/Nan Opy Include time data
E\r/lagyﬁgss o/ [} Copyfileinformation

@ Copy variable information

Environment
[SITE (01-01:31-12) [+]
Variable Information
Total: 2002-01-01 00:00:00 - 2002-12-31 23:00:00
Maximum: 44.15 Minimum: 5.5 Average: 24.6938

Visible: 2002-01-01 00:00:00 - 2002-12-01 00:00:00
Maximum: 44.15 Minimum: 5.85 Average: 25.6158

Nl::; Area Unit Timestep
|Ste Outdoor A D I I |

.

Step 13: Open a spreadsheet and paste the data.

A 8 < o 3 F 9 H 1 o]
AN Surface AN Surface
e AN e Zone Ideal Loads
Windowor Door  Door Opening  or Door Opening  Window or Door JAFN Zone. Supply Air Total
Opening Factor  Factor Factor OpeningFactor  [infiltration Air  zone Air | Cooling Rate

ite Outdoor Air waL . wa W Ly Temperature

Orybulb Temperature 1_2_0.0.0_0_0_WIN LL_3.0.0.0.0.0.W AUL_0.0.000_ 500000 WN L0ADS AR
1 |Date/Time Environment(c] (] g wing il (ach) HCl w)
2| 31272002800 2133 1 1 1 1 1094 220
3| 3/12/2002805 2133 1 1 1 9 1636 276
4| 3122002810 2133 1 1 1 9 1926 271
5| 31272002815 2133 1 1 1 i 1905 2255
6| 3/12/2002820 2133 1 1 1 1 1824 252
7| 31272002825 2133 1 1 1 9 1808 257
8| 3/12/2002830 2133 o [ ) 002 2381
9| 3/12/2002835 2133 1 1 1 1 19.20) 2610
10]  3/12/2002840 2133 o ) o 002 2601
1| 31272002845 2133 o o o 002 2600
12| 3/12/2002850 2133 o o o 002 2600
13] 3122002855 2133 o o o 20; 2600
14| 3/12/2002900 2333 [ [ o o 001 24.00|
15| 3/12/2002930 2333 o o ) o 000 2600 -
16| 3/12/2002900 2333 o o o o 000 2600 371621
17| 3/12/2002 1000 2515 o o o o o001 2600 371621
18| 3/12/2002 1030 2515 o [ o o 002 24.00) 371621
19| 3/12/2002 1000 2515 o o o o 002 24.00) 420639
20| 3/12/2002 1100 2643 o o o o 002 2600 420639
21| 312720021130 2643 o o o o 002 24.00) 420639
22| 3/12/2002 1100 2643 o o o o 002 24.00) 469958
2| 31220021200 2745 o o o o 002 2600 469958
2| 312720021230 2745 o o o o 003 24.00) 469958
25| 3/12/2002 1200 2745 o [ o o 003 24.00) 504795
2| 3/12/2002 1300 2808 o o o o 003 2600 5047.95
27| 312720021330 2808 o o ) o 005 2600 5047.95
28| 3/12/2002 1300 2808 o [ o o 005 24.00) 554387
2| 3/12/2002 1400 2858 o o o o 005 24.00) 554387
30| 3/12/2002 1430 2858 o o o o 005 2600 554387
31| 3/12/2002 1400 2858 o o o o 005 24.00) sseas
32| 3/12/2002 1500 2848 o o o o 005 24.00) spaasif
33| 31220021530 2828 ° o o o 004 2600 sgeasi]|-

sheett | Sheet? | Consumption | @ A | O]
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You can observe from the above that if the following
conditions are true, then there is natural ventilation.

Tzonefair > Tsetpoim AND Tzonefair > Toutsidefair

When the outside temperature is more than zone temper-
ature, natural ventilation in OFF and mechanical cooling
takes place.

Step 14: Clear the On check box to switch off the natu-
ral ventilation, so that the zone runs in the air condition
mode.

Site, Building 1

B HVAC Template ¥
[ Template Radiator heating. Boiler H¥. Mixed mo
OOn

% - Auxiliary Energy ¥
Pump etc energy (W/m2) 0.0000
(14 Schedule Office_OpenOff_Occ
[0 Heated

< Cooling ¥
Cooled

[Cooling system Default
Fuel 1-Electricity from grid hd
Cooling system seasonal CoP 1.800

Supply Air Condition
Operation
(14 Schedule Ware_24x7CellOff_Cool
yHumidity Control
= DHW
0On

7~ Natural® ‘entilation

T
u |\

T «w wnperature Distribution

Simulate the model and record the monthly energy con-
sumption results.

Compare the results in both cases.
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2,500 |
2,000
|
|
1,500
| o

1,000 |

500 1

o—

Cooling electricity (kWh)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
=#= With AC  =—e= With mixed mode

You can observe that natural ventilation is effective in cli-
mate of New Delhi from January to March and October to
December.

Exercise 10.6

Repeat the above tutorial for the window area modulation based
on zone and outdoor air temperature.
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http://taylorandfrancis.com
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CHAPTER ELEVEN

Building Energy Code
Compliance

Building energy code compliance in most countries has the
following two paths:

1. Prescriptive
2. Performance-based

Prescriptive path give specific requirements for all the building
components and all the requirements have to be met for compli-
ance. This generally limits design freedom.

Performance-based path provides more design freedom and can
lead to innovative design but involves more complex energy
simulations and trade-offs between systems. Residential and
smaller commercial buildings with singular heating ventilation
and air conditioning (HVAC), service hot water and lighting
systems are more likely to be designed by using a prescriptive
approach. Larger commercial buildings that have multiple sys-
tems or varied uses and loads may find it more advantageous to
follow a performance-based path for code compliance.”

The performance-based path requires the whole building
energy simulation.

ASHRAE 90.1-2010 has two methods for the whole building
simulation:
a. Energy cost budget (ECB) method

b. Performance rating method given in ASHRAE 90.1
Appendix G

* https://www.energycodes.gov/resource-center/ace/enforcement/step2
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Both methods require energy simulation of the proposed build-
ing design and the budget building design.

TUTORIAL 11.1  Simulating building performance
in four orientations

The baseline building performance shall be generated
by simulating the building with its actual orientation and
again after rotating the entire building by 90°, 180° and
270°, and then deriving the average from the results. This is
illustrated by the following example. The field Site orienta-
tion can be use for achieving the desired orientation.

@ Location Template
3 Template DUBAI INTERNATIONAL
-4 Building 1  Site Location
17 Site Details

Elevation above sea level (m) 100
Exaosuretowind 2-Normal
Site orientation () 0

% Summer Design Wealher Data

The building face is 150° from the north. (The rectangle
inside the circle is the building, and the face is shown with
the bold line.)

North

20
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North

With 180° rotation from the building face.
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With 270° rotation from the building face.

TUTORIAL 11.2  Creating the base case external wall
for ASHRAE 90.1-2010 Appendix G

The ECB method requires modelling of opaque assemblies
such as roof and walls with the same heat capacity as of the
proposed design, whereas in Appendix G, the performance-
based method requires these to be modelled as lightweight/
steel-framed.

ASHRAE 90.1-2010 Appendix G requires that the exter-
nal wall be steel-framed. You can refer to TABLE 5.5-1 of
ASHRAE 90.1 for the U-value.

In this tutorial you need to create a steel-framed external
wall with a U-value of 0.705 W/m2-K.
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Step 1: Create a new external wall and select Wall,
Steel-Framed, R-13 (2.3), U-0.124 (0.70) - 16 in.
(400mm) On Center, 3.5 in. (§89mm) Depth Framing.

P Wall. Metal Building, R-6+R-13 (1.1+2.3), U-0.070 (0.40)
-2 Wall, Steel-Framed, R-0 (0.0), U-0.338 (1.92) - 24 in. (600mm) On Center, 3.5 in. (83mm) Depth Framing,
P Wall, Steel-Framed, R-0 (0.0), U-0.352 (2.00) - 16 in. (400mm) On Center, 3.5 in. (83mm) Depth Framing,

& Wall, Steel Framed, R-11 (1.9),

0,116 (0.66) - 24 in. (600rm) On Center, 35 in. (83mm) Depth Framing,
P Wall SteelFramed, R11 (1.9),

0.132(0.75) - 16 in. (400rm) On Center, 35 in. (83mm) Depth Framing,
35in. (83mm) Depth Framing,
,: ) Depth Framing,
all, SteetFramed, R-13+R-16c.1 (2.3+2.7c..), U-0.042 (0.240) - 16 in. (400mm) On Center, 3.5 in. (83mm) Depth Framing,
- Wall, SteelFramed, R-13+R19c.i (23+33c.), U-0.037 (0.212) - 16 in. (400mm) On Center, 35 in. (83mm) Depth Framing,
- Wall, SteelFramed, R-13+R-4c.i (23+0.7c.), U-0.084 (0.479) - 16 in. (400mm) On Center, 35 in. (83mm) Depth Framing,
&P Wall, SteekFramed, R13+R-7c.i (2.3+1.3c.1), U-0.084 (0.365) - 16 in. (400mm) On Center, 35 in. (83mm) Depth Framing, |
P Wall, SteekFramed, R-15 (26, L1-0.102 (0.58) - 24 in. (600mm) On Center, 35 in. (83rmm) Depth Framing,
- Wall, SteelFramed, R-15 (26, U-0.118 (0.67) - 16 in. (400mm) On Center, 35 in. (33rm) Depth Framing,
Wall, Steel-Framed, R-19 (3.3), U-0.034 (0.53) - 24 in. (600rmm) On Center, 6.0 in. (152mm) Depth Framing,
P Wall, SteelFramed, R-19 (3.3), U-0.103 (0.62)- 16 in. (400mm) On Center, 6.0 in. (152mm) Depth Framing,
P Wall, SteelFramed, R-21 (3.7), U-0.030 (051) - 24 in. (600mm) On Center, 6.0 in. (152mm) Depth Framing,
Wall, Steel-Framed, R-21 (3.7), U-0.106 (0.60) - 16 in. (400rmm) On Center, 6.0 in. (152mm) Depth Framing,

- ‘Wall, Wood-Framed, R-0 (0.0), U-0.292 (1.66) - Studs 16 in. (400mm) On Center, 3.5 in. (83mm) Framing Depth, D
&P Wall, Wood-Framed, R-0 (0.0, U-0.298 (1.69) - Studs 24 in. (600mm) On Center, 3.5 in. (39mm) Framing Depth, il
110 A1t et © 11 61 G 1101008 (VEN Creede 24 i (0O Ao Pt B E i (0Oeeen) Comoio Nl
<[ mn J »
*| | 2| @sa [ Cancel ] | 0K

Step 2: Edit the construction to view properties.

Constructions Data

General ¥
Name Wall. Steel-Framed. R-13 (2.3). U-0.124 (0.70)
Source ASHRAE Standard 90.1 (Appendix A)

[ Category Walls S

SR Region General

Definition method 1-Layers 54

Calculation Settings »
Layers ¥
Number of layers 4 =
SMaterial 0.75 in. Stucco
Thickness (m) 0.0190
[ Bridged?

