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Abstract:

After a brief introduction to the history, fundamental concept, method and steps of emergy theory and

analysis method, the current situation and future trends of six frontiers of emergy study are reviewed and
discussed. The six frontier fields in emergy study include: applied research, emergy theory and the optimization of
evaluation system, the integration study of emergy in connection with landscape ecology and other
thermodynamic theory, measuring method, and unification of emergy transformity.

Key words: Emergy; Application study; Frontier research

RFEEBRARAERU, EFRELHMARGY
ARNEERRG. RETATRENTHEGRSH
B ARHLSLEHE BRBXR. FAMERRE
RHRER RE AR R, AR E AT BN
BNk A—MRER R ERNARENE R BRI
BRESHLXLFHEARKR. R HTREEIKX
B, MEPTIER “RERER” W, BIARRE
MEAR R, EREAHERAKN, RESRER. B
W17 eRE. 1T KPHAERD 1T SEERA—HEK, X
ARERTREMT ARRERMEMRE. EERS
SAT 77 AR I B X — 1] BB A AR R R B T 2
B, RN EASKEE 20 REN, DELRTEE
EMAESRANFAATKH /R T ZHEAN
REREN. ACEEEER ST HERmEY

BriK B M3 : 2003-04-22

¥ Q)19 :2003-07-22

B EERS T ES S RIEMENA, X RE{E B
LA TR S A B AT R G0R

1 BRAE B M A A= A B
SEHIE

XEFLRALESFF H T. Odum J\ 20 4
70 SEAREE, AT RARRER ¥ HT T RATMRA
RIBFS, f i T — RIIFHMSHITHRENEZE R
W, HPaHE 70-80 MR UMEBER RS B
R RERE . ORAE(EIRE) BB ERERE
FWM. B—RERRFRRELFHRBERE—
2, TR A RERR YR, ZH EFRAET IR
DR BABERIMILT . 80 AR5 HF 90

ELMA : AR AR E£(30270282,30170147); 1 3R 45 ¥ & FBA IR 5 (003031); = ERM E ek PB AT K X &M E B

* i iR & Corresponding author



http://www.cqvip.com

E3IM

WERS: RREFIKILA G0 RE 269

FEARBISLT “REE " (Emergy), LR K P BEE #E e
L -RIES, KRB THMERBMASNTHIE,
JTENATFENZRE ERUNESREHRT
3R — MR E T E Y,

EM Rz R F RIS N5 —Mis)
R ROHER, Bt e R el EEH
BR. REFSERBE R Y EERREERE
BT AMEE, BELERNATEURKMEENEA,
FRREBEARE A AR BB A FIRR R BN REAE.

BEE A AT RE R R 2K, BITE Bl B B for S0
REREYE. R BTSN M RBEERRNATR
FIRFEE)Z B, W &5 A SRIHE##T S — KR A
PR, NTTRB T B T EREH R LK
UL BCRE () e R BE 22, E T e E B H 2 KPR RE{E)
R—H—HERE, SR TARARESFR AR
FREBKNS—ER.

NTE2FTRASESHE AR TRASLH
FREFOAHAREEREZATHRRERNES
I, BEAE ST T EE R R BEAE / B T Eo s, Bl 4R % E
SERENAHBBEHFREERA ™ RERNL,
HH N ERHRTE 8. RN, RE/ AL
IRATE A SR 5 M SEbr 3L M 558h 11 kR eE N
FiiniE. K2, CastERIFT RS g/ htuE
TR MR R E R MAME, MR TES
PN A o BRI S ST H SRR E.

