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Individual Study Title ENERGY PERFORMANCE SIMULATION OF AN
EDUCATIONAL BUILDING : A CASE STUDY OF

BUILDING 6, DHURAKIJ PUNDIT UNIVERSITY

Author Nutthawut Wutthichareanthawon
Thematic Paper Advisor Associate Professor Aumnad Phdungsilp, Ph.D., Tekn. Dr.
Department Engineering Management
Academic Year 2021
ABSTRACT

This study aims to create a computer-based energy consumption model concerning the
results of the evaluation of the performance of electric power, using SketchUp, Open studio and
EnergyPlus programs for Building 6,Dhurakij Pundit University which is a 17 storey building. The
subject area of the study is from the 6 th to 9 th floors, totaling 4 floors of the building. From the
model of the building and following the 4 energy-saving measures, it was found that the index of
electric power was between 21.85 - 62.43 kWh/m2/year. which is considered to pass the Net
Consumption Index criteria from the model of educational buildings at level equal to 85
kWh/m2/year which are according to the standard criteria for energy consumption in buildings. The
first measure that can be implimented to save electricity is the measure 3 (LED). The replacement
of electric light bulbs from the original high efficiency fluorescent lamps to LED bulbs can save
an average of 32.79% of electricity. Number 2 is Measure 1 (Set.T) adjusting the temperature of
the air conditioner from 24 °C to 26 °C, which is able to save a total of 23.41% of electricity. The
third is the fourth measure (A/C). The placement of high-efficiency air conditioners (SEER) to
replace the old building air conditioners that have been used for a long time can save an average of
20.28% of electricity. The 4th place is measure 2 (Film): Installation of a heat protection film on
glass walls and glass pane windows which is able to save electricity by an average of 10.10%.
Furthermore, the most interesting measure in this study is Measure 1 which reduces the electricity
without cost. As for measures 2-4, investments are required which are suitable for new buildings
or old buildings of the same or similar type that need improvement.

Keywords: Building energy simulation/Energy-savings/Energy Performance
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5191 3.2 arutlseneuveInsoueIAITNULEY (Opaque Component)
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5 ulasmieiluing
sHa Btu/H
(Btu/3.412142)
FC-6-1 16,040 4,700.86
FC-6-2 16,040 4,700.86
FC-6-3 16,040 4,700.86
FC-6-4 20,785 6,091.48
FC-6-5 46,380 13,592.63
FC-6-6 39,000 11,429.77
FC-6-7 54,000 15,825.84
FC-6-8 32,160 9,425.16
FC-6-9 47,830 14,017.59
FC-6-10 47,830 14,017.59
AHU-6-1 41,6015 12,1921.95
AHU-6-2 223,208 65,415.80
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5 ulasrvizenluing
sHa Btu/H
(Btu/3.412142)
FC-7-1 14,120 4,138.16
FC-7-2 14,120 4,138.16
FCU-701 13,000 3,809.92
FCU-702 45,000 13,188.20
FCU-703 40,000 11,722.84
FCU-704 56,000 16,411.98
FCU-705 45,000 13,188.20
FCU-706 20,000 5,861.42
FCU-707 25,000 7,326.78
FCU-708 25,000 7326.78
FCU-709 45,000 13,188.20
FCU-710 13,000 3,809.92
FCU-711 25,000 7,326.78
FCU-712 9,000 2,637.64
AHU-7-1 204,477 59,926.29
AHU-7-2 180,606 52,930.39
AHU-7-3 180,606 52,930.39
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5 ulasrvizenluing
sHa Btu/H
(Btu/3.412142)
FCU-801 36,000 10,550.56
FCU-802 30,000 8,792.13
FCU-803 36,000 10,550.56
FCU-804 36,000 10,550.56
FCU-805 36,000 10,550.56
FCU-806 36,000 10,550.56
FCU-807 25,000 7,326.78
FCU-808 30,000 8,792.13
FCU-809 25,000 7,326.78
FCU-810 25,000 7,326.78
FCU-811 13,000 3,809.92
FCU-812 13,000 3,809.92
FCU-813 13,000 3,809.92
FCU-814 13,000 3,809.92
FCU-815 19,000 5,568.35
FCU-816 19,000 5,568.35
FCU-817 36,000 10,550.56
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5 ulasrvizenluing
sHa Btu/H
(Btu/3.412142)
FCU-901 36,000 10,550.56
FCU-902 36,000 10,550.56
FCU-903 36,000 10,550.56
FCU-904 36,000 10,550.56
FCU-905 25,000 7,326.78
FCU-906 25,000 7,326.78
FCU-907 19,000 5,568.35
FCU-908 19,000 5,568.35
FCU-909 19,000 5,568.35
FCU-910 36,000 10,550.56
FCU-911 36,000 10,550.56
FCU-912 36,000 10,550.56
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Juduns — Yuoiad | 8:30-16:30
8 70 50%
9 15 50%
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msdnu1lunsed AAnu119 7151053 SketchUp version 2017 713 Plugin i1
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B Untitled - SketchUp Make 2017
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A o a Y 1 dy ~ [ 9 )=} 9 4
WeduiumsasunseuoInsuazulanunaNanarnslsanuiEeudoondn
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TuapuNaes ABNITANIUNS 1151051 OpenStudio FNsuNndoyasvaziBenv0901A13
' v Y
1aun doyanalivesinte1ns (Site) 319a210AA15191981015 15971 (Schedules), TATIA519
@ o o . 9 dy A 9
ﬁﬁﬂﬁ‘Tﬁi‘Uﬂiﬂ‘U@mﬁ (Constructions) N152A1NIDU (Loads) ﬂizmmmwuﬂmm (Space
Y
Types) S1UIUFUYD 191715 (Building Stories) ¥04a5IWVY0991A15 (Facility) Tsugaingi
9
(Thermal Zone) ﬂ?ﬂgﬁizﬂ‘uﬂﬁﬁnfﬂﬁ (HVAC System) N13A3AINITLUTAIND (Output

