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<Notes and Disclaimers>

* This reportis produced hy thetrust corporation based on the contract with JICA. The contents of this report are
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Development Plan (2011-2030)) | ARE SNz, T2RERE L TIIERD I RIILX—
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1S8R RN SHT 50m FIEFE TOFTKEDOREX. EMZRE L TRENFEEF—ET.
BRIIHAKEI YA (R288) . RET HEIMIE, AFABORKDLY (2, thhEiE
FBCTHKBICHEL TAAIKES LT, E—FRUTIZEY ., AKEE-TIZ7Z7aM)L
AZy MIEKLTAEZITY (RI3SR) .
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#ETIE., FEE50m, EE200mm BEORT7HR—IL (JV [24HF 22 mmDKR) TFL
VEIOUFa—T (hHEREmE) AL, TO®R, EREWTRET 5.
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T CCOP (Coordinating Committee for Geoscience Programmes in East and Southeast
Asia) ) OFEIFRBRT2EAR—I VI TONI-DHATH D, 241 DHR—1) U TEEIT,
RRBMBRADODR—) VTEMERLTULVEL, Z07=H. BIFLOBRIZE. FLED
BREZBILET BT, RV MFA FEFERALTT—2 094 TEFBALTL, AU b
T4 ME. AEICEVEEREZR L TAERIEZMLEY 571-0. MIRITERMNZRY.
TKDREZEEL. FHENENMETT 5, SHIVRERME. RUY—2FHATEHIE
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AEHILAETIE. ODA FEXREFTEY A FTHAIEIHEEMETR—) VT LE
& E (LLF TRT (Thermal Response Test) ) #EM L1, GL-55m £Th—1) >4
L7z#ER. GL-39~46m X~ EFARETIENSMLTH Y. HKBTHD L
EZAbND, TRT DFFER. EMNhBEBYEOEBHAND Well-1 D B#HNTEMEER A, (X1.74
W/m/K, Well-2 (£ 1.69 Wm/K E#ES -, ThoDRENTHEERDIEIL, —iRr4T
HMTFARNDLBEOVEELYEEMETHZ MDD, MTKANDEENRHDEEZ DN,
thehBDOFIAICEFTHDIEEZ DN D,

UFa1—JFBATEIRT7HR—ILDR—) DT EKEOBMEBIL. UTOXTROON S,
BXMEORFHAREMEITE., K= 2ITRENDELTT T,

R7HR—ILEE = {(FBEEEHN KW)+(HEZEH kKW)}
/(B HE Wim)./ ((R—1) V7 EE m)

CCOP m/N\ra/ HHBEOFKBOMTIRIE (MTKRRE., thTKEE, BESE) OT—
AHEEIC, BEMNGHDHAFEOMEENE PR T o vIL) HNELHE (o5 F
(2 L1=tthig) BV 2@ L. hhEE— RO TOBA ERATREMEZEEE L 1=,

TRTIC&E 2EDHIGERIE, Fr A TSVIIIEDTHBRMBIMEZRL-, COEREL
Y, HTRKEAMDEE— FRY TR T LDRAZIBEENIZKECHELTWREEZD
h3, TOERELT, HTFKE/AMRIENVIEMRBIZKTEMIATEY., HEDA
MBCEENGLBEINLTHEIEEZbND, (- T. 2 M ETORBPEFAIEILAL
PILERGZEDHMTKDODEEDE VGO, L ITHEKHFDEWNHIETITSDAFEL
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EBENTFFELWLWCENL, BANBESNEZEIZEDTE—RFF7A S Y FERZOHNG|IZ%
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3) MARZREEREWATAEN

E—FrROFICERIRE)ZE KW IRALI-EE, AIKW DOREZES (BH1T5) &N
TEHANERTIEIEE. BUIERE (LLT COP (Coefficient of Performance) ) &BEUR, %
BHEBELEOIRILF—EHEDRODERE L TELATEY., MENAKEWEFEEI Y
HEENEBALTINS,

REWML - HTORESHEIE. NV /BB TRRITONTELEAXE— Ry
TI2E25BEOREBL LT, FKEBOMPERZIAT KSR E—FROTEEAT S
LICKDEIXRYENS., HiEAMEZITML -, RiEESHEETMT 515421L. COP,
HEEN. B, BENRTRABHE. RE~NOHREBRETH S, HENEES 82.9kW D
thep#h - KAE— bR TZEALBORRRERREMOTERERZ. £ 1 ITFT,

& 1 MR - KAE— bR TEEAE— MR T HER
HurhER - Km =S

HaiR E—brROT E—FRVT AR
COP 3.88 2.83 BIXRE 26%
FHEEEENHE 81.1 MWh 109.0 MWh A 27.9MWh
FHEEAR 1,508 +H 2,021 +H A 514 FH
BENRIARGHE 47 .8 tCO2e/5FE 64.3tCO2e/%E | A 16.4 tCO2e/5F
KEANDREEE 0GJ 403.9 GJ A 4039 GJ
EELA% : 3108 TEERRFRY - 12 BFfE
BAK ASEEKXH :312/13—Y 1KWhHEYME 511 13—Y (E—JFK (A~&: 98
O.SZE?Qng—cLZIMWh (Combined Margin,2014): IGES List of Grid Emission Factors, 20180405
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SDGs Business Model Formulation Survey with the Private Sector for Energy-saving
Cooling System using Groundwater Heat Source in Thailand.
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1-1-2 /N> 0% BEEERER

NOAVENIZAEDOEEHTHY . BUE - BEODLMTH S, /A2 EHEIL, /A>3 9E
CHET S/ VA TYR, YLy b TSHUER, Kby LEZR YLy MFaVE, ok
LETHRINS (K4 38) . EEELD 1.5%DESE LHVELD, AOTIXS 1 ELED 16.3%
ZHOTLS (ER3IBE) , BFRME (BB GDP) Tl N\YasBEENEOSEIEH. 2010
FD 44.2%h . 2015 FIZIL 46.8%~E 26% EFR L. —BEPELTETLVS, 1 AHT-Y GRP

(M) (X 37 56,000 /\—Y T, £EFY (19 53,000 /3—Y) D19 FIFEL., JHEK
EHElY,

% 3 ihiEiEOEE. A0, £H GDP (2015 %)

A& AH & E6DP
(k) (#&REtE) (1,000A) (BRetb) | Q0R/N—w) | (ERLL)
2 513,120 |  (100.0%) 65,932 |  (100.0%) 13,673 |  (100.0%)
Ny AV EHE 7,762 (1.5%) 10,765 (16.3%) 6,397 (46.8%)
R 16,593 (3.2%) 3,289 (5.0%) 789 (5.8%)
e 36,503 (71%) 4,693 (71%) 2,405 (17.6%)
7R 43,047 (8.4%) 3,818 (5.8%) 486 (3.6%)
JezR 169,644 (33.1%) 12,079 (18.3%) 1,069 (7.8%)
LR 168,855 (32.9%) 21,945 (33.3%) 1,328 (9.7%)
e 70,715 (13.8%) 9,341 (14.2%) 1,199 (8.8%)

Hi#4 : National Economic and Social Development Board, Department of Provincial Administration J< Y JBIC ¥ERk
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FRIC THEIST - /ST . T - @151 . TRk . [FRBIE] EEN. 2 EoREFEESILTL
BDETA Do

& 4 HuERlCH -4 B GDP OEERERLL(EE=100%)

28 |'UT | Ey 78 128 =it #548
e 100.0% 46.8% 5.8% 17.6% 3.6% 7.8% 9.7% 8.8%
&1 REE 8.7% 0.4% 0.3% 1.2% 0.7% 2.0% 2.0% 2.1%
B, ME 8.0% 0.2% 0.3% 1.1% 0.6% 2.0% 2.0% 1.7%
T 0.8% 0.1% 0.0% 0.1% 0.1% 0.0% 0.0% 0.4%
B2 REE 36.4% 13.1% 3.8% 11.8% 1.4% 1.9% 2.5% 1.9%
b3 31% 0.0% 0.1% 2.1% 0.1% 0.3% 0.1% 0.4%
BlEE 27.6% 11.2% 3.4% 8.4% 0.8% 1.1% 1.8% 0.9%
NIREE 2.8% 0.7% 0.2% 1.0% 0.4% 0.2% 0.2% 0.2%
B% 2.8% 1.1% 0.1% 0.3% 0.1% 0.4% 0.4% 0.3%
B IREE 54.9% 33.4% 1.7% 4.5% 1.5% 3.8% 5.2% 4.8%
155 - /55 14.7% 9.1% 0.6% 1.6% 0.4% 1.0% 1.2% 0.9%
KT - LAKNZY 4.4% 2.6% 0.0% 0.3% 0.1% 0.2% 0.1% 1.0%
Ak - @E 7.3% 4.9% 0.2% 0.7% 0.2% 0.2% 0.3% 0.8%
SR 7.6% 5.2% 0.2% 0.4% 0.2% 0.5% 0.7% 0.5%
REE 6.5% 4.5% 0.2% 0.6% 0.1% 0.3% 0.4% 0.3%
N - B 6.1% 3.7% 0.2% 0.4% 0.2% 0.5% 0.6% 0.5%
%5 4.3% 0.9% 0.2% 0.3% 0.2% 0.7% 1.4% 0.6%
ZF Dt 3.9% 2.3% 0.1% 0.2% 0.1% 0.4% 0.5% 0.3%

(F) 21 2ED GDP IZHOHDHEMEED 1.2%% LEI>TVSESE - thigixEE. 05%Z TEI>TLVSEE - HiglFFRTI v F—L TS
Hi#8 : National Economic and Social Development Board. Department of Provincial Administration &< &) JBIC ¥ERk
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BAHlX, 2 HENT (LT EGAT (Electricity Generating Authority of Thailand) ) H&E - &%
B-BEEZTE > TETHY. 1992 FIZ, L RFELEEE (LT IPP (Independent Power Producer) )
& 9B KW LITOVINRIEREEEE (LU SPP (Small Power Producer) ) MSAHERHHNT=,
2002 FIZIE. BAMBET RILY—DRRE(RET 5716, 1,000kW LUITOBERBET RILF—F
BEEE (LUTVSPP (VerySmallPowerProducer) ) [ZX LT, BEESHADFTE. BLUFE
HETxT HENELDXIBFIEZEA LT, B 10 [TTRT LS. IPP & SPP MFEFEEAMEML.
EGAT [, RERBBED 34%FHDDITRELL,

EGAT AEHEAZ—FITHEL. EGAT ABEHOREIZMZ. IPP. SPP, VSPP toiffzaEN
SNENFEA L. BEEEEAT LT MEA (Metropolitan Electricity Authority) ) & i5EEESY
#t (LIF PEA ( Provincial Electricity Authorit) ) . & UKOFEZR (Direct Customer) [Z#HAL
TLV%, MEA [TEEET, PEA (XZFDMDME TERES K UNTEEEFITOTLND, X 5ITRT
£S5, 2018 F£TlE. MEA N EENENHEHEED 27.7%% HHTLVS,

& 612, MEA OEHEERETRY . 2018 F£TIX. KEMN 25.7%. Bk - A 714 XD 41.1%

. BE66.8%FEH D, MATEDENMERZRLHE.