REAE 20 47 B RAK 7% 5 2 RE BT 3 & ABF
REMEAARR, BEAESHUT 5 H:(DBE
BIRARAMVARMAE, KERFERBNGEER;
()W SR P 7% ) 8- BOBL AN B0, BB 4 26, s At
BWHICFAE; C)RmEREEN TR, TERLENE
ERBHR WAR. .25 BEMTE—REOER
T B R EE KM RE R B KPR R A
ER MHMES 6 T, Kb “KMeE" FF “ A%
¥ IRULRPHEEEFEHRE”  RERTMNE"F
T “KPFHEEE” BRUAFERNEF “RE/ R/
B (DREIBIFEREILROWN, REBFEE
HHRER R R RETRE P RE HE FE R
BH%E; O)RGRBIPF KRG 4T, X RS
B IRAL TR .

2 EASMITFUR LA HS o R A

BRI A AT 7 i R R R, B HRE
WATTARS BR FERESHSLFNEMM

EXR, RAIEUHERRAETERER, B
EZEGESER BFER REER RBAR
FEMRE. I 10 BEXR, SRENSHTIEN N BT
5, RENEFRSMX . SR RE . TR RFHI5E
EATHAEERY. £EER L, 20 4 80 FAXE
ERMFEESE T RAEED I, BAH B 3
KA WEET 90 FARETTRE. RE T 20t 90
FERVBEEEERRTSINRERRY, FRT
ER SHX R BRRY XA 7 ) REE
STABRTERR. BIE M. B, L. g
RS K F AP BALBATH KRBT, BaaE
BB RS LA B R R LR

21 BREAGEHENER

EAgEEBT L Odum J HEHEENMNZERE
MERBPETLHFRART T RAENBR, 5
WRE, SEERT R T BT AR eSS
FH X R i N R R B BTN BEAE BT ST
HI K

FELZEREL, X AKBEIE R HK, B35
W SR . AUNEREESLZFESREH#TT
KEHRMESFHIF. Odum 5 20 itHE 80 ER KB
T—ERFREMTHEY HERERETEE
P 12 N EZARSKTTRBTS, R EEXT 12 MM
BATERFA™: RE X 4 FaRE. FE”. X
K &H X T RABEFE RN RERTER
SP PHERAT P BT RERE R EEEI T
KEFXEIFE . FEEE". G TMNE,
MARVREDREENERENHREHTH
BB X 2T KR MEER S S, I A MRIE iE
AR5 Tk B TR 5 B DI KA E. %
HEm LELMREAR T EQFEMIFEBCE. B
RRCEREFIES; fElkE’ﬁJ:BﬁX]“F%F
FHRFR RS

EEBRGRB L, ﬁéﬁﬁﬁﬁiﬁﬁb\ HRER
REHRIARAPEEIRL ARG B ET
BIIZERN. TV RAEEFERESREG . Odum & F
1987 gk P20 T Hg 2 77 L SE 78 L L AV T AR YL
. R E A% HRESRENE DI REE AT
5N, IR S RSN F B b B I R K28 T
il BT 501, Nilsson 5 70 47 T 88 i i B /K 40 3 %
U9, 75 BRI X BT 5 T8 > SRR X A
MR 5 X7, RGN B3R B R R R
HATREF K. REEBFRENIN SN —EHE



http://www.cqvip.com

270 Pl I AHAE W EIR

F12%

BRESTH—ARKX, BrENATRERLAE
B CRERERBENRENESREN T
B0, 3R 7 % U KB SRR VA B, BT
SR RES TR RBRIRVESZFRE, HH
DA R ML BER ST I CALLER . 7EHE R HE
WREM R AESTRED R ERURE " E D
WK MFEHTFRR - ARG B TR 57, Brown
U £ EH A W RKIUE R T REAT T BB
R, i B GRS B O/ 3 Mg BT E#EAT
RREVHE RS, BTSSRI, B R
FUEREFE X G FENT HIETRE
BATTHHR. RERRGTERUERT BRESRE
ZMABEHTARRELFRE, # Odum 54
“BREZFZREMHFR”, FEHERTEE
HEESE TUEFEFULESEHREREN
BRI Br BT RS N R EETE A W R .

