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Abstract

This paper presents the study of embodied energy use throughout the construction and demolition as a tool to

indicate embodied energy efficiency and environmental inputs of buildings and building materials in Thailand. Emergy
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Analysis Technique is used to calculate the amount of energy required to make something expressed in units of the same form of
energy, called Solar Emergy. And Emergy of money, called Embath has also been evaluated. The objectives are to evaluate and
compare Emergy and Embath of buildings to help determining the Emergy saving and the environment benefits of buildings and
building materials during construction and demoalition. The method is to collect and analyze data inputs of cost and quantity from
bill of quantity; BOQ of buildings: residences, schools, offices and hospitals for construction and 2 types of structure, half-
timber and concrete structure for demolition. Materials during construction and demolition of each building are evaluated. This
study examines all factors, which are Emergy, masses and cost, and environmental inputs to create Emergy index and environmental
index as well. Four influencing factors effecting Emergy values are found: Renewable resource or structure, non-renewable
resource or decoration, building system and labor. Structure is the major factor of residential buildings, schools and office
buildings. Decoration is the major factor of hospital buildings. In demolition stage, structure is also the main factor. In demolition
stage, Emergy value of halftimber structure buildings is the same as 7 years of energy consumption. Whereas Emergy value of
concrete structure building is the same as 19-30 years of energy consumption. Therefore, structure materials should be used in
as small amount as possible, especially the high transformity materials. Eventually, the environmental index suggested that using
more renewable than non-renewable resource would be appropriate to the environment and the world resource. The building

usable life is depend on materials, the more non-renewable resource, the longer life of the materials should be used.
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Input Solar
.. » . Resource Transformity Emergy (sej) EmB**
Ao THazenn vt Energy (sej/‘mlnﬂ) 1.00E+14 (1996baht®)
1.00E+04 1.00E+06
1 v J 2703.98 0.05 0.01 5
2 Ay g 2281.78 1000.00 228.18 80914
3 Nn98l g 8956.76 1000.00 895.68 317616
4 Qu%mumr g 1011.19 2310.00 233.59 82832
5 Yura g 422.40 2310.00 97.57 34601
6 i g 428.27 879.00 37.64 13349
7 Wan g 858.51 4150.00 356.28 126341
8 Bl g 11.80 1000.00 1.18 418
9 uiule B 1.09 282000.00 30.71 10889
10 agueny g 1441.28 2320.00 334.38 118574
11 navifinsen g 41.70 6320.00 26.35 9346
12 nsvifeaaden g 41.70 2860.00 11.93 4229
13 naviiinddiaue g 156.70 2310.00 36.20 12836
14 %sju g 1.60 15200.00 2.42 860
15 T g 0.10 800.00 0.01 3
16 Anandsin g 6.28 15200.00 9.54 3382
17 ity g 5.94 15200.00 9.03 3203
18 WANARN g 0.05 3280.00 0.02 6
19 ARG g 0.45 9000.00 0.41 144
20 fanz@masung g 3.46 67700.00 23.40 8297
21 ngzan g 0.19 1900.00 0.04 13
22 B B 1.68 282000.00 47.33 16784
23 WA B 4.58 282000.00 129.15 45799
24 sz11Tolyin B 2.30 282000.00 64.72 22951
25 sruuilezin B 3.00 282000.00 84.49 29960
26 19991 B 9.61 282000.00 271.11 96139
793 2931.36 1039489
E+145ej/m2 4517
EmB/m2 16017

Note:  2.82E+11 sej/B8 anatlszimalng Tudl 2539 (1996)

(projected from calculation g1/7 1)

. . . | y
N5 uaawnerensLssiiuA NN uaTANIINTeRIANT UstimenansiinedansiiAne anwnzenansdulaseasnenaunis

81073 2 Fu MAvEeenenas 64.9 ne.u. vayal 2539 (1996)

Journal of Architectural Research and Studies Volume 2 2004 Faculty of Architecture Thammasat University




