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A Study on Environmental Responsibility Index of

Manufacturing Industry by Emergy Analysis

Yun Mi Jea

Department of Environmental Engineering, Graduate School,

Pukyong National University

Abstract

Business and industry, including transnational corporations, play a crucial role in
the social and economic development of a country. The Republic of Korea needs
to promote the sustainable industry due to the socio-economic as well as
environmental threats. The principal threats to the industry are insufficiency and
depletion of non-renewable natural resources, decline of economic growth rate,
increase of unemployment. Another reason is that Korea’s industrial structure is
based to the resource-intensive and energy-intensive industries. So, Korea's
industries are feeble to the global environmental regulations and have difficulty in
getting competence in the new era.

The improvement of production system through technologies and processes that
utilize resources more cfficiently and at the same time produce less wastes -
achieving more with less - is an important path way towards sustainability for
business and industry.

So, we need better evaluation methods for sustainable industry - more

quantifative and qualitative.
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The Emergy analysis from Odum is organized as a top-down approach where
systems diagrams of processes are drawn to organize evaluations and account for
all inputs and outflows from production processes. Emergy is the available energy
of one kind of previously used up directly and indirectly to make a service or
product. Work of energy transformation can be measured by the availability of the
energy that is used up. Thus, real wealth can be measured by the work
previously done. Emergy is a scientific measure of real wealth in terms of the
energy required to do the work of production.

Emergy based indices(EYR, ELR, EIR, %R, etc.) can provide insights into the
thermodynamic efficiency of the process, the quality of its output, and the
interaction between the process and its surrounding environment. However, in an
industrial system, the inputs are mostly nonrenewable, R is nearly zero, ultimate
purpose is pursuit of profits in economic activity.

In study, We present two indice based on emergy - EEE(Ecological Economic
Efficiency), ERI(Environemental Responsibility Index).

A new index, EEE is defined as, EEE = G.O.E./Ys. Here, GO.E. is the emergy
value of Gross Qutput and estimated as gross output multiplied by EmWon ratio,
Ys is the emergy used in whole country. We define EEE as the Ecological
Economic Efficiency.

Speaking above, Sustainable industry is possible when it increase the efficiency
of resource utilization, including increasing the reuse and recycling of residues and
to reduce the quantity of waste discharge that is, eco-efficiency maximized.

Therefore, The ERI is shown to be a function of the net yield of the economy,
its "load’ on the environment and ecological economic efficiency. The ERI can be
written as, ERI = (1000xEYR=EEE)/ELR = (1000xRxG.O.E.)/F(F+N).

In this study, author present a new index ERI - Environmental Responsibility
Index- and the results of its application.

Manufacturing industry produced 30% of total GDP(Gross Domestic Product.)
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in 2001. we evaluated 23 divisions of manufacturing industry by emergy analysis
and calculated ERI, using results of analysis. The higher ERI, more friendly to
environment.

As a results, the highest ERI is 0.12 in Recycling, the lowest ERI is 0.00 in
Coke, refined petroleum products which is dominated by ELR.

The suggested indices help us understand relative contributions of various
alternatives in company’s production and consumption activity, and provide a tool
of decision-making. Furthermore, they contribute to operation of environmental

friendly company and industrial construction.
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Table 2.1 Standard concerned to the 1SO 14000 model

1S014040:1999 Provides the general principles, framework and methodological
requirements for the LCA of products and services

15014041:1998 Provides guidance for determining the goal and scope of an
LCA study, and for conducting a life cycle inventory

15014042:2000 Provides guidance for conducting the life cycle impact
assessment phase of an LCA study

The 1SO 14040
series 1SO/TR14043:2000 Provides guidance for the interpretation of results from an
LCA study
ISO/TR 1S0O/TS14048:2002 Provides information regarding the formatting of
data to support life cycle assessment
ISO/TR 14049/14047 Provide examples that illustrate how to apply the
guidance in ISO 14041 and iSO 14042
ISO/TR14062:2002 Provides concepts and current practices relating to
ISO 14062

integration of environmental aspects into product design and development

The 1SO 14020

series

15014020:2000 Provides general principles which serve as a basis for the
development of 1SO guidelines and standards on environmental claims and
declarations

15014021:1999 Provides guidance on the terminology, symbols and testing and
verification methodologies an organization should use forself-declaration of the
environmental aspects of its products and services(Type Il Environmental
Labelling)

15014024:1999 Provides the guiding principles and procedures for third-party
environmental labelling certification programs(Type I Environmental Labelling)

ISO/TR14025:2000 Identifies and describes elements and issues for
consideration when making declarations of quantified product information
based on Life Cycle Inventory data (Type Il Environmental declarations)

1SO 14063

1SO/WD14063 Will provide guidance on environmental communication related
to an organizations environmental aspects and performance

The ISO 14030

15014031:1999 Provides guidance on the selection and use of indicators to

evaluate an organizations environmental performance

series ISO/TR14032:1999 Provides examples from real organizations to illustrate the
use of the guidance in ISO 14031
1S019011:2002(replaces 1SO14010,14011,and 14012) Provides guidance on the
1SO 19011 principles of auditing; the management of audit programmes ;the conduct of

management system audits as well as on the competence of auditors




2.2. 1SO 14001(§ A A A A 12)
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3. A3}1# 7} (Life Cycle Assessment : LCA)

31 718
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3.2 LCA 97}
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/ Life Cycle Assessment Framework
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Fig. 2.4. Life cycle assessment framework.
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¥ A5 3 doly Mg FREq. ¥4 fidozs Hridido] s AlAH
# pdd ATENHY 458 dUA Y g5, Y822 E2RH F83 2429
7HE, AARES AR FHEEA, 4 T AR BASE Ao AdEe
A AdFe] B, AdES) AHE 2 HFARRACE, Aolg, 274 B vExEd)
o] T¥HL.

Alr, 4% @7 e RS A% HXEstE FEEv £79 543
FEANME 4ol stevelgel §4F T A 7| g vEd F
= Addge s HgEAY g, Afuva] 1@, A 298, A3t Wi 54, 54
W Bk uig A=A, 448, FdGE, o &3 e #3aE Jsag 52
U FRGEEC] zajdn AR FREAME UM SHFIHFE T Hol
Hd A2 ved 2g Ad3 vag 8 7tFEAE HEste ddd FJ4 Hrd)

xo,
i
Hu
=
e
Py

dal, sfdAzs, Fad3et BARFANA B A qs) 28z, 3
Sl Frbs oA, AAHQ AHArt 2E2E= dAelth ISO 14043¢0] o] GAMA F
8% 9% sl jlen, E4e du4d, &x4, TldE 24, EY §& pdsin
Vaser B8dgded daiz Hrpste 228 =&
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33 LCAY @8

F 2 MHlE o] &7 vAe 9%E FASn FFsS Hos)
cH 2SS Fe= AAEY ES AT 29, 71E EAge AFod Hulx

E4Yolng V)& AEY Aol A2e TAA AFolut Auls

webd, ofeis} e 4BelM LCAE FaatAl "o,

L 598 7152 7ML gou oE AE7de) 8RYFE Had o

2. W) S AF(Reference Product)s A7 4AES] $7o) fa JgFg ol
2g o

3. AES Ay FAM 7 we BAGRL BAE QAE 79, Boea e
A B3 AL 4D HF AP e A2

4 42 e AFolt HuaE Agsted 228 771 98 ALE

5 AYHOR AEEEe ANY W A&

OE

i

T 15O 14000/14040s o} ©% Aoz A= ¥ oldel, H7gpda), $A4
Y7t 58 AYee == 4 15O 14000/14040s 72T A& H ).

34 LCA9] SHA A

LCAS] A HQl B AHA
Q1 FAlel shAIZE H1n gl

LCAx F43om 34 dg¢e o

& 7Pgsta slch

LCAand e Hd&ed de FA4 AP 2y 5400 2He 250, AF
AUZoIY, 7154 W] ALL vxE B4 aRE $884 Q= Ad),
LCA: AF9 873 29 24% $1 A4, A8, 281 O& ExS o)A

i

E@3= EMolxu a1 AR} A 283 43

Re wu ohlzh NuHoE Faa

i
A



L AFsA wEd B ¥ae 254 A0 F00) el FAHY JgL

LCA7} #ale] 7|28 ¥1 23RS BEE 31 A, $F8L 7143 714

B 7R A S EFgch LCAE 1SO B3 AN Fa8 988 £33y, 75
g g 2R d9E xR e 2 F3o] vk

f

o 2 A AR F&A 22l A dHelelwo)se] AL TFEEET G
A g d uetdl A sdEe] FF L2813, vug $ gAY Fegel dod
o}

LCAE FAH=TE2AM Hg &3 828 7142 g7 Wie] 438 A% 4r
2 AFd WolA LCAY AAAAE ¥ F+= ik

Ald 10o1d Ft AEISHA Rets A4, AFHoR Hriste 22 wWyo] wg
s ta, A 7 wel AR HE Aol LCACY, A A3 R 2e dAH=

T U 94E & GARAZTE MEE gside o E Hrbiae gyl

s

Bargigli and Ulgiati(2003):= ‘Emergy and Life-Cycle Assessment of steel
production in Europe’o] X mass, energy, exergy, emergy accounting®} 47} <
S gogol He) AFeGT Fig 255 4744 Bohwel BARGS =4 4
=8

LCA= mass, energy, exergy 7FA| 9] H o] 23 F35 1, Odum(1983)4] 2Ja) A
e emergy H7bHE LCA 4828 %3 mass B4} exergy 24-& ¥Ea oz
emergy intensity (transformity)& Tmalste], Aeigxq w2, 44, He) 8
7heled Al 8ok maly, LCAAE-S $28 ¥ ole) Bl oA AR TE of
#2 F sl+e emergy FAMWH 95 A F ko] grRC)
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4. Emergy A

4.1 Emergy /I'd

111 N2d gy g2

A 2% el Sl(systems ecology) AT BARAZ FAHY A A EA
Ul Ay e vlee) RART AN ¢ shid FHE A2goz o
o, Y Qe T RE AREH 1 Fde) B3 e 57 Aad
og Aaste Axgugel F/18 BA 45 F8¢ AAFeln YFHo s}
s shiolth TaFel FTWAL ol g3te A2 Auste AdRs AALE
ol 4z gt wY B 2T AR Fo| Az K Adnst, T, A
st 5o BE GERoky slgs WHE AAND £ dE duA Axs sz
Nzde) FRE tojolnd@os EHUHL, olF 2R AuAY Y e
Fated shiie} Aagon dyste Aad BAA AFEE olgdld AuAE B4
ol AAdshs A Alad 2dg ol Este AlaHS FEHoE Hrrstan o
(Fig. 2.6).

