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Don’t Compromise -- Simulate



Ph.D. in Renewable Energy and
Architecture

Worked on mostly American
and German buildings

Simulation Specialist
Over 10 years of experience

My work Includes:

* Over 75 LEED projects (8
Platinum)
* 2 net zero buildings

* Research projects for American
government

* 10 IEMPs

* CFD studies, thermal comfort
studies, daylighting studies,
optimization studies.
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Energy modelling for LEED
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EnergyPlus code written

Teaching and online courses
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PROBLEM 1: Inputting data into a simulation engine GUI
takes lots of time, is complicated and prone to errors

PROBLEM 2: Input errors and misunderstanding outputs
leads to poor results, lack of confidence in modelling and, at
worse, incorrect analysis and advice to the client
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“The first principle is you must not fool yourself —and you
are the easiest person to fool” Richard Feynman*
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Envelope Constructions
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Table 7 Occupancy Load Densities by Space Use
Occupancy Schedules

Office - Occupancy and Equipment profile
Occupancy ~

m?/Person ft?/Person TAL Occupancy
Office 13.7 m?/person 147.1 ft?/person 18 |Office
(S)tpenOff\ce 63 mZperson 703 ﬁiﬁpermn &6 gtff\ce Table 9 Lighting Load Densities by Space Use
orage me/person erson - _|Storage — "
Comc?or mz/Zerson ftl/;:erson - Ofﬂc;J Lighting [EEEEls e Schedule S
TeaRoom 15.4 m#/person 165.2 ft?/person 2 |MeetingRoom Total (W) Wim? ™ om o o~ "»|
MestingRoom 2.3 m/person 24.9 ft*/person 44 |MestingRoom Office 051 Wift* | 5.5 Wim? 1,361 ) 1.11 wW/fe 11.9 Wim? 2,939 |Office oo oo
CopyRoom m#/person ft¥/person - |MeetingRoom OpenOffice 0.56 Wit 6.0 Wim? 2,608 | 0.98 w/ft* 10.5 Wim? 4,549 |Office Office - Lighting profile
PhoneBooth 4.7 m?/person 50.6 ft2/person 2 |MeetingRoom Storage 0.44 Wit 4.7 Wim? 252 | 0.63 w/ft? 6.8 Wim? 361 |Storage )
Shower m?/person ft?/person - |Office Corridor 0.64 Wift2 6.8 Wim? 1,172 | 0.66 W/ft? 7.1 Wim? 1,215 |Office . -
AV m?/person ft2/person - |Storage TeaRoom 0.38 Wift2 4.1 Wim? 126 | 1.11 w/f2 11.9 Wim? 367 |Office s -
Average 7.7 mP/per MeetingRoom 0.50 Wift* 5.4 Wim? 546 | 1.23 W/ft 13.2 Wim* 1,348 |MeetingRoom aon
Table 8 Equipment Load Densities by Space Use CopyRoom 0.43 Wit 4.7 \Wim? 84| 1.11 w/ft? 11.9 Winm? 214 | Office . . Andntins N e - - -
) Equipment JE—— PhoneBooth 0.83 Wit | 8.9 Win? 84 | LIAW/fE_ | 11.9 Wi 112 |Office y U e—
Equipment Wit e Shower 0.64 Wit*_| 6.9 Wi 42| 098 W/fe | 105 WP 65 |Office R
AV 0.54 Wift2 | 5.8 Wim? 42 | 111 wyfe 11.9 W/m? 87 |Storage Lo LTI
Office 35 w/m? 3.3 w/f2 8,610 |Office Average 5.0 Wine 10.5 Wine
OpenOffice 35 Wim? 3.3 Wift2 15,094 |Office
i‘ori'ge - x:x gg a;:;i - g:oe Meeting Rooms — Occupancy and Equipment Profile
orridor - . - ice
TeaRoom - Wi 0.0 Wift2 - |Office
MeetingRoom 22 Wim? 2.0 Wiz 2,199 |MeetingRoom .
CopyRoom 10 Wim? 0.9 Wift? 180 |Office
PhoneBooth - Wim? 0.0 Wift2 - |Office
Shower - wine 0.0 Witt2 -_|office ) IR
AV 10 wie| 0.9 Wit 73 [Mechnical "o ow "o ow o~
Average 29.0 W/m? o ox o ow L L
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% off
21 |<HVAC over 04 OpenOfficel OpenOffice

ERROR(D22

1
22| “HVAC overd04 OpenOffice2 OpenOffice  =IFERRORNVLOOK 1 % =IFEAROA(ROU *VLOOKUPIC2: 222722

23 | HVAC over04 OpenOffice3. OpenOffice 1 B I A R {FERROA(ROU VLOOKUPIC2S 223°F23
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31 |7HVAC over04 TeaRoom  Teaioom =IFERROAVLOOK 1 , SSUMIF(OA ca R ={FEAROR(ROU AOOKUP(C31 231731 M iF(G31e"n, ", =IF(ORU31="IF(
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Translating a mechanical drawing to energy component

drawings
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Translating a mechanical drawings to energy component
drawings
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Return Air
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Translating mechanical information to simple table to record
inputs and generate mechanical system for simulation.

CTA3

Positian des centrales : Superposées

1 CAISSON DE TRAITEMENT
Pasition : HORIZONTALE Montage : INT
Orientation centrale :
Acchs * Raceord
Orientation soufflage ventilation
Sujvant notice N* xxs53T
Double paroi ep. S0mm aveo isolation lsine mings:

¢ Carosserie extéricure peiote en 2 fons - GRIS (RA
Présentation renforoée par ur vemis structué.
Conformément i In norme EN 1888,
- Resistance Mécanique : classe 2
- Etanchésié : classe B
- Transmittsnce Thermique : classs T3

INTRODUCTION
C
Pasition
Orienation duspirstcn
s refoulement
ion dispocible! giine
Rendecsert ventilteu:
110
rage dicect 1624
C Iotensiedde Sémarrage éoile wissghe 15416 _
Puissance Sectrque absarbee our
(ONTAGE MOTYIN iR
4V CABLE RACCORDE SUR NT
T AN FT MONTE ot
SECTION DE DETENTE
FILTRE 0D9S FS (EX EUS)
~EfScacié a8%C
 Aves priss de pres
MANOMETE A TUBE INCLINE MONTE
PORTE SUR CHARMIE
C recisTrg
SPECTRE DE PUISSANCE A
UENCES (Hz) ERE | ™
| - s 8o |,
| Aspiation saice centate LR
| Rayoanée par le caisson L ' M| M6
NIVEAUDE PUISSANCE GLOBAL | dBiin | dba
| Refoutement gainé centraie o5 | 88
|

Aspiration gainé ceatale | 9 |8

8| 67 | Toita

Rayunnée par e cassor

EXTRACTION

([

D'AIR TYPE CCM170

TERIEUR.

| de pression
- MAOMETRE A TURE INCLINE MONTE
SUR CHARNIERLS

SECTION DETENTE
- Aves pannean ouvrane

Table 21 Specifications for proposed AHU

SECTION DE CHAUFFAGE ELECTRIQUE 1 RANG
Hranchbes bl ctdun
- Puissioce initallée 825 kW
- Mosbre dalfures masi possible £ 3l présiser i Ia commandc)
cordement STRIZ00Y
T entrteaie He % 15701
T waie e He %
- Vitcess de passage dhir
- ECRAN ANTIRAYORNEMENT
- Aves panncan puvrase
NoTE e ol pus e snige!