ANANNIT

Y=068+1.01TR+106N+0.35P+0.88S

WanNansuuenissinnilssinnianannns
Coe 4 e dea¥' o
wuan daniiduadaninluaind s uazanaNees
NINBATWNEIANIUIZANAN 7] 1HiNT AD
. . . C g
*  danlulszinnianinseasnanedanainuuaei
annsnindusn laluale i iu nee Ju wan
Fapnaasainladad 1Ay AnananInaanu
ATANIINUDIBIANTWNDNAEY ADTVUANE LAY
ANANTANININY

*  Janludszinndananuasanans viadanainumas

Pluarnsaindusnlaluale wuw 1 udwun

naziiinnng 7 fagdaunszmainiinsidey 1
£19 danulsgainlans ualsl s 1l3vp) AT
uavanaadinlrlunnaneass Whiladedndoyisl
AR ATNGINUAZANTINTR T INETLA
7.2.2 G9AN15IR0AUENANS AINNNT
ﬁmﬁmmmaﬁ@ﬁuﬁqqmﬁﬂa@m{i 2 dszian
ﬂmimmﬂﬂLLﬁ@wmmﬁu@ﬁmQ WU TTLNY
ATNF LA ANTINTRIBNANTABANTNAT (V)
wAnAEANRUE NIRRT
. ﬂ'ﬂwﬁ\mummmquaﬁm@mmmdqﬁmmm
thndunn g uRensamas winAeae R
. hﬂwﬁqmumamqm@ﬁmmmLmz{aﬁiﬁmmm
thndusnllimemsamms unuainag N
. ﬂ'wwﬁmummmquaﬁmqu%mﬁmﬁm%ﬁlu°1

ABANTNLNAT WNWAIAIE P

* ﬂ"lW'Z\l\‘i\‘i’]u@‘”@Ni"JN‘ﬂ@ﬂLL‘J‘Q\?’]HV]I‘IJ[”]@W]?’NLNW?
LLVM[F‘Y]W]?_I S

ANANNNT

Y =-9.54+130R-493N+349.09P + 11.90 S

Pimonmart Wankanapon

\WaRansuuentlszinndanneasiy wuandan

= o Ao ¥ o X
‘VlL‘]ju‘]j@“]EI‘V]V]’]I‘Mﬂ"I‘W@QQWH@”@N?QN“E@QHW??@D@H

ﬂ‘ﬂu@’]ﬂ’]i‘ﬂﬁ“”m%ﬁl’]\‘i ] L‘WN‘].ILL An

. fmm‘luﬂ@ymmmmnLLmLmvmmnmmu 1 #la
annsianeu Taadadauzesianainumasi
arusndnaunnlalunnadanannuia i lu

annsnvnaurn lalunlauesannng azidnanu

2893AAAINUNA N I aN1nUINA N T Tu
TudRaauNNINNINTARAINUNAINAIN1TNUNAL

' £

W lrlunle munanlnanTa9Ia9IN13Nasa

7.3 dydnanisdsuilulIunnituasan 13-

nuRuavanlussuuasiauduiusiudan oy

BIANTHAZATNANIUA AN TINT NN AYRIL TN A I e

petsunmuRuazan vy Inefuunluunisilasy

WU AATULA LI A UATNANNUA AN TINTBIDIANT

7.4 m;ﬂWomﬁiﬁiuﬁuﬁﬁ“mﬁgmmmgmmm§
waznnslaninannslunislssdudaiiin saresiy
;mlmizrgmmm&ﬂmxmﬂ%ﬁwawnnﬂu%um@wffmﬁﬁ
ﬁﬂjﬁ‘lumiﬂmﬁuﬁﬁm@r{m;’]qﬂmﬂmﬁm y e