® 7ITRT &£ S5I2. TEOBEHHESXRTFEEMENT A FREFGDITH LT, RELHEE -
A7 4 RHEMERIZH D, £z, XBITRT LS. FMEDREEM KE-BX-A 71X -
ITEWERS - AHIEER) OEHE=IIEMLTEY . £HE=EDH50% %555,

IPP 14,949 MW
(35%)

SPP 8,958 MW (21%)

EGAT
14,566 MW (34%)

Import & Exchange
3,877 MW (9%)

Total 42,350 MW

HH  THRILF—E  hitp/www.eppo.go.thiindex.php/en/en-energystatistics/electricity-statistic?orders[publishUp]=publishUp&issearch=1

X 10 2019 F£1 BORESEEN - REX D=

x5 ECELEAEIHERER

Unit : GWh
MEA PEA KOFER ESES|

2011 43,848 29.9% 101,126 68.9% 1,713 1.2% 146,687
2012 47,885 30.0% 109,885 68.9% 1,817 1.1% 159,588
2013 47,618 29.4% 112,607 69.5% 1,738 1.1% 161,962
2014 47,856 28.8% 116,500 70.1% 1,747 1.1% 166,103
2015 49,344 28.7% 120,931 70.3% 1,815 1.1% 172,090
2016 50,902 28.3% 127,220 70.7% 1,763 1.0% 179,885
2017 50,701 27.9% 129,782 71.3% 1,506 0.8% 181,989
2018 51,109 27.7% 131,942 71.5% 1,526 0.8% 184,577

HB . TRILE—E  http:/www.eppo.go.thindex. php/en/en-energystatistics/electricity-statistic?orders %5BpublishUp%5D=publishUp&issearch=1



#& 6 MEADENHEER

Unit : GWh
ey B TAR Iz B A6 Z0tt &t Z'::rg": west

2011 10,125 23.1% 16,670 38.0% 14,219 32.4% 1,293 2.9% 1,541 3.5% 43,848 347 44,195
2012 11,399 23.8% 18,272 38.2% 15,005 31.3% 1,049 2.2% 2,161 4.5% 47,885 359 48,244
2013 11,420 24.0% 19,292 40.5% 14,521 30.5% 95 0.2% 2,290 4.8% 47,618 366 47,984
2014 11,695 24.4% 19,345 40.4% 14,247 29.8% 96 0.2% 2,473 5.2% 47,856 445 48,302
2015 12,369 25.1% 20,086 40.7% 14,028 28.4% 109 0.2% 2,752 5.6% 49,344 475 49,819
2016 12,998 25.5% 20,665 40.6% 14,165 27.8% 125 0.2% 2,949 5.8% 50,902 511 51,413
2017 13,041 25.7% 20,674 40.8% 13,855 27.3% 131 0.3% 2,999 5.9% 50,701 518 51,219
2018 13,134 25.7% 20,993 41.1% 13,706 26.8% 130 0.3% 3,146 6.2% 51,109 530 51,638

HiE . TRILE—E  http://www.eppo.go.thindex. php/en/en-energystatistics/electricity-statistic?orders %5BpublishUp%5D=publishUp&issearch=1

&7 MEA OENHESHEIFEEMNE

REE [SESF PR I% BURT - 22 3R ER Z 0t At
2012 12.6 % 9.6 % 55% -18.9 % 40.2 % 9.2 %
2013 0.2 % 5.6 % -3.2% -91.0 % 6.0 % -0.6 %
2014 2.4 % 0.3 % -1.9 % 1.5% 8.0 % 0.5 %
2015 5.8 % 3.8% -1.5% 13.0 % 11.3 % 3.1%
2016 51% 2.9 % 1.0 % 15.0 % 7.1% 3.2%
2017 0.3 % 0.0 % -2.2% 52% 1.7 % -0.4 %
2018 0.7 % 1.5% -1.1% -0.8 % 4.9 % 0.8 %

HE . TRILF—E  http/Aww.eppo.go.thiindex.php/en/en-energystatistics/electricity-statistic ?orders %5BpublishUp%5D=publishUp&issearch=1

% 8 RAGMINEINHEEIZHHDHEIE
R (REE- B -4 I4 R - (TERHERE - AN HHEER) ZO 1t DERFS .
MEA PEA ROFER INEE I% BE Z 0t INEE =
2011 28,088 GWh| 39,850 GWh| 361GWh| 68,299 GWh 46.6%| 75,364 GWh 297 GWh| 2,727 GWh| 78,388 GWh 53.4%| 146,687 GWh
2012 30,720GWh| 43,913GWh| 397 GWh| 75,030 GWh 47.0%| 80,386 GWh 377GWh| 3,794 GWh| 84,558 GWh 53.0%| 159,588 GWh
2013 30,808 GWh| 45,475GWh| 397 GWh| 76,680 GWh 47.3%| 81,188 GWh 354GWh| 3,741 GWh| 85,283 GWh 52.7%| 161,962 GWh
2014 31,136 GWh| 47,616 GWh| 418 GWh| 79,171 GWh 47.7%| 82,624 GWh 414GWh| 3,893GWh| 86,932 GWh 52.3%| 166,103 GWh
2015 32,564GWh| 50,919 GWh| 448GWh| 83,931GWh 48.8%| 83,984 GWh 387GWh| 3,789 GWh| 88,159 GWh 51.2%| 172,090 GWh
2016 33,788 GWh| 54,502GWh| 482 GWh| 88,773 GWh 49.3%| 86,878 GWh 267 GWh| 3,967 GWh| 91,112 GWh 50.7%| 179,885 GWh
2017 33,847 GWh| 55,293GWh| 532 GWh| 89,672 GWh 49.3%| 87,772 GWh 298 GWh| 4,247 GWh| 92,317 GWh 50.7%| 181,989 GWh
2018 34,257 GWh| 57,220GWh| 696 GWh| 92,173 GWh 49.9%| 87,829 GWh 365GWh| 4,210 GWh| 92,404 GWh 50.1%| 184,577 GWh

HE . TRILF—E  http/Aww.eppo.go.thiindex.php/en/en-energystatistics/electricity-statistic ?orders %5BpublishUp%5D=publishUp&issearch=1
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PRERTREFS (MERERE-ERAES) ©. 2017 F (X5 FREIET LTS,

COFRERFEAT 2015 &£ 5 AIZKESNI= 12015 F£~2036 FOERFFKEE (LT,
PDP2015) | DRERLLTIE. RARHR % 7% FETEIETIFAHEHETH>T=. EGAT £, PDP2015
DEFIEDIE, RATAADIKFEZEZSIETIFH1=8. 2,200 MW & 800MW DRERK FIFEEFT
BEODAMERELIZ, LHL. FHEEERT 13%Z 4O SRR NNFKERESRN. RIERERK.
ITERG EDRZERIT, KIgISEZEL TS,
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Hi8E : BP "Statistical review of world energy 2018" %5 AR ARFZERER

1M RRAADHEDIERE - HEE - £EE

Fz. KABZOFIEITESREEBOEEY 1. HAREREH LEDHDI—RIZE>TLVS
EEZ NS, EYUbhIt, 2018 F£12 ALIFE, /\> 0 BB CILBEREORTELICREON
TW%, N>V EHEF (LT BMA (Bangkok Metropolitan Administration) ) (%2019 41 B 30
B. PM25 IZ&k A REBEEDELEZ(T, /> ERNIZHDERLOEH - FIEFI 437 ROEH
IZXLT1A31B&E2 A1 HD2 B, EEFAKRICT 5L 1Rz, 24 XAER - RIEEL
EXEBIZE D EL 30 HO/N\D ) BEBDOARERILBERELNIUZE TEIL, RIBF#% 38
DEETERLIEH AQ)) [TEHFBEDXFXTRTOERIAT ERADEZEINAE S L Sh
%5100 LMY, 54FTlE MBOTREICE L &Enb 200 #HA 1z, /N> FlbED
INE LD URS—T 4@ Y BLVT 197 ZRLTLSY,

BHAOLERIEHE L < B Y, MATRKAREFD SORKEEMEDREEHY. SHREY—
BOEAIRA~ADORYBAIMBEL G- EFEL L, ERFEFKETEEEANSRE L FITLN 2019
#1824 8. 12018 &£h 5 2037 FE TOEDREAENFAFEHE (PDP2018) 1 AFE&RIhi=,

(2) HhBKEPEICRERE

2 A ED COHHE=IL, T 9I1T5RF & 5122009 F) 208,270 F t-CO. HY, 2018 £IZ( 260,312
FtCONEEMLTULVS, —AE-Y D COBHES. B 12 12779 & 5122009 £ 3.28t-CO./
ABY, 3.90t-COJ AN LML TLVS,