v [
Variables) N1399A1M51U521IaNa (Simulation Settings) A4 3.26

& £9_Oriosm” - X

File Preferences  Components & Measures  Help

Westher Fie 8 DesignDays | | Life Cycle Costs | [ Utiity Bils

Weather File | Change Weather Fie |

Latitude: 13.92
Longitude: 100.6
Elevation: 12
Time Zone: 7

Download weather fies at www.energyplus.netfweather

Select Year by:

@ FrstDay of Year

Daylight Savings Time: || off |

Starts

Define by Day of The Week And Month [ second 4] [sunday 2] [March

Measure Tags (Optional): .
Define by Date 4/1/2009 =

Ends

ASHRAE Cimate Zone Define by Day of The Week And Month [ First 2] [sundey 2] [November 2

acamesre (L1 EEEES

Design Days | Import From DDY |

Temperature || Humidity
e

Daylight Saving Time Indicator

Apply to Selected Apply to Selected Apply to Selected Apply to Selected

(% 1

4 o 9 v .
ﬂ]‘Wﬁ 3.26 ﬂ'lWG]'J’t’]EI'I\?ﬂ'lTUuﬁﬂGU@%l,aiWUﬁ%L%Uﬂﬂ]ﬂ\iﬁ]TﬂWiﬂﬂIﬂﬂlﬂiu OpenStudio Yd

v
%

S8 4
971A17 6 NYUN 9

A o v = 9 ) A S Ay vy 2 A a4 &
LlJ’EJ‘ﬂ”Iﬂ”Ii‘U‘Ll‘VIﬂsllﬂy)ﬁiuﬂluﬁ@uﬂﬁﬂﬂlﬁﬁﬂﬁfJ’]Jﬁ@fJLm'J VYUADUNFIUNTDUUADU

Yy A

gameanmmslsznanaaussougaulinanuves1n1s laoT1sunsy EnergyPlus 1o

o g £ @

Vl”lﬂ'liﬂﬁgiJ'JﬂNaLﬁﬁ]ﬁu!Lé}'J ﬂ15L!ﬁ'@NiTENTL!fﬂﬁ[l“lsfl‘Wﬁ\NTL!ﬁﬁJ']iﬂLa'ﬂﬂl!ﬁﬂ\ii"Iﬂ\ﬂu]l@s]} 3

g‘lJLLU‘Uﬁ’EJ 3181ULUY OpenStudio Results 31891414 UD EnergyPlus Results 1iaig View Data Tu
= ¥ & o= YA a ) . )

ﬂ"liﬁﬂkl"Iﬂi\?u@,ﬁﬂﬂ"Illﬂlﬁ'ﬂﬂWi]"lim"li”lfN"luu‘]J‘]J OpenStudio Results ludruveosnisy

Y [
waanu s ueaeansll (Electricity Consumption) Aa01WH 3.27 1ag 3.28
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€ 9 Oriosm” - X