FIROIR POUR THERMOSTAT AN
THERMOSTAT MONTE

SECTION ACCES
- Ave: pannesa vl

SECTION BATTERIE 6 RANGS  ( REFRIGERATION )
“Pas 23mm

- Pression de service:

16469 man
320°C 140 %

60°C/160°C
1028 m¥h (0002856 mbs)
a3 kPa

General Information
Qutdoor
-~ Max Air  Min Air . Exhaust Air|
AHU Nr. System description Areas that the system feeds Air Flow
Flow rate Flow rate Flow rate
Rate
repeat description where possible, ie
dedicated ouldoor air system, AHU VAV, | name zone types that the system feeds méls mils m¥is. mls
=
CTA3 Dedicated outdoor air system  west side of the building offices 0.364 0.36 0.36 0.364
CTA4 Dedicated outdoor air system  east side of the building offices 0.666 0.67 0.67 0.67
Supply Fan Return Fan Heat Exchanger
Supply fan  Fan Power Return Fan  Fan Power .
Filler o eure Drop SupplyiExtract ECIeNcY | Fresh AiriFan Schedule Filer | eure Drop Supply/Extract ETCNCY tyve |crmcioncy
Category PA W] %1 Category PA kW] %]
F& 379 s5KW 81%  [MVHR-CTA3 - Fresh Air Schedue|  F5 592 B2 KW 50%  |Flat Plate |47%
F& 624 16.0 KW 81%  [MVHR-CTAA4 - Fresh Air Schedule|  F5 782 118 kW 82%  |Flat Plate |47%
Heating Cof
o - . Entering Air  Leaving Air
AHU Nr. Heat |.ng Entering Air  Leaving Air | Cooeling Coil Wate[temp. Water temp. FlowRate  Temperature Temperature
Coil Temperature Temperature Total in out
DB DB
[kW] rc °ql [kW] Il 'l [m?/s] ral °cl
CTA3 825 5.7°C 20.8°C 120 6°C 16°C 4.57 32°C 15°C
CTA4 144 5.6°C 221°C 193 6°C 16°C 16.54 32°C 15°C

Data Input — Automation Process
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Translating mechanical information to simple table to record
inputs and generate mechanical system for simulation.

Proposed Design
Zone Zone Mechanical Cooling Heat
Use Connection to zone
LD Heating | Cooling supply | Supply
Office FanColl | FanCail MVHR | SingleDuctUncontrolied | Water | Electric
OpenOfiice FanCoil | FanCoil MVHR | SingleDuctUncontrolied |  Water | Electric
Storage FanCoil | FanCoil Water | Electric
Corridor FanCoil | FanCoil MVHR SingleDuctUncontrolied | Water | Electric
TeaRoom FanColl | FanCail MVHR SingleDustUncontroled | Water | Electric
MeetingRoom | FanCoil | FanCoil MVHR | SingleDuctUncontrolied | Water | Electric
CopyRoom FanColl | FanCoil MVHR | SingleDuctUncontrolied | Water | Electric
PhoneBooth FanCoil | FanCoil MVHR | SingleDuctUncontrolied |  Water | Electric
Shower FanCoil | FanCail Water | Electric
AV FanColl | FanCail Water | Electric
Fresh Al [— utduor Air - ASHRAE 621 2010 Calcutation
Calculation peuple et e O
loffee men|  apm 18 |0fice Buiding - office space so| 01| ame| 25| 03] o
lapenoitice 13| agn 66 |Office Building - effce space 5o, 01| ems| 25| 03| o
Istorage. 523 s
|Corridor Uy BT 1 |General - Corridors 01| ms 03| om
[1easom 0.7 20 2 office Buiiding - office spce so| 01| ms| 25| 03| o
1008 1096 44 |General - Confernce Meetin 500 01 2857 25| 03] 138
[copyRoom 150 15 loffice Builging-officespace | 50 01| ms| 25| 03| om
phaneasoth a4 101 2 |ofice Bullding - Breakrooms so| 01| 22| 25 0s| 1u
[showwer &1 56 i -
Jaw 73 8 [offce Buiiding - office space sl 01| a7| 25 03] om