Alael AgEere A AejAdAl dojube oA % BAY sgu Wty
Alzdl dolg g4t Ut AAde #7134 dAE AFHeE 7EE £
HE AAE F2) Wl fEolA ADE Be AZE ES M 5 A sFEY,
S Fev Ao e BAFFAE fdsn AdE FeH ez A g8
F oAk =3, Adely 27 2T AAE sty Alador HFslu Azl o
Foli} Qgre) gl Alaw oL Ae3E alF A ALY B Hore] A7
o 2& Ao WHS A & Aor B

=

L
=2
sle
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Natural Environnmetal .
. Economic Development
Conservation

Induction of Environmental
Problem Conflicts

Approach of Systems Ecology
|

System analysis System Modelling

EMERGY Analysis Energy Simulation

|
P }

EMERGY Indices Interpretation Prediction

Selecting Policy

( Real Wealth ) ( Public Benefit ’

Fig. 2.6. The methodological roots of systems ecology.
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4.1.2 Emergy2] A9

A c@FRP L 2 duAdo] v Ag AUAZFH 2% ngodiAz A
BE AF FEE AR lome gesher P Al oudsE 4940
2 4dE 2 F de s9dE= 2ol7t Aok

oleigh ol AFANETY] FFHY HIFAIAE 7102 FUT HER ¥
77l Astedl 7] o2 HHe Asst ool WA A 4. pyHoz 2nY
el ol A& solar emergy 2t A& soi(Fig. 2.7).

indirect sun
40,000 embodied in rain

. wood i coal electricity
light Plants Geolo_gncal Power
2 action 1 plant 1/4

I T X

prey —_—

Fig. 2.7. Emergy quality chain used to calculate solar transformity(Odum, 1988).
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4.1.3 Transformity

AHAN A B2 oy ¥, H9, 45RE 18T AYedom 74
H AEY 728 AT o oled 58 d@w FzrE quyx wge] s
= AlF T R(hierarchy)& A& U9 Hej7} 2w oyxe F@o| ttzs) o
woll, @7hA e oA e o] WA} A \BAFL Baf WA s A
€ O FHe AUAF F YAHE 9 (embodied energy)z BAlate] =45}
A doh A@3-S 243hE FA) Y (potential) = AR oY Aol o=}

Emergy= 2t oz ¢lel HAE el d=o] g Hzolm, o]= #2437 s
AT AEF Wl BN AZRLE S HBHEE JERNE solar transformity7} A}&
drhFig. 28). ol oUAAY Hrz ofd Felo) x| 1 jouled TWS7] 9s)A
-t HeE ARE "gYdNUx goz Homw, wYd:= solar emjoules per
joule(sej/) 2 EHBY. Transformity= o|U | AEF2E wal APehar yxyoz
S7HEH, U] AFFEUe YA B8 Rag e Ao Hwg oL

Fig. 2.8.

Solar 10° 10 10° 10° 10
Energy

Joules per Time

Eenrgy Qiuantity

Solar Joules/Joules 10° 10° 10° 10°
(t)
., %0 ®
PR [ X ] .
S R I o
.t o, o e ®

(<}

Hierarchical chain of energy transformations: (a) decrease of energy in
successive  transformations;  by-product pathways are  omitted; (b)
energy-transformation ratios in solar equivalents; (c) spatial hierarchy

characteristics(Odum, 1983).

- 21 -



4.1.4 EmWon
EmWong emergys Zadtelz @43 3oz ZAA3 Y sty 2xd £
emergy ¢} e HHzpAoe] Blg o] &3] AALSITHFig 2.9).
°f 7hAls eesslztAzt ofhde #std AxzM dang R wrze
emergyell 712 A A H A2 71X o]t

ir

Fueis
Goods &
Services

imports

Non-
Renewabie
Sources

nvironmenta
Production

Exports
Services

Economic
Production

\

Macroeconomic Overview

-

—

Total emergy flow

Emergy/Money ratio =
Money flow, GDP

Fig. 2.9. Emergy inputs used to evaluate the emergy/money ratio of the national

economy(Odum, 1996).
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4.2 Emergy A4

Emergy FMo]A 7 emergy &g 7122 EMi4 A umstn, 1 B4
< 9et3ly] Y&l Fig. 2105 o] emergy A$E5E 7 =8

Azl #YHE emergys 2% 2 A7EF I3 7 oA Qe emergy(R)
o AlzE WRe] BAUAAY emergy(N), 28T AAMoZRE §9u 54
A8, 471, 283 2E A3} £99 Fuj emergy(F)Z TRl emergy 45 S
A4kt

.
o

Purchased
Resources
4 —Servces.
/—__-
Local Non- F
Renewable
Energy .
sources Environmental Economic v Yield
r Systems Use
/
Yield(Y) = RHN+F oo 1)
BRenew. = R/(RENHF) oo (2)
Emergy Yield Ratio(EYR) = Y/F ..o (3)

Environmental Loading Ratio(ELR) = (F+N)/R ... (4)

Fig. 210 Emergy based indices, accounting for local renewable emergy
inputs(R), local nonrenewable inputs(N), and purchased inputs from

outside the system(F)(Brown and Ulgiati, 1997).
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m. 434

1 o gA =9 43

1960t A3} AgoliMe 2 w2e gyt 2R e 2oy 87

o BAE zUgM AsHRen, 19709st S0AHE AX FHNFYS ¥
FEEgoln 48 5 B3 1E 4H71E ANE FQT ABEH Ao 3%

5 olFUT #H2o] AN A Me FEAE 49L g4 asn AT, 4
249 9&s FasA e glal ATAE B4 g02 HIFE
o, A&754 S e ae REsirhe], 71, 2000).

2001, S 4 4HGross Demostic Production, GDP)-& ¢k 545z ¢1o|n], o] &
AzUYE 30%E A A B FEL 92939 a2y, FEBHL &4 051%
RbabA e, =) oAl AvlEe) 30% S 4nlEEA olFolAE Fo 2 de AL
g3ox A% FHEF3/ Ak webA, gy g#Esug gEge du 2y
A S B W Bl I AAAY gL o= Fofruh Fasdin, Ay U
o #7385 Hdg 2 oy e AW g g7t

2 ddiMe #4308 He 3AE B3 A&5FHA BAEF, volrt Frh A4
o AHHLS A ARJE Aoz dAHsHoH, UNZAHEEAUAEEH
ojAst ERT ¥ 237 AZAF Ui emergy EAL AA3S, At #/H3)
4 Agg Hgs) Mo

b
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Table 3.1 Division of manufacturing industry selected in this study

Number of

Division ' area(m?)
establishments

Manufacturing Industry 105,873 5.12E+08
15 Manufacture of Food Products & Bev. 6,985 3.79E+07
16 Manufacture of Tobacco Products 12 2.18E+06
17 Textiles, Except Sewn Wearing apparel 9,961 3.31E+07
18 Sewn Wearing Apparel & Fur Articles 9,146 2.61E+06
19 Tanning & Dressing of Leather 2,642 2.55E+06
20 Products of Wood & Cork 2,058 7.29E+06
21 Pulp, Paper & Paper Products 2,826 1.50E+07
22 Publishing, Printing & Reproduction 5,451 3.65E+06
23 Coke, Refined Petroleum Products % 1.86E+07
24 Chemicals and Chemical Products 3,382 6.70E+07
25 Rubber and Plastic Products 7611 2.70E+07
26 Non-metallic Mineral Products 3,796 4.86E+07
27 Manufacture of Basic Metals 2,385 4 97E+07
28 Fabricated Metal Products 11,640 3.12E+Q7
29 Manufacture of Other Machinery 13,777 4.49E+07
30 Computers and Office Machinery 789 3.39E+06
31 Electrical Machinery n.e.c, 5499 1.41E+07
32 Radio, TV and Communication Equip. 4315 2.02E+007
33 Medical, Precision & Optical Instruments 2,489 3.04E+06
34 Motor Vehicles & Trailers Mfg. 3,456 3.69E+07
35 Manufacture of Other Transport Equip. 1,219 2.93E+07
36 Furniture; Articles 5,880 9.95E+06
37 Recycling 458 3.73E+06
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2. Emergy %4

21 YA A2 golojay A

Odum(1996)e] Aokt i Axd AolE o) galed, N2de] FABAT HA
gz W, 2u), As 59 ARE AAFH LR dfel(Top-down)st7] sAsh oA
AzH tholo1 g #4 BrhFig. 3.2).

doloja@el #4 AAE RA, LAWY N2l BAST 44T Aoy 24
S SAsiM 2370 AZYEC] ol FoiAE B

SA, A2 SRRy $UHE AAPAALH FY A4 2 ALY )
o 4ab, a8, Aee B dGorh

N,
g
)
o
of
3
B
r o]
ol
)
fu
i
oX,
0,
)

A, 8 qUiAYE transformity £ o2 WM 2@ g AAFY A9
Bo) aalz widsta, K28 AA 9] X quAdozRe Azsted Wi A
ARRE, o be] Ol ouA], 23 283 gele] gl we A4S dFA3te el
= S iiany

jaic)
tlo

&

System

Land
Uplift

SN

Exported
Potential

L Used Energy
== Erergy

Fig. 3.1. Typical energy sources driving an environmental system arranged in

order from low quality on left to high quality on right{Odum, 1983).
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2.2 Emergy ¥4 ¥ 34

B Alade] AA@RG AAGE do] 9F ALy g tAE H
718171 9131A Table 3.29} 22 329 emergy ¥MHEE Z4J3d.

R A Dol BNUY Al2de AQ8A Qe FAREFE sbeA e 9
Hel F8 UYL 714G B, vy, v, AAREN L AAGHAY, He
22U, FAALSR, AR ALEY, S5 AR dARY D9 A4F wod i
o) LR 2HE FYsHE AF % §9 To= Hohgo

Table 3.2 Tabular format for emergy evaluation

Data Units Solar _ Solar Em$
Item 0 or §) Transformity Emergy (dollar /yr)
& (sej/ unit) (sej/yr) y

{(one line here for each source, process, or storage of interest.)

FodA dele 78 duAdY HA oduvA, B2 Ee 3 2999 @te 719
ot 2 AdFelMe AN BHIE FH - AZLFTARAIR DA G YA R
A FFGshe AdARTG oA FADBE 7I2E 3o 4 HAEE, F5% A
woll MMy 23 ste] AMEE S

A A dele F8 olyAde] W solar transformity, A3 FH Bl o
emergy/money ratiog “Egch £ Q7oA solar transformity 2] -5 Appendix
g} o] 71&¢] H71A(Odum, 1996)& ¢]L3}H 2 emergy/money ratiox= 20023 3
o ofs] 7@ ABE o]-&FstdHAppendix. 3.1).

Wl wAl deles 5 WA e S8 duade] shAe A gl A WA E9
solar transformity S} emergy/money ratioS H3to} emergy e A& %)

thAl W Dol F2 ALY emergy IS emergy money ratio® R0} F|

AH8E A A A A A 7FA (macroeconomic value)E 4HE 3o}
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3. Emergy A4 4+

Fig. 2100] #7198 A5 ol &8l AAado 54L oty Y¥ emergy AF

g 44,

31 954 AUAde] A8 (% Renew.)