File Preferences Components & Measures  Help

P e —— |

Monthly Overview

Model Summary

Electricity Consumption (kWh) - view table

Meonthly Overview
EES

Utility Bills/Rates

Envelope 20

Space Type Breakdown .
Space Type Summary
20
Interior Lighting Summary
Plug Loads Summary .
I Fas

I interior Equ:
1o [ nterior g
Water Use Equipment [ Cooling

Electicity Cons umption Uik

Exterior Lighting

HVAC Load Profiles L
Zone Conditions

o
Zone Overview 4 Jun aul

Month

Zone Equipment Detail

Air Loops Detail

MNA 3.27 ANAI0619A15189IUUUY OpenStudio Results Tuauvaanaaanu Tz

Y Y H
AaeANY) (Electricity Consumption) THtuudaaiums lnasam I vese1a1s 6 ¥uh 9

& £9_Oriosm” - X

File Preferences  Components & Measures  Help

Reports: [opensudoresuts ¢ .t

Monthly Overview

Model Summary
Monthly Overview
Uilty Bills/Rates Jan  Feb  Mar  Apr  May Jun  Jul  Aug  Sep  Oct  Nov Dec  Total
Envelope Heating
Space Type Breakdown Cooling 155572 145543 203661 207517 20732 192203 166681 161436 157303 159679 159265 131858 20480.38
Space Type Summary interior Lighting ~~ 638.61 58057 65858 59569 65858 63258 62169 65858 61566 63861 63258 62169 755339
Interior Lighting Summary Exterior Lighting
Plug Loads Summary Interior Equipment | 39422 40506 368.04 40506 38385 39422 38925 38385 465438
Exterior Lighting Exterior Equipment
Water Use Equipment Fans 34401 332291 34401 4401 34401 33291 34401 405042
HVAC Load Profiles Pumps
Zone Conditions Heat Rejection
Zone Ovenview Humidification
Zone Equipment Detail Heat Recovery
Air Loops Detai Water Systems
Plant Loops Detail Refrigeration
Outdoor Air Generators

Cash Flow Total 293256 270436 344426 337181 348084 327677 301635 302201 290048 297362 294739 266812 3673856

@ 28°C dumdnilng =R

/NN 328 ANAIDE1INITTIBIULULY OpenStudio Results Tuarnvoanasaru iy

9 9 H
AaeAN3Y (Electricity Consumption) MUUUAITI V8991AT 6 FUN 9
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M1398NUUVBIAITOYTNENAINUTABYET W1ATNIT N9 4 11A3MT BT Tuuaea Ty
o Y o dyy g XA a Y o
uuud1aeans lEnasnui ldadevn el sedivaussouzms ldndsnu dszmneins
=2 = = [ dy
anuAnyT Tagiiseazideaasll
= v A a A o a < =
a3 1 FumuguugiveunsedlSueiniannay 24 °C 11y 26 °C Tagll
Y s A o < [ A Y Y o 9 =]
agilszasAamiioannszmamanuguvesszuuliuema uazme Ivgnhanulueimsian
ae lisunaumsha
~ a das o 9y A o Y 1 5
WAIMIN 2. msaaasflauiuaNuIouNminIzInuazHANLIUNIEan TAel
o s A o <3 [ A A 1 ) 1
AU sEaaAeann1sEMIMANENYeTEUUUTUINA NARIINMITISNANNITOUMIU
I'd '4
Tagiarsanarduilsz@nsnmsmiemanuiousin (U-value) Mduilss@nsmsdaiiunim
@ A da ] 1
FouIN59d01MAIN a9 IUNTZIN (Solar Heat Gain Coefficient : SHGC) 1oz 30uaz04n1as

ORI (Visible Light Transmittance) A49135197 3.15

Y A { o a 3’/ a Jd
msnﬁ 3.15 Llﬁﬂ\iﬂﬁlﬁillm“llﬂﬂﬂiziﬂﬂclﬁ waz nszanlanmmsaaaslaunseauds

SaqinilumiisT$ s fulszansms | dudszans | ewazvessn
MemanNNIon MITIHIH M RGCN AN
534 (U-Factor) | A13384210 (Visible
(W/m2K) qﬁlﬂai’)]ﬁﬂf‘j Transmitance)
(SHGO)