22 EREEERARMEHEROALTER

BRE B R R H b SRR IR W SRR & Bt T
R RA T — IR R, IR AR T
REBEIRARALETEERERNZE PO R E, B
BASEHAERD T —IFHRENE, FNFE
BTEAESEFEMIMTE. BEI—IFNE
LA BERERNATE, A HRZAHE R
RATRERBREINGERE. XIMREERAR
EHIFM IR R AR A RREAR R P RTHR AR
Z—, AR BR AW, 1997 £XEFAEZF
Z Brown fIE AR A& F K Ulgiati "5 R H T
RRME W FFLLiRdr ESI, e ChRGRRMAEN HER G5
Y b, B EYR/ELR, ESI {32 4 ¥ 45 s b
THREHRPREVTHERBRRMESZS RN
PRI 28R, TER G TR LR B M BB VP A 5 T 3
T—KiF. BHFRZIXEET™ B ALRE LSS5
TIRRH S R, ESI ({148 W AR AR Hei% B3 R T Rk
RRBREPIENR. BESEESIMEMLEYT B TH
FIIF M RGP RS R B 1 88 1 Bk {E #k 45 EISD
(Emergy indices of sustaintable development), £ X 3%
RESHESRERERNRBEHRERB R,
Bl EYRXEER/ELR, \TijSEBL T REMER M 525
HAFKH—P RS, HFERINE TERIL=AM
3PP RAERERWAESTEEXMFRC. T
EPMRE T DARRE ST A E IS L K R TR
R BEPMIRER, B T RE 1978-1998 £ L 5
REMNTRERBIYE. EXRERROTHE, &

MEES T HFEERE SR TRFESEMHS
Friviskig, Ulgiati 51 Brown 32 i R ES RYIAT
T AR GIR S R R VP 205 Fe kO 20 88
MRS b E B E N exergy(Bl—EHIFF
BEGTEYRBRRZB R EEEREHRE
B ISRT, RSB RGT AN F
ARSI ARMEN T, B E DT 5 RS E 08
BE, RV HARRGHTHETS g 535 R et
Bt o 05O th H iR R T AR SRR
HROT TR AR S, BG4 5 YR 2 47 0 B
& R R G5 RO R W

23 SRWESHFNLZIHR

BEE 2T KRN SRR S RINEH &
HERB, KRENESLFEHRBRABR. /£
AEZLEFRES T BUTRZ —HRREERT
%, il 5 RVAZEEFR TG ST —
FwE. HHEILSE GIS EFBHELHMHX
SFAREFBRUBETERORX . BEEBTREERX.
MR % 5 gL R X EIRI R X R HRRE
X% 6 MBEX, B iE T AR R E NG E T A
BRI ERE TS IMEAERBFRREL
R B, $Rit T ReERT RS R AL R R R R
TER AR F EN R 5. BT S, SBUR B
FRLLTRPH B, Hfrt—FHHEA.

2 5RNFEREAERREANEESHWR

Exergy fl Emergy AR RBERETERBN
PN BT ERAH IS B B R R R ik . Exergy
R FEURD ER A TR AER, HATC RS 7
MAFEHRRI YR T EZ—. Exergy fil Emergy #
MRS, WERRREENMRNERES FFHE
BENGEERE, ERFRALEAI LIRS
BT 3 MRS [R) FL&- R g B R B v FE I BR B LA
ifj Bastianoni 1 Marchettini®3g i B 75 & ) b B R
RAREERHACRS N EFENE, R SEHE LK
X%, Exergy fl Emergy [8] (1% th i3 & BF AN
EUE, TEHERRP—BRE NS EERERY
FERI— N R Ie,