Layer 2 ¥
S Material 0.625 in. gypsum board
Thickness (m) 0.0159
[ Bridged?

Layer 3 ¥
S Material Board insulation (Glass fiber board)
Thickness (m) 0.0381
[ Bridged?

Innermost layer ¥
Sy Material 0.625 in. gypsum board

Thickness (m) 0.0159
[ Bridged?
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Step 3: Select the Calculated tab. It displays all con-
struction properties.

Constructions Data

| Layers | Suface propettes | image | Calculated

Convective heat transfer coefficient (W/m2-K) 2793
Radiative heattransfer coefficient (W/m2-K) 5540
Surface resistance (m2-KAM) 0.120
Outer surface ¥
Convective heat transfer coefficient (W/m2-K) 27.793
Radiative heat transfer coefficient (W/m2-K) 5.540
Surface resistance (m2-KM) 0.030
U-Value surface to surface (W/m2-K) 0.788
R-Value (m2-KwW) 1418
U-Value (W/m2-K) 0.705
Thickness (m) 0.0888
Km - Interal heat capacity (KJ/m2-K) 15.5395
Upper resistance limit (m2-K/vW) 1.421
Lower resistance limit (m2-KAW) 1.421
U-Value surface to surface (W/m2-K) 0.787
R-Value (m2-K/w) 1.421
U-Value (W/m2-K) 0.704

Please refer to Tutorial 3.1 to understand the effect of
steel-framed and mass walls.

TUTORIAL 11.3  Modelling flush windows for the
base case

As per ASHRAE 90.1-2010 Appendix G Table G 3.1, you
must not model shading projections on the fenestration of
the base case building. The fenestration needs to be mod-
elled as flush with the exterior wall or roof.
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Site, Building 1

@ Glazing Template

<«

Gp Template Project glazing template
(P)Glazing type Dbl Grey 6mm/6mm Air
(@iLayout Preferred height 1.5m, 30% glazed
Dimensions ¥
Type 3-Preferred height -
Window to wall % 40.00
Window height (m) 1.50
Window spacing (m) 5.00

Sill height (m 0.80

Frame and Dividers

[ Window shading
[ Local shading
Airflow Control Windows
Free Aperture
¥ _Internal Windows
&) Sloped Roof Windows/Skylights
(P Glazing type Projectroof glazing
(@Layout No roof glazing
Dimensions
Frame and Dividers

Free Aperture

In the Reveal section, make sure that the OQutside reveal
depth (m) is zero for the base case.

Window shading and Local shading must not be modelled.

TUTORIAL 11.4  Selecting HVAC system for the
base case

As per ASHRAE 90.1-2010 Section G3.1.3, building type
can be determined based on the conditioned floor area,
number of floors and the fuel type.

In DesignBuilder, you can select ASHRAE 90.1
Appendix G baseline systems from the template.
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B

T —

=2 {;_‘—) ASHRAE 90.1 Appendix G baseline -

3 SystemNo. 1 PTAC

m System No. 10 Heating (Electric) and Ventilation
----- ZJ System No. 2PTHP

1 System No. 3PSZ:AC

-5} System No. 4 PSZ-HP

L} System No. 5 Packaged VAV with Reheat
m System No. 6 Packaged VAV with PFP Boxes
'g} System No. 7 VAY with Reheat

T System No. 8VAV with PFP Boxes

'g} System No. 9 Heating (Fumnace) and Ventilation

2-F5 DHW
E-f5 Heating and Cooling Systems

23 ASHP Air-to-water Heat Pump, Integrated Boiler, Water Convector
m ASHP Air-to-water Heat Pump, Supplementary Boiler, Water Convector
m ASHP Air-to-water Heat Pump, Water Convector

n CAV Reheat, ir-cooled Chiller

-5} CAV with 4-Pipe Induction Units

& Chilled Ceiling, Air-cooled Chiller

m Convector Heating, Boiler HW, Nat Vent

1 Canvactar Hastina Flankia Nat\ant

| G| B | @so s ) [ox ]

TUTORIAL 11.5 Calculating fan power for the base case

As per ASHRAE 90.1-2010 Section G3.1.2.10, for the base
case system fan electrical power for supply, return, exhaust
and relief (excluding power to fan-powered VAV boxes)
needs to be calculated with the following formulae:

For systems 1 and 2,

Py, (watts) = CFM, x 0.3

For systems 3 and 4,

Baseline fan motor brake horsepower = CFM, x 0.00094 + A
Baseline fan motor brake horsepower = CFM; x 0.0013 + A
Where A = sum of (PD x CFM,/4131)

CFM, = The maximum design supply air flow rate to
conditioned spaces served by the system in cubic feet
per minute

CFM,, = the design airflow through each applicable
device in cubic feet per minute

PD = each applicable pressure prop adjustment

(Please refer to Table 6.5.3.1.1B of ASHRAE 90.1 for
PD adjustment values.)

Modelling in DesignBuilder”

Delta P = 1000 x SFP X Fan total efficiency

* http://www.designbuilder.co.uk/helpv4.7/Content/Fans.htm
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The Specific Fan Power (SFP) is a function of the volume
flow of the fan and the electrical power input and is quoted
for a particular flow rate.

SFP = P, (W)/V (I/s)

where:
V is volume flow (1/s)
P, is electrical power input (W) to the fan system or
complete air movement installation

Air Loop AHU Supply Fan

e 2-eriable volume -
Fontaasiciency
Pressure rise (Pa) 600.0 d Power, ASHRAE 90.1:2007 Appendix G
End-use subcategory. Generel d Power, Discharge Dampers

imum flow rate input method forfan power 1-Fraction
imum flow raction for fan power 03

Data Report (Not Editable) 3
General
Fan Part-Load Power. Inlet Vane Dampers

Source EnerayPlus
Category Quartic

Fen coefiicient 0.3507122300
Fan coefiicient 2 0.3085053500
Fen coficient 3 -0.5413736400
Fen coeficient 4 06719882300
Fan coefiicient 5 0.0000000000

Fan Part-Load Power, Inlet Vane Dampers

[«

[t J[ eamea J[ox ]

In this tutorial you will calculate the base case power (kW)
requirement for the AHU having the supply air volume
4000 CFM (2.359 m?/s) (1888 1/s) for system 8. (Assume
that air-filtering system’s pressure drop is less than 1 inch
WG when filters are clean.)

Variable volume systems 5—8

Baseline fan motor brake horsepower = CFMs x 0.0013 + A
Where A = sum of (PD x CFM,/4131)

PD = each applicable pressure drop adjustment

A =097

Baseline fan motor brake horsepower = 6.17 BHP =
4601.54 W

SFP = P_(W)/V (I/s)

SFP = 4601.54/1888 = 2.4 W/(1/s)

Let fan efficiency be 0.6

Delta P = 1000 x SFP x fan total efficiency

Delta P = 1000 x 2.4 x 0.6

Delta P = 1440 Pa
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TUTORIAL 11.6  Understanding fan cycling

As per ASHRAE 90.1-2010 Section G3.1.2.5, Fan System
Operation, supply and return fans shall operate continu-
ously whenever spaces are occupied and shall be cycled to
meet heating and cooling loads during unoccupied hours.
Supply, return and/or exhaust fans will remain on during
occupied and unoccupied hours in spaces that have health-
and safety-mandated minimum ventilation requirements
during unoccupied hours.

You can refer to Tutorial 8.7 for more details.

TUTORIAL 11.7  Specifying room air to supply air
temperature difference

As per ASHRAE 90.1-2010 Section G3.1.2.5, System Types
1 through 8, system’s supply air flow rates for the baseline
building design shall be based on a supply-air-to-room-air
temperature difference of 11°C (20°F), or the minimum
outdoor air flow rate, or on the air flow rate required to
comply with applicable codes or accreditation standards,
whichever is greater.

Cooling

Precool design temperature ('C)

11.00

Edit Air loop -
Air Loop Data
Air
General ¥
Name Air Loop
Sizing Y
Design outdoor air flow rate (m3/s) Autosize
Minimum system air flow ratio 0.300
Sizing option 2-Coincident <
Type of load to size on 1-Sensible v
System outdoor air method [1-Zone sum ~
Zone maximum outdoor air fraction 1.000
Heating ¥
Preheat design temperature (‘C) 5.00
Preheat design humidity ratio 0.0080
Central heating design supply airte... 16.00
100% outdoor air in heating 1-No o
Central heating design supply air hu... 0.008
Heating design air flow method 1-Design day S

|

Precool design humidity ratio 0.0080
Central cooling design supply airte.. 13 |
100% outdoor air in cooling 1-No v

Central cooling design supply air hu... 0.0080
Cooling design air flow method 1-Design day b
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For example, if your room’s air temperature setpoint is
24°C, then for the base case, you need to set the supply air
temperature to 13°C.

TUTORIAL 11.8 Number of chillers in the base case

As per ASHRAE 90.1-2010 Section G3.1.3.7, Type and
Number of Chillers (Systems 7 and 8), electric chillers shall
be used in the baseline building design regardless of the
cooling energy source.

To choose the number of chillers in the base case, you need to
find out the building peak cooling load. Based on the building
cooling load you can refer to Table G3.1.3.7 of ASHRAE 90.1
to know about the numbers and type of the chillers.

In DesignBuilder, you can add chillers with the following
steps:

Step 1: Click Chiller. It shows the chiller layout.

Site, Building 1
Layout

{

Chiller

CHW Loop Sugply Splitter CHW Loop Supply Mixer

CHW Loop Supply Punip l
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Step 2: Click the Add Chiller link. It displays one more
chiller on the layout screen.

Site, Building 1
Layout

=

l Chiller 1 l Chiller

CHW Loop Swlply Splitter CHW Loop Supply Mixer

CHW Loop Supply Punip 1
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Step 3: Click Connect components. It shows a green dot
when you click on the node of the chiller.

Site, Building 1
Layout

3

....... gl e dChilentions s ot e o chillen coa e R Al oaeiet

CHW Loé)p Sufply Splitter CHW Loop Supply Mixer

CHW Loop Supply Punip 1




394 BUILDING ENERGY SIMULATION

Step 4: Connect connector to the chilled-water loop
splitter.

Chiller

CHW Loop Supply Mixer

CHW Loop Supply Pump

—
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Step 5: Repeat step 4 to connect the chilled-water output
loop.

Site, Building 1
Layout

Chiller

CHW Loop Supply Pump

Site, Building 1
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You can change the type of chiller by clicking on Edit
component.