¥ al ¥ L o/ ¥
YRALAZURANNA NI 191
mmﬁw 6 mm&mmaﬂmw
7.4.1 T9NNINATN

* Emergy Yield Ratio (EYR) Eefansoianuanis-

U UANANIUATANIIN WL A1 EYR 284
a7ANsazINETeLazdNRUsTLdan TAseasanan

an9a1A9IuE ARy Town B nee B wazudine

IPER1ANIADUAN srunlAeasaniledy Au

Fuun 4A1 EYR ge4n uanslafieainansi d

v £

AITNRA wumuwﬁqmum”mmqumﬂ Iuﬂlm;‘iﬁ

mms‘lmwmmmmm‘lum azdl mwmumumu

wmmumvmmqum LAY Lufawmimﬂumumi-
2000U NI A1 EYR aAA48LNILNN Leadlifiinn
n53a00uluaINa Ul AINANYUATUNAIU-

T TN 2o
granIN Tananlail azpegllfansaniiumnge
ArNaNsnlunisindan i la luunszuau-
nsuyudawinaunlalun (recycle process)

mell

Towards the Understanding of Embodied Energy in Buildings:

Emergy of Construction and Demolition



SLYLBUIMRLIRRET (1002-0661 "W'Y) ¥SC-€EGC WM [EROEF] B WAIZE[H FEBURERBTIELYLERLEYBUELUMENLY ROhR@M@Srvv\@irE_Aw@MF\@ 9 K_Hm

ooz 00z 6661 6661 6661 6661 B661 ZB6L oooeg 9661 9661 9661 9661 9661 PE103]|00 EJED JO JEd A

(‘wbsjueq

B0 P9 69°04F 95408C | 58°¢LC) 15°848 Fr 666 LECLE L8504 pLLRLE | 2688CL | BLBEDL | OLEROL | B2942)L | vELBRL | pO+3)sESURdXS JnOge ] P UogeladD

BFCESL Sccll gL0ee B/C81L 9821 0&scl 20c6 alccl cGeil LLF0L L9BL L 86811 [srachols A1L09L Curbsy guw3) ijequ

fL48 9l'L8 20 LS 6L2F Sy 08'6E 556G 25 EL 08'se 09'se 5S'EC 56748 FE'RE DOLHC A= Algemausy

ELEERY

FL0 £z'0 12 cE'0 Pl 'L LSl nan BEG 187 L8 86°1 a9l L9l 413 BupEoT [EjUsLolALT

L A4+00] 747001153

59'96 EETLL 50°C £Le Lat il 25l 58'¢ 510 55°0 £6'0 c6'0 oL 'l aepUl Ageueisng ABJawg

(o +M4

80°0 900 290 L#0 LL0 890 940 28r'0 9F' s Ll SFl o 980 Lok "YI3:00EY jUBLYSEAU| ADJBWY

L5El BGaL ng'z cre F'e e LE'Z 80'¢ 811 851 B3l L8l are 661 JFAHAT 10lEY PlRIA AfisUT

56'G LLL LE'S 9z't 52T 95’2 280¢C L0E 90°'gl E6'C 56°C 90'e 9€ 2Lk Cwrbs/les plL+3) somlag

(wrbsyles

L6'89E JRAT 1984 ESER B29°0¢ 59'6¢ 53 916F gl'6 2508 EV'Ge 8E08 E8'FE 86°0F l+3) S30IAISS 0/ A ULIDJSUE] ]

(rwrbs/les

aF'sit 8892 AN 6L9F £6'Ce Lozt 1582 L1Es T SFeg 8L6Z A £hse L5k L +3) 5901nda5/M A} ILIOJSLIEI |

0'5i6kl S0rs Facs Fcoe Fare 5'62C 567¢ 09199y 0’0oy L6l FELL 09l 8'8s 5'F3 _hr@r@ﬁﬁwf

14-02 14-2 14-€ 14-2 14-¢ 14-2 141 14-2¢ 14-€ 14-2 141 14-2 14-¢ 14-¢ _Sumb LY
108 08 508 r0S 08 AL L0S 204 0 504 FiA U] AN 0o