Formuia: [

Hlp

A ¥ BB B | o] ) :dml:\umb‘ ; ':ann ‘Flmld;m: E: sm».rcnrruu—. B T
Momt utaSem Becady Fvancel Logial Tt Dsn B Lockip & Wah8. Mo | Name B UPRFOI T 0 ependenes o Eor huceg + | S5 S
i ed 2 Tene - Referense - g » Functions = Manager £ Create from Selection 1% Remove Arrows () Evshste Formula  window  Options -
Funcion tibrary Defnedames Formuls g Catadation -
sa7 i v
o 3 PG W | s N o 2 a ® s T u v x ¥ z -
Volume Wit
+ | ZoneType | e ‘ o ‘ D | the. | Flow rates from FeU | R 1o zone | RENeat? | 2ane Cooling | Zone Keating o | Vestmg, | Mtheriatuncol | Whreisatuncon {
s | » ‘ m ‘ w | LI = | sl I mas) I From | o | = I e bojr | Eeulpment | EQument T | g uipment 2 | Bquipmen a | #1115 TVBST | uhatis ne e tpe?
3 Sioraga 1 w7 oW a7 [ o - - F Puosiza - N 5
4 av 1 a7 w2 [ - - FCER Avisize - FanCol FanCol Variable Vlume Elecicily ¥ 2
5 CopyRoom 1 a7 3 [ - - FCE Auosize - FanCol FanCol Variable Velume Eleciciy ¥ 2
& CopyRosm 1 a1 8 AT} cTas 4 0004 FCS0  Auosize - MVHRCTAY  SingleDuciUnconiroled FanCor FanCol Varisble Velume ¥ 2
7 Coridor 1 78 10 B3 cTa3 & 0008 FCA1 . MVHRCTAI  SingleDuctlncomalled FanCor FanCol Varisble Voluma ¥ 5
& Corider i 744 T4 B0 268 cTA3 3 0034 FoB2 - MVHRCTAY  SingleDuctncontoled FanCor FanCol Varisble Volum ¥ 5
9 Corider 1 547 55 s 187 eTas 2 0082 Fosd - MVHRCTA4  SinglsDuctunconolled FanCol FanCol Variabls Vlume v 5
10 Cordor 1 248 24 263 88 cTa3 11 0011 Fosd - WVHRCTAY  SingleDuctunconoled FanCol FanCol Varisble Vlume v 5
1 MestrgRoom 1 194 18 200 70 cTa3 43 0043 FOBS - MVHRCTAD  SingleDuetuncentled FanCor FanCol Varisble Vlume v 2
12 MeepgRoom 1 85 18 167 8 cTas 21 oozt Fese - MVHRCTA4  SingleDuetncontioled FanCor FanCol Varisble Velume ¥ 2
qm i s6 w  se s cas 1 o1 rew © MRCTAA  Sighuctirecnted Faicai  Fancal Vaciati Vohuma vz
14 MeocMRoom 1 a7 w cTAs 15 0015 Foss - MVHRCTA4  Singleuctunconiolled FanCoi FanCol Varisbla Voluma ¥ 2
15 Office 1 88 s 577 18 cTA3 42 o042 Foes - MVHRCTAI  Singleuctunconiralled FanCoi FanCol Variable Volume ¥ 2
16 Office 1 0 3 a2 cta3 21 o021 Foro - MVHRCTAD  Singleuctnconiralled FanCol FanCol Variable Vlume ¥ 2
17 Offce 1 38 w413 s cTad 31 om Fort - MVHRCTA4  SingleDuctinconiroled FanCol FanCol Variable Velume ¥ El
16 Offce 1 w7 w o oaes a2 cTas 31 om Fem2 . MVHRCTA4  SingleDuctlnconiroled FanCor FanCol Varisble Velume ¥ 2
19 Ofice 1 08 11 18 3 eTas 10 oo Fer3 - MVHRCTA4  SingleDuctinconiraled FanCad FanCol Varisble Veluma v 2
20 Ofice 1 ss0 65 7 238 cTad 51 o8 For4 - MVHRCTA4  Singleuctunconiroled FanCoi FanCol Varisbla Voluma ¥ 2
21 Opendifica 1 w21 16z 18e0  6ss cTA3 181 0181 FC7S - MVHRCTAI  Singleuctunconiraled FanCoi FanCol Variable Vlume ¥ 2
22 Opendifice 1 e T Em ams cta3 3 o038 o7 - MVHRCTAD  Singleuctnconiralled FanCol FanCol Variable Vlume ¥ 2
23 Opendtics 1 50 s st ind cTad 55 0088 FOTT - MVHRCTA4  SingleDuctinconiroled FanCor FanCol Variable Velume ¥ 2
24 Opendfice 1 184 1B 12 48 CTAZ 148 0148 FCTB . MVHRCTA4  SingleDuctlnconirlled FanCor FanCol Varisble Velume ¥ 2
25 PhonaBocty 1 85 52 7 cTA3 & 0008 FCTO . MVHRCTAY  SingleDuctUneomralied FanCor FanCol Varisble Voluma ¥ 2
26 PhonaBocth 1 6 5 " 1 eTas & 0008 FCao - MVHRCTAY  SingleDuctncontoled FanCor Fancol Varisble Volume ¥ 2
27 Shower 1 61 8 & 2 [ - - Foas FanCol FanCol Varisble Vlums v 2
28 Storsge 1 LAY RN T A [ - - Fom - FanCor FanCol Varisble Vlume ¥ 5
29 Storsge 1 08 m 17 3 [ . - Fom . FanCor FanCol Varisble Velume ¥ s
30 Storage 1 w1 16 18 Bt e 5 - Fess 5 FanCod FanCol Varisble Velume ¥ s
31 TesReoem 1 w7 wm wm M eTas 16 oo Fear . MVHRCTA4  SingleDuctincaniraled FanCad FanCol Varisble Veluma Elacicity ¥ 2
2
)
1
5
36
7 . .
3 5 | Automatic spreadsheets inputs - O X
)
I Home  Share  View (]
n
:; &« v 4 > SIM2work > 002 Gilead Paris > 01 EnergyPlus Files > Automatic spreadsheets inputs v O | Search Automatic spreadsheet.. 2
“ N
:: Name Date modified Type Size
R st Quick access N ] o o )
Neoty B 01b p002 Gilead Paris Sciences - Zone Conditioning 24/11/2017 12:45 Microsoft Excel Work... 24,620 KB
& OneDrive B 02 p002 Gilead Paris Sciences - Design Case AHUs 24/11/2017 12:57 Microsoft Excel Work... 962 KB
= This PC B 99 p002 Gilead Paris Sciences - Baseline System 4 PSZ-HP 24/11/2017 16:08 Microsoft Excel Work... 1,042 KB
Hif 99 p002 Gilead Paris Scineces - Baseline System & with PFP boxes ~ 24/11/2017 15:51 Microsoft Excel Work... 4,171 KB
) Network
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Problem 1: Inputting data into a simulation engine GUI
takes lots of time, is complicated and prone to errors

Solution 1: Excel GUI, utilize the power of excel and its
formulas to record all inputs, do the necessary
calculations, automatically generate simulation code
and provide neat information for the client report. Use
excel to QA your inputs

SIM?
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2 - Library of Operations - Plant - Excel

Insert Pagelayout Formulas Data Review View Help Q Tell me what you want to do

lla —
0 3 Cut Calibri i A A F

5 Copy - -
RRcic vr R BIU- - &-A- Merge & Center ~ ="+ % 9 <8 %5 Conditional Formatas| Good Neutral Calculation Check Cell Explanatory ... Insert Delet:
ormat Fainter -

© Formatting -~ Table ~ © ©

(=)
25 Wrap Text General i =: ‘).J Comma 2 Comma 35 Normal 60 Normal Bad (E_HED EEE[:)

Clipboard ~ Font 1 Alignment ~ Number ~ Styles Cells
A69 o S
A B C | D E F | G H I L J ] K L M N o | P Q R 15| T ] Vo w X

1 —|
2
3 . . . . Operation Pattern - Chiller annual operation
2 Chiller Operation Annually Chiller Operation Annually
5: 120,000 120,000 Chiller operation, outdoor air temperature and maximum chiller
6 | /® demand
7 ’g 100,000 'g‘ 100,000
8 | T 80,000 2 80,000 a) Maximum demand_ is 1-0[) kW,_any-lhlng above this line and the
9 g g chiller is working incorrectly
1] 38 60,000 3 60,000
1 0 oo b) Outdoor air temperature, the chiller only starts operation if the

— c c
12 35 40,000 3 40,000 outdoor air temperature is above 1°C
13 S 8
14| 20,000 20,000 ‘\®
15| Max Demand 100 kw

) | [ — -
16 Outd ir t it 1°C
7l 20 0 20 -10 0 10 20 30 20 utdoor air temperature
Bl Outdoor Air Temperature [°C] Outdoor Air Temperature [°C]
19: Variables required
20 | Output:Variable,* Chiller Electric Power, Hourly;
21 Output:Variable,* Chiller COP,Hourly;
22 | Output:Variable,* Site Outdoor Air Drybulb Temperature,Hourly;
23
24 | Operation Pattern - Chiller COP
B Chiller COP performance Chiller COP Performance
26 | a) Performance curve for the chiller, its coefficient of performance
27 | 6 6 at different part loads
29 E 5 Part Load [%]  COP
30 4 100% 4.46
31] s S %0% 476
32 ) 5 80% 5.03

| 2 3 Z 3
33 = = 70% 5.5

o

34 S g , 60%  5.38
35| 50% 5.39
36 1 ’ . 40% 522
37 | 30% 4.78
38 | 0 4 0 20% 3.93
i) 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% NPLV: - 5.15
40
il Part Load [%] Part Load [%]
42: Variables required
43 Output:Variable,*,Chiller COP,Hourly;
44 Qutput:Variable,* Chiller Part Load Ratio,Hourly;
an

Output Data — Scripting Process
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Operation Pattern - Cooling Tower Economizer

Cooling tower economizer aperation, time and flow rate

a) maximum flow rate is 160 kg/s

b) Time the ecomomizer is set to off position is between May

and October
Maximum Flow Rate 160 kgfs
Month Off May 20
Month On October 1

Variables required
System Node Mass Flow Rate COND_HEX,

[ke/s]