Navigate, Site Site, Building 1 Info, Help

BIELE ax

Chillers are placed in Chiled

‘water sub loops and provide
&4 Buildi chilled water to cooling cois,
chilled beams and cooled
B3 <HVAC System>
Air Loop ceilings.
5% CHW Loop. Condenser type )
CHW Loop Demand Side ‘The condenser type determines.
s ‘whal type of condenser wil be
;35 CH¥W:Loo Sueeb Side included with this chiller. Valid
g o condenser types are:
«
5 CHW Loop Setpoint Manager 4 M R cicled
N ® CHW Loop Supply Pump * 2-Water cooled
&% Condenser Loop 3 « 3-Evaporatively cooled.
L Cendenee o, g"";“’s;ﬁ‘" Water cooled chillers must be
# Condenzer Loop Supply Side connected o a Condenser loop.
4= Condenser Loop Setpoint Manager The other types do not requie a
® Condenser Loop Supply Pump condenser loop.
= Cooling Tower
% HW Loop 7 Edit component
- Zone Group
& @ Block 1

-G Zone 1

Chiller Data

Chiller

General Y
Name Chiller 1
J¢ Chiller template DOE-2 Centrifugal/5.50COP
Chiller type 1-Constant COP @
Nominal capacity (W) Autosize
Nominal CoP 5.500
Chiller flow mode [3-Not modulated T=]
Sizing factor 1.00
Condensertype 2-Water cooled >
Design chilled water flow rate (m3/s) Autosize
Design condenser water flow rate (m3/s) Autosize
Basin heater capacity (W/K) 0.000
Basin heater setpoint temperature (‘'C) 2.000

TUTORIAL 11.9  Defining chilled-water supply
temperature reset for the base case

As per ASHRAE 90.1-2010 Section G3.1.3.9, Systems 7
and 8, the chilled-water supply temperature shall be reset
based on the outdoor dry-bulb temperature by using the fol-
lowing schedule:

* Chilled-water temperature 7°C at DBT 27°C and above

e Chilled-water temperature 12°C at DBT 16°C and
below

e Chilled-water temperature ramped linearly between
7°C and 12°C at outdoor dry-bulb temperatures
between 27°C and 16°C
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File Edit Go View Tools Help V'eﬂmonw [ Noma ]|

DﬁE@%OQ@@N@@@@I@Q!@

Navigate, Site

Site

JE4PZ

=} Untitled -
ge Building 1

=8 2] <HVA|: System>

& CHW Loop Demand Side
; CHW Loop Supply Side

Untitled, Building 1 Info, Help

Hep | oo |
Setpoint Manager

This plant loop setpoint 1
controls the water tempe
output of the loop based
on a schedule or using ¢
reset where the control
temperature output s sc
based on the outside air
temperature.

Setpoint Manager Data
Setpoint Manager

General
Name
Type
Control variable

Setpoint at outdoor low temperature ('C)
Outdoor low temperature (°C)
Setpoint at outdoor high temperature ('C)
Outdoor high temperature (*C)
Second Reset Rule
[] Second reset rule

Outdoor Air Temperatures vs Supply Temperature Relationship

v
v

CHW Loop Setpoint Manager
10-Outdoor air reset =
1-Temperature v
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TUTORIAL 11.10  Type and number of boilers for the

base case

As per ASHRAE 90.1-2010 Section G3.1.3.2 for Systems 1,
5 and 7, the boiler plant shall use the same fuel as the pro-
posed design and shall be a natural draft, except as noted
in Section G3.1.1.1 (Purchase Heat). The baseline building
design boiler plant shall be modelled as having a single
boiler if the baseline building design plant serves a condi-
tioned floor area of 1400 m? or less and has two equal-sized
boilers for plants serving more than 1400 m?2. Boilers shall

be staged as required by the load.

Navigate, Site Site, Building 1

= CHW Loop Setpoint Manager
® CHW Loop Supply Pump

(]
; HW Loop Demand Side
s HW Loop Supply Side
r Boiler
= HW Loop Setpoint Manager

HW Loop Supply Pumj
® P Supply P HW Loop Supply Splitter

HW Loop Supply Pump

HW Loop Sug

by Mixer

%T—m




CHAPTER ELEVEN BUILDING ENERGY CODE COMPLIANCE 399

Boiler Data
Hot Water Boiler

Name Boiler
{ Boiler template ﬁmmm
Fuel type 1-Natural gas <
Nominal capacity (W) 0size
Boiler flow mode 3-Not modulated -
Parasitic electric load (W) 25.000
Sizing factor 1.00
Nominal thermal efficiency 0.890
Efficiency curve temperature evaluation variab... LeavingBoiler ©
[(INormalized hoiler efficiency curve CondensingBoilerEff
Design water flow rate (m3/s) Autosize
Minimum part load ratio 0.000
Maximum part load ratio 1.000
Optimum part load ratio 1.000

Fuel type should be the same as used in the proposed design.

TUTORIAL 11.11  Defining hot-water supply
temperature reset

As per ASHRAE 90.1-2010 Section G3.1.3.4 Hot-water
Supply Temperature Reset (Systems 1, 5 and 7), the hot-
water supply temperature shall be reset based on the out-
door dry-bulb temperature by using the following schedule:
e 82°C at —7°C and below
e 66°C at 10°C and above

* Ramped linearly between 82°C and 66°C at tempera-
tures between —7°C and 10°C
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Navigate, Site

LEAdPZ
X

E=-@,) Site

gc Building 1
BT} <HVAC System>
: Air Loop
CHW Loop
Condenser Loop
HW Loop
HW Loop Demand Side
HW Loop Supply Side
4 Boiler
P8 W/ Loop Setpoint Manager
® HW Loop Supply Pump
% Zone Group
=- Block 1

@@ Zone 1

Setpoint Manager Data
Setpoint Manager

General o
Name HW Loop Setpoint Manager
Type 10-Outdoor air reset
Control variable 1-Temperature

« KK

Outdoor Air Temperatures vs Supply Temperature Relationship
Setpoint at outdoor low temperature (‘C) 82
Outdoor low temperature ('C) -7
Setpoint at outdoor high temperature (°C)

Outdoor high temperature
Second Reset Rule

[ Second reset rule
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TUTORIAL 11.12 Hot-water pumps

As per ASHRAE 90.1-2010 Section G3.1.3.5, Hot-water
Pumps, the baseline building design hot-water pump power
shall be 301 kW/1000 L/s. The pumping system shall be
modelled as primary-only, with a continuous variable flow.
Hot-water systems serving 11,148 m? or more shall be mod-
elled with variable-speed drives, and systems serving less
than 11,148 m? shall be modelled as riding the pump curve.”

Info, Help
Hep [ Dts |
Pump - Variable Speed

This pump is fixed as Variable speed because the.
Plantloophas been definedas being Variable

To cnangeme PuUmp type you must edit the Plant
Toopfiow type.

Pump Control type

There is a choice of Continuous or Intermittent
‘operation. A variable speed pump is defined with
HW Loop Demand Side I e

HW Loop St Side vnysua limits of the devi mn-msnn loadon
sy eoy. e Ioop and e pump S aperting imermitanty.
3 then the pump can shutdown. For anywm
4 HW Loop Setpoint Manager ‘condtion such as the loop having a load andthe
® HW Loop Supply Pump pump is operating intermitently of the pumpis
& Zone Group ‘continuously operating (regardiess of the loading
& @ Bock 1 condtion), the pump wil operate and selecta flow

‘Somewhere between the minimum and maximum

limits. In these cases where the pump is running, it

e
mponent

6 Zone 1

side cor

@Em_@m

|80 €6¢_[ Visuaise | Heating desgn | Cooing desin | S e

EditHeating/Cooling System..

Pump Data

General Pump - Variable Speed

This pump i fxed as Variable speed because the
M3 P Plant loop has been defineds being Variable

Type 2Variable speed

Pump Setlings To change the pur ype you must editne Plant
Rated power consumption (W) Autosize Toopflow type.
Rated pump head 20000.00 Pump Con
TR ) ) There t2a choleanfContinuous o nfermtent
Motor efficiency operation. A variable speed pump is definedwith
Fraction of motor inefficiencies o fluid stream 000 madmum and minimum flow rates that are the
0.000000 physical imits of he device. If there is no load on the
(IR S T D(EED) loop andthe pump is operating intermittently, then
Pump control type 2-Intermittent - || the pump can shutdown. For any other condiion
such as the loop having a load andthe pump is
, 3
[CPerformance curve template Pump Part-Load Power, Default Varia | |4 operaing (regardiess of the loading condtion),the
o cpe and ok ow sewtas

between the minimum and maximum limits. In these

Purnp coefiicient 1 0.0000000 cases where the pump is running, it willtry to meet

Pump coefficient2 1.0000000 made by

Purmp coefiicient 3 0.0000000 RutsmcshiSstalo siowiinbieliiscanl oo
00000000 have the text ‘autosize’ or numeric data. In

Pump coeficient4

Mle'e ‘autosize'is entered EnergyPlus will calcula\e

before the
e Sking data provided. -

(B o —c—)

TUTORIAL 11.13  Defining exhaust air energy
recovery parameters

As per ASHRAE 90.1-2010 Section 6.5.6.1, each fan system
shall have an energy recovery system when the system’s
supply airflow rate exceeds the value listed in Table 6.5.6.1,
based on the climate zone and the percentage of outdoor
airflow rate at design conditions.

* http://www.designbuilder.co.uk/helpv4.7/#Pump_-_Variable_Speed.htm
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Energy recovery systems required by this section shall have
at least 50% energy recovery effectiveness. Fifty percent
energy recovery effectiveness shall mean a change in the
enthalpy of the outdoor air supply equal to 50% of the dif-
ference between the outdoor air and return air enthalpies
at design conditions. Provision shall be made to bypass or
control the energy recovery system to permit air economiser
operation, as required by Section 6.5.1.1. There are some
exceptions to this, which you can refer to in Section 6.5.6.1.

You can refer to Tutorial 8.8 for modelling a heat recovery
system.

TUTORIAL 11.14  Defining economiser parameters

As per ASHRAE 90.1-2010 Section G3.1.2.7, Economisers,
outdoor air economisers shall not be included in baseline
HVAC systems 1, 2, 9 and 10. Outdoor air economisers shall
be included in baseline HVAC systems 3 through 8 based
on climate, as specified in Table G3.1.2.6A. Exceptions can
be referred to in the relevant section.

The high-limit shutoff shall be a dry-bulb switch with set-
point temperatures in accordance with the values in Table
G3.1.2.6B.

Air handling unit Data

Recirculation Outside Air System
On Outdoor air control provides outdoor
] : air for ventilation with optional for free
Minimum outdoor air flow rate (m3/s) Autosize cooling (through additional outdoor air
Meximum outdoor air flow rte (m3/s) Autosize
i i 2-Fixed minimum

5 ; controls. If any of the selected limits
Economiser control type 2-Fixed dry bulb are exceaded the outdoor aiflowrate

Lockouttype 1-No lockout is setto the minimum
Economiser control action type 1-Modulate flow. Autosizable data is shown in blue. This

can either have the text ‘autosize® or

L numeric data. In the case where
¥ Outdoor dry-bulb temperature low limit control ‘autosize' is entered EnergyPlus will
Sl e calculate an appropriate value before
Economiser minimum limit dry bulb temp B e
> provided.