TEREIRET ‘BLERBLIEL UL

RILBULMLIL ‘BLEZBLELY

ELELBIALFIZET

Volume 2 2004

Journal of Architectural Research and Studies

36



~
™

n

(B1) ELULBUTMILUNRY (1002-066) W'Y) PPST-EEST WM [INULH] BULWUIZEIH FIBUBLIUNELULEIEPRULLUMEALY ;Séngxrv%;&igm@ 9 wné

s
g
o
=
1002 L00Z 6661 1661 1661 0661 1002 1661 5661 5661 0002 8661 P2}08(|00 BYEP JO JBD A =
>
(‘wbsjyeq 2
C
L
ek | o2visz | soosz | eoosi | czesr | sseor | ossiel | voeorz | zosos | ssvze | zoesol | perist | po+3)sesuadxe unoge g uogessdo =
- C
o
12251 6916 Legl welg | seoez 15991 £/8cl 51061 LOZLL 62081 51821 pZhal (wrbsy gu3) juequi3 8 =
=
606 F9'E6 8804 6622 5701 €019 6525 96" 15 98’ Str co'eh aa'L b £5'0F 00X AM)=Y A1ICEMBUSY w_m 8
el
WIHN) £5
c C
Lo 100 Zr0 e 9.8 BF0 060 z8'0 Ll zel 6L I "y73: BUIPEOT [EJUBLILOIALT 22
5 2
[/ 4+ )] 7 (44183 £
8
serine | zoses | oszol Zr'0 €10 99/ 9g'e FGe 51°7 621 191 55°L peapuUl AgeUElsng ABJewg £ o
2]
>
(4+NY §g
2 €
£0'0 £0°0 LE0 512 PL'9 9£'0 6F0 £5°0 59'0 €10 940 810 "y |3:00ey Jusugsaal) ABIBWwT F o
59'LE £5'9¢ az'y I gL'l 108 co'e 06'2 Gz 187 287 87'z JAMAT 0BRY PIBLL ABIBUT
£L') 550 2'0 s z0'e 98'c ez'e 19 61’2 59'2 £5'z pE'E (W bs/les §1+3) 20188
(W hs/las
F9FE 9607 bz 1565 51 8118 1662 6835 B0 LS 11pE 18'87 zLzh fL+3) SIAIBS O/M AHILLIOJSLIEL |
(W hs/las
146G 55712 Lz'e 5066 | z016L F9° L6 9'ze 9159 8G'ee 2 e e 90'9¥ 1, +3) S30IAJDS/M A}ILLIOJSLIEI |
asess | osish | ooouy | oorer | oeler | ovrzz | osues | oosorl | oprLl 0'968 0965 0Z8¢ SLEIL BT
14700 | 14-¢ 00 | 1de LH | 149 745 14-¢ 14-) 14-21 142 142 14-2 142 (L) bBrEL e
£0-40-0 | zo-40-0 | L0400 | vOH £OH Z0H LOH 50 40 b0 40 £0 40 20 40 L0 40
SQG@W,W_(C @rﬂrmiv&v pLEYBUELU 3rvc\ﬁr% pLeyBUsLU hr@r@ggnh_u_.
™ IR s

Pimonmart Wankanapon



®  Emergy Investment Ratio (EIR) tiaNaNseuHans-

32T W A IR 18481A"INTNBT Al Faum &
msmnu’luo;mw%wmmﬂm o uszu-
QUIUTLAINIBUNNEILEN UATENANITINELNG
mmm‘Lm&fﬁnnmmuh”ﬁum”wmmm'famj”w@:
17N