Operation Pattern - Cooling Tower Economizer

The water design supply temperature shall be 85°F or 10°F
approaching design wet-bulb temperature whichever is lower,

a) maximum condensor water temperature -17.78°C

b) Condensor water is 10F lower than wetbulb

v water 8 F
Minimum Condensing water temperature 70 F
Reduction from WB 10 F

Variables required

Output:Variable,” System Node T Hourly;

Operation Pattern - Temperature of Condensor Water vs
Outdoor Air Wet Bulb Temperautre

a) Chiller mode when OA WB temp is over 4.4°C, condensing
water temp is between 18°C and 28°C

b) Chiller mode changes from economizer to cooling tower when
OAWB temp is 4.4°C

) Chiller mode when OA WB is below 4.4"C, condensing water
temperature is between 2.2°C & 8°C

Outdoor Wethulb Temp 4.4°C
Condensor Water Tem) Below Above
8 18 °C
2.2 8

Variables required
Site Outdoor Air Wetbulb Temperature Environment [C]
System Node Temperature CT_CT_out [C]

Output Data — Scripting Process
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4.11.1.2 Fans and Pumps

The fan power calculation for the baseline building design is based on G3.1.2.9 of ASHRAE
Standard 90.1 2010 Appendix G and 6.5.3.1 of ASHRAE Standard 90.1 2010. The fan supply
volume was calculated using 20°F difference between the supply air and the room air
temperature according to G3.1.2.8.

The minimum outdoor air flow into each zone is identical to the outdoor air flow for the
design case. The minimum outdoor air flow into the zones in the baseline case will never
drop below that required for the design case. The peak fan power supply flow was calculated
for the baseline case using Table G3.1.2,10 — System 3 through 8:

Fan power = bhp x 746 / fan motor efficiency
P el e e e e e e e e

/ Table 18 Baseline Appendix G Fan Power Calculations \
Baseline FanPower  11.8 kW

' Baseline outdoor air flow rate 1.03 m’/s ‘
I Baseline total flow rate.  5.21 m¥/s I
I ey Fan calculations from the
AHU or Supply/ Return/ Outdoor Peak flow required I . . .
I Fan Name Variable / Terminal Exhaust FJ_\HU]/‘ Air Flow  flow rate forthefan bHP Mtftur m Pressure BASELINE _Ffm I m Od e | | I n g I n p ut m a Ste r fl | e
Constant unconditioned rate rate Efficiency Drop system  Efficiency
I Box? (exhaust fan) [m3/s] [m3/s] /s] Ffa; I
W
| s 1.0 5.2 11848 11044 I
AHUD4 Variable AHU Supply 0.9 5.0 4571 11414 13.7 89.5% 10,534 1,492 8 0.65
I 04 Corridorl Constant AHU Supply 0.0 0.0 8 14 0.0 82.5% 17 1,171 4 0.65
| 0 Corridor2 Constant AU Supply 0.0 0.1 73 131 01 825% 154 1,171 a 0.65
04 Corridor3 Constant AHU Supply 0.1 0.1 82 148 0.2 825% 174 1,171 4 0.65
| 04 Corridor4 Constant AHU Supply 0.0 0.0 11 20 0.0 82.5% 23 1,171 4 0.65
04 Storage3 Constant AHU Supply 0.0 0.0 11 15 0.0 82.5% 23 1,171 4 0.65 ’
\ 04 TeaRoom Constant AHU Supply 0.0 0.1 56 101 01 825% 113 1,171 4 0.65 4
— o e o e o o e e e mm mm o - P
The fans were modelled with a night cycle which was put on during unoccupied times. The O pe rat| ng h ours d u ri ng
fans cycle on and off during this time when temperature of the space is required to be met. . d d . d
An analysis of the fan operation in the model is detailed below: OCCU p Ied and unoccu p e
— e e e m e m e m — e — — — = — = — times and peak fan power, all
The total number of hours the fan is operating for is 4088 | < . | | d f
IThe total number of hours the fan is operating during unoccupied times is 87| aUtomatlca y generate rom

| The peak fan power is 5.9kW the Output ﬂle

h_—_—_—_—_—_—_—_—_—_}

Output Data — Night Cycle Analysis Project Example
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[ - Night Cycle Analysis \

e I

e [

I 2 I Automatically generated from

: gE 19 C— 1~ outputs, showing that the fans
1.0 e oo ® . .

A o b, : are cycling on and off at night

P - Moo w0 2w % BB to maintain temperature

‘ Minimum zone temperaturein a zone that is fed by the AHU [°C]

\ Figure 19 Night Cycle Analysis for the Baseline Fan (unoccupied times) 7/ I

- e e e o o e e e e e o o o e e .
The green line represents the setback temperatures during unoccupied times and the
maximum flow rate of the system. The grey dotted line represents the minimum air flow rate
during occupied times. During unoccupied times the night cycle comes on to maintain the
setback temperatures and is between 0 kg/s and 1.97kg/s flow rate.