N3N a1 6 Yaalng 5.80 0.81 0.88

nszanlani 6 Taauns Angs

WAUNTDULE (SmartTec U 5.423 0.34 0.70

Elegance Series : B-7905)
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NAsmsn 3. maldounaea lihuasaivnnduiiunaeagesssaudilszaniamga
nlaswiiluvasa LED dagiszasdiiiomsaaldndanu lvlih Tasinsanasldvaea LED
naununaen llihjuninldedlufimiu Tasi lideudasuginsaiyalayliih deansi

3.16

9
(Y

M3197 3.16 uaaariavesrana N NAaa193 1 az stavoraoa linldlumsadi

HUVTIADINAINIUMNUIATANG

viinvesnasalilihiinans | Mmaalilih | siavesnasalihildlums | sdehivh
2349 (Watt) a3 uuUIaRINAINUMN (Watt)
MATNMI

viaon doaned 121ad 50 naoAAsUIFea LED MR 16 55
Yaon Lasduns 70 #aoa LED MERCURY 35
viaoan1n lad 13 naoALoaoA LED BULB 7
viaoan1n lad 18 naoALoaoA LED BULB 9
1aoANQoBITAIYUA 600 viaoaLoaoa N1l 600

Haamng 18 Haamng 8
viaoAlgooLTAITUA 1,200 NaaLeada N1l 1,200

Haaag 28 Haqwag 18

a a

4 44 da A
WasMsh 4. MsnlasuasealSueimaniilsz@nsnIng(SEER) naunuinios
USuomaasouaulsanumeuiu TagiasanszdulssaninundsniunseslSueina
4 1 o Aa A [ d' @ ~
wos s uazmszaulszanimwnasauasesdSueimaaiuggnia (SEER) awiinis i

themaauvlszmea lng Usemamviua a9a13199 3.17
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d‘ = a A [ A ] VA 9
M3199 3.17 uaaamsifSeuneulseaninmnasnuveuasesdsueimeninleauu

917U NV 1A599U5V01NIA B A Variable Speed/Inverter AU LU UTIADINAIITUA Y

WATMS
Uszansmnnasnu
4w
- P inselTueIme
rHaveunIesuo1mea
SEER
COP aa Q:I v d
(Ung/A2ua/300)
A o 1 Aq Y
1A509USueIMenmA 1Faumeuu 2.0 7.58
130915001 # ¥iiA Variable Speed/Inverter
] W 3.692 14.00
AU UTIDINAINUANNIATAT
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General Data
- Weather & Design Data
- Schedules

h J

Loads Definitions Mechanical System Result
- ® HVAC System

People
- Lights - " Hot Water System (E rz ¥
“ openStUdlo | ® Water Fixture o é-ﬁ

- Luminaire
- Electric
Equipment I Simulation Setting I
- Internal Mass -
- Water Use
y a "
Create N Create Create Space Thermal Possible
Material Construction || Construction | Type —> Zone N \?u:tp;.:.t
ariable
Set A A
Building Create Floor N Add Define Space Type
Footprint. 1> From "| L window/wall |~ /Thermal Zone
Drawing Footprint

B SketchUp

MNN .2 519821000 1U51N51 SketchUp version 2017

Welcome to SketchUp

Sgl
Add License
Choose Template

Default Template: Smple Template - Meters

> Learn

» License

¥ Template .

"
Simple Template - Feet and Inches
Units: Inches
This is a general user modeling template with basic styling and simple colors.

B simple Template - Meters

Units: Meters

This is a general user modeling template with basic styling and simple colors.

I Architectural Design - Feet and Inches
| Units: Inches
l This template is for conceptual design development.

| Units: Milimeters
'. This template is for conceptual design development.

Architectural Design - Meters
Units: Meters

Start using SketchUp
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OpenStudio Application

Version: 1.3.1+3cc 182131

Compiler: Ninja

QOpenStudio SOK (core) version: 3.3.0

Copynght & 2020-2021, OpenStudio Coalition and other
d All rights d.