Outdoor dry-bulb temperature high limit
Economiser maximum limit dry bulb temper... 25.00

o ) ow JC & )

You can refer to Tutorial 8.6 for more details.
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TUTORIAL 11.15  Finding unmet hours after
simulation

As per ASHRAE 90.1-2010 Section G3.1.2.3, unmet load
hours for the proposed or baseline building designs shall not
exceed 300 (of the 8760 simulated hours). You can get unmet
hours in the Summary tab after simulation of the building.

Site, Building 1

Setpoint Not Met Criteria
e S Degrees|[deftac]) =
‘ Tolerance for Zone Heating Setpoint Not Met Time 1:11
‘ Tolerance for Zone Cooling Setpoint Not Met Time 1.11
Comfort and Setpoint Not Met Summary
Facility [Hours]
Time Setpoint Not Met During Occupied Heating 0.00 |
Time Setpoint Not Met During Occupied Cooling 0.00 |
Time Not Comfortable Based on Simple ASHRAE 55-2004 375.50
Note 1: An asterisk (*) indicates that the feature is not yet implemented.

TUTORIAL 11.16  Generating the performance rating
method compliance report
in DesignBuilder

You can get the LEED summary in DesignBuilder by
selecting the LEED Summary checkbox.

Output Data 2 -
[¥] Building and block output of zone data
[ Include unoccupied zones in block and building totals and averages
Allow custom outputs

Graphable Outputs

Comfort and Environmental

Detailed Daylight Outputs

Summary Tables v
Summary output units (SI) 1-kWwh @

] A =

G Otity Performance Summary (ABUPS)

Demand End Use Components Summary

Sensible heat gain summary

Input Verification and Results Summary

[ Source Energy End Use Components Summary

Adaptive Comfort Summary

[ Zone Component Load Summary
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After simulation, you can get the LEED summary in the
Summary tab.

Site, Building 1

(oo | Sy

Table of Contents -~

Top

Annual Building Utility Performance Summary
Input Verification and Results Summary
Demand End Use Components Summary =
Source Energy End Use Components Summary
Component Sizing Summary

Surface Shadowing Summary

Climatic Data Summary

Envelope Summary

Shading Summary

Lighting Summary

Equipment Summary

HVAC Sizing Summary

System Summary

Outdoor Air Summary

Object Count Summary

Enerqy Meters

Sensible Heat Gain Summary

LEED Summary

Report: Input Verification and Results Summary Table of Contents

For: Entire Facility

Timestamp: 2016-04-23 14:17:57

Site, Building 1

Fosss | Srmary

Report: LEED Summary Table of Contents |

For: Entire Fadility
Timestamp: 2016-04-23 14:17:57

Sec1.1A-General Information

Data

Weather File | SITE (01-01:31-12) ** New Dehi Deki IND ISHRAE WMO#=421820

HDD anﬁ CDD data source ; ] Weather File Stat
Total gross floor area [m2] 88.65
Principal Heating Source ‘ Natural Gas

EAp2-1. Space Usage Type

Space Area Regularly Occupied Area  Unconditioned Area  Typical Hours/Week in Operation

[m2] m2] m2] Th/wikd]
BLOCK1:ZONE1 88.65 88.65 0.00 168.00
Totals 88.65 88.65 0.00

|
|
\
i

‘Data

Number of h;)urs heat‘ng’bads not rnet’ ﬁ.no
Number of hours cooling loads not met | 0.00
Number of hours not met | 0.00
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EAp2-4/5. Performance Rating Method Compliance

o Electc Electrc  MNaturalGas  Natural Gas Additional _ Additional

"‘!W[G)] Demand [W] Energy Use [G]]  Demand [W] Energy Use [G]] Demand [W]

Interior Lighting 21.80 1063.84 0.00 0.00 0.00 0.00

Exterior Lighting 0.00 0.00 0.00 0.00 0.00 0.00

Space Heating 0.00 0.00 0.15 1040.01 0.00 0.00

Space Cooling 0.00 0.00 0.00 0.00 0.00 0.00

Pumps 0.23 9.11 0.00 0.00 0.00 0.00

Heat Rejection 0.00 0.00 0.00 0.00 0.00 0.00

Fans-Interior 14.16 610.94 0.00 0.00 0.00 0.00
Fans-Parking

Garage 0.00 0.00 0.00 0.00 0.00 0.00
Service Water

Heating 0.00 0.00 0.00 0.00 0.00 0.00
Receptacle

Equipment 24.48 1064.73 0.00 0.00 0.00 0.00
Interior Lighting

(process) 0.00 0.00 0.00 0.00 0.00 0.00
Refrigeration

Equipment 0.00 0.00 0.00 0.00 0.00 0.00

Cooking 0.00 0.00 0.00 0.00 0.00 0.00

Industrial Process 0.00 0.00 0.00 0.00 0.00 0.00) &

Elevators and

Esktos 0.00 0.00 0.00 0.00 0.00 0.00

Total Line 60.67 0.15 0.00

TUTORIAL 11.17  Finding process load for the
base case

Process loads must be identical for both the baseline build-
ing and the proposed building. However, project teams
may follow the exceptional calculation method (ANSI/
ASHRAE/IESNA Standard 90.1-2010 G 2.5) to document
measures that reduce process loads. Documentation of pro-
cess load energy savings must include a list of assumptions
made for both the baseline and the proposed design and
theoretical or empirical supporting information.

The total process energy cost must be equal to at least 25%
of the baseline building performance. For buildings where
the process energy cost is less than 25% of the baseline
building energy cost, you should include the documen-
tation substantiating that the process energy inputs are
appropriate.
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Site, Building 1

EAp2-17b. Energy Use Intensity - Natural Gas

' Natural Gas [M3/m2]

Space Heating 1.68

Service Water Heating 0.00
Miscellaneous 0.00

Subtotal 1.68

EAp2-17c. Energy Use Intensity - Additional

Additional [MJ/m2]
Miscelaneous 0.00
Subtotal 0.00 ‘

EAp2-18. End Use Percentage

' Percent [%]
 InteriorLightng|  35.85
 SpaceHeatng| 0.5

Space Cooling 0.00
Fans-Interior 23.28

SeMce Wateir Heai:inﬁ 0.00
Receptacle Equipment 40.26
~ Miscelaneous 0.37|

TUTORIAL 11.18  Getting ASHRAE 62.1 standard
summary in DesignBuilder

Many rating systems require meeting the minimum require-
ments of Sections 4 through 7 of ASHRAE Standard 62.1-
2007, Ventilation for Acceptable Indoor Air Quality. You
can get this summary from the DesignBuilder output.
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Site, Building 1
Summary | Parametric | Optimisation
Table of Contents

Top

Annual Building Utility Performance Summary
Input Verification and Results Summary
Demand End Use Components Summary
Source Energy End Use Components Summary
Component Szing Summary

Surface Shadowing Summary
Climatic Data Summary

Envelope Summary

Shading Summary

Lighting Summary

Equipment Summary

HVAC Sizing Summary

System Summary

Outdoor Air Summary

Object Count Summary

Energy Meters

Standard 62.1 Summa

Report: Input Verification and Results Summary
For: Entire Facility

Timestamp: 2016-04-23 14:17:57

PR —
7 K| T o ompens| TP Brstngtos| oo oA Cong o O] g T | g Zow Ot
N Mool Fopwa- o (QOCN A Az OudoorAdow. Vbr DtshasnEfechwes.  Addow-Vozdg Adtow- Vozteg | |
i ‘perscn) Pz 2], ) Excg| (m35) (m34)
sockizoe| IR o en| oo s ostes 10 ostes 10| astes
sockizoes| % | tom|  owmo  sow oo 100 oo 10| aoss
socxizoes| AR w0 tom|  aomwo  mx oosis 100 ovis 100 aos
sockizoNs1| R wmwe|  zm oo 2051 0w ™ o 1o onso
socrizons| AR wowo] 27 oo 2057 o) 100 o0 100 oxs0

‘System Vendlation Parameters

n
(85 perscn) Pzaum. (md/s-a] Az-sum [a2) Vbz{mds). Vozdgfmds] Veebag (m35)
=

o aomwo 1 aoono [ 19 19 19

ASHRAE, ASHRAE Standard 90.1-2010: Energy Standard for
Buildings Except Low-Rise Residential Buildings. Atlanta, GA:
ASHRAE, www.ashrae.org.


http://www.ashrae.org

Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


http://taylorandfrancis.com

CHAPTER TWELVE

Project: Small Office

Project goal

The goal of this project is to create a DesignBuilder model
of a small office building. The office is located in Jaipur,
India, which is climate Zone 1A: Hot and Dry, as defined by
ASHRAE 90.1-2010. This project will help you learn to model
a small office and analyse the key results of a whole building
energy simulation.

Overview

The building is a small office with three floors. An overview of
the building is provided in Table 12.1.

Climate and location

The building is located in Jaipur, India. In this particular cli-
mate zone, the maximum daytime temperature in summers is
in the range of 32°C—44°C and night temperature ranges from
27°C to 32°C. In winters, the values are between 10°C and
25°C during the day and between 4°C and 10°C at night. The
relative humidity is about 20-25% in dry periods and 55-95%
in the monsoon season.
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Table 12.1 Building overview

Variable Value
Built-up area 11,306 m?
Total air conditioned area 9,959 m?
Building use Office
Number of above-grade floors 3(G+2)

Wintow-to-wall ratio

Heating
Cooling

Average utility costs
Electricity

27% distributed equal in all
directions in horizontal strips
None

Variable refrigerant volume (VRV)
system

$0.12/kWh

The following figures provide the temperatures range (in degree

Celsius) and Psychrometric
using Climate Consultant.

chart for Jaipur climate, generated

|2 Climate Consultant 6.0 (Build 8, Apr 1, 2016)
File Criteria Charts Help
TEMPERATURE RANGE
California Energy Code

[ESsEen =)

LOCATION: Jaipur, Rajasthan, IND
Latitude/Longitude: 26.82° North, 75.8° East, Time Zone from Greenwich 5
Data Source: ISHRAE 423480 WMO Station Number, Elevation 300 m

LEGEND

DESIGN HIGH -
AVERAGE HIGH -

MEAN - »
AVERAGE LOWY -

RECORDEDLOW- o

COMFORT ZONE 2 H

DESIGN LOW - 0 [ ﬂ 8 R

DESIGN HIGH: Residential

© 1% of Hours Above. 5

5% of Hours Above
© 0% of Hours Above.

DESIGNLOW: Residentil
1% of Hours Below

5% of Hours Below
© 0% of Hours Below

TEMPERATURE RANGE: "7 Jan Fen  Mar  Apr
® -wiodc

Fitto Data

Source: From http://www.

May Jun  Jul  Aug  Sep  Oct  Nov  Dec ‘Annual

(o) (adiota)

.energydesign-tools.aud.ucla.edu/

climate-consultant/.


http://www.energydesign-tools.aud.ucla.edu/climate-consultant/
http://www.energydesign-tools.aud.ucla.edu/climate-consultant/
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.