pn  EEE E— O O S S S S S S S S

/ N\

l 3 » Occupied Times - Fan Analysis 1

A BT : Automatically generated
R ! showing how the fan is
R : operating during occupied
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The graph above shows the fan operation during occupied times. The orange dots represent
the flow rate and the minimum zone temperature fed by the AHU. The fan operation is
always above the minimum flow rate of 1.97 kg/s and ramps up during the cooling season.
The dots fall below the set temperature of 20C as this includes zones which have a lower
setpoint such as the corridors and storage rooms.
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- Ko Calibri AN T== 2- |8 Wapiet General . P: #  Normal10 Normal Bad Good Neutral €m Ex ‘;“_ E,::(onm : ?Y ,o
P Copy - = = - = [$]Fill - ’
Paste  rormatpainter B 1 U T/t & Ar ES S =55 EiWergekCenter - F-% 9 %058 F?"H“t:fnn;‘jlr;itfs [calculation | [EEASINNN Exelanatory... [Input Linke = T EESOGERD g :ir:f s:?:;&.
Clipboard : Font 3 Alignment 2 Number 3 Styles Cells Editing A
DV2 . A | MEETINGROOM-LIGHTING:Schedule Value [](Hourly) v
DO DP DQ DR Ds DT DU DV bw DX DY Dz EA EB EC ED EE EF EG EH E B EK EL EM EN EO EP EQ -
1
04 04 04 04
04 04 04 04 MEETING MEETING MEETING MEETING 04 04 04
CORRIDO CORRIDO 04 COPYRO COPYRO ROOMI1_ ROOM2_ ROOM3_ ROOM4_ OFFICE1_ OFFICE2_ OF
MEETING LUNCHR 20- 16- 24- 50- 24- ZONE LUNCHR WATER R2_PIU- R3_PIU- AV_PIU- OMI1_PIU-OM2_PIU-PIU- PIU- PIU- PIU- PIU- PIU- PIL
OFFICE- ROOM- OQOM- MEETING [LUNCHR HEATING HEATING COOLING COOLING COOLING AHU1- CONTROL OOM- TANK HC:Heati HC:Heati HC:Heati HC:Heati HC:Heati HC:Heati HC:Heati HC:Heati HC:Heati HC:Heati HC:Heati HC
SERVER- OCCUPA OCCUPA OCCUPA OFFICE- STORAGE-SERVER- |[ROOM- |OOM- 18- 14- 26- 50- 24- FRESH  TYPE FRESH TEMPERA ngCoil ngCoil ngCoil ngCoil ngCoil ngCoil ngCoil ngColl ngCoil ngCoil ngCoil ng
EQUIPME NCY:Sche NCY:Sche NCY:Sche LIGHTING LIGHTING LIGHTING |LIGHTING |LIGHTING SETBACK: SETBACK: SETBACK: SETBACK: SETBACK: AIR:Sche SCHED:Sc AIR:Sche TURE:Sch Electric  Electric  Electric  Electric  Electric  Electric  Electric  Electric  Electric  Electric  Electric  Ele
NT:Sched dule dule dule Schedule :Schedule :Schedule|:Schedule |:Schedule Schedule Schedule Schedule Schedule Schedule dule hedule  dule edule Power Power  Power  Power Power Power  Power  Power Power  Power  Power Po
uleValue Value  Value  Value  Value  Value  Value |Value |Value  Value  Value  Value  Value Value  Value  Value  Value  Value  [W]{Hour [W](Hour [W]{Hour [W](Hour [W]{Hour [W]{Hour [W]{Hour [W](Hour [W](Hour [W]{Hour [W](Hour [W
2 |[(Hourly) [{Hourly) [1{Hourly) [l{Hourly) [I(Hourly) [I(Hourly) [1{Hourly)|[I{Hourly) [1{Hourly) [l{Hourly) [1{Hourly) [1{Hourly) [1(Hourly) [l{Hourly) [I{Hourly) [I(Hourly] [I{Hourly) [J(Hourly) Iy} ly) Iy} ly) y) y) Iyl Iy) y) Iy) Iy) y)
3 0.75 0 a o] 0.05 ) o 0.05 0.05 18 14 26 50 24 o 4 0 60 a 0 53.15754 78.0853 99.45652 198.4054 170.2711 729.9633 50.28946 735.4891 528.0673 6¢
4 0.75 0 a o] 0.05 ) 0 0.05 0.05 18 14 26 50 24 o 4 0 60 a 0 53.29441 78.26794 99.97893 199.8205 171.362 737.0333 50.45919 744.6258 534.7717 6¢
B 0.75 0 o o] 0.05 o ] 0.05 0.05 18 14 26 50 24 o 4 o 60 [} 0 53.43406 78.45648 98.75412 196.9962 169.0715 717.577 50.62827 706.2095 510.153 6!
6 0.75 0 o o] 0.05 o ] 0.05 0.05 18 14 26 50 24 o 4 o 60 [} 0 53.57948 78.65471 98.02029 1953131 167.684 707.3762 50.79759 692.1494 500.6959 &<
7 0.75 0 o o] 0.05 o [} 0.05 0.05 18 14 26 50 24 o 4 o 60 [} 0 53.72665 78.85496 97.75267 194.7293 167.1717 700.9426 50.96636 679.0559 492.1672 6:
8 0.75 o o o] 0.05 o ] 0.05 0.05 18 14 26 50 24 o 4 o 60 [} 0 53.87193 79.05155 97.65171 194.5426 166.9802 698.0006 51.13475 671.8473 487.2167 6.
9 0.75 0 o (o] 0.05 o 4] 0.05 0.05 pt:] 14 26 50 24 [} 4 0 60 ] 0 54.01144 79.23927 97.75827 1948502 167.1982 699.431 51.30095 677.1714 400.3957 6&:
10 0.75 0 o o 0.05 o o] 0.05 0.05 pt:] 14 26 50 24 o 4 0 60 4] 0 54.14368 79.41642 97.91902 195.3097 167.5327 699.4667 51.46412 678.2353 401.1263 6%
1 0.75 0 o o 0.05 o 0 0.05 0.05 pt:] 14 26 50 24 o 4 0 60 o 0 54.27263 79.58904 9810785 1958291 167.9303 699.7332 51.6283 674.508 488.8802 6
12 0.75 0 4] o 0.05 o 0 0.05 0.05 ht:] 14 26 50 24 o 4 0 60 o 0 54.39787 79.75687 98.2775 196.2976 168.2943 700.3081 51.79151 675.5376 489.2713 6
13 0.75 0 ] o 0.05 o 0 0.05 0.05 18 14 26 50 24 o 4 0 60 4] 0 54.51829 79.91807 98.27998 196.361 168.3421 689.7852 51.95197 650.354 472,707 (
14 0.75 0 ] o 0.05 o 0 0.05 0.05 18 14 26 50 24 o 4 0 60 4] 0 54.63322 80.0701 9819028 196.2181 168.233 678.7871 52.11084 624.471 455.1542 5¢