2.5 geERT NG EFHER

REAT, EREARERT XN 5932 84k
HITHE 7 LA R #— P4 —. Odum 637 K8k
BRI, BR PR AE R, A—4&



http://www.cqvip.com

LR

EFSE: BRETRKN LA RIS 271

FEHRmERSEFEGHEE S AFHERGE
HEHHE, BETHRE R BEEN, DUEAFE M i
18, BB A 7= 5 AR = S T FE IR 9 [R) — REAE e 4™,
X EH Bl SRR dh B RE XS B R
BERT —ERREK, At REFREEZMH=H
MEREMEEFHRIET R —FHARE, IHE
RBEN®ETE—~HMK KL . Bastianoni
Marchettinit 42 1 T BX-& $ 3 3 HUBUE $% B3 (K
2y R EREPAR T HBERE RSN . BERKRE
MEXR, BAFHAREEFERBEE R HEE
BEISEMEHNGEREMZE REERENE
SR, B AT B = G R BE R 8 A0 3R R LUI% = &)
FREENERHNLM., B —1ME49. 8508
B8 3 b= B IR PRI TTAK, B H R E
BEHMATHHANEMHEEHREME—
F=HRZ.

26 BeBRRENG—

REE T E R A R X RE M DA
B H {5 B BAT R E SR A AT, BT B
REERFER. i, ERRERREBETHEEEE
ViR R 5 BRKREE, HAERRIKREE
FERN . Odum B v KPR REE R iR & w]
WAEBKEEKE . RERBEESTNTEE, B5¢
BUPKIR L REEEN A REE TS A E
FERHE, NRE T M I B B R R R A P K E A
HMBAERTHER . EREMEEEST LB
ERBUHTERETFNRI AP RERRE.
MEEEET R RER X NEERNES SR EE
X, BRAGKNEIBRIERITBE. TENEL.
2000 £ 2002 SEAEKEMBRMETHE —. =
B “REMTHARE” B—HRAELREAA
HITBRRE - RRERRENRE LENG

o

3 4

REEZRESAT T EERGESERNLE
FRIIERDR M, Bl hBRBRLESENS T
FIBFR, REERMREEX. EER L, S E M7
NEBREN B EBRENE M ERRBITE
EOPTITRE T RAFFFF B8, 7T —4
BEMKREMHERNRARE BB TESRA
MEBFESRETHE MR GE—FrAE, RENFE
B TESENSH LN ENTFR . ELHEEX

b, NARENTERENBRFIARRZEFR
%X, ERANTHRBEARELFEHHETMEUAK
EMZRMXR, A TRBESHREELIE
B X ERBRBEHM LN ELENA LHER
FEHIRIE LT KRR, HRFERR
X

Odum HAEFRE EFLFRAMREI T
BT EAERTTIEER, BRI EMHES
RN HTNA, FERILERERR. S
WA MR ER T EHARUBERES HEE
MEESRERMESE A NFFEANNREM
REMBRENTE. RN, REERRAREN
HETHFE—EHREREFAXRNESERE.

$ 2wk

[1] OdumHT. Environmental Accounting — Emergy and Environ-
mental Decision Making [M]. New York: John Wiley & Sons,
1996. 20-50.

[2] LanSF(¥#3%), Qin P($kM), Lu H F(Bi £ 3%). Emergy Analysis
of Ecological-economic Systems [M]}. Beijing: Chemistry Industry
Press, 2002. 30-31, 420—421.(in Chinese)

[3] Lan S F(#5#%%5). Emergy analysis of ecological-economic systems
[A]. In: Advances in Model Ecology [M]. Beijing: China Science
& Technology Press, 1992. 266—-286.(in Chinese)

[4] Lan S F, Odum H T. Emergy synthesis of the environmental
resources basis and economy in China [J]. Ecol Sci, 1994, 14(1):
63-74.

[5] Odum HT, Odum E C. Ecology and Economy: “Emergy”
Analysis and Public Policy in Texas [M]. Texas: The Office of
Natural Resoures and Texas Department of Agriculture, 1987.
163-171.