OpenStudio is a cross-platform teol to support whoele building
energy and daylight modeling using EnergyPlys and Radiance.
OpenStudio uses the following QT medules (version 5.15.0)
that are dynamically linked using GNU Lesser General Public
License (LGPL): QrsCore. Quswisgen. Qussal Quitemwerc Qusxmi
QréConcument QéPrntSuppon QuiGulQuéQuick QeéQuickiiogen
QuiQmi GrSwerCranne: QiSPostioning QedWeningine
QUEWESEng AW Sses QuivesingneCon Q08U QuWnan

Forinformation on QT, please refer to QT

A copy of the GPL 3.0 and LGPL 3.0 are included in the root
path of your installation directory,
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OpenStudio version 3.3.0

& F5.4 Temp.osm

File Preferences Components & Measures  Help

Resuts Summary

1

Monthly Overview

i

EHEaa

Model Summary

Monthly Overview
Utiity Bills/Rates

Electricity Consumption (KWh) - view table

Apr May Aug  Sep  Oct
Envelope Heating
Space Type Breakdown Cooling 96645 92285 1667.76 1928.83 170436 140849 10592 96265 92829 681423 9404 69085 1399439
Interior Lighting ~~ 2193.04 1998.24 2273.09 2039.71 2273.09 2181.47 213133 227309 211976 2193.04 218147 2131.33 25986.65

Exterior Lighting

Spacs Type Summary
Interior Lighting Summary
Plug Loads Summary

Interior Equipment | 148746 13536 152731 140248 1527.31 146841 146038 152731 144234 148746 1469.41 146038 1761484
Exderior Lighting Exterior Equipment
Water Use Equipment

HVAC Load Profiles

Fans 42948 47549 46016 47549 46016 47549 46016 47549 46016 47549 5598 56
Pumps

Zone Conditions. Heat Rejection
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Technical Information Bulletin No. E-DD4-EN

@X*info SEER

What is Seasonal energy efficiency ratio (SEER) ?
In the United 5tates, the efficiency of air conditioners is often (but not always) rated by the segsonal energy
gfficiency ratio (SEER).

The higher the SEER rating, the more energy efficient is the air conditioner.

Thie SEER rating is the BTU of cooling output during its normal annual usage divided by the total electric

energy input in watt hours (W-h) during the same period.

where "W" iz the average electrical power in Watts,

SEER = {BTU I h] W and (BTU/R) iz the rated cooling power.

For example, 3 3000 BTU/h air-conditioning unit, with 3 SEER of 10, would consume 5000/10 = 500 Watts of
power on average. The electrical energy consumed per year can be calculated as the average power multiplied by

the annual operating time:
500°W = 1000 h = 500,000 Weh = 500 kKWh
Azsuming 1000 hours of operation during a typical cooling season (i.e., & hours per day for 125 days per year).

What is (SEER) related ?

SEER is related to the coefficient of performance (COP) commaonly used in thermodynamics and also to
the Energy Efficiency Rotio (EER). The EER is the efficiency rating for the equipment at a particular pair of
external and internal temperatures, while SEER is calculated over a whole range of external temperatures
(i.2., the temperature distribution for the geographical location of the SEER test). SEER is unusual in that it is composed
of an Imperial unit divided by an 51 unit. The COP is a ratio with the same metric units of energy (joules)

in both the numerator and denominater. They cancel out, leaving a dimensionless quantity. Formulas for
the approximate conversion between SEER and EER or COP are available from the Pacific Gas and Electric

Cormpany

SEER = EER
0.9

From eguation (2] sbove, a SEER of 13 is eguivalent to a COP of 2.43, which mezans that 3.43 units of heat energy are
pumpead per unit of waork energy.
Today, it is rare to see systems rated below SEER 9 in the United 5tates, since older units are being replaced with
higher-efficiency units. The United 5tates now requires that residential systems manufactured in 2006 have a
rrinimium SEER rating of 13 (although window-box systems are exempt from this law, =o their SEER iz still around 10).
Substantial energy savings can be obtained from more efficient systems. For example by upgrading from SEER 3 to
SEER 13, the power consumption is reduced by 20% [equal to 1 —3/13). It is clzimed that this can resultin an energy
zavings valued at up to USS300 per yvear [depending on the usage rate and the cost of electricity). In many cazes, the
lifetime energy savings are likely to surpass the higher initial cost of a high-efficiency unit.
As =n example, the annual cost of electric power consumed by = 72,000 BTU/h air conditioning unit operating for
1000 hours per year with a SEER rating of 10 and 3 power cost of 50.08 per kilowatt hour (kKW-h) may be calculated as
follows: unit size, ETUfh = hours per year, h % power cost, 5/kW-h & [SEER, BTU/W-h = 1000 W /kW)
{72,000 BTU/h] = (1000 h) = [50.08/kwW-h} = [{10 BTUSW-h] = (1000 W/kW)] = 3576.00 annual cost vs 23% less in SEER 13

SEER = COP x 3.792 EER = COP x 3.413

17im: http://www.galpaexport.com/media/downloads/45.pdf
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