2020 FELRED GHG HFHHEIRZED - D#FT-wEREATH L/ ) EL. HEE 2 & (B
B IR TRE LR EEEEHLATNICERT 22 CR Y+HMECHRDE LI, 1.5°CITiIz
5B NEEKRT HZEEHLELTLVD, TOEMZERT =01, HEILTDE 45 ERFD) 1
TENEE HEHIHBZ - 178) 2L£5EH5KEITROTIND, HEE 4 FICE D BEIRET
% GHG HIiBB1EE . BIBERDADEFEEHDZ % NDC (nationally determined contribution)
ELVD . THISERIEDY N BEHUAERT CERESIEEEMLHESH (UNFCCC) BB L= &
ENBEERITSRET HHREE (LITINDC  (Intended Nationally Determined Contribution) ) | A%
BELLG-THY., N\UBEIEIZEYIEKIC NDC & LTEREICESFSN, KEITH L TEEA

1 https://sossky.net/news/2019/01/31/34 EE- KKBRI REDWRI =/ \oaumy



RHoND, 2015 F 10 A 1 BITRHE S =2 A4 ED INDC [, 2030 £F(<(F GHG #iHiE%. BAU
EHEAR 20%MN 5 25%HIBT S E LTS,

x9 tI525ICOHHE

UNIT : 1,000 t-CO2

B B I ZDth At

2009 83,063.50 39.9% 56,397.79 27.1% 50,897.01 24.4% 17,912.20 8.6%( 208,270.49

2010 90,883.44  41.2% 57,481.73 26.1% 53,482.24 24.2% 18,779.03 8.5%|( 220,626.44

2011 87,001.67 38.8% 59,241.46  26.4% 58,351.40 26.0% 19,883.61 8.9%| 224,478.14

2012 95,087.81 39.4% 61,098.22 25.3% 63,507.23  26.3% 21,427.21 8.9%| 241,120.47

2013 96,355.07 39.8% 58,300.76  24.1% 67,904.00 28.0% 19,805.52 8.2%| 242,365.35

2014 99,053.77  39.5% 55,511.08 22.2% 76,727.80 30.6% 19,194.10 7.7%| 250,486.75

2015 97,639.13  38.3% 61,281.66 24.0% 77,272.08 30.3% 18,769.14 7.4%| 254,862.01

2016 98,403.94  38.0% 66,230.34 25.6% 77,977.70  30.1% 16,079.64 6.2%| 258,691.62

2017 94,783.49  36.7% 67,254.17 26.1% 79,656.14  30.9% 16,460.09 6.4%| 258,153.89

2018 94,139.34  36.2% 67,928.39 26.1% 81,598.98 31.3% 16,645.96 6.4%| 260,312.66

HB TR)LF—E  http/ww.eppo.gothindex.php/en/en-energystatistics/co2-statistic ?orders[publishUpl=publishUp&issearch=1
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12 —A&=Y D CO BtE

F/ COHHEEICHHDBEHE I A —DHHEDEISIE. R 9I1T5RT & 5122018 F Tl 36.2%
Zho, £ 8 —TIIBRROHHETH S, GHG HEFEBEZERDT-H. PDP 2018 TlL, 2037 &£
R CORHOIEEIC L S2REEDEIE T, LABHLSNOREEZ. NEDKH 9%) . BER
BETRILE— (20%) . BIRILF— (6%) . B5135%& L. ARMNODEBEDNEIEE 12%L
95 & T, COP21 BEICHIG L 2037 F£NEHD_EibkFHHE (CO.) %. 0.283 kgCO./
kKWh, 103,845 F COe &4 &F 5 & LTLVS,

13 IR &SI, 2019 F£1 ADOEHD CO. =L, 0.480kgCO/KWh &, FERFD L TLY
%.E 14 IZRY & 512.2037 FEDEHD CO HHEED HZ 0.283kgCO/ KWh ZERT 571812,
5. E5120.197 kgCOJ KWh IR L7 (F AU EAE HAR0Y,



0.9 -

kg-CO,/kWh

0.6 -
0.5 - O
0.4 -
0.3
‘\9*\996@&\?6‘\9%@&‘9 PR ’&o Qo“"&e@&'&é‘@é‘"p@ » i’@'&@@ s",& ’&s °~,'§, Kj

* January

HE: TRILF—4E  http/Aww.eppogo.thindex.php/en/en-energystatistics/co2-statistic?orders[publishUp]=publishUp&issearch=1

X 13

HE 1kwh Z1=Y D CO HHE (E#)

(1kWh27=Y D CO,
HEHE. Ke)
0.5 1

0.4

0.3 1

0.2

e 1t S D 5B (PDP2015)

it EHE
(PDP2018

2015 17 19 21 23 25 27 29 31 33 35 37

(%)

Hi#8 : Ministry of Energy "Thailand Power Development Plan 2015-2036". "smenunamalsyaunaienssunmsuTainawasnu wiszni(nwa.) 24
uNTIAN 2562" % EI Z AAKRERZATMER

FE 1kwh 237=Y) D CO#HHE (GHE)

Million Tons-CO,

100

X 14

Unit: Million Tons-CO,

Higl: TR)LF—E  http/iww.eppo.gothindex. php/en/en-energystatistics/co2-statistic?orders[publishUp]=publishUp&issearch=1

X 15

BNV 52 —ieBkHEN oD COHHE

BAEY 2—0COBHIE R 1515RT & 312 KAREFOILBRFABH- L 5D TH D,
2018 EDAMAIFBEDEIETIE, B 16 17T & S [LARHIK SHKEBDEIGIE. 746%% 5
&, EBREHUNDFEEEIL, 255% TH5H. BIETIL, 2037 FIZ(E, LBHRHLUSNDFEEE % 35%



FTEROLGTNTZ S,

PBMDXKRSITRY &SI, 2 AEDEARFT (REE - 5% - 47« R - {TEUEES - M HLHER) DE
MHEEIHEMLTHEY .. EHEEDWS0%ZEHHD, REFXFHM @EX-47,X) T 8
FREICHD, EREROA T4 REL, 20 FEZ7 LFIEITHERATRIILT—OEMAYF
BEhTsY., COPHFTOEIMEENRELLE O TS,

N BEEISEFAERORESEDHNH T, — AP —5—(L5AREELELT HALS
Lo RE. BX. M THERSNDZBHEOA. FEINEYDEIGZE DD, [T, BEMNRS
AHIBEIRERN AT RIILT—DIBEDT-HIZ(E. ESNFETARERARREOERIEFN D,

BEAREIRILY—
8.7%

Y\ !
3.7%

Eapi::

0.1% Wy
8.9%
ti=]od

8.7%
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16 2018 FDAMAREEDEIS

@) E—rPASYRRRE

NV EEEIE. B 15 (TRT LSS, #HbDREERonbE— 7 A4 5 FRELNHE
LTEY. #LIHOTEN. BIHLRTLER LTS,

NV EEBOE— 745 FEREOMETIL, 1994 £3 A5H #E) . 2000 %52 A 18
B (&) . 200944 8258 (8) M3 20 Landsat EifgI< & AREEED A THiT=,
ZTOHER%EFE 10 [TRY, 1994 EQOEDEDFHIREEE (FHOHZERZE) (5£926.011589°CT
HoT=H. 2000 £EIZ(F 37.7622.84°CIZ, & 51T 2009 £(Z(F 39.79+2.91°CIZFNFNER LT=,
HHEHDOE— T4 5 FOBEE. EVLERE EFHEOTHSBENEL L TEEINTLVS,
1994 FEDETHER & AT DT BENDRKEIL8.16°CTHY . FDEIF2000 FIZ1£10.89°C, &
5122009 £E(Z(F 11.50°CIZEF L1=2,

E—r7A4 52 FREDEHERD—DIE, ¥—F—HENSDATHEDEMTH D, SxhE
DA N—E—I7AELEGEREE— MR TTHY . maONREFIEAL. ARBEVENRIC
PR 518, E— 7452 FREDMERICENS (K 18 SH8) , thh#HFAICLSE— T
152 FEEZZIHIT ARV ATLDEA, ERNEEND,

2 Assessing the Impact of Urbanization on Urban Thermal Environment: A Case Study of Bangkok Metropolitan  Manat SRIVANIT

10



#
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LST (Centigrade)
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17 N\ EERDIMFRE

& 10 /\2OVHENDERE EATHUS DR

LST1994 LST2000 LST2009
BRELEDEEE (°C) 8.16 10.89 11.50
FILEDIFEE ("0 26.01 37.76 39.79
FLBERE (0 5.89 2.84 2.91

HiB8 : Assessing the Impact of Urbanization on Urban Thermal Environment: A Case Study of Bangkok Metropolitan - Manat SRIVANIT
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Hi#8 . Cooling with ground source heat pumps South lessons learned from Eastem Asian countries
Kasumi Yasukawa, Isao Takashima, Youhei Uchida1 and Gaurav Shrestha %3 & | 3RZRMEMER
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1-2 HEEARRECEhET DRRETE. BER. A%
1-2-1 EZREHE
(1) 120 FRIEHIERSEE 2017~2036 4] R %452 F40]

2 1 BORPEREIRIL. 2016 EFFIZTS2y FBUEAFEE L1z 20 FRIRIIEREAL
2017~2036 1 THY. TOEDIVERLTWSDN 13452 F40] THD.

2 A EDFEHIL. 2006 FLUE, BCATRHIREMET H7%H T, 2006~15 FENEFEE GDP X
RHEI$£34%&E ASEAN INEE 10 AEDENTREES, EXLTEz, 4452 F40] (& £
BRROE-DREEZE 3 DDEITRH D, T7%hHs, FHRAFENE] . EEFTEOE] . M8
FRELBEREOROTENE] THS.

CNFETOEEZ.
B1ERE (3452 810) FERFMHRTHY. RKARIEASPDELOFFRT, LhlETE
ELERID 2 1 TH Do

FE2BIE (452 F20) [&. BEORRERCRMAHEHEERA LBETEETIICK
RLIEBXTH S,

FEIEME (452 F30) [INELEDELZTIIT LI-ELFETEN L E AR 512 1980
FEREFEH SEAEE TOHEZEIET

AAELNBIETE4BRN (44520 K40) T, 4/ _R—>av) TEEHE . TH—EX
5 #X—7— & L TERWEAINMEZRRE TE BFHSLER LTS,
[ERERR IR > TRERREMES T SEEAY ZR-TLVSBHOMEES 3 o TH D,
C DERRRIIGIZ R Y . REAERR(2017~2036 F)DEAREIZ. GDP BEREIFFEFH 4.5%., REDE
HZE(F 10.0%. EHOMBUEIL8.0%. SEREEMDHUL 20%:EHEBEIET. TOFER. 2036
FI2IE, 2 A EIZLAIPFISEOHAIZIRITH LT TEfEE] OFEAY 2292 %#BHEL
T3,

(2452 K401 D4 DDBMIETEEOEY THD.