15 0.75 0 ] o 0.05 o 0 0.05 0.05 18 14 26 50 24 o 4 0 60 o 0 54.73821 B0.20293 98.0766 196.0722 168.1341 673.564 52.26831 617.1231 449.3364 57
16 0.75 0 a o 0.05 o 0 0.05 0.05 18 14 26 50 24 o 4 0 60 a 0 54.8281 B0.30585 97.98335 196.0702 168.1682 667.6893 52.42409 603.414 440177 5t
17 0.75 0 a o 0.05 o 0 0.05 0.05 18 14 26 50 24 o 4 0 60 ] 0 54.80227 B0.37725 97.87242 196.136 168.2757 672.1439 52.57894 6£15.0252 447.4928 5%
18 0.75 ] a o 0.05 o 0 0.05 0.05 18 14 26 50 24 o 4 0 60 o 0 54.96315 80.4228 97.70347 196.1573 168.363 681.6738 52.73228 641.3848 464.7901 5¢
19 0.75 0 a (1] 0.05 0 o] 0.05 0.05 18 14 26 50 24 o 4 0 60 a 0 55.01731 B0.45678 97.5775 196.3355 168.5809 689.6288 52.88393 658,7806 477.1762 6.
20 0.75 0 a (1] 0.05 o o] 0.05 0.05 18 14 26 50 24 o 4 0 60 [} 0 55.07414 80.49935 97.55417 196.753 168.9822 694.8037 53.03384 668.7573 484.6576 6.
21 0.75 0 a (1] 0.05 ) o] 0.05 0.05 18 14 26 50 24 o 4 0 60 a 0 55.14092 80.56602 97.52165 197.0915 169.3029 696.9124 53.18184 672.0089 487.5199 6.
22 0.75 0 a o] 0.05 ) o 0.05 0.05 18 14 26 50 24 o 4 0 60 a 0 55.22058 80.66211 97.60792 197.6467 169.7746 699.9464 53.32899 677.1021 491.2343 6:
23 0.75 0 a o] 0.05 ) ] 0.05 0.05 18 14 26 50 24 o 4 0 60 [} 0 55.31115 80.78307 97.79555 198.3839 170.3714 704.0623 53.47461 684.3192 496.1501 6:
24 0.75 0 o o] 0.05 o ] 0.05 0.05 18 14 26 50 24 o 4 o 60 [ 0 55.40999 80.92260 98.00014 199.1157 170.948 708.0953 53.61893 691.4178 500.9079 &<
25 0.75 0 o o] 0.05 o ] 0.05 0.05 18 14 26 50 24 o 4 o 60 [} 0 55.51456 81.07534 98.08825 199.5301 171.2596 708.5742 53.76162 690.3469 500.4519 &<
26 0.75 0 o 1] 0.05 o [} 0.05 0.05 18 14 26 50 24 o 4 o 60 [} 0 55.62418 81.23876 98.04615 199.6021 171.2894 703.1524 53.90405 674.2677 490.3225 6:
27 0.75 0 o o] 0.05 o ] 0.05 0.05 18 14 26 50 24 o 4 o 60 [} 0 55.73669 81.40826 98.04839 199.7586 171.3811 706.1779 54.0459 683.7968 495.9406 6:
28 0.75 ] o 1] 0.05 o ] 0.05 0.05 18 14 26 50 24 o 4 o 60 o 0 55.84891 81.57755 98.28807 200.4757 171.9186 712.2614 54.18645 698.1156 504.9491 6!
29 0.75 [ o ] 0.05 o [} 0.05 0.05 18 14 26 50 24 o 4 v} 60 o 0 55.96045 81.74616 98.58175 201.3152 172.5544 716.8568 54.32647 706.2901 510.3155 6!
30 0.75 ] a ] 0.05 o [} 0.05 0.05 18 14 26 50 24 o 4 o 60 a 0 56.07262 81.91731 98.91376 202.2305 173.2505 721.9201 54.46631 715.3134 516.2426 6t
Ell 0.75 ] a ] 0.05 o o 0.05 0.05 18 14 26 50 24 o 4 o 60 a 0 56.18576 82.09193 99.57221 203.9067 174.5523 731.7763 54.60521 733.1658 527.9076 6¢
32 0.75 o a ] 0.1 o o 0.1 0.05 18 14 26 50 24 o 4 o 60 a 0 56.30078 76.35136 95.55434 192.9852 165.8178 704.3552 49.9386 723.2608 521.5336 6.
33 0.75 0.1 a ] 0.1 o o 0.1 0.05 20 16 24 50 24 1 4 o 60 498.7282 232.6085 257.8002 309.1186 260.3064 920.2537 672.3245 2824.421 349.4453 2135.971 1522.517 !
34 0.75 0.2 a 0.05 0.3 0.1 01 0.3 0.4 20 16 24 50 24 1 4 1 60 327.8129 145.8389 250.3847 309.1186 260.3064 807.6255 595.328 2444.116 311.4922 1612.302 1168.626 1¢
35 0.75 0.95 o 0.05 0.9 0.1 01 0.9 0.6 20 16 24 50 24 1 4 1 60 3.028487 0 186.67 163.7925 179.8117 6325959 453.304 1910.449 245.3014 Q o
26 n7s nes na nns. na na na na ne an 16 24 &n 24 1 A 1 &n n N__171040 182 8A78 1A2 0I5 5120722 TR A1IA 1818027 IN1 2024 n n_ ¥
M APP G Sizing sheet | DIAGNOSTICS ® ] >
Ready B 5 m- 1] + 100%
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Y ] ) T = E
0 &% Cut Calibri -l10 £ Wrap Text Number - L.. # | Normal 10 Normal Bad Good Neutral €m \x [y E’:‘;‘“S“m iy p
| EICORY - = T -|[ E BlFil-
Paste BIU- - 3| Merge & Center - &7+ 9 3 % 9 Conditional Format as |Calculation m Explanatory ... [Input L Insert Delete Format ~ Sort & Find &
+ ¥ Format Painter o EZMery ™ Fomatting = Table - N Fifter - Select -
Clipboard : Font 5 Alignment [ Number 3 Styles Cells Editing A
K37 s fr v
A B 5 D E F G H | K L M N (o] 5] -
Does this zone
. N Maximum flow Average N New Baseline
Jovel Zone Name floor detatemp DeltaT  Peak cooling Peak Heating Peak load |EEFRC R AMUname  Wimt  Wjmi for _ Oierby
aream? (degF] (DegK) load (kW)  Load (kW) (kW) tho systom 31-2W/m2? By New AHU names  Systam
1 (m3/s) ¥ how much? lumbers
27 04  04Archive 14 0 111 - 0.09 0.1 0.01 a 04 Archive 7 7n 04 Archive a 04 Archive:Zane Air Temperature [C)(hourly) 04 Archive_zoneTemp
37 o4 0aav 7 20 111 025 013 03 0.02 8 AHUOA 3 67 n AHUOA 8 04 AVZone Air Temperature [Cl(haurly) AHUO4_zoneTemp AHUOD
4" 04  04copyRoom1 10 20 111 036 0.23 0.4 0.03 8 AHUO4 6 67 n AHUOA 8 04 CopyRoom1:Zone Air Temperature [Cl(hourly) AHU04_zoneTemp AHUO1
57 04 04CopyRoom? 8 20 111 031 0.24 03 0.02 8 AHUO4 38 67 n AHUO4 8 04 CopyRoom2:Zone Air Temperature [Cl{hourly) AHU04_zoneTemp AHUO2