®  Emergy Sustainabilitv Index (ESI) {HaRa1IUNa-

miﬂmuu WL A ELR LRNRNANINIRIRT Pl muum
Tanuas Tuanef HeTsULauIuT A NI 1
MEuan u,@wmmﬁmwmmmmmslumumm
*  Renewabiity (R) LN@W@’]?M’WN@T]']?‘]J?WLN%WU’J’]
m ESI 10401A"5HIAY mu Fam umm Tuane
‘1/1muaivuuamuﬂumwm@umau@nu,@vmmi
‘Emwmmmmmiumuém@ﬂ ngann fmmﬂ@—
mwmmimm@ﬁ Ay Taus Sdadaunisle
NINENINANLNIRUN AU M IR ENAS 81%
ﬁn@ﬁmr{@a;ﬁaﬁwm
7.4.2 1940153000 1fafianIn
muluﬁmﬁgmmmgmm5LL@$ﬂﬁﬂ%M§Wﬂ’1ﬂ?WUdﬂ
mmmmmlumimmﬁ@ﬂ'w ESI 90481AN37iN0-
asnanael - GH flAmesninanans ‘Vllﬂl'a'&;‘ﬁﬂm'm‘ﬂﬁ
1N WazALELnIn NN ULl e R
‘H‘ﬂ\‘i@’]ﬂ’]ﬁ‘ﬂﬁ‘ﬂjﬁﬂﬂﬁﬁﬁﬂﬂ%‘%@ﬂ'ﬂuﬁﬁﬁﬁﬁ fiagan
uﬁmmummmmmnmemmmmmﬂ@umlﬂmﬁi@
fmmmmew”lmmmmmnaumlﬂmimﬁummmi
%ﬁzﬁ“mzﬁlqwmrf@mmLmz{qmu‘mmmﬁﬁﬂ@mm
Igiuuliua"m'quﬁ'uﬁﬂm'ﬁfj"amqmma'\‘iﬁ'mmsa
vhnduanlsluale
\flafiansanuaanndaiidwnany aunen
aquludvengnislaenansla nnenAsiinisasnune
NINENNIT LA INENSA I LINN9Y 81PN
mmxﬁfammﬂ%mmaémnm'ﬂ
TmiReafs nsfiansanlugaulignanm
ﬁ“::L!ﬂ%’mLWLI’]t@NIuﬂﬂiLgfﬂﬂI%IﬂN@;’]\ﬂ[; T
ﬁmmmmuhiﬂﬁuwﬁ\mm“luﬁqﬂ%\mwufwmma? Uay
ﬂﬂﬂmwmmiluﬂﬁ@ﬂiulwaﬂlumqvmmma EING
AENATY  HTTTLLRLILAUANLTEUANELen TTWES-
ulunssuenma 220 msa /iy Eedeufussay

neggauyuiilandanulunisuiuenie 16 me.u./ fiu

Journal of Architectural Research and Studies Volume 2 2004

75 mmﬂﬂﬂimﬂm‘lmﬂmwmma‘imﬂm\i
AENANUAZANIIN Usznaunas
. fi”mmm,mmwmmmﬁﬁﬂﬁum%ﬂw,"J“m—
TAT92974
*  Fapannuuasi luanunsnundunnlaluw, Jag-
N WA
e A A e d o > L
*  Jagvrenandnmauy 9 Ndnnlrlunineas,
IUTTUY
Y -
* L3l lun1neasng
TpepuduAusiUANHucTATAT9 WATlA

| o A
ﬂ’]i‘ﬂ@@fﬁ\i 708U LLZ\]”ﬂi‘”LﬂW‘ﬂ@\‘i@’]ﬂ’]? Iﬁﬂﬂ@@ﬁ%ﬂ

r:mmmwmmumamwmnmm An mmmmmmm
1mmﬁ34ﬂmmﬂ@umiﬂwmmmmr;mLLm
v ﬂm@@ﬂ%fm@ﬂfamqﬂumma‘ ALY
NANTEUFIT