4 Alage FUsHE XYY B emergy ¥ FHAAR), FFEFAY
N) e8]z A wegyy mds wHg i 48 FoHALE)S] emergy &
[Yield=R+N+F, (Eq. 1)]e.2 A4t=1, olF @A aAAlshE emergy HI &S A
% Renew., (Eq. 2)J3t] HA/E2 YEET

3.2 Emergy A 4Hv](Emergy Yield Ratio : EYR)

Emergy A34+u][Emergy Yield Ratio, (Eq. 3)|= Ao 2Ry Aad MAEe| 7}
A MA emergy H[Yield=R+N+F, (Eq. 1)]oll A4 Stem¥E] wody w@-g T
e Pl emergy F(E)2Z vFo] Alitee], AiE(product)e] 7HAe A
HogAo] 7hx 9 Ao E&AE Hrtste=d o &3tk

3.3 #7334 8}8 (Environmental Loading Ratio : ELR)

AAdgg greA 7] #3AAY N U E G FojAde] {FUHES
olu) 3l §7 28}-8 [Environmental Loading Ratio, (Eq. 4)]& MR R fA-d3 Tzt
) emergy ©]&F(F+N)ol thal BA2A emergy o] FFRSZ Yol A4tsl
W, Alzgle] Aoy F, Ad@e] e BAY Rahe YEE soraiz Adol
=1
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4. Q3R A AE

YurH oz APAME g Ade] AdHes FL& INes A Ay FL
Aethe Agstd @743 gutdl Jlddle FadxE A do

WAL QFAUE e dALFAA Slo)A, A B3 g 9E
& ol Foiwt Fadn, 5839 A A8 ¢ AL B HAAE NS
H23A)71n, A 437 8 vixe FFE 49U 5 AS ¥ opvg, A
AY FHE B3 AEFHA NAEFo] 75 Aol

Emergy B7PH2 Al2d W] A8, FAEY F713HA dAS 44k 40, Acd
S 5 FEARES HEFHoln FFHoR Hopd F Ae AlAH et 2 A
2 53 vk wEtd, AdxdR T4 % FAEF {714 BAE R oe=
# HEtEol FEARYN MR Z AFAAYE BEE 7 e AFE AP

Fig. 32 448538 #7130 A4S 21 e #AARAE, 248 L3t
UERR ARk A dojolado g, A2d WE fYss Ad@8EAY 3 ol
5 EfA, R E2FE FuiE Add o emergyst dEd ANES Ao o
emergy &&-& WEha gt

AT e dubAR AEAY iAol 2 ol A7 8 H(Self-purity)©]
3 A7 Z # gHSelf-organization) 2 Q1 A& A 847 doHo] UL B oy}, A
o] "l d&A duAde &St gyl fEQd o2 Q3 BAHe AV 7
of ik bers AT

Abgeoint Ao ARE) W A4 B 2 A (Brown and Buranakaln,
2003), dHAYR] mE PP §F A (Ulgiati and Brown, 2002), A=l
A Hgae, g8, Aold& HrHHui Yang etc, 2003) § AP FFGN I
emergy H7bo]l AAFHog At o]Foig e, B dATdMes A()AAHA
AlzElell g A&7hsd S fls BAIHY ATE emergy MY, BFA,

Ml FA Y ol g G Adeied FE el A4S Ao
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Environ.
sgurces

Ecosystem

Industrial
System

e = — = — -

Main
Economy

Fig. 3.2. Emergy flow chart of industrial system(dashed lines note flow of money).
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4.1 Emergy A

F AARE A" g2 fYHs ADEREAY, F aY vy, A 22 953
Rl A AlaE e BRad A, Aad R25E Fud A o8 &
A1¥ =, Fig. 3.3& o] emergy T EE R%3lo] 3-arm thololzo g el
Aolth. AHAfF A FHL EFol [R]9] ARE T3l et AL, 9
B AAM¥Eog Fee Fuld emergyys 8% ¢ [Flo #2288 3 gkt
T BAFTAS Tl AAYE emergyre 2% e A9 [Y]E 53 aokdo

ol utg o g AME FHY AFEd I A4t AAHOZ o]FoA 21 3
o, ojdg A4 FHAL AL FHU AEAN dE A2dE HARE Uehy
Aok

[F]

-

[Y]

[R] Manufacturing
Industrial System

1

Fig. 3.3. Aggregated summary of emergy flows.
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1. Emergy A4}+d](Emergy Yield Ratio : EYR)E F A8 €@ emergys & F-FAZHR
B To® emergy® e gtolth

EYR = —

Al2e] ATz Ae) Atfe g qeie] Q¥E do] AAgel] g & 7)o
Aile ARtk ol A I AATHY] J7 B of Fodx
& ke o, Ay A ¥E Hrisked © 8% A7 @k

Rbek, T1 o] 1HT =0, Ade] AA AlAded diF & rldxrt & FeE,
ol A AolAM o He avE HRAL ol F, ZE AFALLA AiA A
kol Avd 1 AMEFAY EsAdel O & AeE Bed £ Utk

ojmj, A1t emergyE 9 9 emergyw= "BEUAT HUIEoh) &4do] e
7 3lel, At emergy(Y)& 28 AlA®UE Y% emergyd] Ho2 &5,
vher gro] 1Rt Aoy, ojgs WHE & F vk wakA, Al2="e] Ag&do A
44S vlw FrgEa sdd, EygRos AFE transformityE o] 43l A4t
emergy® W7hsHe o] O BRRAE o] tHOdum, 199).

2. B3 538] (Environmental Loading Ratio : ELR)= A28 W& {FdUdHE 94
4 AQBRAA Uy el BdEA P v eRe ToiY emergyel g

e Zeluh.

ELR = LN

5, Az o9 #49 hdt g g AME®THUlgiati and Brown, 1997).
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3.8 A7 & shte] A4S AdEded, ol AIRAAA ol&s st
el 2= Al AAlA] A 92(Ecological Economic Efficiency : EEE)Z} & 2] $it}.
e A A5 Aadel o8] ¥ad Aadel Emwon ratio (Yr/GDPy& #3}
o AlFAAAH g 7122 emergyZ YERA Gross Output Emergy(G.O.E)Z A =&
W2 498 F emergy#E(Ys)o g i ghojtl

_ G.Ox Yy
GOE= —¢pp

. GOE,
EEE Y

714, Yr: 71 A 2] ALEE Emergy
Ys : A 2" AHRE Emergy

o) A Hitol o] §H B emergyd WAH AT ARAAY A uE
Yehle, HAE AFS) 44 AXt AT AANA detus AgHD Qe

=2

= 7139,
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4.2 3731314 A4(Environmental Responsibility Index : ERI)

Aze) BAPYS Aol “BAH o5 e TEAAL Bk A1de FTFH
mAe HAHolag Hudd JAGRES AHAIE o, AHA LS AL
(going concern)’v} F-Z27|% T}

HA, 7198 £SA77] AT AAHL AR F AR % =Fo qAz F
& o|FUey, oAl A ZE&A ol 84 Fi ARs B3 FUrHd 4
=& T Z4Y FEV Eoh 8% 89l Hu Yt
dAe] A&H7bed AL HL @A F vl Adle &o AL FA =& g

sHoz s, AAAY A L BERHY PAhS YAA BAE BA S

71

[

of
0%
o

A & Y AAZ &E&A(eco-efficiency) S Fu3}ale Ao|th
mpebd, 1o AL NG, BAEAY, BAAY FHaeln, ojee}l el 8H
2+ Ut

ERI = f(EYR, ELR, EEE)

719914 emergy A4tulzt 1ok Arkd R 2REH F9E emergyBoh Autd
emergy’} U How=, 7ol Helo ofs] EAEA S Relw, 1 Ko =gy P
i A £7]dwst slo] 1dS A&AY £ U wakd, 71985 e EYRY
Ay #AE 7

T oHAE, AT e FARE Joittd, dY FAH A7 A3
Ha o sle AgelA A7 ZARE AT el A&EHAE £ Aoz, &
AR 3HRHELR) &= H(-)9] BAE 7R

Ao g, Z1]de] AAET o Add AFL ARFAZS F& Fuised,
A Aol 2¥lE & emergy B A4abE AFo A Hemergyr) ZThHE, AAE
Aol 2843 A ARAAA olfe]l A 7199 AAYE 2A AR Aolth
kA, el A e A(HY #AE 7
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- EYR<EEE
ERI = 1000 ELR
- Ys R G.O.E,
= 1000 7 x (F+N)x Ys
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2. Emergy 5145}
21 W F AxY

U F AZYE FANATFE AQEAY AAEF Fo AdUAYL B9 -3
&3 olg ] 5 emergy T2 A4S ZA3E Table 4.1, Fig. 429 ot

Emergy #4cle F9 duAdg AA8A1xd(d54 U9, R), B
g HFEY JUARIN), 282 AR ERE AYE FURYFoR gokH, 4
AU B FY A Ye) g o5 AHA (double counting)g 7] 9 et
Ad@FAY F 7Y 2 emergy FYFOE A2+ HOdum, 1996).

2 oM e dd Ala" 498 AA WHeg gy WRe) AAa" e B
fre HlgEA duAde $xe gtk 28 ARZRY $d8E 2oy AL
HFHdRet AV 22la Az &9 emergy YUY 5 5 ¥atd A4lstdch

U F AzYe emergy A4S 58 2 iAo A= s)o] ey 4
HEW, AA8E BFA 7As AuAde A, sHdUAZIEE 163E+18
sej/yr, BHI@ O 2 EE 1.50E+19sej/yr, 7% 23 E 6.15E+19sej/yr, A E2gd o3t
176E+19sej/yr2 fAHI o] AAFFAY FoMe 2o 8 7der) =
Ao {risdth A8 Eel AHHoz Fag oy M &9 =
°l LO3E+2lsej/yr, Aadefz Mgho] 273E+23sej/yr, WA7F27F 153E+22se)/yr,
Af7h 109E+23sej/yr2 f9islo] % A AMEL 152E+23sej/yrE & Al&H
emergy® T 166% 5 AAE QAT AE AL o2 RE] 781E+22sej/yr7t $Q 5
A, #1974 MUAYS PEEd 229AW =E5Hol), AFYHle) AATE
Mol HHHO R 229 xEY & e Mu22REE 146E+23se)/yr7t £
Fe B A2 Ao ga g Adage
o2 vebdl AR IE 542E+23s¢j/yr(58.98%) - LA 2y &0 5.00E+23sej/yrs &

rlo

i

ol

9o sith w3 od f g

ol
U\I

A - B OFYEE & emergy 3 /1R 2 BES ARsla Yy
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Table 4.1 Emergy evaluation of resource basis of Manufacturing Industry in Korea

] Macroeconomic
No. Ttem value Transformity Solar emergy
values
J. % (sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R )
1 sunlignt 1.63E+18 ] 1 1.63E+18 1.04E+09
2 wind, kinetic 1.00E+16 ] 1,496 1.50E+19 9.57E+09
3 rain, chemical 3.38E+15 ] 18,199 6.15E+19 3.91E+10
4 earth cycle 512E+14 ] 34,377 1.76E+19 1.12E+10
Total 6.15E+19 3.91E+10
PURCHASED INPUTS(F)
5 water supply 2714E+16 ] 48459 1.03E+21 6.59E+11
fuels
6 coal 6.83E+17 ] 4.00E+04 2.73E+22 1.74E+13
7 natural gas 3.20E+17 4.80E+04 1.53E+22 9.77E+12
8 oil 1.66E+18 | 6.60E+04 1.09E+23 6.97E+13
9 electric power 4.73E+17 ] 1.65E+05 7.81E+22 4.97E+13
10 services 927E+13 W 1.57E+09 1.46E+23 9.27E+13
11 goods 345E+14 # 1.57E+09 5.42E+23 3.45E+14
Total 9.19E+23 5.85E+14
ANNUAL PRODUCTION OF PROCESS
12 emergy production 5.85E+14
13 economic production 5.84E+14 W 1.57E+09 917E+23 584E+14
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242%E 2w, 196090 498 HPoAe) A Wz it ERAD,
197099} 809Ul E AR FaerEds) ¥ FEselols AL B 4G 4
Moz AN Adel FekHoln =T ek $ava STz E4o) 1
2 =y e 4 4 U(Fig 42).
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Fig. 42 Energy signature of each energy source in manufacturing industry.
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22 FEFA AT A=Y

Emergy 24& F3ld, T TEF 943 AxgL AN E ULy 24
29 71| Y= Hr}sld Table 4.3, Fig. 43, Appendix. 418} ).