6 04 04 Corridorl 18 20 111 - 0.02 0.0 0.00 4 04 Corridorl 1 in 04 Corridorl 4 04 Corridor1:Zone Air Temperature [C]{hourly) 04 Corridor]_zoneTemp AHUO3
77 04 04cCorridor2 7 0 111 - 0.97 1.0 0.07 4 04 Corridor2 13 13 n 04 Corridor? 4 04 Corridor2:Zone Air Temperature [C]{hourly) 04 Corridor2_zoneTemp AHUOA
8" 04 04comridor3 55 20 111 - 0.34 03 0.03 a 04 Corridor3 6 6n 04 Corridor3 a 04 Corridor3:Zone Air Temperature [C]{hourly) 04 Corridor3_zoneTemp AHUOS
9" 04 04 corridora 21 20 111 - 0.08 0.1 0.01 a 04 Corridord 3 3in 04 Corridord a 04 Corridord:Zone Air Temperature [C](hourly) 04 Corridord_zoneTemp AHUOG
107 o 04 MeetingRoom1 19 20 111 1.44 0.51 14 0.11 8 AHUO4 74 67 n AHUO4 8 04 M gReom1:Zone Air Temperature [Cl{hourly)  AHUO4_zoneTemp AHUO7
117 04 04 MeetingRoom2 15 20 111 1.06 0.44 11 0.08 E AHUOA 68 67 n AHUOA 8 04 MeetingRoom2:Zone Air Temperature [Clfhourly)  AHUDA_zoneTemp. AHUOS
127 04 04 MeetingRoom3 60 0 111 5.61 194 56 0.42 8 AHUOA 94 67 n AHUOA E 04 MeetingRoom3Zone Air Temperature [Cl{hourly)  AHUDA_zoneTemp AHUUO1
137 04 04 MeetingRooma 7 0 111 054 015 05 0.04 8 AHUO4 7 67 n AHUO4 8 04 MeetingRoomd:Zone Air Temperature [Cl{hourly)  AHUO4_zoneTemp AHUUDZ
147 04 04 Officel 54 20 111 4.6 183 45 0.33 8 AHUO4 83 67 n AHUO4 8 04 Office1:Zone Air Temperature [C](hourly) AHUD4_zoneTemp £B.00_ITRoom
157 04 040ffice2 s 20 111 1.02 134 1.0 023 8 AHUOA 86 67 n AHUOA 8 04 Office2:Zone Air Temperature [C]{hourly) AHU04_zoneTemp £B.00_KitchenNorth
167 D4 040Officed a 20 111 371 168 3.7 0.28 8 AHUO4 84 67 n AHUO4 8 04 Office3:Zone Air Temperature [C](hourly) AHU04_zoneTemp £B.01_KitchenNorth
177 04 040fficed 37 0 111 239 1.31 2.4 018 8 AHUO4 65 67 n AHUO4 8 04 Officed:Zone Air Temperature [C]{hourly) AHUOA_zoneTemp £8.02_[TRoom
187 04 040ffices 1 20 111 0.82 0.66 0.8 0.06 8 AHUOA 7% 67 n AHUOA 8 04 OfficeS:Zone Air Temperature [C](hourly) AHUO4_zoneTemp EB.02 KitchenNorth
197 04 040ffices 66 20 111 405 190 a1 030 8 AHUO4 61 67 n AHUO4 8 04 Office6:Zone Air Temperature [C](hourly) AHU04_zoneTemp EB.03_[TRoom
207 04 040penOfficel 182 20 111 16.30 5.95 163 122 & AHUO4 90 67 n AHUO4 & 04 OpenOfficel:Zone Air Temperature [C]{hourly) AHU04_zoneTemp £8.03_KitchenNorth
217 n 04 OpenOffice2 ” 20 111 6.29 234 6.3 0.47 8 AHUO4 82 67 n AHUO4 8 04 OpenOffice2:Zone Air Temperature [C]{hourly) AHUD4_zoneTemp EB.04_ITRoom
227 04 040penOfficed 54 0 111 443 1.66 a4 033 8 AHUO4 82 67 n AHUOA 8 04 OpenOffice3:Zone Air Temperature [Cl{hourly) AHUD4_zoneTemp £B.04_KitchenNorth
237 04 040penOffices 118 0 111 1061 3.86 106 0.80 8 AHUO4 50 67 n AHUOA 8 04 OpenOfficed:Zone Air Temperature [C]{hourly) AHUDA_zoneTemp EB.05_[TRoom
247 04 04PhoneBoothl 5 20 111 0.20 013 0.2 0.02 8 AHUO4 a1 67 n AHUO4 8 04 PhoneBooth1:Zone Air Temperature [Cl(hourly) ~ AHUO4_zoneTemp EB.05_KitchenNorth
257 04 04 PhoneBooth2 5 20 111 021 0.17 0.2 0.02 8 AHUO4 5 67 n AHUO4 8 04 PhoneBooth2:Zone Air Temperature [Cl(hourly) ~ AHUDA_zoneTemp
267 04 04 shower 6 0 111 0.20 0.24 02 0.02 8 AHUOA EC) 67 n AHUOA 8 04 Shower:Zone Air Temperature [Cl(hourly) AHUO4_zoneTemp EB.06_KitchenNorth
27 0 0.0 - - D:Zone Air Temperature [C](hourly) _zoneTemp EB.07_ConferenceNo
28 0 0.0 - - 0:20ne Air Temperature [C]{hourly] _zoneTemp £B.07_ITRoom
297 04 04Storage3 15 0 111 - 0.14 0.1 0.01 a 04 Storage3 9 9n 04 Storage3 a 04 Storage3:Zone Air Temperature [C](hourly) 04 Storage3_zoneTemp £B.07 Kitchen
307 04  04TeaRoom a1 20 111 0.75 0.44 0.8 0.06 a 04 TeaRoom 24 20 n 04 TeaRoom a 04 TeaRoom:Zone Air Temperature [Cl{hourly) 04 TeaRoom_zoneTemp EB.07 OpenOfficeNo,
31 Zone Air Temperature [C](timestep) _zoneTemp EB.07_OpenOfficeNoy
32 :Zone Air Temperature [C](timestep) _zoneTemp £8.07_OpenOfficeSor
33 :Zone Air Temperature [C](timestep) _zoneTemp EB.U01_EntranceEas
34 Zone Air Temperature [C](timestep) _zoneTemp NB.0OO_EntranceSout
35 Zone Alr Temperature [C](timestep) _zoneTemp NB.O1_[TRoom
36 :Zone Air Temperature [C](timestep) _zoneTemp NB.01_OfficeSouthw
37 :Zone Air Temperature [C](timestep) _zoneTemp NB.02_ITRoom
38 Zone Air Temperature [C](timestep) _zoneTemp NB.02_OfficeSouthw
39 Zone Air Temperature [C](timestep) _zoneTemp NB.02_ReceptionBric
40 Zone Air Temperature [C](timestep) _zoneTemp NB.03_[TRoom
41 Zone Air Temperature [C](timestep) _zoneTemp NB.03_OfficeSouthws
42 :Zone Air Temperature [C](timestep) _zoneTemp NB.03_ReceptionBric
43 :Zone Air Temperature [C](timestep) _zoneTemp NB.04_ITRoom
44 Zone Air Temperature [C](timestep) _zoneTemp NB.04_OfficeSouthw
Energyplus data | APP G Sizing sheet | DIAGNOSTICS ® « »
Ready B E M- ] + 100%