7.5.1 madanledaneiansiidlsunn
NN W FARANUAeIANT FARAINUMATH lua1NneD

o

vndurn ol Adgaenle

. f‘fmmﬁﬁmmmmmﬂummumﬂuﬂi”mﬁ

v
o

. mmn@m’]\imﬂLma\mmmmmﬂ@umlﬂw
‘vimm R annnaviemiy 50 il
. fj“mﬂ@mwﬂumﬁuﬂnﬁw%mmmmwﬁwm—
ueelunseenuuY U ANduszAnE ndzan
W@T\NmmfaﬁmmnLLrﬁf\ma’*ﬂmgLﬂuﬂ?mmum
AnsfiAn 1A 2E+15 sejf Msamms etuand
L@ﬁlﬁimﬂﬁﬁﬂm@ﬁ@@ﬁmgwﬁuﬁm
7.5.2 lunseinfiaanasnidunesladan
anuasd lnansnsnshngusnlalvle  aasiarsns
lummmuwu@ﬂmﬁm@iﬂ@mmﬂmmmmmmmmm
mmiamﬂ@umlﬂuuimiummi LW@mmmmu
yarsEgAansludnm N R w12 2wl
7.5.3 Tun17n 843194823 808 UTTLIL
nsnedseianansnansvazuanadle i srLRs
g 15ag azrnATNE AT ALAAa el AaTANTia
14918989340 81891AN3 peaupdudsz@ntnng
AZANNA ey nslaaud fand il udndou

' v

LREAY 1T mmmsmumﬂmﬂmmu@ﬁ Avadenla
f;zwv;'w34mﬁuﬂ@mwﬁmmmmwmmuu@ﬂma
N9 AT TUR FUA WA N WA AN TIN T

I . d o
Wugauntanazgag lunisnivuanasidupTasda i

Faculty of Architecture Thammasat University




ﬂmﬁ@nlﬁ?’mmr{m;ﬂﬂummiﬂi”mwﬁq 1 aenals
1A AITANANTUINAIUAY mmquummi‘ﬂﬂum
WESLI 199l T9997ANTUATANITUNELNE)
18391A13RIlATAT A INA TN UAYe

7.6 TRLALALLE
nnsdnEuazasanelllueunen [4] AefiAos
NA1TOUAD
7.6.1 N1TANBINAIIUATANIINT D
mmimmmmqmﬂ%@mmm@ 1 81A"3 Lﬁ@@ﬂ@ﬁﬂ
seazlBen ludean
7.6.2 NNIANNLULLILINUNAI91UTRS
A7 PEIANE I UAT AN TINLAYANE L Il
0¢1197187AN3
iasantszmalneniv m*amﬂmmqmuﬁm—
m@u@”Lummmim?ﬂs”mmmmmmmiﬂ@fmwLL@V
Msrenay vmr;_jmﬂmm%fmmi@um‘amqm@mmi
AATZI LA T LA A SN UAZ AN TINTD I ANS
Taelavdnnnstlszifiuand s udsausy :aumanns-
AavTuuaunlunisAnm luanzineniu ﬁmﬁj@m
m@qmmamu‘tumluﬂumﬂ”lmm faluilaansanenng
sty Asmeslanataumann TunisAnsiiaFs
peldluewnan Aasiinissuseallgnandniinaeey i

4 . . v
Nenves lunisdavidugiureyafiannsnaumiile
5911

Pimonmart Wankanapon

Towards the Understanding of Embodied Energy in Buildings:

Emergy of Construction and Demolition



518119819849 (References)

(1]

(2]

(3]
(4]

AFHAAUILALABETNNAINU NTENIWNINGNANERT WATUIaTLATRIUIAAN. T8 UNALIRdLlszmna lne ]

2542, WASTINN: hitp://www.dedp.go.th, [3 NNANYLE 2545].