1. BBEIER . 4/ "—2 3>, IR (R&D) XH#% GDP M 4%, 5 E/MT
REBEREL 5-6%IZ586. 1 AE-YDERMEZ 2014 £0 5470 USSHh 5, 2032 FF
T2 15,000US$I 1453,

2. MR  HEDTRTOA UN\—DORFEERARIZE I EHT Z&ICL - T, #HEESE
EVICETIHET 1R (@EMRtS) ZRIVHEY., BIEE. HRMHEEE 2013 F0
0.465 Hvi> 2032 FEI20.36 IZiED L. 20 EUURISHEEUHIE L JRT 5,

3. NEREEDMLL : 24 A% 21 tHEDFEEEAMEL & TFE—HRED2 A AN40] TEZD
& TRB4520K401 [TEDHEEIL. 10 ELAIZS A HDI % 0.722 hhi5 0.8 =3 L
£250 AENZZIZLIF, D &5 DDF A EDKED 20 FLIRIZHFTD AL 100 DF
EHEHEICS I INDELSITT S,

4. IRIHRE . [IREHSECTEAREVAT L BREMAES FF OEA L VHRITAHS T
& BEEIE. DK EH 10 DFHEZEHR TRLEAOT VEHICRRESE. 7O XLD

1) R E8RT 5,

2) %12 RERREASFHENE
1961 FLIBE. 24 B, EREFHBAFEZRS (NESDB) HHRT SEREFHAREFF S ME
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SHEZEROPHIGRIFESTE E LTULVS, 20 EREIRHIERERS 2017~2036 4] (F., &Fts
B 5 MEEHEID EAIIZRIE L. 58 12 REREFHSFHREEI(2017~21 F)M 55 15 REFEF
1 ERAFETEI(2032~36 )£ TEHIET S &I D,

HE-T. IE 12 REZREF AR HE (THE TWELFTH NATIONAL ECONOMIC AND SOCIAL
DEVELOPMENT PLAN (2017-2021)) | &, [20 ZERREAERERE 2017~2036 &) & 2145
F40BER] . T LCEDHEGAIARAREEIZ (SDGs) L #IBSFLTLS,

2 A ElL. SDGs RSN B LETN D 8T I RUBTE EAURE L1=E 5 Z50154E% (SEP) |
AR RRERIRT 57 JO0—F L LTE L A, EREGAReSRESES (CSD) #i1b
EIF, BHGRTREBERZ{BE L TE1=, FIREX. 20 W EERERAAL S UITE 12 XEREF
HERIFEEHE (2017 E£~2021 4F) I1ZHLVT, SEP & SDGs MYiES Sh. EDEHELCFTEETEIL.
SEP & SDGs [Tia > TiThn TS,

% 12 RERBHFTSFRTE TIE, 10 DEREEEH TS, BIRILF—I2OLVTIE, TERE
74275 EREHHET H-ODEIE) (BTSN TINS,

CCTlE TAIRILF—ZFERL, IRILX—HEOMEREHRET D, | £L. BEERMIZE U

TOBERMNGEEH SN TS,
1) EREDFT. EEEFY. B, BRURERFIDITEIERIL Z{RES HT=H DHHBEH
=

2) EENDIAR FE&Y KRBTES LS ICIRIILF—(IEEEERET .
3) BIRIILF—HBFIUIRILEFNERICET HERFID®RIE. 15 HEEMICRT 5 BEC
(Building Energy Code) KU I RILX—4EEL I UVEHAEEITXT S EERS (Energy
Efficiency Resources Standard) DIEfTMDE3HD5#1E,

4) BETOER, BEEE, Z L THBEFEOFTO, #l. #MH. BLUBERFENET
FILF—B LUV IRILE—2EICEBES HEMOMITHRFOER, = oI2, BUFL. EE.
%, ZLTREEZSOC TN TOEMISERTE D EIAEMOI=HDHHEEREL. Ch
S DIFEDIL L N & 5 ITIRES B,

SUREB)CDOULNTIE,  THERR 4 FHGRTRE R EDT-HDIREIZE L L VAEREIR) (CRERToh
TW%, BEEEL LT, UTHHBIFON TS,

B4 . BENRAREIFEONEEZEH. [UREEB~NDBESEENZEHD, & ') XY HgFET-
(FEFN-BITDRIREEN L SFEEER/IMET 20D A N=XLEHEILT B,

EZE4.1 TRIILF—ERPI L EEEIDREMR T A E %, 2030 FOREED T 1) 4 & H#s
LT7%RDEE 5,

BZ4.2 BEMRARASHEHIBOREMmERFVSED CO 1t HYD/I—Y) ,

BIZ43 KEREE, BXE. BRBIUMELZLEDEBENFOZNTNIZENT, [UREEIN
DBEDT=ODITEEHEIZRET Do

B2 4.4 EROSRIEZEREIA h=X L%, EE. BB L URENRROSRMNSZIEEIRE
I B1-0IFEIT 5,

BIBERE LT, BENRAREEZGEL . SURES~DBECEENZEH D THIZ. FHE.
B, X RESJUEYMEV S TABFICERTEN T, IRTONFHFITELTEESRAREI
BEZIET D=ODORMEKE LI UA N XLEHET 5. BERBETRILF—DFER. EITRILF—,
B IUBREDN O TRILEF—~DERAEHET D, FRaleiimE s A TLEIEL. TP,
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. FtERORERESH D, HREREEAMTUIRREHTEIZXIET 51012, A3HEF & RMF
ERFIDRE CHABEI A H = X LDHEL ZRES Do BlE LT, BRI LDy b RETBH L URE
BTHD, ol EEEFIASEESNRARAEIRICE > LB D& SRMT 5.

B) XIxZEEF

RARERIREAIRBEBCREHER (LIT ONEP ( Office of Natural Resources and Environmental
Policy and Planning) ) (&, %1 EIZH T 5EESIZZEEEERN (UNFCCC) M IA4—HILRA
VhTHIE LI, FMENTHLERTIEESEZES (NCCC) DEHFRZHHEILE. 211
BT ERUREEIRFRDPIDERE|ZIEH-> TVWSEBTH D, FMI2H1TD [SUEEBEAREHE

(National Climate Change Master Plan 2015-2050) | [&. ONEP AVKE L. 2015 & 7 BIZREEE&
etz SEZLITBENFESINTILND,

SURZEEARGHEIL, UTDI v aUIiE>T, 24 EA 2050 FFE TITHHGEAIAEERERK
RERUBEZEENCRTHLO) TORDRALZBHRIER SN TS, COBMZEERT 5H1=0IC.
B0, @IS, XN TAELTA VT D—EDBIENEHNTULVD,

#H] (2016 ) DEFERDELEYTH S,

1) PREBGEESNRARSHAIRBRERE L. BMPRICEET 5-dnO— KTy TEE
g5 (essit~y 7. 2EMISEYGHERTEO— <y 7, AIE. & B4 H=X
LZEED) .

2) BRRFMFELIET ST-ODEMHRE LRFAHEEDEAZRANT, BROA o747
ANZXLEHELT B

FEl (2020 ) DEFIRODEEYTHS,
1) TRILF—HLEREID 5D GHG #itHE% . 2021 F£F TIZ2005 FLHEELT 7~
20%HBY 5 (ERFEIEOLANILIZES) o
2)2021 F£FETIT, JHBEINDIIRILF—DDEC LS 25/t Y FEBERRET RILY—IR
M oHIEd 5,
3) — Atz Y DFHETEAS 10 m? B 2 STHEF DEIS 18407,

R (2020 &5 2050 ) DBEIZEITRDEHLYTHS,
1) 2030 F£FE TICIRIILX—[REIZ D75 < & 3 BAU LT 25%H1ET 5.
2) DNHZEHEREC K DFENERET D,
3) BE L#EIZ & 5 GHG HHEDEIG #RS T
4) {ERFETIRRICE LLVER~DIREDRIS ZEOT,
5) A—T B TAKDIT NG ER ST,
6) EXHIE TOEREDEIEER ST,
7) BESHRHAD® GDP LkRAZET S5,

BARBHFIE. HFERGEEEETR - RINZERRT 5720, & EEORKIRI 2B DAURI 5 L 1=
BN -ERRRMOBEL O RERDIEEA ZHEET S ZERY LYy MilE (LT JCM

(Joint Crediting Mechanism) ) ZHEL TS, JCM (&, & LE~DREMR T RBlE T, 8
fhe YRATL, Y—ER, A VITFEDEROAREZR L. EHLUIZRER AT RBEHAR - IR
~DEHEDERZEENIEHET 5 & LHI12. BIEDHIBEZEDERIZERT LD TH S,
AAEIZFEARE JICM [T 2 -ERIXENELEITH> TV,

14



@4) ETRERFEFTE

MREAE HBRSEETE (Power DevelopmentPlan : PDP) | I&, TRILF—EDIRILF—EEE -
#1E/ (Energy Policy and Planning Office: EPPO) AYRRE L. BRI RIILF—BIEREESR (National
Energy Policy Council:NEPC) HV&:29 %, 20194 1 A 24 H, PDP 2018 A%, ERIR/LF—IK
REERICKYREINT-, (EKETE (PDP2015) EDLEEER 11 X 12 (TR,

® 11 FEHROREXFEELIRR

PDP 2018 PDP2015

017TERDEBRKERE 46,090 MW|[2014F RDFEEXRHEE = 37,612 MW
EMEEICLYEILTOIRBRHERE 25310 MW|Z#LEICLYEL THRBHHFERE -24,736 MW
2018 M B2037TEDFFZRERIHEDE 56,431 MW|2015FE M 52036 FE DFZRER R E 57,459 MW|
2037 EMFERHERE 77,211 MW|2036 EI A BRHERE 70,335 MW,