File Criteria Charts Help
PSYCHROMETRIC CHART LOCATION: Jaipur, Rajasthan, IND
California Energy Code Latitude/Longitude: 26.82° North, 75.8° East, Time Zone from Greenwich 5
Data Source: ISHRAE 423480 WMO Station Number, Elevation 390 m
LEGEND Rt W80
JnnuRRY EMBER
COMFORT INDOORS

10.8% 1 Comfort(947 hrs) 028
11% [ COMFORTABLE 2 Sun Shading of Windows(0 hrs) 3o 7
9% [ENOT COMFORTABLE 3 High Thermal Mass(0 hrs)
4 High Thermal Mass Night Fushed(0 hrs) A
5 Direct Evaporative Cooling(0 hrs) - 024

6 Tuw.Stage Evaporatie Cooln(0hrs)
7 Natural Ventilation Cooling(0 hrs) WET-BULB
& Fan Forced Ventiation Coolng(0 hrs)

9 Internal Heat Gain(0 hrs)

10 Passive Solar Direct Gain Low Mass(0 hrs)

11 Passive Solar Direct Gain High Mass(0 hrs)

P Outdoor

mor. [cowoRTmoooRs v 13 Humidicaton On0 hrs)

14 Dehumidification Oniy(0 hrs)

@ Harly @ 0ety Mnax 15 Cooling, add Dehumidfication f noeded(@ hs)

16 Heating, add Humidification if needed(0 hrs)

HUMIDITY RATIO

© AlHous © Selected Hours
[tam. ~] trowh [mangnt ~| 10.8% Comfortable Hours using Selected Strategies 12
(947 out of 8760 hrs)
© AlMonths © selected Months
- ] tvowh |DEC -
: o 008
© OneMonth AN~ | [ NextMonth
©oneoay [ 1 ~] [(hextoay
©onetor [1am | [ Nextrar kA
TEMPERATURE RANGE:

© -10tod0°C © FittoData

Display Design Strateges 10 15
Show Best set of Design Strategies ) DRY-BULB TEMPERATURE, DEG. C

Click on Design Strategy to select or deselect.

Source: From http://www.energydesign-tools.aud.ucla.edu/
climate-consultant/.

Floor plans

For creating any energy simulation model, it is important to
have all floor plans. The following two figures give the floor
plans for the ground and the first floor.


http://www.energydesign-tools.aud.ucla.edu/climate-consultant/
http://www.energydesign-tools.aud.ucla.edu/climate-consultant/
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A soft copy of CAD is provided with the book for import in
DesignBuilder (https://www.crcpress.com/9781498744515).

North



https://www.crcpress.com/9781498744515
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Building envelope

This small office is proposed to be constructed with parameters

as shown in Table 12.2.
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Table 12.2  Construction parameters

S. No. Model input parameter Details
1. Exterior wall Assembly U-0.72 W/m?-K
construction 230 mm brick + 35 mm XPS
insulation + 115 mm brick
2. Roof construction Assembly U-value —
0.35 W/m*-K

125 mm RCC with underdeck
75 mm XPS insulation

3. Glazing Double-glazed glass with
low-heat gain and
high visible transmittance
U-value: 1.9 W/m?-K
SC (all): 0.28 & VLT: 39%

4. Window-to-wall 27
ratio (%)

5. Roof reflectance 0.7

6. Infiltration through 0.5

envelope (ac/h)

First floor

+4000 . ¥

7

230 mm brick

35 mm insulation

AR

% 115 mm brick

Ground floor
+00

Internal loads and schedules

The building is a small office. Details of activity, equipment and
lighting loads in each room are provided in Table 12.3.
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Table 12.3 Internal loads and schedule details

S. No. Model input parameter Details
1. Equipment power 23
density (W/m?)
2. Occupancy (m?%person) 54
3. Lighting power density 4.6
(W/m?)
4. Shading devices Overhang 0.15 m on
all windows
5. Occupancy sensors Installed in all areas
6. Daylight sensors Installed in daylit areas
7. Fresh air 30% over ASHRAE
62.1-2010
Lo m Occupancy (%)

Occupancy

1234567 8 9101112131415161718192021222324

Hours

B Lighting (%)

1.0
0.9
0.8 4
0.7 4
0.6
0.5
0.4
0.3
0.2
0.1

Lighting

0.0 -

12345678 9101112131415161718192021222324

Hours
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10 m Office equipment (%)

0.8

0.6

0.4

) _m[
0.0 -
1234567 8 9101112131415161718192021222324

Hours

Office equipment

B Fan on/off
1.0

Fan on/off

0.0 -
1234567 8 9101112131415161718192021222324

Hours

Mechanical systems

The building is cooled and heated by a ducted VRV system.
Details of the HVAC systems are provided in Tables 12.4 and 12.5.

Table 12.4 HVAC efficiency details

S. No. Model input parameter Value
1. HVAC system type VRV system
2. AHU fan power 1.5 inch WG
3. Demand control CO, sensors installed to
ventilation modulate fresh air
4. Heat recovery wheel Enthalpy wheel type with
75% rated efficiency

5. Winter heating source None
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Table 12.5 VRV specifications details

COP 3.75
Capacity 9.6 TR
Input power 8.93 kW
Refrigerant R410A

You need to find base case parameters from ASHRAE
90.1-2010.

Simulate and compare the base case and design case models in
Desgin Builder.

You can get more information about modelling VRF
system from: https://www.designbuilder.co.uk/helpv4.7/
Content/ VRFOutdoorUnit.htm

On this page you will also get a link to a webinar -
VRF System Design and Simulation, presented by
DesignBuilder, Mitsubishi and Building Performance
Team, recorded on 01.09.15.


https://www.designbuilder.co.uk/helpv4.7/Content/VRFOutdoorUnit.htm
https://www.designbuilder.co.uk/helpv4.7/Content/VRFOutdoorUnit.htm

Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


http://taylorandfrancis.com

CHAPTER THIRTEEN

Project: Single-Family
Residence

Project goal

The goal of this project is to create a DesignBuilder model of a
single-family detached house located in the United States. The
house is located in Chicago, Illinois, which is climate Zone 5A:
Cool and Humid. You will learn to model a real-world example
building and analyse the key results of a whole building energy
simulation.

Overview
A single-family home with two floors and one basement will

be modelled in this project. An introduction of the building is
provided in Table 13.1.
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Table 13.1 Building overview
Variable Value
Year of construction 2015
Total built-up area 280 m?

Building use

Number of floors

Number of above-grade floors
Number of floors below grade
Construction type
Window-to-wall ratio

Heating

Cooling

Domestic hot water

Average utility costs
Natural gas
Electricity

Single-family detached

2 + basement

2

1

Wood-framed: advance framing
20%

Gas furnace

Air conditioner — ducted split
system

Gas boiler with storage tank

$0.785/therm
$0.113/kWh
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Table 13.2 Building location and orientation

Variable Value

City/state Chicago, Illinois

Climate zone 5A (cool-humid)

Latitude N 41°5013”

Longitude W 87°41'05”

Elevation 100 m

Heating design days (18.3°C baseline) 3506

Cooling design days (10°C baseline) 1689

Building orientation 0° from the true
north

Climate and location

The house is located in Chicago, I1linois. Chicago has a cool
and humid climate, with hot and humid summers and cold
winters. Therefore, in such climates, buildings are designed
to meet both the cooling and heating needs.

Table 13.2 provides information on the geography and climate
of Chicago. The building is oriented to the true north, with the
slopes of the roofs facing north and south.

Floor plans

For creating any energy simulation model, it is important to
define the area of the building within the thermal boundary. In
this home, all the rooms within the building, including the attic
area, are insulated, except the garage.

The figures that follow show the floor plans of the house. The
first-level floor plan shows the kitchen, master bedroom and
living room. On the second level of the home there are three
bedrooms. The basement floor comprises a family room, game
room, laundry room and mechanical room.
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As seen in the 3D image, the building has a sloped roof and
an attic under the sloped roof. The home is insulated at the
ceiling level, and, hence, the attic is also a conditioned space.
However, the garage on the first level is unconditioned.

Therefore, the thermal boundary of the building, is as shown
in the plan and cross-section. The complete home is centrally
conditioned and is controlled with a single thermostat.

3.8 1.5 3.9

Ze Jo
25 -
s

2 | Gaming room

b Closet|

;2 Toilet | Store

Family/ R

1
1

media room

5.4
Basement floor




CHAPTER THIRTEEN PROJECT: SINGLE-FAMILY RESIDENCE

3.8 1.5 3.9
Closet
g Master
bedroom Toilet
Kitchen
=
Toilet
) Living room
o Garage
3.8 5.4
Ground floor
3.8 1.5 3.9
Toilet
Bedroom 2
) Closet
Bedroom 1
" Toilet
N
Bedroom 3
D
wn
3.8 5.4
First floor

All measurements are in metre.

1.8 =

12.4

1.8—~

12.4
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Internal loads and schedules

The building is a single-family residence. The occupancy of the
home is five people. Details of activity, maximum occupancy,
equipment load and lighting loads in each of the room are pro-

vided in Table 13.3.

Equipment load radiant fraction is 0.2.

Occupancy, equipment, lighting, and mechanical equipment
schedules are provided in Tables 13.4 and 13.5.

Table 13.3 Activities and schedules

Equipment  Lighting
Activity/ Maximum load load
Room MET occupancy  (W/m?) (W/m?)
Living/dining  Eating & 5 10.8 5
room drinking
Master Sleeping 2 33 3
bedroom
Bedrooms Sleeping 1 per 33 3
1,2&3 room
Kitchen Cooking 2 4.3 5
Game room Light manual 5 10.8 5
work
Family room  Seated quiet 5 16.1 5
Bathrooms Standing/ 1 per 2.2 2
walking room
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The following figures give the 24 hours schedules for various
parameters.

Equipment schedule

1
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Occupancy schedule
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SHW operation schedule
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Heating system in winters (Oct—May)
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Building envelope

This home is constructed using advanced framing techniques.
Layer-by-layer details of the wall, roof and floors is
provided. Using these details, create custom layers and, if
necessary, materials under the DesignBuilder construction tab.
The Window-to-wall ratio of the home is 25%, with most of the
glazing on the north and south (Table 13.6).
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Hint: Windows are only on the conditioned walls, and
the building is completely conditioned. With the knowl-
edge from previous examples and exercises in other
chapters, should the windows be modelled in detail with
exact dimensions and locations?

Tip: Using the area-weighted average method, calculate
the effective R value of the insulation (fibre glass batt)
used in the wall, considering 16% area for advanced
framing.

The above-grade walls of the home are designed to use flash
and batt insulation. Open-cell spray foam used in the cavities
above dense-packed cellulose is installed.