THERE SHEY, 7 AZHFAMY F emergy AHEFHU=R+N+F)& 3H¢E
2 I AFE A ZYolA 1.39E+23sej/yr2 713 B3, 32 AFAAT 2 Az
A2 A(9.94E+22s€j/yr), A2} B4 (943E+22sej/yr) a2 2 AA VEbGTH

& emergy AMEZFU)F 54 AUAAR)S 98 78S mE gFAM A9
HehA] ou, AME 7MEAR Aol 0.3%2 MmA A4 JEhdo grawn
B fdss 7oiade ZE JFM 997%014 Yyehuta ok ol& 7h3 Aake
B ¥ Az 545 ooz whdss, Fig 449 Z A2 E6) P o=
el AAAHA 7 EE EAE3Y

MBI 2o Astel] 2l emergy ol A AMEYPAM 7HF £ AL B 4 glon,
AUAER B9, §FFTo) g 7d5s AHAE A E(1.43E+20sej/yr)ol] A
A 2A vehve, 4989 Hee HTE 9 HUAL A2, a2 ¥R
AE 2 Ads AMzYe) 42 5.79E+22sej/yr, 4.20E+22sej/yre A UEhGon, &
B FREE B, A A 13 F58Y00 A 207E+22sej/yr2 7} E3, AT
o AR oo B3EE 2 3SAF AFeM 2z 422E+21sej/yr, 5.32E+22sej/yr
2 7Hd ®el Abg-sta ik

H7)e] B9g B9, AlA S50U(141E+22sej/yr) 0.2 7173 %7 UElgton, o
22w HTE W AFAF AZY(LISE+22sej/yn)5 02 AA UElgch Aju e
ool od emergy AYUL HAAEZ @A .98 g9 BAu Azl
1.58E+22sej/yro} 6.92E+22sej/yr2 7} A vEbsiuh
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Table 4.2 Contribution of emergy from renewable sources, and imported outside

sources in division of Manufacturing Industry

ltem Total emergy Renewable Impo-rted

outside

Division of used sources used sources
Manufacturing Industry (U, Sej/yr) (R, %) (F, %)
Manufacturing industry 9.19E+23 0.01 99.99
Manufature of food products & bev. 5.19E+22 0.01 99.99
Manufacture of tabacco products 2.23E+21 0.01 99.99
Textiles, Except sewn wearing apparel 3.83E+22 0.01 99.99
Sewn wearing appare! & fur articles 151E+22 0.00 100.00
Tanning & dressing of leather 7.33E+21 0.00 100.00
Wood products of wood & cork 5.17E+21 0.02 99.98
Pulp, paper & paper products 252E+22 0.m 99.99
Publishing, printing & reproduction 1.16E+22 0.00 100.00
Coke, refined petroleum products 9.94E+22 0.00 100.00
Chemicals and chemical products 1.39E+23 0.01 99.99
Rubber and plastic products 3.42E+22 0.01 99.99
Non-metallic mineral products 3.54E+22 0.62 99.98
Manufacture of basic metals 9.43E+22 0.01 99.99
Fabricated metal products 2.80E+22 0.01 99.99
Manufacture of other machinery 5.74E+22 0.01 99.99
Computers and office machinery 2938422 0.00 100.00
Electrical machinery N.E.C, J.05E+22 0.01 99.99
Radio, TV and communication equip. 9.17E+22 0.00 100.00
Medical, precision & optical instruments 6.41E+21 001 99.99
Motor vehicles & trailer mfg. 7.57E+22 0.01 99.99
Manufacture of other transport equip. 2.84E+22 0.01 99.99
Furniturearticles N.E.C, 1.09E+22 0.01 99.99
Recycling 1.37E+21 0.03 99.97
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Emergy flow (sejfyr)
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Fig. 4.3. Energy signature of each energy source in
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Emergy flow (sej/yr)
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Fig. 4.3. {(Continued).

- 44 -




Emergy flow (sej/yr)
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Fig. 4.3. (Continued).
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Emergy flow (sejfyr)
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Fig. 4.3 (Continued).
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Emergy flow (sej/yr)
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Emergy flow (sej/yr)

3.00E+22

2.00L+22

1 00E+22

0.00E+00

MANUFACTURE OF OTHER TRANSPORT EQUIP.

services

goods

Sevices

sunlbgni wind rain, earh eycle watsr coal naturgl gas ol electric
kinetic chemical supply power
1 00E+22 S — [ET - -
FURNITURE:ARTICLES N.E.C.
8.00E+21 — e - - - -
6.006~21 - - — - — —
4 00k+21 - SRR —== - o - -
2 00E+21 |— _— - - -
0.0CE+00 L L
sunhgrt wind. Kinetic ramn earthcycle  waler supply coal nalural gas ol elactnc
chemical power
1.50E+21 I» - - -
RECYCLE
T.00E+21 = - -
5.00E+20 | -
0.00F +00 L L . N — T
sunlignl wind, ran, eartn cycle waler coal natwal gas ol eectric
Kinetic chemica: supply power

servicas

goods

Energy sources

Fig. 43. (Continued).

- 48 -




3. Emergy A4~ A4

200182 7|Fo 2 sl 23789 AZRYE) et emergy EAT EHEFH A
24 emergy A% Table 442} o}

31 P4&A4 U A L2l FHF8(% Renew.)

AdBAR AAEES A e dA AUAD(Y=R+F) FelH F5HQ i

o] glon, FUAIAY 28 o) FAAHL wiAg dF A dFAAM F7F HinH
AA 7N19en Jdok. 2y 2 FAE F emergy FYFo) BIEH, Ht 0.01%THo]
713 e AHeE vEyT

3.2 Emergy A 4Hd](Emergy Yield Ratio : EYR)

Emergy A48l 34 AR, $E 5o tiste] (Poz e 7hx e AlAdle] HA
Ao g ZAx=E Hriste HEEA o ouxdel AUEZzbA o]8d
emergy@ell el WAHE emergye) HIZH AMEch AF, 493 2 13 oy
gle] 7 %o EYRo] 5ol4teln], Mz, ARzl ge 23} sluxde] 9o EYR
o] 204 5A}e]e] Mejolm, EYRe] 2Rt @& Zfoe AYLEAe JARGE
sulAe] ARG 74 & EYRS A AAtel Alx=®lojMe 1 H &(efficiency)
7 ke ol g8t

B, dae] RE A2 A2H emergy AAH|(EYR)E Friatde o E3)
= 545 oz dgdtie] 1002 HrHHUAG ole = AMzdol v A
Ahell A Eo ASE DHH o Vel T Uk
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3.3 @78 d] (Environmental Loading Ratio : ELR)

WHBFA907 Fojar92) emergy o] & ZHF+N)o] tis BAAUS] emergy o4
FR)OZ o] Ay, Alage] AdAA F, Ad@§AA dist 8437 Fale
AT E slotsle AFojth B AFoAE HYUAS A1gda Aoz A3 YE o)
WRER Qe gekslo] Fuiele] emergyol 8% BHAYUY emergyol %ol
Ul g A4ty

T F AZEY FARIE(ELR)E 1495602 HHAT, 94F FdAE ARH
R AHEE 717 AEAFLET6) 0] JHF RE 2 AoE vesed, HA4E hE 4
g AAgo] 3,0532 v wA WA HriEgoh

—

3.4 e} 73 A4 (Ecological Economic Efficiency : EEE)

Ao A2 F= Al Agd ofsf Aditd kel o] AZAA A B 71AE emergy
= YERA Gross Output Emergy(G.O.E)E Al2~® R 2 FYH & emergy3HY)o
2 e oz Adg AFe AR A AR AAdA deintg 1A 9
EAE "7t Aot

AzHE FolMs B AZQENY AuABAdl 7 A depgen, adn
- HAAE AFER063)8] 4 qFol 1RH e g B YUFE Hd AT
AGBAAAM 8 A 2HHA 3 UeE € 7 U
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Table 43 A comparison of emergy indices of manufacturing industries

% Renew. EYR ELR EEE

Manufacturing industry 0.01 1.00 14,956 1.00
Manufature of food products & bev. 0.01 1.00 11,399 1.21
Manufacture of tabacco products 0.01 1.00 8,495 2.57
Textiles, Except sewn wearing apparel 001 1.00 9,634 1.03
Sewn wearing apparel & fur articles G.00 1.00 47,976 1.15
Tanning & dressing of leather 0.00 1.00 24,012 1.26
Wood products of wood & cork 0.02 1.00 5,905 1.02
Pulp, paper & paper products 0.01 1.00 13,944 0.84
Publishing, printing & reproduction 0.00 1.00 26,502 1.39
Coke, refined petroleum products 0.00 1.00 44 632 0.63
Chemicals and chemical products 0.01 1.00 17,317 0.65
Rubber and plastic products 0.01 1.00 10,563 1.09
Non-metallic mineral products 0.02 1.00 6,070 0.83
Manufacture of basic metals 0.01 1.00 15,807 0.75
Fabricated metal products 0.01 1.00 7,479 117
Manufacture of other machinery 0.01 1.00 10,643 122
Computers and office machinery 0.00 1.00 71,876 1.29
Electrical machinery N.E.C. 0.01 1.00 17,991 116
Radio, TV and communication equip. 0.00 1.00 37841 1.27
Medical, precision & optical instruments 0.01 1.00 17,547 1.29
Motor vehicles & trailer mfg,. 0.01 1.00 17,088 1.29
Manufacture of other transport equip. 0.01 1.00 8,082 1.25
Furniture;articles N.E.C. 0.01 1.00 9,158 1.26
Recycling 0.03 1.00 3,053 1.05
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4. 83 A5 A&

41 AlxHde 3389 A

20013 7IF o2 sty 23709 AZGFe] Nt emergy EAF Aupg e A
ol fAXEG A4 Table 449 o}

T F Ay @AM Age 007, ARYE HEe 0102 dyggoen,
001(ZAL, YFAAEF 2 HAdE AZA)~034AABE 713ds 49 HYS
ER 2 sl

Emergy AAbnle= Azxgdel EA4Y R2RyY Fold Qo] o&Esta 2 A4S
BE FE AGA o)FolAnE 237 BE dEolA 100082 H7rE I, Fig 44
R& 2 vlmld o] vhebd zlolth o5 %3 BEsrw, EYRe] 713 &
A& 7heds H4(1.00033)0] BF XA AT 7t A HrlHe A
ol Ao RE 4FelA ERI= EYRHY ng|#AE vehdz UdAch. 28y, EYRe]
diHes wowMe & ERIGS Helt Hul A=Zge ZALe AdeyAaayel
EEE7} B} fFol Hls] Hhd oz w7 wWEo|n, ol WitabgolA] AvlE emergy
oy A AAdel woe AS 9ndd

BAFst 5 AFE 2 AFE 717 ARA(T1L876), BAE B BAHME A
Z£R1(47,976), 232 AFAAE 2 AR N 2(44,632) T A AN
247} 002, 002, 0.012] w2 A2 JeY, 5 25 Aloje] whulg #AE Ho|i
o Treuh, @R shelE ddiEor Mo, ARA Asx A Hriw Alx F45
Hd agtE B B ESAE AxS], 232 - ARFHAE L dA8 AxgH B
FE ANE] B Alxde] dEe AlREHE 5702 du Aol vulEA vebst
7] W&o g wogch

oK

)