Hi# - EPPO http:/www.eppo.go.thindex php/th/component/k2/iter/14448-news-240162 ZhN H1ERK

& 12 FERORERFEBELERR

PDP 2018 PDP2015

BRI RILF— 20,766 MW 36. 8%| H4RIAE T R ILF— - BN 12,105 MW 21. 1%
BETEIRILE— - HA 9,543 MW 16. 6%

BKEE 500 MW 0. 9%|#5KkHE 2,101 MW 3.7%

a—Yrprl—YaviE 2112 M0 3. Ta—CzrL—2av®E 4,119 MW 7.2%

AVNA Y RYA I VKAEE 13,156 MW 23.3%| 2 2/31 > R4 A LK hEE 17,478 MW 30. 4%

AR/ BIRFEER 1,740 W 3. 1%\ B¢ /48 S ERR 7,390 MW 12.9%
RFNHE 2,000 MW 3.5%
HRE—EVHE 1,250 MW 2.2%

B D EEA 5,857 MW 10.4%[ X NHE @M SHEA 1,473 W0 2.6%

REFDY TLA X 8,300 MW 14. 7%

HIRILF— 4,000 MW 7.1%

&k 56,431 MW 100. 0%| & &t 57,459 MW 100. 0%

Hi#8 . EPPO http:/Aww.eppo.go.thindex.php/thicomponent/k2/item/14448-news-240162 Fh S 1ERL

RELORS Y ME LT3 ATHD,
o SEDBAFEEMIHIET H-ODEMEERFEEEN5|IE LIF

= n SHE 2015~
(£HTYR) €k O & E (PDP2015:2015 ~2036 4F)
80 - 0w 37 1-75 5B (PDP2018: 2018~ 203 74F)

75 1
70 -
65 1
60 1
55 A
50 A
45 A
40_
35 1
30

2014 16 18 20 22 24 26 28 30 32 34 36

L . (%)
Hi8 : Ministry of Energy "Thailand Power Development Plan 2015-2036". "meNuHansss2unaisnssumMsuTanawasu wisznf(nwa.) 24
unmAN 2562" FE AR ETAZRMER

19 REEEOREL
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GDP sEFEMNEIE L. 2017 £MOEE GDP HERIF+3.9% & 2012 FLEOEHEE L
Tz F5 LEESOBLELIZEZEEEMZERIC. B 1915579 &£ 5122037 EOHE
BEZ 77,221MW & . PDP2015 H S EHERTEEHS 10%8 1= _EIF1=,

o IRIBEREEHZBIEL-ERMERORE
P4MDE 9ITRT LSI2. 2AMETIL. IETO)% ElE. RRHRIZ6 BFFHKIFELTLVS,
PDP2015 Tl&. ENEREA G L DDHERAN ANDIKFE Z KB ETSE5—A.
BARBEIRILF—DIKIFEZEZ 3~4 E|5|Z LT L L BIT, BREEDKGFELZIRA
DFI2EMSEIELIFHAERLTUL =, LAL, FE-HEHETIX, AREEADEKGFE
1 EREEICEIETIF 5, 5. FHRITEBMEINDIEEDN S B, (Rl 13%ERKIIKF
5 TH oD, F-LEETIEREREEIL 3%ITET LTS, —A. RAARIZD
WTIHREFEEDETIEZ/IMEAZEDIZE ED. 50%L L #&KTE LT 558 8RR L 1=,

o FREMSOMEIZMEIT-EREEEDSANLK
INFIBREREEDSAZ(BE L. EGAT DHREBLLEE 20% &5 ETIF5AEHTR
nhi-,

122 BT RILF—BOE
(1) HIRLE—FHE

2011 FITIRIILF—EITKY, EIRIILX—FTETHS [TRILX—FRFE 20 F51E

(Thailand 20-year Energy Efficiency Development Plan (2011-2030) ) | A, 2/ EIZHIFTHI
LT L TReRET - % - REEDO TN TNICEVTHESEH I LZAMICKESN
fzo REFETE LTEEADIRIILTF—FEIISZ oNSEHEZEESTLH L, BFEE LT
EROMEICE >TERELGIRIILFIgZH#FT 52 & BIEE S L TIXRESHgt S~ D
EFELTEEBELTVS, ERWEEIRE LT, 2030 EF TITIRILEA—[REfZ. 2010
FLELT 25%IER S5 2 & BIEICHBIT TS,

g1 (2010) actual g1 (2013) actual Er (2030) forecast g1 (2036) forecast
15.28 14.93 11.0 10.7
ktoe/billion baht ktoe/billion baht ktoe/billion baht ktoe/billion baht
200,000
8 180,000
<
< 160,000
o
8 140,000
E -
§ 1,000+ e eeeeT
o i pme== =T e Plan Saving from the past &
O 1000009 e With EEP recent measures (EI 15.28 — 14.93)
& 80000 | _zmie-="" - 51,700
o 70; \l/ \ Saving form EEDP
5 60000 - o PN
= 40000 i Electricity 15% Heat 85%
= ’ Assumption; (7,641 ktoe) (44,059 ktoe )
20,000 1 > GDP Growth 3.8% =89,672 GWh

> Populatlon Growth 0. 03%
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036

HiB8 : hitp/Avww.asew-expo.com/Portals/O/seminar/Presentation/03-
Overview%200f%20Energy%20Efficiency%20Development%20Plan%20(EEDP%202015).pdf

20 TRILEF—shE{EEtiE
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2015 FIZ. [@
for the next 20 years) |

FHEIDSETHR T 85 [ T )L XF—3h2=1{LEHE (Energy Efficiency Strategy for Thailand
HYRE STz, BRRDERFFKAEYSE 11 REREFHSRARKE LD

EEMERY DD, 2036 FETITTR/LA—IREMIZE 2010 LT BAU 77— M5 30%IERS £
HEJCEHEINTIND, B 20 ITRT LI, RRIRILF—HEE (2036 FIRET—R)
187,142ktoe Z. 56,142ktoe HIiE L. 131,000 kice IZF 5 ENEIETH S,

IRIF—HRIHEDEANE Y 2 —DETRETEIX. B 21 DRY THSH, BIFETIE,

BT

7641ktoe. JHEFENTIL 89,672GWh %, BAU 7—AMHIET %, IANDERTRLI-EAIHRE

2T HDERIFRD 5 5.
“3" 1.

REFORRECHEAT MR ERNRE LIZBIRINILEE LTV,

‘47 [F, FRINOERICE YRR RET H-ODEETH D, FLFEAHITHEN
FERENHIFLREFEENREOSHFILLHETHENTILENH D, REFFEIC
EDTITEHIZIFIRGEL =y FDIETIS DN BT, EDKIGA T4 T %R

[TAREMNZDWTITREREITPTH S,

6" [ZBITHEREYIE. KNRADIIBOEFH, BEFEREEYE S VBHRFROEEMHRR

ESnTLVS,

Measure Industry

e

19,649

GWh

1. of energy
in designated factory/building
2. Building Energy Code (BEC) for the new buildings:

10,814

100,000
13,686

90,000 3. Energy Labeling (HEPs & MEPs) 8,936 6,226 23,760

4. Energy Efficiency Resource Standard (EERS) for

large ene roducers and distributors

5. Financial Incentives and support for energy
rformance achievement

1,343 | 2,367 5,872

80,000

9,133 15,074

70,000
6. Promoting greater use of LED

Total (GWh)

Or Total saving 7,641 ktoe

3,355
13,633

3,303
14,516 44,196 [89,672)

11,632

60,000

50,000

40,000

30,000

20,000

10,000

2015 2017 2019 2021 2023

2025 2027 2029 2031 2033

2035

HiB8 : hitp/Amww.asew-expo.com/Portals/O/seminar/Presentation/03-

89,672 GWh

Government
7,144 GWh (8%)

i Residential

13,633 ktoe (15%)

Commercial
37,052 GWh (41%)

Industry
31,843 GWh (36%)

Overview%200f%20Energy%20Efficiency%20Development%20Plan%20(EEDP%202015).pdf

21 BAEVZ—DEIEE

(2) HIrILF—&

AL ENEIILT—RAEEL (Energy Conservation Promotion Act B.E.2535) (&, 1992 4|l

7E. 1998 £

7. 2003 fF & 2007 FITHESNT=, FAEIF. RET7 CTHEDFTHLEREIH

BEIRIILF—ITIYHBATNDIETH D AT RIF—(REET. —ERMEL LD TIHEEEL
HIRNF—~DEHEZTABESE S -DDITRILF—BEHEZITOTLVD, S dith,

IRILF—PREEDSAY UIHIE (BE)ZEREL TS,
FLHFIEFITEDEL S THD,
IMEETS - ELDOIRILF—EEEDET

17
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2B I RILA—IREESE (ENCON Fund) DEAL

J)kER - 3R - EMDEES L URIERET )L MEeEE (HEPS & MEPS).
SN THIE

5 ENT 425 - TRILF—-a—F

@) IFILF—REEE

HIRNF—REZDD L, AT R F—RECHERREI AL F—ERD-OICEEXIEEE
5 EEXBMIZIRILEF—REELESL (UUTENCONFund: (Energy Conservation Fund) ) A%
EIINTLVS, ENCON Fund DELRIE. Bii7 72 K (RAARBGEDINIEZEA—R T DK
RESE) HhoDIHEEZ < ZHHTLVS,

2019 &M ENCON Fund F&IE. 92189700 A/\—YT. ZORERIITEEDEY THBS,

i. EBIRIILF— (36183600 H/\—Y) . BEREET RILF— (2284700 5/ \—Y) .
ITRILX—DEIRAEIR (115400 A/\—Y) DIEE
i, IRILF—5hEERASR 20 FEE (TRILF—EOREEEEL) (2018800 A/3—)
ii.  MUEHERTOEIRES (12489,100 BH/\—Y)