Mechanical systems

The building is centrally heated and cooled. The heating is pro-
vided through a gas furnace, and the cooling system is a central
split system. Efficiency details of the HVAC and SHW systems
are provided in the following table. Both the heating and cool-
ing systems are connected to the same air handling unit with a
constant volume fan (Table 13.7).
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Table 13.7 Mechanical system details

Variable Value
Heating

System type Furnace
Fuel type Natural gas
Heating system efficiency (AFUE) 80%
Maximum supply air temperature 30°C
Maximum supply air humidity ratio 0.0156
Heating system capacity 26 kW

Cooling
System type

Fuel type

Cooling system EER
Cooling system SEER
Cooling system capacity

Domestic hot-water system
System type

System fuel

Energy factor

Hot-water delivery temperature
Mains supply temperature

Central air conditioning
using split system
Electricity

12.00

17.50

14 kW

A storage hot-water system
(standalone)

Natural gas

0.82

75°C

10°C

IECC 2015 compliance

You are required to run simulation for IECC 2015 compliance.
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Project: Large Office

Project goal

The goal of this project is to create a DesignBuilder model
of a large office building located in Ulsan, South Korea. The
office is located in climate Zone 4A: Mixed Humid, as defined
by ASHRAE 90.1-2010. You will learn to model a large office
building and analyse the key results of a whole building energy
simulation.

Overview

The building is a large office with five floors. An introduction
of the building is provided in Table 14.1.

Climate and location
The building is located in Ulsan, Korea. Ulsan has a monsoon-

influenced humid subtropical climate, with somewhat cold but
dry winters and hot, humid summers (Table 14.2).

437
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Table 14.1 Building overview

Variable Value

Total built-up area 54,317 m?

Building use Office

Number of above-grade floors 2

Window-to-wall ratio 35%

Heating Natural gas-fired steam boiler
Cooling Water-cooled centrifugal chillers

Average utility costs
Natural gas $1.7/therm
Electricity $0.08/kWh

Table 14.2 Building location and orientation

Variable Value
City/state Ulsan, Korea
Climate zone 4A (mixed-humid)
Building orientation 0° from the true north
[P e p—— slel=)
File Criteria Charts Help
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File Criteria Charts Help

PSYCHROMETRIC CHART LOCATION: ULSAN, -, KOR
California Energy Code Latitude/Longitude: 35 55° North, 129.32° East, Time Zone from Greenwich 9
Data Source: IWEC Data 471520 WMO Station Number, Elevation 33 m
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Floor plans

Following figures give the plan and elevations of the building.

A soft copy of CAD is provided with the book (https:/www.
crepress.com/9781498744515).

137400 mm

79064 mm
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Building envelope

This large office is proposed to be constructed with parameters
as shown in Table 14.3.

Internal loads and schedules

Details of activity, equipment load and lighting load in each of
the room are provided in Table 14.4.

Table 14.3 Building envelope parameters

S.No. Model input parameter Details
1. Exterior wall Assembly U-0.340 W/m?-K
construction Metal panel 50 mm + 75 mm PUF
thickness
2. Roof construction Assembly U-value: 0.340 W/m?-K
(100 mm concrete + 75 mm PUF)
3. Glazing U-value: 3.463 W/m?-K
SC (all): 0.6 & VLT: 50%
Window frame U-value:
6.41 W/m>-K
4. Window-to-wall ratio  35%
5. Roof reflectance 0.8
6. Infiltration through 0.5 ac/h
envelope
7. Shading devices None

Table 14.4 Parameters related to internal loads

S. No. Model input parameter Details

1. Fresh air C.F.M./person 30% over ASHRAE
62.1-2007

2. Equipment power density (W/m?) 15

3. Occupancy (m?/person) 9.30

4. Lighting power density (W/m?) 7

5. Occupancy sensors Installed in all areas

6. Daylight sensors None
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Occupancy

Lighting

Office equipment
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m Fan on/off

1.0

Fan on/off

0.0 -

12345678 9101112131415161718192021222324

Mechanical systems

Hours

The building is centrally heated and cooled. Efficiency details
of the HVAC systems are provided in Table 14.5.

Table 14.5 HVAC parameters

S.No. Model input parameter Value
1. HVAC system type VAV system
2. AHU fan power 41in WG
3. Demand control CO, sensors installed to modulate
ventilation fresh air
4. Heat recovery wheel Enthalpy wheel type with 75%
rated efficiency
5. Airside economiser None
(100% fresh air
system)
6. Chiller parameter 3 numbers of 1000 TR
water-cooled centrifugal chillers
with COP 6.17
7. Chilled water loop Variable secondary flow
CHW out = 6.66°C &
CHW in = 12.22°C
8. Winter heating source  Natural gas-fired steam boiler
9. Boiler efficiency 96%
10. Pump motor class Standard
11. Cooling tower fan Variable speed
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Show compliance for ASHRAE 90.1-2010
You need to find base case parameters as per ASHRAE
90.1-2010.

Prepare the DesignBuilder model for the base case and design
case. Then compare energy savings (Table 14.6).
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Appendix A: Working of
EnergyPlus™ Simulation

EnergyPlus™ is a whole building energy simulation program
used by engineers, architects and researchers to model energy
consumption for heating, cooling, ventilation, lighting and plug
and process loads. EnergyPlus can also be used for simulating
water use in buildings. Some of the features and capabilities of
EnergyPlus include (Source: https:/www.energyplus.net):

o Integrated, simultaneous solution of thermal zone condi-
tions and HVAC system response that does not assume
that the HVAC system can meet zone loads and can simu-
late un-conditioned and under-conditioned spaces.

e Heat balance-based solution of radiant and convective
effects that produce surface temperatures thermal com-
fort and condensation calculations.

o Sub-hourly, user-definable time steps for interaction
between thermal zones and the environment; with auto-
matically varied time steps for interactions between ther-
mal zones and HVAC systems. These allow EnergyPlus
to model systems with fast dynamics while also trading-
off simulation speed for precision.

e Combined heat and mass transfer model that accounts
for air movement between zones.

e Advanced fenestration models including controllable
window blinds, electrochromic glazings and layer-by-
layer heat balances that calculate solar energy absorbed
by window panes.

e [lluminance and glare calculations for reporting visual
comfort and driving lighting controls.
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e Component-based HVAC that supports both standard
and novel system configurations.

e A large number of built-in HVAC and lighting control
strategies and an extensible runtime scripting system for
user-defined control.

e Functional Mockup Interface import and export for
co-simulation with other engines.

e Standard summary and detailed output reports as well
as user definable reports with selectable time-resolution
from annual to sub-hourly, all with energy source
multipliers.

EnergyPlus is a console-based program that reads input and
writes output to text files. It ships with a number of utili-
ties including IDF-Editor for creating input files using a
simple spreadsheet-like interface, EP-Launch for managing
input and output files and performing batch simulations, and
EP-Compare for graphically comparing the results of two or
more simulations. Several comprehensive graphical inter-
faces for EnergyPlus are also available (https:/energyplus.net/
interfaces). One of the interfaces is DesignBuilder.

One of the strong points of EnergyPlus is the integration of all
aspects of the simulation — loads, systems and plants. Based on
a research version of the Building Loads Analysis and System
Thermodynamics (BLAST) program called IBLAST, system
and plant output is allowed to directly impact the building ther-
mal response rather than calculating all loads first, then simu-
lating systems and plants. The simulation is coupled allowing
the designer to more accurately investigate the effect of under-
sizing fans and equipment, and what impact that might have
on the thermal comfort of occupants within the building. The
figures below show the big picture and a basic overview of the
integration of these important elements of a building energy
simulation.
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EnergyPlus — the big picture.
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EnergyPlus — internal elements.

More information on EnergyPlus can be found in the
Getting Started manual available at https://fenergyplus.net/
sites/all/modules/custom/nrel_custom/pdfs/pdfs_v8.6.0/
GettingStarted.pdf.
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Climate
consultant

Appendix B: Weather
Data and Tools

For simulating a building, its model and weather data for the
location are required. There are various formats for storing
the hourly weather data. EnergyPlus uses .epw format.

In a .epw file, all the data are in SI units. The format is text-
based and comma-separated. The data file format contains
commas to facilitate data reading and analysis with spreadsheet
programs.

More information on the .epw format is given at http:/
bigladdersoftware.com/epx/docs/8-2/auxiliary-programs/epw-
csv-format-inout.html#epw-csv-format-inout.

Weather data for more than 2100 locations are now available
in EnergyPlus weather format at https://energyplus.net/weather.

Weather data analysis tools

It was developed by the Department of Architecture and Urban
Design, University of California, Los Angeles. Graphically, it
displays climate data in either metric or imperial units in doz-
ens of ways useful to architects.

Benefits
e Easier to identify unique patterns and subtle details that
characterize each different climate.

¢ Thresholds and comfort zones are more flexible.

¢ In contrast to the Weather Tool, detailed technical infor-
mation about the passive strategies criteria is documented
and is freely available.
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e The “Wind Wheel” graphics show velocity and direction
correlated with temperature and humidity and can be
animated hourly, daily or monthly.

e The psychometric analysis recommends the most appro-
priate passive design strategies, as outlined in Givoni’s
Man, Climate and Architecture.

Climate Consultant is free to download from the website http:/
www.energy-design-tools.aud.ucla.edu/.

Climate Consultant 6.0 (Build 8, Apr1, 2016) 5=
File Criteria Charts Help

LOCATION:
SELECTWEATHER DATA Latitude/Longitude:

Data Source:

SELECT BUILDING TYPE:

@ Residential © Small Non-Residential
SELECT UNITS:

© Imperial © Metric
SELECT WEATHER DATA:

[ select california Climate Zone Data File |

[ Open Existing EPW Weather Data File ]
[ Download New EPW Weather Data File |

If you want to download and install a new
weather data file from the Energy Plus web
site, select the Download New EPW Weather
Data File button. Once the data file has been
successfully downloaded and installed, it will
open automatically.

Source: From http://www.energydesign-tools.aud.ucla.edu/
climate-consultant/.
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File Criteria Charts Help
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PSYCHROMETRIC CHART LOCATION: New Delhi, Delhi, IND
California Energy Code LatitudelLongitude: 28.58° North, 77.2° East, Time Zone from Greenwich 5
Data Source: ISHRAE 421820 WMO Station Number, Elevation 216 m
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Click on Design Strategy to select or deselect.

Source: From http://www.energydesign-tools.aud.ucla.edu/

climate-consultant/.
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Surrogate It is developed by the Centre for IT in Building Science (CBS),

City Finder International Institute of Information Technology, Hyderabad,
India. This is a web-based tool that shortlists the best-matched
weather based on parameters such as the latitude, altitude and
temperature range.

The Surrogate City Finder (SCF) tool has been tested by ana-
lysing the annual energy consumption of 16 reference-building
models simulated for eight locations from different interna-
tional climate zones and their surrogate cities to find that the
deviation in annual energy consumption was mostly within the
range of +2%.