H

32
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Table 44 Application of environmental responsibility index in manufacturing

industry

ERI EYR ELR EEE

Manufacturing industry 0.07 1.00 14,956 1.00
Manufature of food products & bev. 0.11 1.00 11,399 1.21
Manufacture of tabacco products 0.30 1.00 8,495 2.57
Textiles, Except sewn wearing apparel 011 1.00 9,634 1.03
Sewn wearing apparel & fur articles 0.02 1.00 47,976 1.15
Tanning & dressing of leather 0.05 1.00 24,012 1.26
Wood products of wood & cork 0.17 1.00 5,905 1.02
Pulp, paper & paper products 0.06 1.00 13,944 0.84
Publishing, printing & reproduction 0.05 1.00 26,502 1.39
Coke, refined petroleum products 0.01 1.00 . 44,632 0.63
Chemicals and chemical products 0.04 1.00 17,317 0.65
Rubber and plastic products 6.10 1.00 10,563 1.09
Non-metallic mineral products 0.14 1.00 6,070 0.83
Manufacture of basic metals 0.05 1.00 15,807 0.75
Fabricated metal products 0.16 1.00 7,479 117
Manufacture of other machinery 0.11 1.00 10,643 1.22
Computers and office machinery 0.02 1.00 71,876 1.29
Electrical machinery NLE.C. 0.06 1.00 17,991 116
Radio, TV and communication equip. 0.03 1.00 37,841 1.27
Medical, precision & optical instruments 0.07 1.00 17,547 1.29
Motor vehicles & trailer mfg. 0.08 1.00 17,088 1.29
Manufacture of other transport equip. 015 1.00 8,082 1.25
Furniture;articles N.E.C. 0.14 1.00 9,158 1.26
Recycling 0.34 1.00 3,053 1.05
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Fig. 44. Index related to ERI in manufacturing industry.
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42 =} g A3t Hlw

Al Azde R0 ALE Eu FAHoR HEdy] A 2 B, ¢
d, A vzsAn. = HEe 20029 ol s AFE “AlaE sty Ay
¥l 23 AFEe] emergy B9 Al AFHE 1999% 7iFEE ol & Ao,
Y ¥ AL A emergy Hrbe ‘S=9) 13 Agde] diF emergy A (A
5, 200008 FE stel §FREAY A5E =& Bovd d#s Table 463 2o

Az g% pofaded oE&ste S AAFFAAN AT &) AHY
0%<) W, dlw oA AAFAAY ofEEo] Hox 21%0l%, 80%E A3
T 2JEe) 9F FUE emergys 10%UN S 2] she Algolt) waly AzPe v
sl EYRE FHojx 1.5u), ZAE 200714 A Aldo] ddidez ag3de Uehl
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Appendix

Appendix 3.1 Solar transformity used in Emergy analysis of manufacturing

industry
Energy Sources Solar Transformity(sej/J)
Sunlight 1
Wind, kinetic energy 1,496
Rain, chemical 18,199
Earth Cycle 34,377
Hydroelectricity 165,000
Coal 40,000
Natural Gas 48,000
Qil 54,000
Qil derived products 66,000
Emergy / ¥+ 1.57E+09

*Emergy/W is calculated in evaluation of Je-ju Island(proceeding) by Kim.
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Appendix. 4.1 Emergy evaluation of resources basis for manufacturing industry, 2001

MANUFACTURE OF FOOD PRODUCTS &BEV,

Macroeconomic
No. Item value Transformity Selar emergy values
(sej/unit) (sej/yr) {EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 1.21E+17 J 1.00E+00 1.21E+17 7.68E+07
2 wind, kinetic 744E+14 ] 1496 1.11E+18 7.09E+08
3 rain, chemical 2.50E+14 ] 18,199 4.55E+18 2.90E+09
4 ecarth cycle 3.79E+13 ] 34,377 1.30E+18 8.31E+08
PURCHASED INPUTS(F)
5 water supply 1.86E+15 ] 48,459 9.03E+19 5.75E+10
fuels
6 coal 1.34E+15 ] 4.00E+04 537E+19 3.42E+10
7 natural gas 1.78E+16 ] 4.8B0E+04 8.52E+20 5.43E+11
8§ oil 3.59E+16 J 6.60E+04 2.37E+21 1.51E+12
9 electric power * 239E+16 ] 1.65E+05 3.95E+21 2.51E+12
10 services 4.04E+12 W 1.57E+09 6.34E+21 4.04E+12
11 goods 244E+13 W 1.57E+09 3.83E+22 2.44E+13
ANNUAL PRODUCTION OF PROCESS
12 production 3.99E+13 W 1.57E+09 6.26E+22 3.99E+13
MANUFACTURE OF TABACCO PRODUCTS
Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) {sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 6.94E+15 J 1 6.94E+15 4.42E+06
2 wind, kinetic 4.29E+13 ] 1,496 6.41E+16 4.08E+07
3 rain, chemical 1.44E+13 ] 18,199 2.62E+17 1.67E+08
4 earth cycle 2.18E+12 ] 34,377 7.51E+16 4.78E+07
PURCHASED INPUTS(F)
5 water supply 1.64E+13 ] 48,459 7.97E+17 5.08E+08
Suels
6 coal 0.00E+00 J 4.00E+04 0.00E+00 0.00E+00
7 natural gas 5.09E+14 ] 4.80E+04 2.44E+19 1.55E+10
8 o1l 291E+14 ] 6.60E+04 1.92E+19 1.22E+10
9 electric power * 2.99E+14 ] 1.65E+05 4.93E+19 3.14E+10
10 services 1.16E+11 W 1.57E+09 1.82E+20 1.16E+11
11 goods 1.24E+12 W 1.57E+09 1.95E+21 1.24E+12
ANNUAL PRODUCTION OF PROCESS
12 production 3.64E+12 W 1.57E+09 5.72E+21 3.64E+12
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TEXTILES, Except sewn wearing apparel

Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unif) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R )
1 sunlignt 1.OSE+17 J 1 1.05E+17 6.70E+07
2 wind, kinetic 6.50E+14 ] 1,496 9.72E+17 6.19E+08
3 rain, chemical 2.18E+14 ] 18,199 397E+18 2.53E+09
4 earth cycle 331E+13 ] 34377 1.14E+18 7.25E+08
PURCHASED INPUTS(F)
5 water supply 2.96E+15 ] 48,459 1.43E+20 9.14E+10
fuels
6 coul 0.00E+00 J 4.00E+04 0.00E+00 0.00E+00
7 natural gas 1.68E+16 ] 4.80E+04 8.06E+20 5.14E+11
8 oil 3.14E+16 ] 6.60E+04 2.07E+21 1.32E+12
9 electric power * 337E+16 J 1.65E+05 5.56E+21 3.54E+12
10 services 7.42E+12 W 1.57E+09 1.16E+22 7.42E+12
11 goods 1.1SE+13 W 1.57E+09 1.81E+22 1.15E+13
ANNUAL PRODUCTION OF PROCESS
12 production 251E+13 W 1.57E+09 3.95E+22 2.51E+13
SEWN WEARING APPAREL & FUR ARTICLES
¥Vlacroeconomic
No. Item value TFransformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 8.31E+15 ] 1 8.31E+15 5.29E+06
2 wind, kinetic S513E+13 7 1,496 7.67E+16 4.89E+07
3 rain, chemnical F72E+13 ] 18,199 3.14E+17 2.00E+08
4 earth cycle 2.61E+12 ] 34377 8.99E+16 5.T2E+07
PURCHASED INPUTS(F)
5 water supply 3.89E+14 ] 48,459 1.89E+19 1.20E+10
fuels
6 coal  0.00E+00 J 4.00E+04 0.00E+00 0.00E+00
7 natural gas 4.26E+14 ] 4.80E+04 2.04E+19 1.30E+10
8 oil 7.91E+14 ] 6.60E+04 5.22E+19 3.32E+10
9 electric power * 1.40E+16 J 1.65E+05 2.31E+21 1.47E+12
10 services 4.01E+12 W 1.57E+09 6.30E+21 4.01E+12
11 goods 4.04E+12 W 1.57E+09 6.35E+21 4.04E+12
ANNUAL PRODUCTION OF PROCESS
12 production 1.11E+13 W 1.57E+09 1.74E+22 1.11E+13
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TANNING & DRESSING OF LEATHER

Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 8.10E+15 ] 1 8.10E+15 5.16E+06
2 wind, kinetic 5.00E+13 ] 1,496 7.48E+16 4.7T7E+07
3 rain, chemical 1.68E+13 ] 18,199 3.06E+17 1.95E+08
4 earth cycle 2.55E+12 ] 34,377 8.76E+16 5.58E+07
PURCHASED INPUTS(F)
5 water supply 2.89E+14 ] 48459 1.40E+19 8.91E+09
fuels
6 coal 8.70E+12 ] 4.00E+04 348E+17 2.22E+08
7 natural gas 1.00E+14 ] 4.80E+04 4.80E+18 3.06E+09
8 oil 1.88E+15 J 6.60E+04 1.24E+20 7.90E+10
9 electric power * 2.36E+15 ] 1.65E+05 3.90E+20 2 48E+11
10 services 1.32E+12 W 1.57E+09 2.07E+21 1.32E+12
11 goods 3.02E+12 W 1.57E+09 4.74E+21 3.02E+12
ANNUAL PRODUCTION OF PROCESS
12 production 591E+12 W 1.57E+09 9.28E+21 591E+12
WOOD PRODUCTS OF WOOD & CORK
‘Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R )
1 sunlignt 2.32E+16 J 1 2.32E+16 1.48E+07
2 wind, kinetic 1.43E+14 ] 1,496 2.14E+17 1.36E+08
3 rain, chemical 4.81E+13 ] 18,199 8.75E+17 5.57E+08
4 earth cycle 7.29E+12 ] 34,377 2.51E+17 1.60E+08
PURCHASED INPUTS(F)
5 water supply 1.09E+14 ] 48459 5.29E+18 3.37E+09
fuels
6 coal 3.66E+13 ] 4.00E+04 1.46E+18 9.32E+08
7 natural gas 3.54E+15 ] 4.80E+04 1.70E+20 1.08E+11
8 oil 4.81E+15 ] 6.60E+04 3.17E+20 2.02E+11
9 electric power * 383E+1S ] 1.65E+05 6.32E+20 4.02E+11
10 services S5.96E+11 W 1.57E+09 9.36E+20 5.96E+11
11 goods 1.98E+12 W 1.57E+09 3. 10E+21 1.98E+12
ANNUAL PRODUCTION OF PROCESS
12 production 336E+12 W 1.57E+09 5.27E+21 3.36E+12
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PULP, PAPER & PAPER PRODUCTS

Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 4. 78E+16 J 1 4.78E+16 3.05E+07
2 wind, kinetic 2.95E+14 ] 1,496 442E+17 2. 81E+08
3 rain, chemical 9.93E+13 ] 18,199 1.81E+18 1.15E+09
4 earth cycle 1.50E+13 ] 34,377 S.17E+17 3.30E+08
PURCHASED INPUTS(F)
5 water supply 6.41E+14 ] 48459 3.11E+19 1.98E+10
fuels
6 coal 1.81E+15 ] 4.00E+04 7.25E+19 4.62E+10
7 natural gas 2.77E+16 ] 4.80E+04 1.33E+21 8.48E+11
8 oil 5.06E+16 J 6.60E+04 3.34E+21 2.13E+12
9 electric power * 2.66E+16 J 1.65E+05 4.38E+21 2.79E+12
10 services 237E+12 W 1.57E+09 3.73E+21 2.37E+12
11 goods 7.84E+12 W 1.57E+09 1.23E+22 7.84E+12
ANNUAL PRODUCTION OF PROCESS
12 production 1.34E+13 W 1.57E+09 2.11E+22 1.34E+13
PUBLISHING, PRINTING & REPRODUCTION
Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 1.16E+16 J 1 1.16E+16 7.38E+06
2 wind, kinetic 715E+13 ] 1,496 1.07E+17 6.82E+07
3 rain, chemical 2.40E+13 ] 18,199 4.38E+17 2.79E+08
4 earth cycle 3.65E+12 ] 34,377 1.25E+17 7.98E+07
PURCHASED INPUTS(F)
5 water supply 3. 16E+14 ] 48459 1.53E+19 9.75E+09
fuels
6 coal 737E+12 ] 4.00E+04 2.95E+17 1.88E+08
7 natural gas 1.O3E+15 J 4.80E+04 4 96E+19 3.16E+10
8 oil  627E+14] 0.60E+04 4.14E+19 2.63E+10
9 electric power * 5.71E+15 J 1.65E+05 9.43E+20 6.01E+11
10 services 322E+12 W 1.57TE+09 5.06E+21 3.22E+12
11 goods 3.50E+12 W 1.57E+09 5.49E+21 3.50E+12
ANNUAL PRODUCTION OF PROCESS
12 production 1.03E+13 W 1.S7TE+09 1.61E+22 1.03E+13
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COKE, REFINED PETROLEUM PRODUCTS

Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 590E+16 ] 1 5.90E+16 3.76E+07
2 wind, kinetic 3.64E+14 ] 1,496 545E+17 347E+08
3 rain, chemical 1.22E+14 ] 18,199 2.23E+18 1.42E+09
4 earth cycle 1.86E+13 ] 34,377 6.38E+17 4.06E+08
PURCHASED INPUTS(F)
5 water supply 277E+15 ] 48459 1.34E+20 8.54E+10
fuels
6 coal 0.00E+00 ] 4.00E+04 0.00E+00 0.00E+00
7 natural gas 282E+16 ] 4.80E+04 1.36E+21 B.63E+11
8 oil 6.16E+17 ] 6.60E+04 4.07E+22 2.59E+13
9 electric power * 1.25E+16 ] 1.65E+05 2.06E+21 1.31E+12
10 services 226E+12 W 1.57E+09 3.55E+21 2.26E+12
11 goods 329E+13 W 1.57E+09 5.17E+22 3.29E+13
ANNUAL PRODUCTION OF PROCESS
12 production 397E+13 W 1.57E+09 6.24E+22 397E+13
CHEMICALS AND CHEMICAL PRODUCTS
Macroeconomic
No. Ttem value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 2.13E+17 ) 1 2.13E+17 1.36E+08
2 wind, kinetic 1.31E+15 ] 1,496 1.97E+18 1.25E+09
3 rain, chemical 442E+14 ) 18,199 8.04E+18 3.12E+09
4 earth cycle 6.70E+13 ]} 34,377 2.30E+18 1.47E+09
PURCHASED INPUTS(F)
5 water supply 2.88E+15 ] 48459 1.39E+20 8.88E+10
fuels
6 coal 1.28E+16 J 4.00E+04 S5.14E+20 3.27E+11
7 natural gas 8.79E+16 J 4.80E+04 4.22E+21 2.69E+12
8 oil 8.06E+17 ] 6.60E+04 5.32E+22 3.39E+13
9 electric power* 8.20E+16 J 1.65E+05 1.35E+22 8.61E+12
10 services 7.01E+12 W 1.57E+09 1.10E+22 7.01E+12
11 goods 3.61E+13 W 1.57E+09 S.67E+22 3.61E+13
ANNUAL PRODUCTION OF PROCESS
12 production 578E+13 W 1.57E+09 9.08E+22 5.78E+13
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RUBBER AND PLASTIC PRODUCTS

Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 8.58E+16 J 1 8.58E+16 5.46E+07
2 wind, kinetic 530E+14 ] 1,496 7.92E+17 5.05E+08
3 rain, chemical 1.78E+14 ] 18,199 3.24E+18 2.06E+09
4 earth cycle 2.70E+13 ] 34,377 9.28E+17 5.91E+08
PURCHASED INPUTS(F)
5 water supply 7.64E+14 ] 48459 3.70E+19 2.36E+10
fuels
6 coal 0.00E+00 J 4.00E+04 0.00E+00 0.00E+00
7 natural gas 7.33E+15 ] 4.80E+04 3.52E+20 2.24E+11
8 oil 1.O9E+16 ] 6.60E+04 7.18E+20 4.57E+11
9 electric power * 2.79E+16 ] 1.65E+05 4.60E+21 293E+12
10 services 4 82E+12 W 1.57E+09 7.56E+21 4.82E+12
11 goods 1.33E+13 W 1.57E+09 2.09E+22 1.33E+13
ANNUAL PRODUCTION OF PROCESS
12 production 237E+13 W 1.57E+09 3.72E+22 237E+13
NON-METALLIC MINERAL PRODUCTS
Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 1.55E+17 ] 1 1.55E+17 9.84E+07
2 wind, kinetic 9.54E+14 ] 1,496 1.43E+18 9.09E+08
3 rain, chemical 3.21E+14 ] 18,199 5.84E+18 3.72E+09
4 earth cycle 4 86E+13 ] 34,377 1.67E+18 1.06E+09
PURCHASED INPUTS(F)
5 water supply 6.83E+14 J 48459 3.31E+19 211E+10
fuels
6 coal 1.49E+17 ] 4.00E+04 5.96E+21 3.80E+12
7 natural gas 2.18E+16 ] 4.80E+04 1.05E+21 6.68E+11
8 oil 4.60E+16 J 6.60E+04 3.03E+21 1.93E+12
9 electric power * 371E+16 ] 1.65E+05 6.12E+21 3.90E+12
10 services 357E+12 W 1.57E+09 5.61E+21 3.57E+12
11 goods 8.67E+12 W 1.57E+09 1.36E+22 8.67E+12
ANNUAL PRODUCTION OF PROCESS
12 production 1.88E+13 W 1.57E+09 2.96E+22 1.88E+13
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MANUFACTURE OF BASIC METALS

Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R )
1 sunlignt 1.58E+17 ] i 1.58E+17 1.01E+08
2 wind, kinetic 9.76E+14 ] 1,496 1.46E+18 9.30E+08
3 rain, chemical 3.28E+14 J 18,199 5.97E+18 3.80E+09
4 earth cycle 4.97E+13 ] 34,377 1.71E+18 1.09E+09
PURCHASED INPUTS(F)
5 water supply 1.23E+15 J 48459 5.95E+19 3.79E+10
fuels
6 coal 5.18E+17 J 4.00E+04 2.07E+22 1.32E+13
7 natural gas 5.69E+16 J 4.80E+04 2.73E+21 1.74E+12
8 oil 3.33E+16 J 6.60E+04 2.20E+21 1.40E+12
9 electric power * 8.53E+16 J 1.65E+05 1.41E+22 8.97E+12
10 services 6.08E+12 W 1.57E+09 9.55E+21 6.08E+12
11 poods 287E+13 W 1.57E+09 4.50E+22 2.87E+13
ANNUAL PRODUCTION OF PROCESS
12 production 451E+13 W 1.57E+09 7.08E+22 4.51E+13
FABRICATED METAL PRODUCTS
Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 9.93E+16 J 1 9.93E+16 6.32E+07
2 wind, kinetic 6.13E+14 ] 1,496 9.17E+17 5.84E+08
3 rain, chemical 2.06E+14 ] 18,199 3.75E+18 2.39E+09
4 earth cycle 3.12E+13 ] 34,377 1.07E+18 6.84E+08
PURCHASED INPUTS(F)
5 water supply 8.21E+14 ] 48459 3.98E+19 2.53E+10
fuels
6 coal S5.14E+13 ] 4.00E+04 2.05E+18 1.31E+09
7 natural gas 5.37E+15 ] 4.80E+04 2.58E+20 1.64E+11
3 oil 7.60E+15 ] 6.60E+04 5.02E+20 3.19E+11
9 electric power * 1.27E+16 ] 1.65E+05 2.09E+21 1.33E+12
10 services 5.90E+12 W 1.57E+09 9.26E+21 5.90E+12
11 goods 1.O1E+13 W 1.57E+09 1.59E+22 1.01E+13
ANNUAL PRODUCTION OF PROCESS
12 production 2.09E+13 W 1.57E+09 3.27E+22 2.09E+13
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MANUFACTURE OF OTHER MACHINERY

Macroeconomic¢
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) {EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 1.43E+17 ] 1 1.43E+17 9.09E+07
2 wind, kinetic 8.81E+14 ] 1,496 1.32E+18 8.40E+08
3 rain, chemical 296E+14 ] 18,199 5.39E+18 3.43E+09
4 earth cycle 4 49E+13 ] 34,377 1.54E+18 9.84E+08
PURCHASED INPUTS(F)
5 water supply 1.12E+15 J 48459 5.45E+19 3.47E+10
fuels
6 coal 8.62E+13 ] 4.00E+04 3.45E+18 2.20E+09
7 natural gas 4.92E+15J 4.80E+04 2.36E+20 1.50E+11
8 oil 2.39E+15 ] 6.60E+04 1.57E+20 1.00E+11
9 electric power * 2.14E+16 ] 1.65E+05 3.52E+21 2.24E+12
10 services 9.18E+12 W 1.57E+09 1.44E+22 9.18E+12
11 goods 248E+13 W 1.57E+09 3.90E+22 2.48E+13
ANNUAL PRODUCTION OF PROCESS
12 production 4.47E+13 W 1.57E+09 7.01E+22 447E+13
COMPUTERS AND OFFICE MACHINERY
Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 1.08E+i6 ] 1 1.08E+16 6.87E+06
2 wind, kinetic 6.66E+13 ] 1,496 9.96E+16 6.34E+07
3 rain, chemical 2.24E+13 ] 18,199 4.07E+17 2.59E+08
4 earth cycle 339E+12 ] 34,377 1.17E+17 7.43E+07
PURCHASED INPUTS(F)
5 water supply 807E+13 J 48459 3.91E+18 2 49E+09
fuels
6 coal 0.00E+00 J 4.00E+04 0.00E+00 0.00E+00
7 natural gas 1.97E+15 ] 4.80E+04 9.46E+19 6.02E+10
8 oil 3.52E+14 ] 6.60E+04 2.32E+19 1.48E+10
9 electric power * 293E+15 ] 1.65E+05 4.83E+20 3.08E+11
10 services 1.53E+12 W 1.57E+09 2 40E+21 1.53E+12
11 goods 1.67E+13 W 1.57E+09 2.63E+22 1.67E+13
ANNUAL PRODUCTION OF PROCESS
12 production 240E+13 W 1.57E+09 3.77E+22 240E+13
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ELECTRICAL MACHINERY N.E.C.

Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 4.49E+16 ] 1 4 49E+16 2. 86E+07
2 wind, kinetic 2.77E+14 ] 1,496 4.15E+17 2.64E+08
3 rain, chemical 931E+13 ] 18,199 1.69E+18 1.08E+09
4 carth cycle 141E+13 ] 34,377 4. 85E+17 3.09E+08
PURCHASED INPUTS(F)
5 water supply 4.68E+14 J 48459 2.27E+19 1.44E+10
fuels
6 coal 0.00E+00 J 4.00E+04 0.00E+00 0.00E+00
7 natural gas 490E+15 ] 4.80E+04 2.35E+20 1.50E+11
8 oil 1.96E+15 ] 6.60E+04 1.30E+20 8.25E+10
9 electric power * 991E+15 ) 1.65E+05 1.64E+21 1.04E+12
10 services 3IBSE+I2Z W 1.57E+09 6.04E+21 3.85E+12
11 goods 143E+13 W 1.57E+09 2.24E+22 1.43E+13
ANNUAL PRODUCTION OF PROCESS
12 production 226E+13 W 1.57E+09 3.54E+22 2.26E+13
RADIO, TV AND COMMUNICATION EQUIP.
Macroeconomic
Neo. Item value Transformity Selar emergy values
(sej/unit) {sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R )
1 sunlignt 0.42E+16 J 1 6.42E+16 4.09E+07
2 wind, kinetic 3.96E+14 J 1,496 5.93E+17 3.78E+08
3 rain, chemical 1.33E+14 ] 18,199 2.42E+18 1.54E+09
4 earth cycle 2.02E+13 ] 34,377 6.94E+17 4.42E+(Q8
PURCHASED INPUTS(F)
5 water supply 242E+15 ] 48459 1.17E+20 747E+10
fuels
6 coal 0.00E+00 J 4.00E+04 0.00E+00 0.00E+00
7 natural gas 1.30E+16 J 4.80E+04 6.26E+20 3.98E+11
8 oil 1.41E+15 ] 6.60E+04 9.34E+19 5.95E+10
9 electric power * 3.61E+16 ] 1.65E+05 5.95E+21 3.79E+12
10 services 1.00E+13 W 1.57E+09 1.58E+22 1.00E+13
11 goods 441E+13 W 1.57TE+09 0.92E+22 4 41E+13
ANNUAL PRODUCTION OF PROCESS
12 production 741E+13 W 1.57E+09 1.16E+23 7.41E+13
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MEDICAL, PRECISION & OPTICAL INSTRUMENTS

Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
)
1 sunlignt 9.67E+15 ] 1 9.67E+15 6.16E+06
2 wind, kinetic 597E+13 ] 1,496 8.93E+16 5.69E+07
3 rain, chemical 2.01E+13 ] 18,199 3.65E+17 2.33E+08
4 earth cycle 3.04E+12 ] 34,377 1.05E+17 6.66E+07
PURCHASED INPUTS(F)
5 water supply 1.27E+14 ] 48459 6.17E+18 3.93E+09
fuels
6 coal 0.00E+00 J 4.00E+04 0.00E+00 0.00E+00
7 natural gas 8.06E+13 J 4.80E+04 3.87E+18 247E+09
8 oil 1.98E+14 ] 6.60E+04 1.31E+19 8.33E+09
9 electric power * 3.08E+15 ] 1.65E+05 5.09E+20 3.24E+11
10 services 1.08E+12 W 1.57E+09 1.70E+21 1.08E+12
11 goods 2.66E+12 W 1.57E+09 4.18E+21 2.66E+12
ANNUAL PRODUCTION OF PROCESS
12 production 526E+12 W 1.57E+09 8.26E+21 5.26E+12
MOTOR VEHICLES & TRAILER MFG.
Macroeconomic
No. Item value Transformity Solar emergy values
{sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R )
1 sunlignt 1.17E+17 ] 1 1.17E+17 7.47E+07
2 wind, kinetic 7.24E+14 ] 1,496 1.08E+18 6.90E+08
3 rain, chemical 2.43E+14 ] 18,199 4.43E+18 2.82E+09
4 earth cycle 3.69E+13 J 34,377 1.27E+18 8.08E+08
PURCHASED INPUTS(F)
5 water supply 9.93E+14 ] 48459 4.81E+19 3.07E+10
fuels
6 coal  0.00E+00 J 4.00E+04 0.00E+00 0.00E+00
7 natural gas 1.73E+16 ] 4.80E+04 8.32E+20 5.30E+11
8 oil 2.76E+15 ] 6.60E+04 1.82E+20 1.16E+11
9 electric power * 2.12E+16 ] 1.65E+05 31.49E+21 2.22E+12
10 services 7.36E+12 W 1.57TE+09 1.16E+22 7.36E+12
11 goods 3.79E+13 W 1.57E+09 S95E+22 3.79E+13
ANNUAL PRODUCTION OF PROCESS
12 production 6.23E+13 W 1.57E+09 9.78E+22 6.23E+13
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MANUFACTURE OF OTHER TRANSPORT EQUIP.

Macroeconomic
Ne. Item value Transformity Solar emergy values
(sej/unit) {sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 suntignt 9.31E+16 ] 1 9.31E+16 5.93E+07
2 wind, kinetic 5.75E+14 ] 1,496 8.60E+17 5.48E+08
3 rain, chemical 1.93E+14 ] 18,199 3.52E+18 2.24E+09
4 earth cycle 293E+13 ] 34,377 1.01E+18 6.41E+08
PURCHASED INPUTS(F)
5 water supply 1.55E+14 ] 48459 7.52E+18 4.79E+09
fuels
6 coal 5.13E+13 ] 4.00E+04 2.05E+18 1.31E+09
7 natural gas 2.55E+15 ] 4.80E+04 1.23E+20 7.81E+10
8 oil 1.49E+15 ] 6.60E+04 9.81E+19 6.25E+10
9 electric power * 6.16E+15 J 1.65E+05 1.02E+21 6.48E+11
10 services 4.96E+12 W 1.57E+09 7.78E+21 4.96E+12
11 goods 1.23E+13 W 1.57E+09 1.94E+22 1.23E+13
ANNUAL PRODUCTION OF PROCESS
12 preoduction 226E+13 W 1.57E+09 3.54E+22 2.26E+13
FURNITURE;ARTICLES N.E.C.
Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 3.16E+16 J 1 3.16E+16 2.01E+07
2 wind, kinetic 1.95E+14 J 1,496 2.92E+17 1.86E+08
3 rain, chemical 6.56E+13 J 18,199 1.19E+18 7.60E+(8
4 earth cycle 9.95E+12 ] 34,377 3.42E+17 2.18E+08
PURCHASED INPUTS(F)
5 water supply 2.35E+14 ] 48459 1.14E+19 7.26E+09
fuels
6 coal 3.33E+13 ) 4.00E+04 1.33E+18 8.49E+08
7 natural gas 7.05E+14 J 4.80E+04 3.38E+19 2.16E+10
8 oil 891E+14 ] 6.60E+04 5.88E+19 3.74E+10
9 electric power * 3.13E+15 1] 1.65E+05 5.17E+20 3.29E+11
10 services 1.89E+12 W [.57E+09 2.96E+21 1.89E+12
11 goods 4.68E+12 W 1.57E+09 7.35E+21 4.68E+12
ANNUAL PRODUCTION OF PROCESS
12 production 8.75E+12 W 1.57E+09 1.37E+22 8.75E+12
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RECYCLING

Macroeconomic
No. Item value Transformity Solar emergy values
(sej/unit) (sej/yr) (EmWon)
ENVIRONMENTAL INPUTS (R)
1 sunlignt 1.18E+16 ] 1 1.18E+16 7.54E+06
2 wind, kinetic 7.31E+13 ] 1,496 1.09E+17 6.96E+07
3 rain, chemical 2.46E+13 ] 18,199 4.47E+17 2.85E+08
4 earth cycle 3.73E+12 ] 34,377 1.28E+17 8.16E+07
PURCHASED INPUTS(F)
5 water supply 2.83E+13 ) 48459 1.37E+18 8.74E+08
fuels
6 coal 1.76E+12 ] 4.00E+04 7.04E+16 4.49E+07
7 natural gas 2.82E+14 ] 4.80E+04 1.35E+19 8.61E+09
§ oil 4.05E+14 ] 6.60E+04 2.67E+19 1.70E+10
9 electric power * 1.07E+15 ] 1.65E+03 1.77E+20 1.13E+11
10 services 1.06E+11 W 1.57E+09 1.66E+20 1.06E+11
11 goods 6.24E+11 W 1.57E+09 9.80E+20 6.24E+11
ANNUAL PRODUCTION OF PROCESS
12 production 9.09E+11 W 1.57E+Q9 1.43E+21 9.09E+11
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Appendix. 4.2 Footnotes and Data for appendix. 4.1

1. footnotes

ENVIRONMENTAL INPUTS
1 SOLAR ENERGY:

Land Area = m*
Insolation = J/mé/yr
Albedo = (% given as decimal)
Energy(]) = (area incl shelf){avg. insolation){1-albedo)
= (___m*)(__J/m*/yr)(l- albedo)
- 1yt
2 RAIN, CHEMICAL POTENTIAL ENERGY:
Land Area = m’
Rain (land) = m/yr
Rain (shelfy = m/yr (est. as 45% of tot. rain)
Evapotrans rate= m/yr

Energy (land) ()= (area)(Evapotrans)(rainfall){(Gibbs no.)

(__ m“(__m)(1000kg/m’){4.94E+03]/kg)

= J/yr
3 WIND ENERGY:
Area = m*
Density of Air = kg/m’
Avg. annual wind velocity = mps

mps (observed winds are about 0.6 of geostrophic

]

Geostrophic wind

wind)
Drag Coeft. =
Energy (J) = (area)(air density)(drag coefficient){velocity’)
=(____m*(1.3 kg/m")(1.00E-3)(____ mps)(3.14 E7 s/yr)
Energy(T) = I/yr
4 EARTH CYCLE
Land Area = m*
Heat flow = J/m*
Energy () =(_ m)( _ J/m")
= J
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PURCHASED INPUT

5

10

11

Water supply

Yearly water supply

Energy(]) =
Coal
Consumption =
Energy(]) =
Natural gas
Consumption =
Energy(]) =
il
Consumption =
Energy(]) =
Electricity
Consumption =
Energy(]) =
Services =
Goods =

{

ton/yr
ton/yr)(1000kg/ ton){4.93E+03] /kg)
I/yr

TOE/yr
TOE/yr)(1.00E+07 kcal/TOE)(4186 J/kcal)

TOE/yr
TOE)(1.00E+07 kcal/TOE){4186 J/kcal)
J/yr

TOE/yr
TOE)(1.00E+07 kcal/TOE)(4186 J/keal)
I/ yr

TOE/yr
TOE)(1.00E+07 kcal/ TOE(4186]/kcal)