IRLF—EDOREIRILE—FF - ET B (LLTDEDE (Departmentof Attemative Energy
Development and Energy Efficiency) ) &, T RILF—EBERMBETRILF—~DREHEEZ(R
#9576, ENCON Fund m 5 DEABGHEIZ K Y. ESCO Revolving Fund ZE%37 L TULVS, JEED
B, Tito@EY TH5,
i BARREIRILF—EEIARAD 12 {85000 H/\—Y U LOREFRRT 5,
i. 10 ktoe LLEDFMTRILF—DEHI. F1=IFEFM 2 {Z 5000 5/ \—Y DiffEZ ERd
%

i. ITRILF—H—ERH/=— (ESCO) [Z&ZRMHRENIBELZTIET S,

iv. EERSIFINF—IX MER/MBITHIZ, RFRI LDy MO SIEERLZ LERET
%

V.  IRIF—ShEREBERREIRILY—BXICIESFRET S,

FHY—EX(E, TEORY THDS,

® #HAEE
HAIRFLFBERBEIRILEY—TOD 1Y MADKIIRE %KD 10%H' 5 50% T,
Oy FTEIZ5000 AA—VIZHREINTE Y. TBKREITHENALLY,

@ #H=|DY—R
BIXFETBEARET R —DI-ODHBREBAT SRERICRH —ZY—EX
IR L. BERMEESHT—EDRFLTADELIIZT S,

RIBFBEDRK100%%E ) —RTESMN. FOT Y b TEI22500 H/A—IYNERTHS.
RFEHAREIL 5 FLUNT, £FITFRM35% (BFE) THD.

@ ESCORUFY—FvELI
ESCO [ElEsEE(X, TRILF—H—ERD/=— (ESCO) &AL T, ESCONET
27OV 1Y) FADIEEEETTET b,

3 BANGKOK POST 10 DEC 2018  https:/Avww.bangkokpost.com/business/1590822/conservation-fund-to-add-solar-panels
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—REHR) R FER 13 1TRY, 2017 F£9 AIRE. OHERIN TS,

12. S2K Marine Product Co., Ltd. DB, BULIEIEMGKA SR T L, AELE, E— bRV T
ZEEVENLGLDEESHA D, 9,005,366 /\—YDHEER') —AAEEEINT=, TKEDMHEE
FRT 2EMFEABE VA TLOBAL, HEED)—RFRANAREEE R S,

x 13 V—RERIVR

1 |Powerinnovaton Co., Ltd. (instaliad 81 C.C.S. Engineenng Co. L1d.) Nonthabur| V5D 1070000 270,708 | 0023
363,157
2* |JK Carans Group Co., Lo Samutsakom Hign effciency bater 20,043,150 0817
Lars of 48l o
3 |Trailuesng icehouss Co. Lid. Prarg-ngs Hgn eficlency motor 237414 62341 | 04005

High eficiency chiler

4" |Sap Sarsaws Co., Ltd. (Faviion Hote! Group) Songsnia 3,464,446 234,557 | 0085
8ndLED

5 |islanc Resot Mol Co., Lid. Chiang Ra| Chiller system 8285550 359856 | 0.031

€ |CSBowl Canter Erenainment Co, L. Song<nle Chlller system 4552404 277,583 | 0024

7 |RnankSuppy Co., Lta. (Instaed st Erawen Taxtie Co_ Lid,) Samutprakam LED 2,176,330 380,765 | 0.032

8 |PolyVision PracsionMoula (Thaland) Co., Ltd. Cnenbun Seno mowr 2483540 108613 | 0.008

9 |suan Song Co., Lid Amrar Chgmoen Gas Engine 17,441,000 5809,750 | 0478

High efcisncy mator

10 JWangsingkham ice Co,, Lig ChiangMal and high eficeny 5149375 325480 | 0028
compressar
11 |Thal Speritingustry Co,, Lta Cnachongsao Alr Compressor 3,103,000 8028z | 0007
Water Cool gystem,

Cooing Tower, Heat
12 |52KManne Product Co., Lia Song<nia 005,356 442820 | 0038
pump, E-Cubs, Watar

Bam, LED
10,036 on
13 |Trermal Tech Co., Lid. Lampang RDF gystem 9,241,590 3610
Ligniteyr
14 |Jurslic Pesson Ban Sugn Romklao-Susamanhumi Bangkek LED 1072905 105304 | 0002
15 |Powerinnovaion Co., Lig. (Instaliad 3t Plus Vision Co., Lig) Bangkok VS0 1,284,000 327554 | o028
Total 18 projects 90,671,120 8588714 | 822
Cancellec 3 projects iNo. 2, 4, &) ramaining 12 projects 62,676,964 8252534 | 4

Hi88 : Energy for Environment Foundation  http:/Amww.efe.or th/escofund.php?task=378&sessid=&lang=en

@) REHRODEIRINL

A4 BHAFIE. BB ITAEIEEGDIRIILF—EORLEF B E LTEHFTS RN HR
JLE—EREEE MEPS (Minimum Energy Performance Standard) | & U & L THfESEd 5 T
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FILEF—EEREEHE HEPS (High Energy Performance Standard) | #&A L TUL\%, MEPS 34
A TEFIETIS) & LTRER T 5 TULVS, COEIREFHEIE. LidDET RS )L T, DEDE A,
A4 TEREHE LLTTISI (Thailand Industrial Standards) ) &AL TEE LT=, HEPS D&
M DEDE [Z&>TEEEn. MEPS X TISI IZ&K>TERINS,

. RELUEEMTHONTINS, DEDE & TISI (X, $TLLVARREDEEZEE T HIZH=Y.
HEREIT o1,

E—rRUOTIZER KD % 1kW BALIEE, KW OEEES (513 5) ZEMNTE
BAIERTIEES. BiERE (LIT COP (Coefficient Of Performance) ) &FFUN, ARSI ED
IRIF—=EENEOERE LTHEONTE Y . BENKEVNZEEIRERENEN TS, BB
DFEIE. UTORXTROOND,

AECOP = ARSAKw) ~ ARHEEENKW)

2013 FEIZAAETHIRESNTUL =L DHDEREEE— MRV T (4.5~36kW #E) M5 13
ETILDZEGEEE— MR THASEE SN, E— MR TOIRILF—SHTAERA, KMUTT DR
ERiEER CEE SN, CDFHERTIL, COP {El& 2.4~3.7 DEHANIZHY .. FHHEMN 3.0 THLHZ &
Nohotz, CORMEEREZ T, FMEATREEFIRFEINIELBRE— RO TD
MEPS & HEPS MEZED, TRIILF—NTEEENFERITIRHE SN, BREFSN TS, 2013 F12
BE L RE LEDOZERADAIEENHREREREER 14 (TR,

= 14 ZTEEROSERENERERE
HAE COPDL AL

2013 12RAR%E MEPS |COP 2.53

DEHE HEPS [COP 3.22

MEPS |COP 24

RELEDE#
HEPS (3.0 = COP = 4.0

(5) IRILF—REE

EBEIXRIZEET BIFHITHY . BEHA—52—1,000kW LLE, ZTERE 1,175kVA LIEZE-ITE N
BETH - KR - IEBEEET RILE—EER 2,000 5 M LLEFERT Y L TERSN S,
WMRELDITBOE L, TRILF—FEEEATLDEE. TRILVF—EBEEYIL—TDH
B. A—F—IZ & 2E T RETREMOHE - AT REEDEE - FE - BR~DHE. TRILYF—F
BT OERZEOEBIRINT D, BEZETTEEA S1358. TRROSANFEE LN,

SiAl

. EETIS - ENLIZHT, ERDHEE LI-BE. TORAEEIZKL 3 4 AUROZER

Fl A 150,000 N—YLTOSIE, £IEZ0MmA
i. IEETIS - ECBVTESITEDCEIRILF—BEZEEERTELEI>HE. TORT
FHHIZxt L 50,000 /\—Y LI TDEE
i.  EETIS - EJLIZHLT PRE ZEELTULVELMEA, FORTEAIZR L 200,000 73—V
LITOEiE

20



1-3 LEERRE CEEY S EAEERFRG AR
2AED., HHEOERIFRFERHNAEITEDEY TH S,

EEBOAS  ERSNEFH(TER) (1) FENTRFORE LBEVT SO

BEANEFH(PBE) (2) ASEAN HRILERBADXI:

FRFEERE | HAICHE - BFERESE T =012, BERIEEE C-F 5885/,
. B - fIEEHRREZEOENOZRE~NDIHENLETH D,

BhET HmAT0T 5L  FlEESHH IRIEESXK IO S L0—2] OFESEKRICEYT
5 EEBMELT, AT TOoo s b INNVasHREERTRAE—TS5 (2013
F-2023 F) | AMERESH, N\ EEBTICERINz, CDYRE—TS5 VDM
|+, =2 TN HRIRESY R 2 — TS5 2013-2023 EiEREE IO T kb A
RAA—kLT=

BhET OS5 L LOBERRES « /\> 0 ) BEEICEE(CEEFT SmKBOTEEFIRT 5
Z&T. ENARDEEE L BEMR AR (GHG)ZFHIHT 5 2 ENHES, EEL TEE
152 LT, IN\CavHKIEESY R4 —T5 2 2013 52023 %) | OEZERICE
[ RS

14 LEIEREICESET 5 ODA BERUE KU K —DETEHIEEMT

BADIND AV EE, 21 EOEHRVEET D7 HB0OFEA T & L COIBERRERREICL
Y, BENRAADOHHEIXEIMERIZH D, Fi=. 2011 FEIZIIRIRER-KDEELILEZON
TWSKBHRTHOKOFE L, SRS A—DFRT, N\ (ICEVTRIREEIRISEELER
BEE-oTLVAS,

BEV O OATERERLY Y S BMA (X, JICADEIMHRATOS o kb Y avE8&IEE
BIRRAA—T5 2 (2013 F-2023 ) 1ERK - Efegehm Loy by (2012453 A~2015 4
9 A) OXIEIZKY., N aIHBRUREFTRE—TS5 Y (2013 F£-2023 &) | St