How this works — Scripting what data needs to be called

SIM?



H - N 002 Gilead Paris - Baseline Diagnostic: el Sign in

Insert Pagelayout Formulas Data view View Help Q) Tell me
Y
- ‘-)}'CU‘ Calibri 11 A A T== #- | ®Wnaplet General - J\L 4 Normal10 Normal Bad Good Neutral ;{“ EX L- Z AutoSum - %Y p
Paste| 5 OPY BIU- | &-A- == ElMegeac .09 9 %09 Conditional Fon:;tas Calculation m Explanator, Input Linked Cell "1l insert Delata Format Blat- Sort & Find &
. Format Painter =L _ e % Fomatting = Table - e P — | IR - | PO e St -
Clipboard "- Font "- Alignment i Number i Styles Cells. Editing
L21 v S Total Number of hours Fan is on
A B c D E F G H l J K L M N o P Q R 3 T u v w
Mioumom | Maxim
! e e A o ot T e Sie [ 8% vt o4
2 Date/Time [HHourly)  AMUDA zonetemp AMUO4-Eonetem  Pealog g preiihourty)  Raste [kg/slihourly) Night Cycle Analysis
3 01/01 01:00:00 i 18.0 18.0 18.0 - Toana T oan/A T EN/A Max Flow rate 470 kg/s 8
4 01/01 02:00:00 0 18.0 180 180 "o T omva T enA Min Flow Rate 016 kg/s = 0
5 01/01 03:00:00 i 18.0 18.0 18.0 Toana T oana T an/A Min AHU flow rate 197 kgfs 40
6 01/01 04:00:00 0 18.0 18.0 18.0 Touna T oaN/A T EN/A S
7  01/01 05:00:00 0 18.0 18.0 18.0 ounia T oana T own/a Winter 22 30
8  01/01 06:00:00 0 18.0 18.0 18.0 Toana T a7 oan/a Setback Temperature 18 °C 5%
9 01/01 07:00:00 0 18,0 18.0 18.0 Toana T oania T oan/A Setpoint temperature 20 °C - s
10 01/01 08:00:00 0 18.0 18.0 18.0 "oun/a T oaN/a T aN/A Summer 55 10 Ry 4
11 01/01 09:00:00 i 18.0 18.0 18.0 Toana T oan/A T EN/A Setback Temperature 26 °C z -odla
12 01/01 10:00:00 0 18.0 18.0 18.0 Towna T oan/a T aN/A Setpoint temperature 2 C & 0.0 =
13 01/01 11:00:00 0 18.0 18.0 18.0 Toan/a T oana T wn/A & 14 16 18 20 22 24 26 28 30
14| 01/01 12:00:00 0 18.0 18.0 18.0 : HN/A : HN/A : #N/A X Axis Temp Limits 14 C Minimum zone temperature in a zone that is fed by the AHU [°C]
15 01/01 13:00:00 0 18.0 18.0 18.0 HN/A #N/A H#N/A Y Axis Temp Limits 30 C
16 01/01 14:00:00 0 18.0 18.0 18.0 ounia T oana T oan/A
17 01/01 15:00:00 0 18.0 18.0 18.0 "ouna T oana T an/A . .
18 01/01 16:00:00 i 18.0 18.0 18.0 Toana T oana T an/A Number of hours fan is 87 3 Annual Fan Operation Analysis
19 01/01 17:00:00 0 18.0 18.0 18.0 Toun/a T oanA T aN/A on in unoccupied times S 5.0 ——
20 01/01 18:00:00 0 18.0 18.0 18.0 ounia T oana T own/A g a0
21| 01/01 19:00:00 0 18.0 18.0 18.0 Touna T oana T an/A Total Number of hours 4088 S_
22| 01/01 20:00:00 0 18,0 18.0 18.0 Toana T oana T ana Fan is on 2T 30
23 01/01 21:00:00 0 18.0 18.0 18.0 Toena T oan/a T ena 5=
24 01/01 22:00:00 i 18.0 18.0 18.0 Touna T oan/A T aN/A 2t 20 .
25 01/01 23:00:00 0 18.0 18,0 180 LT T T 23 4, ey 4
26 01/01 24:00:00 0 18.0 18.0 18.0 Toun/a T oaN/A T aN/A 2 ’ -—edta
27| 01/02 01:00:00 0 18.0 18.0 18.0 Touna T oaN/A T EN/A & 0.0 e _1*
28 01/02 02:00:00 0 18.0 18.0 18.0 : HN/A : HNJA : HN/A 5 14 16 18 20 22 2 26 28 30
29 01/02 03:00:00 0 18.0 18.0 18.0 - HN/A - /A - #N/A Minimum zone temperature in a zone that is fed by the AHU [°C]
30| 01/02 04:00:00 0 18.0 18.0 18.0 HN/A AN/A HN/A
31 01/02 05:00:00 0 18.0 18.0 18.0 Toana T oana T wn/A
32| 01/02 06:00:00 i 18.0 18.0 18.0 Touna T oan/A T aN/A
33 01/02 07:00:00 1 19.2 19.9 19.9 - 1977 #N/A 1.97 1.97 - Occupied Times - Fan Analysis
34| 01/02 08:00:00 1 19.6 20,0 20.0 . 1977 #N/A 1.97 1.97 2 5.0
35 01/02 09:00:00 1 20.0 215 215 . 197" #N/A 197 197 g 45
36 01/02 10:00:00 1 20.0 22.0 22.0 - 1977 #n/a 1.97 1.97 g_ 40
37 01/02 11:00:00 1 20.0 22 222 - 197" /A 197 197 B j;
38| 01/02 12:00:00 1 20,0 25 25 . 197" #N/A 197 197 5% 1
39 01/02 13:00:00 1 20.0 204 20.4 . 1977 #N/A 197 1.97 2 E 20 -
40 01/02 14:00:00 1 20.0 220 22.0 - 197" #N/A 197 197 &= 15
41 01/02 15:00:00 1 20,0 226 22.6 - 197" #N/A 197 1.97 3 é'g
42 01/02 16:00:00 1 20.0 2.7 27 . 1977 #N/A 197 1.97 = 00
43 01/02 17:00:00 1 20.0 2.8 228 . 1‘97: HN/A 197 197 & 14 16 18 20 2 24 % 28 20
44 01/02 18:00:00 1 20.0 20.2 20.2 - 197 7 #NfA 1.97 1.97 } . .
45 01/02 19:00:00 1 200 200 20.0 R 197" EN/A 197 1.97 Minimum zone temperature in a zone that is fed by the AHU [°C]
ar  malaa an an An - am o an an o an= il - a - nm
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Energy Component Diagram

N =
o
Outdoor —s «——— Return Air =
Air <
— E
. . =
Constant Cooling Coil Heating Coil @
Volume Fan  Water Electric ] Heating Coil =
_ I Electric
Exhaust .
pir 5 ~Z m
Heat e
Exchanger Secondary Q
PUMp 2 VAV reheat
1
1
Purchased E |
. o |
Cooling . . . .
T Heating Coil
- .
—% Electric
T ] :
N N WA
Primary w [
Pump 5
VAV reheat ™

AHU Analysis — VAV reheat example

SIM?



3| Max33°C | o
& ) S o
- (o\]
N o © —‘5—} o
—] & Z] = 5
IS — ke - & N
o O
2O 2
< S 5 3| Max33°C | ¢
~ o I += ::} —
® _@—> 3]
< 5
2 N
\ 4
21°C
System to Zone Temperature : AHU-1
Summer Operation - 11 Jul - 5pm
——-AHU-1 Outdoor Air -#-1-1-CLS001 -A-1-1-AUD001
30 —‘ ]
Setpoint
‘:n 25 - 1 Z Zone
) ! Temperature
Q5 ’—’T/\ A P
£ 2 | \ 7
£y = =7
g 10 L2 6 Air is simultaneously
£ heated and cooled for
L 5 zone 1-1-AUD001
0 1 1 1 1 1 J
Return Air  Heatrecovery  FanOutlet  Clg Coil Outlet Htg Coil Outlet  Primary Air |Htg Coil Outlet| Zone Temp
Out
Air Handling Unit Zone Terminal Zone

AHU Analysis — Simultaneous Heating and Cooling

SIM?



23°C

21°C

\
Return \ /\

/ Zones

Temperature
=
(92}
o

Joe N\
/

/

/

/

Cooling Coil

Reheat Coils

9°C

/OA

7°C

4.5kg/s

4.0kg/s

3.5kg/s

3.0kg/s

Mass Flow Rate
N N
o n
~ ~
o o
S~ S~
%] w

1.5kg/s

1.0kg/s

0.5 kg/s

0.0kg/s

Fan

Cooling Coil

/]

Return/ /

/

{

Zones

OA

Reheat Coils

ARU Ana

lysis — Heat Exchanger and Cooling Coil

SIM?



Statistics and Heating Cooling Analysis (SI)
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Air Handlling Unit Diagnostics

AHU? AHU1 Instructions:
Month March 1) Add the name of the AHU that you would like to see the diagnostics through
2) Add the month fully written out
Day 26 3) Add the date
Time 12 noon 4) Finally add the time with am or pm directly afterwards
Lookup March 26, 12 noon The green band on the graph indicates the comfortable temperature in the space, this will
: : d to be adjusted fi ject te ject
Occupied or Unoccupied Office hours needto e adjusted from projectto proje
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Unclear controls can easily lead to simultaneous
heating and cooling.

Heat exchangers can be added to systems thinking
they will save energy but in fact cause the system to
use more energy.

Lack of analysis, misunderstanding how a systems
actually works and business as usual leads to poor
performance of building systems.

Energy modellers can model and give extremely
valuable feedback on controls for the building saving
thousands of pounds of operational energy costs.

AHU and Controls Modelling and Analysis
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PROBLEM 2: Input errors and misunderstanding outputs
leads to poor results, lack of confidence in modelling and, at
worse, incorrect analysis and advice to the client

SOLUTION 2: Simulation diagnostics!

SIM?
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Building Performance Analyst
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Don't compromise -- simulate SI MZ