[6] Huang S L (3K 4 4L ). The comparison and snalysis of urban
ecosystern in Taiwan & the strategy of sustainable city [D].
Taipei: City of Zhongxing University, 1993. 31-38_(in Chinese)

[71 Huang S L (3 1 3. ). The evaluation study of city from the
ecological enetgy viewpoint [D]. Taipei: City of Zhongxing Uni-
versity, 1996. 3—11. (in Chinese)

[8] Yan M C(#%#8), Odum H T. A study on emergy evaluation and
sustainable development of Tibetan eco-economic system [J]. J
Natl Resour( 5 4R % ¥ 3241 ), 1998, 13(2):116-125.(in Chinese)

(9] LiH T(ZFE¥##), Yan M C(77E48), Shen W Q(IL 3L i), et al.
Study on emergy evaluation and sustainble development of
economical ecosystems of Xinjiang [J]. Arid Land Geog(F+ 8 X #h
), 2001, 24(4):289-296. (in Chinese)

[10] Yan M C(7%48), Li H T(Z=33 %), Cheng H(#2 %), et al. Emergy
analysis and assessment of main products of agriculture, forestry,
animal husbandry and fishery in China [J]. J Beijing For Univ (it
TR K% %48), 2001, 23(6):66-69. (in Chinese)

[11] Lan S F, Odum H T. Emergy synthesis of the environment and



http://www.cqvip.com

272 P E A EYFER

B12%

economy of Hong Kong [J]. J Envir Sci, 1994, 6(4):432-439.

[12] Huang S L, Chen C S. A system to analyse environmental carring
capacity for managing urban growth of the Taipei metropolitan
region [J]. J Envir Manag, 1990, 31:46-60.

[13] Sui C H(M % #£),Lan S F( ¥ #& 75 ). Emergy analysis of
Guangzhou urban ecosystem [J]. Chongging Envir Sci( # [k 3 3§
F2£), 2001, 23(5):4-6.(in Chinese)

[14] Bastianoni S, Marchettini N. The problem of co-production in
environmental accounting by emergy analysis [J]. Ecol Model,
2000, 129:187-193.

[15] Su J(3#8), Lan S F(#5 52 %). A new method to evaluate integrate
benefit of forestry—emergy analysis [J]. World For Res(ith 5 #k ol
B9T), 2000, 13(1):32-37.(in Chinese)

[16] Nilsson D. Energy, exergy and emergy analysis of using straw as
fuel in district heating plants [J]. Biomass Bioenergy, 1997, 13
(1/2):63-73.

[17] Qin P, Wong Y S, Tam N F Y. Emergy evaluation of Mai Po
mangrove marshes [J]. Ecol Eng, 2000, 16:271-280.

(18] Zhu H G(%&#t %), Qin P(4 M), Wan S W(J7 # 3). Emergy
analysis of two models of wetland utilization on seashore in Jiangsu
Province [J]. Chin J Ecol (4 &£ 24 &), 2001, 20(1):38—44 (in
Chinese)

[19] Bastionani S, Marchettini N, Panzieri M, et al. Sustainability
assessment of a farm in the Chianti area(ltaly) [J]. J Clean Prod,
2001, 9:365-373.

[20] Lagerberg C. Emergy analysis of tomato production systems [A].
In: Brown M T. Emergy Synthesis: Theory and Application of the
Emergy Methodology [M]. Gainesville: The Center for Environ-
mental Policy, 2000. 101-106.

[21] Lan S F(#% §& % ). Emergy synthesis of the agricultural resource
base and economy of China [A]. In: Modemn Resource
Environment and Economy Development [M]. Wuhan: Huazhong
University of Science and Technology Press, 1995. 26 -29. (in
Chinese)

[22] Lan S F, Chen F P. Emergy Analysis of Chinese Agroecological

— Economic System [A]. In: Proceedings of Ecological Summit

96 [C]. Copenhagen: Elsevier, 1996.