[\ 2V BRIEES)Y A2 — TS5 2 2013-2023 ) DEHEIZHT=2Tld. BMA RED+ S 2 —FH
EEICINA ., ELANILTOLEMBERE DESHRHERYS BMA SN ORERES & OEENGREE G- T
V%, ZZ T, JICA TlE. RARAZ—TIUITHRESIND., 308, TRILX—. BREY - HKE,
AL, WHROD 5 DEFIZHLVT, SUREETRICRDEMEEN. FIEAROEEERY, /N>
QAVEDEBRERTLDUIY MREIZHETHIEFBIEL T, 2017 E 12 AL, [\ady
MKUEEEIY A2 —T 5> 20132023 EERENRETO D =) b ZRA— LS8z, YRE2—T
T UDMBHIEERIZK Y., S0\ OEGaEEEETH & L TOEBRIEIHFIN TS,
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H2E REAA. Bfm - f3di
21 REEAOWE

SHUIRERIRSE (LT S Y URIERI (&, thEFIROLERIEETH 30 FLLEDT®
THEERZEHT . 1975 FITRISK, 1990 FIC M VEEAMEZEIEA L TR Shh2FIREEE
FtRL. 1991 FITITR A X KWT #t &$%ifiiets L TARLICHbrpRAZEER O A T LEEA L=,

2-2 IRESE - BiiTOBE
2:2-1 A=y hG

BATIE, KBRS, 28R, KFRIEELT 1 VT, TIHETOMERRR - BE&HES L
TOEAEENHD, HET - BT LIpEe— MRY TOX T LOMT T 268 4. HiEEE
FEREETIIRSETHD. N, R7HR—IILAXDETHEIT 248 BT, K7 HR—ILOBETAKIE
4,000 AL ETHS, BATORETEEFEEZER 22 [TRY,

FICEIENRD AT L

22 BATORIEE
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RIS ANDEASEH
Eﬁf@i’*“ﬁ%ﬁ’tﬁ RADEAESFIZE 23 [TRY . HAPRREOKSE— R T GEMRRES
B5 527KW. BEEE 530kW) ZFEA, hehZE3ERES JIL U Fa—J. R7HR—/UE. 100mx70 &K
Thb. 2014 &4 A~2015 F 3 ADFRETRET 4% (BFE : 49%. BEE : 21%) THoT=

uunl

=
_lllil- _|.|-

1= ‘u""'* “”" IKEATI2SRAO0 B8 0 1 (7 2 1= KEA RSBV I
M0 AR ~201:%3R8

-—al)-mr-«;u -

LA et |

A AL
««««««

aal

-----

URRCRSOnORSMZIRBETORIEMLL

RIS 100m X 700K NEARERL A
MOMA AR SR

WA AR LA 0 B AHERN D

Il =

(AT LESE|
HIER : NPO A EiFI R E =
23 BATOXREEEMmEASS

2-2-2 B& - B OEHE
(1) HRARZTEEACRTL
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— bR TEDARE Y A T LOEER 2 & 5B HHIE DMR &8T5, Ff-. BRI S BEDRF
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FRUTAB VAT LIX JICA ITIRET 5%, #THIE DMR IZEiBEENE S, TR EUIE
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& 18 &EINER

Japanese Side Thai Side
EIA approval (If necessary) o)
Approval and pemission for drilling work, installation of GSHP, o
and its operation (If necessary)
Transportation of GSHP system o)
Tax benefits documentation for the importation of the GSHP 0
system
Obtaining permits for the use of the parking lot for the drilling o)
heat exchangers
Obtaining permits for the removal of concrete pavement for the o)

driling heat exchangers
Drilling for the GSHP heat exchangers, U-tube insertion, Water o)
brine filling in the U-tube

Pipe laying work between heat source wells and the heat pump @)

Restoration of the land (parking lot) back to current status after o)

drilling

Installation and commissioning of GSHP system o)

Cold water pipe laying work beyond heat pump @)

Wiring works for power and controller after installation of the o)

control panel

Electricity for the control panel o)
Running cost of electricity, personnel expenditure, etc. O
Operation and management of the GSHP System o)
Monitoring of the electric consumption of the GSHP System, o)

inlet/outlet water temperatures and water flow

Technical transfer for the plant operation, management and o) )
maintenance

Training in Japan for the persons to be involved in the GSHP o)

operation and maintenance

Establishment and holding of an evaluation committee o) o)
composed by DMR, DEDE and Chulalongkom University
EIA: Environmental Impact Assessment

GSHP: Ground Source Heat Pump

DEDE: Department of Altemative Energy Development and Efficiency
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SUMMARY

1. Development issue of target country and area

Kingdom of Thailand (Thailand) plans to reduce energy consumption per unit of GDP by 30%
compared to 2010 by 2036 as described in “Energy Efficiency Plan 2015-2036 (EEP 2015)
announced in 2015. Also in Nationally Determined Contributions (NDCs) of the Paris-Agreement, a
20% reduction in GHG emissions relative to business-as-usual (BAU) in 2030 is proposed and
promoting energy conservation is becoming an urgent task.

Allheat pumps of air conditioners in Bangkok, the capital of Thailand, are air-source type. Along with
economic development, energy consumption for air conditioning is expected to increase in commercial
facilities, office buildings and condominiums, etc. Promotion of energy conservation in these sectors is
an issue. Air conditioners release a large amount of high-temperature waste heat to the atmosphere,
which is a cause of heat island phenomenon and also affecting global warming. Furthermore, since
the power consumption of the air-source heat pump (ASHP) system is large, it has crucial influence
on the tightness of electricity supply and demand.

GHG reduction target of Thailand is to reduce GHG emissions by 2030 up to 25% compared to
BAU. The electricity power sector accounts for 36.2% of CO, emissions in 2018 and is the largest
source of emissions among sectors. In order to achieve the target, the National Power Development
Plan 2018 from 2018 to 2037 states that the CO. emission from electricity in 2037 would be decreased
to0 0.283 kg CO-/kWh and 103,845 thousand tons. The CO_ emission from electricity in January 2019
is 0.480 kg CO2/kWh, and it is necessary to further reduce 0.197 kg COKkWh. For this reason, in the
electric power sector, further efforts for energy saving are required along with the spread of renewable
energy, and it is necessary to introduce highly efficient energy saving technology in order to reduce
CO; emissions.

2. Purpose

Misawa Environmental Technology Co., Ltd. (MISAWA) provides consistent services including
planning, proposal, investigation, design, construction and maintenance of groundwater heat source
utilization systems, except manufacturing of groundwater source heat pump (GSHP). MISAWA plans
to introduce GSHP cooling system that utilizes groundwater heat source instead of traditional air
conditioners using ASHP in the Capital Region of Bangkok. The purpose of this survey is to confirm
whether the system introduced can reduce electricity consumption and can contribute to improve heat
island phenomenon and mitigate global warming.

The current situation of the use of ASHP in Bangkok and the technical and economical compatibility
of GSHP cooling system using groundwater heat source are studied in the survey. The verification
survey and business plan is also prepared through the survey.

3. Survey area and country
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Capital region of Bangkok (Bangkok City, Nonthaburi Province, Samut Prakan Province, Pathum
Thani Province, Samut Sakhon Province, Nakhon Prathom Province) in Thailand (see Figure 1).

Q10D al0mp s4000 [S10]0) Al TN T2
- X X X : al
g \S
3- B
2 =
2 g
£ =
s PATHUIM THART &
\
L
: 1%
z RAKEON FLATHE ; hA
3 NONTIARLIR b A
-
H IANGROK -2
=4 L= y
8 8 .
& n !
= - Vi
|: *
: CAMUT PRAK A - A
=. SANLL SaRbON L2 S
) 7
\ Fd
3 ) V[l
¥~ 8 I oy I, Kilometers -3
= 3510 N W 4 N |'F
a - T 1 1 T 1 I T =
. “m UM AW A AR TI0M T2

Figure 1 Survey site (Capital Region of Bangkok)

4. Proposed company, product and technology

(1) Outline of the proposed product and technology

As a result of the study by CCOP (Coordinating Committee for Geoscience Programs in East and
Southeast Asia) ,subsurface thermal structure in the Chao-Phraya Plain, downstream area of Chao-
Phraya River where Bangkok city is located, has been clarified. Groundwater to be used as heat
source can be characterized by two thick aquifers at the depth of around 50 meters and 100 meters
as shown in Figure 2. The temperature of the first Bangkok aquifer at the depth of around 50 meters
is 27~30°C, which is lower than the maximum temperature in Bangkok throughout the year.
Accordingly, this aquifer can be used as heat sink for the cooling system as shown in Figure 3.

I Bangkok Aquifer ( 50 m. zone ) I
Pathum Than

amut Prakan

Ayuthaya

m Bangkok Aquifer ( 50 m. zone )
E Phra Pradaeng Aquifer ( 100 m. zone )
- Nakhon Luang Aquifer ( 150 m. zone )
600 E Nonthaburi Aquifer ( 200 m. zone )

s B Sam Khok Aquifer ( 300 m. zone )
Bl rhaya Thai Aquifer (350 m. zone )
7] Thon Buri Aquifer ( 450 m. zone )
B Pak Nam Aquifer (550 m. zone )

Figure 2 Aquifers system in Bangkok
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Figure 3 Maximum and minimum temperature of air and aquifer in Bangkok

There are two types of air-conditioning systems for large facilities such as buildings and shopping
malls. Those are central heat source type (central air-conditioning) and individual heat source type
(multi-air-conditioning), depending on where heat sources such as refrigerators are placed. The
proposed technology is “central heat source type” air conditioning system.

The central heat source type is a method of air-conditioning by combining heat source devices (heat
pumps or the like) and air conditioners (fan coils or the like). Heat pumps are roughly classified into air-
cooled and water-cooled types.

- Air-cooled heat pump radiates heat from the condenser to the outside air to create cold water.