The tool can be accessed at cityfinder.cbs.iiit.ac.in.

i}
tyfinder/mainpage html

£ Apps k Bookmarks [ Suggested Sites

Surrogate City Finder

Lonavala, Maharashtra, India

cityfinder.cbs.iiitac.in/finder/cityfinder/page2 html?text ndia a hara@ 32| O @
s B Suggested Sites 3 Other

Surrogate City Finder

Modify Search Lonavala , India 18.45°N,73.24°E 504.9 Meters
inders India

CHHATTIS

e

TELANGANA ;

ANDHRA
/PRADE:

Google

Tempareture Variation (degree C)
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DView is used by BEopt for visualizing time-series weather
data at any time step (e.g. hourly and subhourly). DView opens
CSV files and also recognizes several weather data file formats,
including TMY2, TMY3 and EPW files.

The hourly, daily and monthly graphs allow you to turn vari-
ables on or off with a single click and to zoom and pan very
easily. DView has the ability to display simultaneous line and
stacked areas, as demonstrated in the hourly graph below.

©)
I ot Wates (6 (8
[t Appi. 6 Gt

= U eane

Source: From https://beopt.nrel.gov/downloadDView.

Daily and monthly time series graphs are automatically created
by averaging or summing the hourly data:

i

Source: From https://beopt.nrel.gov/downloadDView.

DView is free to download from the website https:/beopt.nrel.
gov/downloadDView.
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Note: Page numbers followed by f and t refer to figures and tables, respectively.

A

Adaptive convection algorithm, 320
Adiabatic surface, 120
Air
conditioning system, 298
flow calculation method, 229-233
gap, 136-139
annual fuel breakdown data for
different, 139
space layer, 136
Air-cooled chiller, 258, 263
energy consumption, 262t
Air-side economiser, 283-287
in HVAC, 284
Air temperature (AT), 221
control, 56
Air-to-air energy recovery, 293
Annual energy consumption
ASHRAE 90.1 equivalent glass, 163-164
with change in
glass type, 62t
occupancy density, 66t
orientation, 38t
space activity, 72t
with/without lighting control, 83t
double glazing, 158t, 159t, 160
local shading, variation in, 158t, 159t, 160
single glazing, 161-162
time steps, variation in, 309t
Annual energy simulation method, 222-229
Annual fuel breakdown
with change in LPD, 76t
energy with thermal zoning, 96t, 97t
for surface absorptance, 143t
for thermal absorptance, 149t
underdeck/overdeck roof insulation
for Dubai location, 135t
for Frankfurt location, 134t
for various air gap, 139t

with and without green roof, 154t
Applicability schedule, 288-289
Architectural and thermal zoning, 92-97
ASHRAE 90.1-2010 Appendix G, 292
base case external wall for, 384-386
for whole building simulation, 381
ASHRAE 90.1 equivalent glass, annual energy
consumption, 163-164
Aspect ratio, 91, 102—-109
for 64 m? floor area, 103t
for 624 m?2 floor area, 103t
energy consumption with different
with daylight sensor, 106, 106t, 108t, 109
without daylight sensor, 105, 105t,
108t, 109
AT. See Air temperature (AT)
Axial flow fans, 246
AZ-PHOENIX DEER VALLEY, USA, 88
AZ-PHOENIX/SKY HARBOR, USA, 64, 230,
254,263,277, 310, 317

B

Baseline building performance, 382-384
BEopt, 455
Biquadratic performance curve, 269
‘Black body’ conditions, 146
BLAST (Building Loads Analysis and System
Thermodynamics) program, 448
Boiler nominal thermal efficiency, 301-304
Building energy code compliance, 381
ASHRAE 62.1 standard summary, 406—407
base case external wall for ASHRAE
90.1-2010, 384-386
baseline building performance, 382-384
boilers, type and number of, 398-399
chilled-water supply temperature reset for,
396-397
chillers, number of, 391-396
economiser parameters, 402
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Building energy code compliance (Continued)
exhaust air energy recovery parameters,
401-402
fan
cycling, 390
power, 388-389
flush windows for base case, 386—-387
hot-water pumps, 401
hot-water supply temperature reset, 399—-400
HVAC system for base case, 387-388
LEED summary, 403-405
process load for base case, 405-406
unmet hours after simulation, 403
Building energy simulation, 1
advantage over classical method, 4
basic information of, 2-3
envelope components, 3
geometry, 3
location and weather file, 2
services, 3
usage of building, 3
daylight controls, 78—85
energy performance evaluation, 4-15
EnergyPlus, 447
fresh air supply, 88-90
glazing area, 48
large office, 437-446
building envelope, 441
climate and location, 437-439
floor plans, 439-440
HVAC parameters, 443t
internal loads and schedules, 441-443
mechanical systems, 443
lighting and equipment power, 75-77
location and orientation evaluation, 31-41
occupancy density, 64—67
opaque envelope components, 41-48
parameters, 305-327
inside convection algorithm, 319-323
shadowing interval, 324-327
solar distribution algorithm, 310-316
solution algorithm, 316-319
time steps per hour on run time, 306-309
Perimeter and Core zoning, 54
purpose of, 2-3
run
period, 306
time. See Run time
setpoint temperature, 85-87
single-family residence, 419-435
building envelope, 431-434
building overview, 420t
climate and location, 421
floor plans, 421-423
internal loads and schedules, 424-431
mechanical systems, 434435

occupancies and operating schedule,
425t-426t
operating schedules for mechanical
equipment, 427t-428t
single-zone model, 16-30
small office, 409-417
building overview, 410t
climate and location, 409-410
construction parameters, 414t
floor plans, 411-413
HVAC efficiency details, 416t
internal loads and schedules, 414—416
mechanical systems, 416—417
space activity, 67-74
tools, 2
weather data tools, 451-455
Climate Consultant, 451-453
DView, 455
SCF, 454
working of software, 3—4
WWR and glass type, 48—64
Building Loads Analysis and System
Thermodynamics (BLAST)
program, 448

C

Calculated natural ventilation, 328
CA-SAN FRANCISCO INTL, USA, 6, 146, 240
Cavity algorithm, 321
Ceiling diffuser algorithm, 320-321
Central HVAC system
air-cooled and water-cooled chillers, 253-263
air-side economiser, 283-287
boiler nominal thermal efficiency, 301-304
cooling tower fan type, 276-280
fan operation mode during unoccupied hours,
288-292
heat recovery between fresh and exhaust air,
292-298
VSD impact on
chilled water pump, 272-276
chiller, 263-272
condenser water pump with, 280283
Centre for IT in Building Science (CBS), 454
Centrifugal fan, 246
Chilled water pump
configurations of, 272, 277
VSD impact on, 272-276
Climate Consultant tool, 451-453
Coefficient of performance (COP), 235
refrigeration cycle, 236
Compact HVAC system, 237
Component/material selection tool, 2
Condenser water pump, 263
with VSD, 280-283
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Conduction Transfer Function (CTF), 317
Continuous control of lighting, 82
Cooling

capacity function, 269

design calculation, 223

equipment capacity, 222

setback setpoint temperature, 289

tower, 277

fan type, 276-280

COP. See Coefficient of performance (COP)
Courtyard with VAV Example, 4, 6, 41, 75
Crank Nicholson second order, 317
CTF (Conduction Transfer Function), 317
Cycle on any, 288

D

Daylight
controls, 78—84
daylight sensor installation, 81-83
sensor placement, 193-208
at 2 and 8 m from window, 203-205
at 2 m from window, 196-202
at 8 m from window, 202-203
annual lighting energy consumption, 207t
illuminance map, 200-202, 201t, 206t
Daylighting-based controls, 189—193
linear/off, 191-192
with no lighting control, 190-191
Day of week field, 214
Degree days, 40
Desiccants, 294
DesignBuilder
ASHRAE 62.1 standard summary in,
406-407
compliance report generation in, 403—405
cooling design in, 225
data structure hierarchy in, 49-50
default ground temperatures in, 114
drafting options, 50
EnergyPlus weather file, 114
eplusout.err file, 94
heating/cooling systems in, 237
HVAC model in, 237-238
lighting control options, 82
line representation in, 17
model for
large office, 437-446
single-family residence, 419-435
small office, 409-417
natural ventilation approaches in, 328
schedules in, 69
site orientation in, 37
template, 42
file, 6
Templates, 42

Unitary single zone in, 239
weather files, 35
wind pressure coefficients, 344
zone multiplier, 98—99
Design capacity, building, 24
Design day selection, 222-229
Detailed HVAC system, 238, 257
Direct expansion (DX)-based HVAC system, 239
Double glazing, annual energy consumption,
158t, 159¢, 160
Dry resultant temperature, 215
DUBAI INTERNATIONAL, United Arab
Emirates, 116, 132, 150, 169
DView, 455
DX (direct expansion)-based HVAC system, 239

E

Early design decisions tool, 2
ECB (energy cost budget) method, 381, 384
Economiser, 284
lockout, 299
EIR (energy input ratio), 267, 269
Electric input to cooling output ratio function,
269
Energy consumption of building, 40
with 30% and 80% WWR, 61t
annual. See Annual energy consumption
with change in nominal thermal efficiency,
304t
constant and variable flow, chilled water
pump, 276t
with different aspect ratios
with daylight sensor, 106, 108t, 109f
without daylight sensor, 105, 108t, 109f
effects of
air gap thickness, 136—139
daylighting-based controls, 189-193
roof insulation, 126-131
thermal zoning, 92-97
zone multiplier, 98—102
enthalpy-based economisers, 287t
heating and cooling, 131t
impact of
air-cooled and water-cooled chillers,
253-263
air fan operation mode, 288-292
condenser water pump with VSD,
280-283
cooling tower fan type, 276-280
daylight controls, 78—84
daylight sensor placement, 193-208
fresh air supply quantity, 88-90, 89t
green roof, 150-154
internal operable shades, 178—187
occupancy density, 64—67
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Energy consumption of building (Continued)
setpoint temperature, 85-87
shadowing interval, 324-327
solar distribution algorithm, 310-316
space activity, 67-74
VSD on centrifugal chiller, 263-272
VSD on chilled water pump, 272-286
WWR and glazing type, 156—168

with location change, 385t
single speed/double speed cooling tower
fans, 280t

Energy cost budget (ECB) method, 381, 384

Energy input ratio (EIR), 267, 269

Energy Performance Index (EPI), 12

Energy performance of building, 4-15

annual performance of, 12-13
building layout with tabs, 8
CA-SAN FRANCISCO INTL, 6
Courtyard with VAV Example, 4, 6, 41
EUI, 11-12
impact of
air-side economiser, 283-287
aspect ratio, 102-109
boiler nominal thermal efficiency,
301-304
fan efficiency, unitary air conditioning
system, 241-247
fan pressure rise, 247-251
glazing area/properties, 48—64
ground surface, 110-114

heat recovery between fresh and exhaust

air, 292-298
mixed mode operation, 369-379
overhangs and fins, 168178
unitary air conditioner COP, 235-240
inside convection algorithm, change in,
319-323
LONDON/GATWICK ARPT, 7
monthly performance, 9
roof underdeck radiant barrier on, 146—-150
simulation, 8-9
solution algorithm, change in, 316-319
surface reflectance, effects of, 140-145
unit conversion, 13—14
EnergyPlus, 447-448

beam solar radiation/reflectance in, 310-311

full exterior, 311
full interior and exterior, 311
minimal shadowing, 310
ESO file, 357
features and capabilities of, 447-448
simulation time steps in, 306
weather file, 114
cooling design simulations using, 223
working, 447-449
Energy recovery ventilation, 293