ANHITBAID ANNIANANN Odum, Howard T. Environmental Accounting: EMERGY and Environment Decision

Making. New York: John Wiley, 1996.
AI18AZDEATBINITAUIRLANIEN AN [2]

- . o ¥ od ' o < v aln® " LAY .
nYeNANTuNAadsenaulfunn Wasain Adulsransnisarannasnud laluudanen wuanedsunann
Howard T. Odum yvinN1534% 3849 Emergy Analysis (Odum,1996) lunnamas ladinnsiuunluasuanduilssanasa
na1q AN Handbook of Emergy Evaluation (Odum,2000) Af AIANLTZANEN17ASANNANIUAN x 1.68 =

Ardnss@ninisazannawiulny luanuddeaiad Gallaguadszneulfuunsinatn feiu Tunisauanan

v v

wasuazansnluauaa Asinslfuunlugnaesane.

U990UNUNTH (Bibliography)

(1]
(2]
(3]

(4]
(5]

(6]

(7]

(8]

(9]

(10]

(1]

(12]

[13]

naNTuENEn"9. UANNAUTNNNINAALLILINI BN AARDAIUIUINIAINATY. hitp://www.psd.go.th, [6 HWAN 2544].

AN MANAUILYFLMINNAAIWNUAZAAINT. ANNATIH 2, ngamnn «: AingWl eev wudiesy, Tudsngdniem.

U3 giileuudalediona a1rin, Alan191seanninig (Estimation Manual & Building Material). WNWAZIH 6, NLlv.
: NN ¥, 2533.
WAN qunsasie. N191l3vannigAINaag. ANNAIN 18, ngemw «;, axnaxassunatulat (Ina-flw): 2538

9340UM YIuN1eYau. Environmental Technology WAz Green Architecture. 18n8131/32N81IN1388Y 391

WAIUINI3ATIN138011 R8N, AMTANITRENIINAIARNT AWIAINTUNUNINENAE, 2543,

Q?ﬁmsﬁg?mﬂmm@ﬁ. Energy and Environment inputs in Building Operation (Condominium Case Study, Bangkok
Thailand). AnszAnansannine 2543 AnanTRENITNANGRT @Wm\imﬂiwﬁwmﬁﬂ, 2543,

ANNANYRAMNITNNDATWNE, 219109, T71 29 21TUT 345 HunAx 2544, ngann +: Taeiunhauman 2544,

Brown, L.,Harry. Energy Analysis of 108 Industrial Processes. Atlanta, GA: Fairmont Press, 1985.
Buchanan, H., Andrew, and Honey, G., Brian. Energy and Carbon Dioxide Implications of Building Construction.
Energy and Buildings, 20 1994. New York: Elsevier Science, 1994,

Buranakarn, Vorasun. Evaluation of Recycling and Reuse of Building Materials Using the Emergy Analysis Method.

Dissertation (Ph.D.), Department of Architecture, University of Florida, 1998.
Odum, Howard T. Environmental accounting: EMERGY and environment decision making. New York: John
Wiley, 1996.

Odum, Howard T., Brown Mark T. and Brandt-Williams, Sherry. Handbook of Emergy Evaluation: A compendium

of Data for Emergy Computation Issued in a Series of Folios. Folio#1 Introduction and Global Budget, May 2000.
Florida: Center for Environmental Policy Environmental Engineering Sciences, 2000.

Odum, Howard T. Handbook of Emergy Evaluation: A Compendium of Data for Emergy Computation Issued in

a Series of Folios. Folio#2 Emergy of Global Processes, May 2000. Florida: Center for Environmental Policy

Environmental Engineering Sciences, 2000.

Journal of Architectural Research and Studies Volume 2 2004



[14] Stein, Benjamin. and Reynolds, S., John. Mechanical and Electrical Equipment for Building. 8" Edition, New
York: John Wiley & Son, 1992.
[15] Stein R., G. Architecture and Energy. Garden City, NY: Anchor Press/Doubleday, 1977.

Pimonmart Wankanapon Towards the Underst.andlng of Emb.o.dled Energy in Buildings: 41
Emergy of Construction and Demolition