Liu X MG #i7%), Lan S F(3§ #55), Chen F P(B& K #8). Emergy

analysis of the plant system of Guangdong Province [J]. J South

China Agri Univ(# By fe Yk RS %4R), 1999, 20(1):111-115.(in

Chinese)

[24] SuG LFRE M), Li M Z(Z B ), Lan S F(I§ &%), et al. Emergy
analysis and sustainable development of farming system in
Sanshui of Guangdong [J]. Res Agri Modern (4% Mk LR 4L B 9%),
1999, 20(6):359-361.(in Chinese)

[25] Zhang Y H(3 ¥%E), Lan S F(# & %), Chen F P(Fk & M)
Emergy analysis of agriculture of Hainan Province [J]. Rural

23

—

Eco-Envir (& kf 4 & FF3K), 1999, 15(1):5-9.(in Chinese)

[26] An S Q, Bao HS, Zou C J. Study of emergy flow in a compound
agro-ecosystem in the Taihu lake area, Jiangsu Province, China [J].
Ecol Eng, 1998, 11:303-313.

[27] LuH F(%%), Lan S F(#5 &%), Li M Z(Z % B). The study on
emergy analysis method of the agricultural economical ecosystem
[3]. J Shaoguan Univ(¥F 3t k2% 2 43), 2000, 21(4):74-78.(in
Chinese)

[28] Brown M T, Herendeen R A. Embodied energy amalysis and
emergy analysis: a comparative view [J]. Ecol Econ, 1996, 19:
219-235.

[29] Zhang C T3k $3), Qin P(&k4R), Wan S W(J7 4 30). Analysis on
the resource allocation structure of Spartina alternifora ecological
engineering from the emergy benefits aspect [J]. Acta Ecol Sin(4
A&4R), 2000, 20(6):1045-1049.(in Chinese)

[30] Brown M T, Ulgiati S. Emergy-based indices and rations to
evaluate sustainability: monitoring economies and technology
toward environmentally sound innovation [J]. Ecol Eng, 1997, (9):
51-69.

[31] Lu HF (B %), Lan S F(I§ 48 %), Li L(ZF), et al. Studies on
emergy indices for evaluating system sustainable development
property [J]. Chin Envir Sci(qr B 3f 3} 2£), 2002, 22(4):380-
384 (in Chinese)

[32] LuHF, Lan S F, Chen F P, et al. Emergy study on dike-pond
eco-agricultural engineering modes [J]. Transactions of the CSAE,
2002, 18(5):145-150.

[33] Li S C(EX ), Fu X F({ /5 8), Zheng D (3§ f&). Emergy
analysis for evaluating sustainability of Chinese economy [J]. J
Natl Resour( 5 4R B 2£4R), 2001, 16(4):297-304.(in Chinese)

[34] Ulgiati S, Brown M T. Quantifying the environmental support for
dilution and abatement of process emissions: the case of electricity
production [J]. J Clean Prod, 2002, 10:335-348.

[35] Bastianoni S, Marchettini N. Emergy/exergy ratio as a measure of
the level of organization of systems [J]. Ecol Model, 1997, 99:33—
40,

[36] Lu HF, Lan S F, Peng S L. New emergy indices for sustainable
development [J]. J Envir Sci, 2003, 15(4):562-569.

[37] Huang S L, Lai H Y, Lee C L. Energy hierarchy and urban land-
scape system [J]. Lands Urb Plan, 2001, 53:145-161.

[38] Ulgiati S. Energy, emergy and embodied exergy: diverging or
converging approaches? [A]. In: Brown M T. Emergy Synthesis:
Theory and Application of the Emergy Methodology [M].
Gainesville: The Center for Environmental Policy, 2000. 15-32.

[39] Pereira J T V, Nebra S A. Transformities and exergetic cost — a
discussion [A]. In: Brown M T. Emergy Synthesis: Theory and
Application of the Emergy Methodology [M]. Gainesville: The
Center for Environmental Policy, 2000. 71-80.



http://www.cqvip.com