INDEX

Energy simulation. See Building energy simulation

Enthalpy, 286

exchange, 294

heat recovery, 293
Enthalpy-based economiser, 287t
Envelope components information, 3
EPI (Energy Performance Index), 12
Eplusout.err file, 94, 308

.epw file, 451

EUIL 11-12

F

Fan, 235, 246, 249
efficiency, 246
annual energy consumption variation
with, 247t
operation mode during unoccupied hours,
288-292
pressure rise, 247-251
annual energy consumption variation
with, 250t
Finite Difference solution technique, 317
Fins, 155, 168-178
energy transfer
no shades, 169-172, 172t
vertical fins, 173-176, 173t
Fixed building shades, 155
Fixed plate heat exchanger, 293
FL - MIAMLI, USA, 236, 273
FRANKFURT MAIN ARPT, 92, 132
Fresh air supply, 88-90

G

Geometry of building, 3, 91
aspect ratio, 102-109
surface adjacency, 110-114
thermal zoning, 92-97
zone multiplier, 98—102
Glass type, 155
impact on energy consumption. See
Window-to-wall ratio (WWR)
properties, 157t
Glazing area, 48
Green roof, 150-154
addition to model, 151-153
annual fuel breakdown, 154t
definition, 151
Gross floor area, building, 12

H

Heating
setback setpoint temperature, 289
value, 301



Heating, ventilation and air conditioning (HVAC)

system, 209
Central. See Central HVAC system
compact, 237
design day selection, 222-229
detailed, 238, 257
DX-based, 239
exhaust air heat recovery effect in, 298t
model in DesignBuilder, 237-238
simple, 237
sizing and energy consumption
air flow calculation method, 229-233
lighting and equipment power density,
75-77
location and orientation, 31-41
opaque envelope components, 41-48
temperature control types, 209-222
unitary. See Unitary HVAC systems
Heat recovery, 293
between fresh and exhaust air, 292-298
Higher heating value (HHV), 301-302
HVAC system. See Heating, ventilation and air
conditioning (HVAC) system

IBLAST, 448
Illuminance map, 200-202, 201t
Inside convection algorithm, 320-321
adaptive convection algorithm, 320
cavity, 321
ceiling diffuser, 321
CIBSE, 321
simple, 320-321
TARP, 321

L

Latent cooling load, 233
Latent heat, 27
exchange effectiveness
75% cooling air flow, 300
75% heating air flow, 299-300
100% cooling air flow, 300
100% heating air flow, 299
Lighting
and controls
daylighting-based controls, 189-193
daylight sensor placement, 193-208
and equipment power, 75-77
Lighting power density (LPD), 75, 84
annual fuel breakdown with change in, 76t
Light-to-solar gain (L/S), 156
Lightweight and heavyweight construction,
116-125
Linear control of lighting, 82

INDEX 461

Living roof, 151
Location and orientation evaluation, building,
31-41
location change effects, 34-36
on energy consumption, 35t
on heating and cooling equipment
capacity, 36t
LONDON/GATWICK ARPT, 32
NEW DELHI/PALAM, 33
orientation change effects, 36-38
on energy consumption, 38t
on heating and cooling equipment
capacity, 38t
simulation results comparison for location,
35-36
weather files, 32
Location and weather file information, 2
LONDON/GATWICK ARPT, 7, 32, 136
London Gatwick location, United Kingdom,
78,98
Lower heating value (LHV), 301-302
LPD. See Lighting power density (LPD)

M

Material and construction, 115
air gap between roof layers, 136—139
green roof, 150-154
lightweight and heavyweight construction,
116-125
position of roof insulation, 126—131
roof underdeck radiant barrier, 146-150
surface reflectance, 140-145
Mean radiant temperature, environment, 215
Metabolic activity, 66
Mixed-mode building, 370
Mixed-mode cooling, 370
Multi-speed/Variable Speed Drive (VSD)
fan, 276

N

Natural ventilation, 327, 360, 369, 378
with constant wind speed and direction,
336-345
min temperature, 351
mixed mode operation, 369-379
window opening
area modulation on, 360-369
and closing schedule, 346-349
control based on temperature, 349-360
wind speed impact on, 328-335
New Delhi/Palam, India, 178, 193, 210, 223, 284,
288,293,324
New Delhi/Safdarjung, India, 328, 336, 346, 349,
361, 370
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Night
cycle mechanism, 288289
purge, 120
Nominal electric power, 299
Nominal thermal efficiency, 301-302

(0]

Occupancy
density, 64—67
on energy consumption, 65-67
equipment and lighting schedule, 69
zone, parameters of, 66
Opaque envelope components, 41-48
Courtyard with VAV Example, 41
external wall construction, alteration of,
44-45
on energy consumption, 45t
on heating and cooling equipment
capacity, 46t
Openings and shading, 155
internal operable shades, 178—187
overhangs and fins, 168-178
WWR and glazing type, 156-168
Operable shades, 155
internal, 178—-187
Operative temperature (OT), 209, 215, 221
Overdeck roof insulation, 132134
annual fuel breakdown
for Dubai location, 135t
for Frankfurt location, 134t
Overhangs, 155, 168-178
energy transfer
no shades, 169-172, 172t
overhangs, 172173, 173t
vertical fins, 173-176, 173t

P

PARIS-AEROPORT CHAR weather file, 85,
301, 319
Part-load ratio, 267

Performance-based path, building energy code

compliance, 381
Performance curves, 269
Perimeter and Core zoning, 54
Prescriptive path, building energy code
compliance, 381

Q

QC — Montreal/Mirabel INT’L A, Canada, 110

R

Radiant barrier, 146

INDEX

Refrigeration
cycle of COP, 236
ton, 26
Resultant temperature, 215
Retrofitting decisions tool, 2
Rio de Janeiro (AERO), Brazil, 241
Roof insulation, 126-131
position of, 132—135
construction layers, 132t
U-values and R-values, 126t
Roof underdeck radiant barrier, 146—-150
Rotating wheel heat exchanger, 293
Run period (simulation period), 306
Run time, 306
solar distribution algorithm impact on,
310-316

solution algorithm, change in, 316-319, 319t

time steps per hour, 306-309
variation with
inside convection algorithm variation,
323t
shadowing interval variation, 326t
R-value, 127

S

SCF (Surrogate City Finder) tool, 454
Scheduled natural ventilation, 328, 333
Sensible cooling load, 233
Sensible heat, 26
exchange effectiveness
75% cooling air flow, 300
75% heating air flow, 299
100% cooling air flow, 300
100% heating air flow, 299
recovery, 293
Services of building, 3
Setpoint temperature, 85-87
energy consumption, 86t
heating sizing capacity, 86t
Shades, 155. See also Openings and shading
internal, sunpath, 183-186
Shadowing interval, 324
SHGC (solar heat gain coefficient), 155
Simple convection model, 320-321
Simple HVAC system, 237
SINGAPORE/PAYA LEBA, 140, 156
Single glazing, annual energy consumption,
161-162
Single-zone model, 16-30
annual simulation, 27-28
cooling design calculation, 25-26
data for, 26t
design capacity, 24
dynamic orbit, 21
heating design calculations, 22-24



rectangular model, 16-21
sensible heat and latent heat, 27
sizing factor, 24
steady-state heat loss, 24
Site orientation (°), 37
Sizing factor, 24
Solar control, 182
Solar distribution algorithm, 310-316
minimal shadowing, 310
Solar heat gain coefficient (SHGC), 155
Space activity impact evaluation, 67-74
annual energy consumption, 72t
interior load parameters, 72t
Split no fresh air template, 169
State space method, 317
Static pressure, 249
Stay off, 288
Steady-state heat loss, 24
Sunpath diagram, 178
internal shade, 182—-186
Supply air
for cooling, 231
for dehumidification, 231
Surface
absorptance, 140
annual fuel breakdown for
different, 143t
adjacency, 110-114
annual fuel breakdown data, 113t
reflectance, 140-145
Surrogate City Finder (SCF) tool, 454
System time step, 353

T

TARP convection algorithm, 320-321
Temperature
control types, 209-222

annual cooling energy consumption,

218, 221

curve, 269
Thermal absorptance, 146

annual fuel breakdown for, 149
Thermal gradient, 293
Thermal resistance (r), 127
Thermal transmittance, 127
Thermal zone, 92-97

annual fuel breakdown energy, 96t

definition, 96

simulation run time, 96t

zone floor area calculation method, 93

Thermostats of HVAC, 209

Time step, 305
per hour on run time, 306-309
system, 353
zone, 353-354

INDEX
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Tons of refrigeration (TR), 26
Trombe wall zone, 321

U

Underdeck
radiant barrier, 146-150
roof insulation, 133
annual fuel breakdown, 134t, 135t
Unitary air conditioner
COP, 235-240
fan efficiency, 241-247
Unitary HVAC systems
for air-side economiser, 283
fan pressure rise, 247-251
unitary air conditioner
COP, 235-240
fan efficiency, 241-247
Unitary system, 239
Usage of building information, 3
U-value, 127
heating and cooling energy consumption for
different, 131

\Y

Variable Speed Drive (VSD) fan, 279
Variable speed drive (VSD) impact

on chilled water pump, 272-286

on chiller, 263-272, 272t

condenser water pump with, 280283
Ventilation Control Mode, 353
Visible light transmittance (VLT), 155
VLT to SHGC ratio, 155
VSD. See Variable speed drive (VSD) impact

w

Water-cooled chiller, 258
energy consumption, 262t
WIEN/HOHE WARTE, 189
WIEN/SCHWECHATFLUG, AUSTRIA, 126
Wind
pressure coefficient
data, 343
templates, 344
speed on natural ventilation, 328-335
Window opening
controls, 352
impact on natural ventilation
area modulation, 360-369
and closing schedule, 346-349
control based on temperature,
349-360
Window-to-wall ratio (WWR), 48—-64
air temperature control, 56
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Window-to-wall ratio (WWR) (Continued) Wind Wheel graphics, 452
annual energy consumption, 62t WWR. See Window-to-wall ratio (WWR)
cooling design calculation, 56-57, 58t, 60t
energy consumption, 61t X
heating
and cooling sizing, 61t xESOView, 357
design calculation, 55-56
impact on energy consumption, 156—168 Z
with ASHRAE 90.1-2007 equivalent
glass, 162-165, 166—168 Zone, 96
with Dbl Green 6mm/6mm Air glass, 156-160 floor area calculation method, 93
with Sgl Clr 6mm glass, 160-162 multiplier, 98-102
WWR setting to building, 54-57 impact on annual fuel
zone breakdown, 102t
creation, 49-53 Zone Air Temperature (°C), 354

renaming, 54 Zone Mean Air Temperature (°C), 354
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