- Water-cooled heat pump radiates heat from the condenser to cooling water to create cold

water

In Thailand, cooling is usually performed with air-cooled heat pumps. The proposed technology is
cooling with water-cooled heat pumps. Usually, cooling water is produced in cooling towers and sent
to heat pumps in the water-cooled type. The proposed technology is a method in which underground
heat exchangers radiate heat to aquifers to cool the cooling water instead of cooling towers and sends

it to heat pumps. The water cooled by heat pumps is sent to fan coils and used for cooling (see Figure
4).

l Air source heat pumps (580kW x 4) ‘ | Groundwater source heat pump chillers (100kW x 2) ‘

I

Fan coils

Fan coils

Fan coils

Groundwater source heat
exchangers (50m x 70 )

Aquifer

Figure 4 Schematic diagram of GSHP system
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The system consists of underground heat exchangers, GSHP, indoor units, and the like. U-tube
(underground heat source exchanger) made of polyethylene with an outer diameter of 42 mm are
installed in 50m depth boreholes with diameter of about 200 mm in Capital Region of Bangkok.

(2) Adaptability of the product and technology to the field

In this feasibility survey, drilling a borehole and thermal response test (TRT) were conducted at
National Geological Museum where the ODA project is proposed to be implemented. As a result of
the drilling, a layer mainly composed of medium to coarse sand is located between GL-39 and GL-
46m, and this layer is considered to be an aquifer. The apparent thermal conductivity As of Well-1 (new
well) in the National Geological Museum was estimated to be 1.74 W/m/K, and that of Well-2 (existing
well) was 1.69 W/m/K, based on the TRT. Since these apparent thermal conductivity values are higher
than those of soil without general groundwater flow, and are recognized to be influenced by
groundwater flow, it is considered to be advantageous for utilization of underground heat source.

The possibility of introducing and disseminating GSHP was evaluated by assessing high or low
potential area of groundwater source heat utilization (groundwater source heat potential) based on the
underground environment data (groundwater flow velocity, groundwater level, temperature, etc.) of
CCORP for aquifers in Capital Region of Bangkok area.

Relatively good values are indicated around Chao Phraya River. It is considered that the
groundwater level greatly affects the heat exchange capacity of GSHP system from these results. The
reason is that the closer the groundwater level is to the surface, the more the stratum is saturated with
water, and the higher the effective thermal conductivity of the stratum is. Therefore, it seems to be
preferable to use groundwater heat in the area where groundwater level recovers quickly such as
along rivers or floodplains or where there is no pumping well nearby in Thailand. Since the installation
of GSHP system along Chao Phraya River where many people live is particularly preferable, it is
estimated that promoting introduction of the system contribute to suppression of heat island
phenomenon and also contribute to improvement of environmental problems in Southeast Asia.

(3) Potential for solving development issues

An index indicating how many kW of heat can be taken (cooled) when 1kW of electricity (fuel) is
supplied to a heat pump is called coefficient of performance (COP). COP is used as a measure of the
energy consumption efficiency of cooling equipment, etc., and the higher the COP value is, the better
the energy saving performance is.

Based on the energy saving effect of introducing GSHP as an altemative to air-cooled heat pump
that is conventionally used in Capital Region of Bangkok, the local suitability of the proposed products
and technologies was evaluated. Indicators for the evaluation are COP, power consumption, electricity
cost, GHG emissions, and the amount of heat released to the atmosphere. Table 1 show the
evaluation results when GSHP with cooling capacity of 82.9 kW is introduced.
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Table1  Comparison of GSHP and ASHP

Indicator GSHP ASHP Effect
Energy saving rate

COP 3.88 2.83 26%
Annual power 81.1 MWhy 109.0 MWhly A 27.9MWhiy
consumption
Annual electricity cost 1,508 k yenly 2,021 k yenly A 514 kyenly
Annual amount of GHG 47 81COsely 64.3COsely A 1641CO%ly
emissions
Annual amount of heat
released to the 00GJ 4039 GJ A 4039GJ
atmosphere

Operation days: 310 days/ly Operation time: 12 hours/day
Electricity bill: Basic charge 312 baht/month, meter rate charge 5.11 baht/kWh
(Peak time Mon-Fri: 09-22)
GHG emissions of electricity: 0.5897 t-CO.MWh (Combined Margin, 2014 : IGES List of Grid
Emission Factors, 5 April, 2018)

5. Work program of ODA project

(1) Scheme
SDGs Business Verification Survey with the Private Sector is proposed as ODA project .

(2) Objective
A high-efficiency GSHP cooling system using heat source of aquifers is installed and the existing
air-heated cooling system is replaced. The objective is to demonstrate technical and economic
advantages of the proposed system by monitoring power consumption and verifying the energy saving
effect, reduction of power cost, reduction of greenhouse gas emissions, and reduction of exhaust heat
into the atmosphere based on the amount of reduction in power consumption.

(3) Candidate counterpart agency and organization

Department of Mineral Resources (DMR)

DMR is one of intemal departments of Ministry of Natural Resources and Environment (MoNRE)
and the owner of National Geological Museum. DMR will provide facilities, maintain equipment and
bear running costs for the project.

(4) Project site
National Geological Museum (owned by DMR), Pathum Thani Province, Capital region of Bangkok

(5) Activity of the project
National Geological Museum currently uses four 580 kWW ASHP for cooling. By the ODA project, a
part of the existing ASHP cooling capacity, that is, cooling system only for the second floor of the office
building is switched to GSHP. Thus, the power consumption for cooling is reduced.
The heat exchange rate at National Geological Museum was 43.0 W/m. It is planned to drill 45
boreholes down to 50m depth in order to insert U tubes and connect with GSHP system. Total cooling
capacity is estimated 75.2 KW. The GSHP is planned to install at the entrance of the office building. At
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the same time, a monitoring facility is installed to release the result of the ODA project to visitors. As
monitoring area is limited in the project, it is easy to measure data and explain the result to visitors.

(6) Outcome of the project

Outcome 1: The technology and equipment of cooling system that radiate the exhaust heat of
GSHP to aquifers are introduced to National Geological Museum in Capital region of Bangkok.

Outcome 2: The GSHP cooling system using heat source of aquifers installed at National
Geological Museum is operated properly, and the power consumption for cooling is reduced.
As a result, the amount of heat released into the atmosphere and CO, emissions are reduced
and the usefulness of the technology is demonstrated.

Outcome 3: Business development plans are formulated in Thailand to promote the use of
GSHP cooling system using heat source of aquifers.

(7) Content of the project (Activity content)

Outcome 1 | Activity 1-1: GSHP cooling system using heat source of aquifers is designed,
constructed and installed based on the results of the feasibility survey.

Outcome 2 | Activity 2-1: GSHP cooling system using heat source of aquifers is operated and
managed by DMR to perform cooling.

Activity 2-2: Invited activities in Japan and technical guidance on site are provided in
order to operate and do maintenance appropriately.

Activity 2-3: Monitoring results of the operation status of GSHP cooling system using
heat source of aquifers will be released at National Geological Museum.

Activity 24: The effects of reducing electricity cost for cooling, the amount of heat
released to the atmosphere and CO, emissions are evaluated based on the
monitoring data of power consumption during operation of GSHP cooling system
using heat source of aquifers.

Activity 2-5: The evaluation committee is established with Ministry of Energy, DMR,
and Chelalongkom University to evaluate the technical and economic advantages
based on the evaluation results of Activity 2-4.

Outcome 3 | Activity 3-1: Business plans are cleated and marketing and sales activities are
conducted during ODA project.

(8) Expected impacts through the ODA project
The verification survey will demonstrate the usefulness of the system by installing and operating
GSHP cooling system at the Geological Museum. As a result, the following impact on development
issues can be expected.
Impact 1: Energy saving effect relative to ASHP is demonstrated by reduction of annual electricity
consumption from 98.8 MWh to 72.1 MWh.
Impact 2: Contribution to mitigate global warming is demonstrated by reducing 15.8 tCO- of GHG
emissions annually due to reduction of annual electricity consumption from 98.8 MWh to 72.1
MwWh.
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Impact 3: Economical advantage is demonstrated by evaluating economics of electricity cost
saving effect due to reduction of annual electricity consumption from 98.8 MWh to 72.1 MWh.

Impact 4: Availability and superiority of GSHP cooling system installed in Thailand are
recognized by presenting the results of the dissemination and demonstration survey at
seminars and introducing them at intemet websites.

Impact 5: Onset of diffusion to utilize GSHP cooling system in Thailand contributes to mitigate
heat island phenomenon due to heat released by ASHP air conditioning. Furthermore,
reduction of CO, emissions from air conditioning contributes to achieve the goal of “Bangkok
City Climate Change Master Plan 2013-2023".

6. Business development plan

(1) Overview

For the time being, it is planned to control total management of the business in Japan, and start
business activity by having “local managers” of Global Employment Outsourcing (GEO) service
provider who conduct sales activities.

In the next step, a Thai company to be a partner is selected, and MISAWA establish a new local
subsidiary, “Thailand Ground Source Heat Development (tentative name)”, with a stake of less than
50%. MISAWA also has a plan to carry out technical transfer to the company to advance business
development.

(2) Expected impact of the business development

The following effects can be expected by expanding the business in Thailand and disseminating the
GSHP cooling system.

Impact 1: Air-cooled heat pumps in cities at Chao Phraya Plain in Thailand, including Capital
region of Bangkok, is replaced to GSHP systems using groundwater source heat. Power
consumption is reduced, contributing to alleviate electrical power supply and demand.

Impact 2: Reduction of power consumption contributes to reduce emissions of air contaminants
from thermal power plants. In addition, CO, emissions are reduced, contributing to the
mitigation of global warmming.

Impact 3: The exhaust heat of cooling is released to aquifers by replacing to GSHP system using
groundwater source heat. Since the heat released into the atmosphere from air-cooled heat
pump is reduces, it contribute to mitigate heat island phenomenon not only in Capital region of
Bangkok but also in other cities at the Chao Phraya Plain in Thailand.

Impact 4: GSHP systems that use groundwater source heat are spread in delta regions of Asian
countries such as Hanoi and Ho Chi Minh in Vietnam. Introduction of GSHP system reduce
power consumption in these countries and contribute to alleviate electrical power supply and
demand. Furthermore, as the heat exhausted from heat pumps for cooling is released to
aquifers, it contributes to mitigate heat island phenomenon.
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