W/yr

W/yr

ANNUAL PRODUCTION OF PROCESS

13

Economic production =

W/yr

-73_



€I+HLET EI+HBLG  €T+HL6E  €I43C0L  CI+APCT CI4I9CC 14166 €I+3ITT  €I+319T [45:512°43 el+d66'C  PL+IVRS M UORITPOL],  UORINpoL]
NOLLDOAOAd TVANNY
EI+4EET EI+II9E  €1+4d6CE  TI+30S°€  TI+EPBL TI+H86'L TI+HTOE ZI+HP0F  €I+dSTT CT+dbT T El+EFFT PI+HSEE # SpoeD)Y
CTI+HAC8T TI+d10°L TI+H9TT  TI+ATCE  CI+AZ€7 LI+396°S TI+dIEl ZI+II0%  CL+dehZ 11+d9T'1 TI+Iv0v  €1+34T°6 A 5301AID5
G0+H99'9 G0+d96'T S0+d86'C  SO+dLE'L  SO+9SE9 PO+dSl6 PO+AF9S SO+IFCE  GO+HSO8 E0+AFTL SO+dILS A0+dETT JoL sprodwry|  Ayangoapg
00+3000 &0+d20€  00+4000  ZO+J9L1T  PO4HECY T04+dPL8 TO+3B0T  QO+H00C  00+3000 00+300°0 vo+d1Ze  L0+3€9L J0L spledury 1ecD
SO+309C [O+FCHT  L0+HLFT PO+30ST  90+HICT SO+ASTT PO+deb b  #0+d681T  S0+J05Z £0+356'9 SO+I8S8  L0+396C 0L syaodwry anHuUz”M
SO+ISLT 90+d0TT  SO+3GL9 PO+HLPT  G0+3E99 PO+HSFS €0+36€T PO+IT0'T  GO+HIOT PO+ATTT SO+I¥CY  90+3¥9°L 301 spzoduy| sed [exmey
80+4PS'T  80+318'G B0+366'C  L0+A8E'G  S0+d6C'l L0+J1TT ZO+3EYS 20+A98°Z  BO+H8E'S 90+9TEE 80+3/42€  60+3IEY uo} syrodwg M_HMHM
$ S40¥NO0OS ADHANA AAISINGC 40 SINOJNI
90+300'T 90+300°L 90+300'1 90+300T  90+300T 90+d0CG'T 90+4dJ00'T 9043001  90+700°T 90+300'1 90+300T  90+300°T Sw /| Mmofy jeay| apA> yirey
€0-400°'L  €0-300°T  €0H0O'L €07H00T  €0°300'T €0-H00T 02001 €0°F00T €0-H00°L £0-H00L €rdo0t  €0-300°T pe0) Jeig
iy Ly Ly L'y FA F44 Ly Ly A4 Ly Ly Ly sdwi| A3o[aa puim PUIAg
€1 €T €1 €1 el £l £l £l £l €1 €1 €1 /3| are jo Aptsus()
g6¥ 66V 67 6% 6% s6'F g6V S6'% S6' c6'p S6'v S6't /(| AB1oua sqqio .
8L 841 841 8L'L 8L'1 8L'1 8.1 8.1 8.1 84T 81 82’1 1/ (puerreyurey e
€0 €0 €0 €0 £0 £0 €0 0 €0 €0 £0 £0 opaqIY AZraug
60+3¥5F 60+3AVST  60+dPSE  60+HPST  60+3FSY 60+HPST 60+3PST  60+HFS P  60+IFS T 60+3¥SF 60+9%6F  60+TFSH | 1A /,w /[ uope|osuf 1e{og
L0+d04°C Z0+4304°9  Z0+398T 904399t Z0+HOST 90+H6CL 90+38S5T  90+I19T  LO+HILE 90+381'C 40+362°€ 80+dTT'S S eale pueq
SHOUNOS TV.INIWNOYIANA
sapnle 1aredde
spnpoid  spnpoid  spnpord spnpold  yIod B 1ayea] jo iy Surieam "Adq
onseid  reonusyy wnajonad uoponpoidar 1aded poom jo Sussaip 3 |azedde UM3s spnpord = spdmpord  Ansnpur
pure pue peugar  p Jupuud 1 1aded spnpord 3  Buueam jdaoxg  odseqe; jo pooj jo Juun
1agqny S[EdNUAYD) ‘»e)  Bugstqn “dng poopy  Butwuer umag 'SALXIY, AINBRUR AIN}RINUER OB UKy
S ¥ €C [44 12 0T 61 1 L1 9t o §

RIR(] 7

-74 -



1143606 TI+35L'8 €1+39CC €I+HETY TI+A9T'S CI+ATP.  €1+H9CC  €I+0FT El+ALPF  E1+I60T  €I+HIST  €I+H88T * }i uononpolJ; UondNpol]
NOLLOMAdOId TVNINNY
TI+3PT9 TI+HR9F CI+HACTT €T+364€ TI+A99C CI+AIPY  €l+3EH1T  €T+3L9T eI+98% T CI+HI0T  €I+9487  7I+3Z98 # 5po0D)
TI+390T CI+d68'T CI+d9%% TI+39¢2 TI+IAB0'T  €T+d00T CI+HSBE  CI+HEST CL+H8T'6  TI+A06'S CT+H80°¢  CI+d45¢ A SANAIIS
PO+ALET PO+36FL GO+HLPT SO+HS0S PO+HLCL  SO+HIIB  SO+HLET  FO+H66'9 SO+FOL'S  S0+3E0°e  90+3¥0C  S0+H98'8 J0OL spodwy)  Ajotnos[g
T0+3TTY TO+3L6'L €O+FCCT  00+H00Q 00+3000 O00+J000  00+3000  00+H000 CO+H90'T  EO+HET'T  ZO+ARTT 90+399€ JOL syrodu [0
s1onoxd
€0+3496 FO+ICT'T FO+HGSE PO+H6S9 €0+dPLY  PO+JBEE $0+4H69%F €0+AIFS y0+30L'S SO+HC8’T  S0+H86'L  90+30T'T d401. sproduy PAAIEP [0
96749  P0+389'T ¥0+301'9 SO+IFTP £0+3e6'T  SO+HITE  SO+ALTT  FO+AILE SO+3LTT  SO+FSTL 90+39ET  S0+dTES JOL sylodwr]| sel ernyen
Alddns
S0+HTL'S Z0+HSLY  LO+EVTE BO+HIOT L0+3ZSC 80+H68F%  20+dSk6  Z0+dE9T 80+dLTT  80+399°T 80+dSFT  §0+HYEL uoy s3zodurp oyem
P SADANOS ADHING FAISLNO 4G SLICIWI
90+300T 90+H00'T 90+ACO'T 90+J00°L 90+T00T GO0+H00T  90+400T  90+FO0T  90+J00T  90+HODT 90+A00T  90+T00T | cw/[]  moy jeep| apA> yirey
€0-H00'T  €0-H00°T  €0-H00'T  €0-300T €0-300T £0-HOOL €0-d00'1 €0-300'T €0-300°'T €0-3001  £0-300'T €OrI00'T JgpeD Serg
A A A+ LY LY Ly A4 LY L L% L% LY sdur| Qidopa parm
£1 €T €1 €1 £1 €1 €T €1 €1 €1 €1 €1 gur /x| e jo Asusq putm
6 S6'v <6 6V c6v 56 S6Y 3 4 6% S6'F S6'F S6'% /(| Braua sqqo
8LT 81 L1 841 8L'1 841 81 84T 8.1 841 84T 84T ik fux) (puepejurey urey
i) £0 €0 €0 €0 €0 €0 €0 £0 £0 £0 €0 apqiy
ABlauy
60+HP9Y  60+3PSY 60+AVST 60+APS T 60+HFSF  60+ABSE  60+TPSEF  60+ARSH 60+d¥S T  60+d¥SF  60+TFST  60+dAPSE | 1A /Tw /| uon B[osu] 16105
90+dEL'E 90+H96'6 Z0+HE6T L0+369€ 90+3V0C  L0+3T0T  L0+dLFL 90+H6€°€ L0+36¥Y  L0+JTTE  L0+3L6F  L0+799F ur eate puer
SHOUNOS TVINTFANOYIANA
‘dinba sju
1odsuern; ‘Sjw awnysut dinba uoy s[ejat
TN a0 Iapren 7 (eopdo 1P edunULIoD AN Asdumpewr Aungpdew  spnpord Jiseq synpoxd
mw._u_u._m.\ Jo aan SIIYA Co_m—.uw.—& —UEN %._N:_F—UME WUM&O —Ur-wv .nwr:O jo —NHOE jo aln Telsunun 2
SuipAoay srmypunyg  eynuey 1010 ‘TENMPAW AL “orpey [edmaelg s1oindwiod 2INiORJNUEly pajedliqe] DEjRUE I[[RIAW-ICN
LE 9t G PE 133 [43 53 0€ 6T 8 LT 9z

_75_



At 2

A7E AHohtre] AW XS AR o] Aol Hojddn P ARG R7
dua Re Ao 3 WAL A TSATFAY o,

c

B =Fol 4HIAXN, 2ule 47 WI 2L o BEe 2g AL & UsS
A AUMEA HAHOE FHel H{FA o4 med, YD melid 2
AEBUh gute =R HEs o}m& Artsh AAME AF4 932 @5, o
42 medA gAsYU ostd 4B 432 B9 g9 A G oE

& AR olAE A, FYY Bed, BUTF AR gAY 2ee He
2 odguch 2N gl il s Be UL AFY FALAATY BE

F0% S, SEARABN Y I HALAS ko) B Hakn AU

147 o sHEo) tﬂfz} Y, FEEE WO UsE Fo)Fa
A3 A8 FASS FA AHY Aol Aud, AF YT HUA RHAL 1
AT APABA BB AAFAE HGZ, ¢4 Muly, "elgle] Az
gl QPRE AT Ex Rat AR AwdAs gAbsite 2 dsn Ay
AP H FuFFEUA B3 L4 Bol Hals=d 4TS, 13 A Ful g
Bol ﬁﬁa}ﬁ% Aare] At AAsia =E £ As YIE DAL 2
G4 DS A v AE de) PED by RN AP Bdol
248 M4 Fe ARUAL wBT. By} 28 ¥ o) B A
T BEE A BeA @4 Anele 84 - v, =Bk B9 A gol iy
% Yo) HolF F7] 9w, AFe ALABH-Y} A2 P BA B3}
e g v WY Avl, S50, ByARANA HLFR HulE o)
A ABA 2E gl A%el. RE AHTEAA PASPUD. wA Aol
YHE FHAT P5 wuith Yol HolF WY Fr] MwdEs, 24, 23, W,
Hak Age Aae del Lred d4e) A $AdE A%y,
q FedEs ¥R orsuUo
=3, O3 ABS AT olF2 AFAA vl I ohe} ae] FEE0 5
olFt A Ue Al W PE Solel M. Fulds wd, ¥, 4%

_76_



Al gAbe]

tio

Mata Hgyh

Age wwel FolH WM B AQHNFY AFE, AQ, ol WG], F
U, Age Axe 486l BAQE HREIE, T Yol 4 Frnn ¢
Jh ol B WAool gezE WddlE $3 AsAFUS

Fe HBE A Wol¥r) A 009 S Fureta AFAL FAH BE 2
LA T BAR RelFAE ot obak UP aviele. FemPe] P £iF U
Soh AFAE BYF, 2AU, FAE $¥ om, A2 ¥R, Fe Y, o)A 7
A A olmst AAdE SE &7 Haol, AEA &AL AL Lo}, B
3 Qe Aeke vl BE A 2uE Yol HolEE aAsl Az, @
ME 22 82 28 T AT Astn AUtk AU

i

_0'11‘

AL wol ¥FeAW, AAUHT A4 Holrle Rgow BE £o Al B

- 77 -



AEH

Bargigli 5. and S. Ulgiati, Emergy and Life-Cycle Assessment of Steel Production
in Europe, Proceedings.

Bratt L. C.,, 1987, Systems ecology and sustainable development : Links on two
levels, Maximum Power, Univ. Press of Colorado, ppl64-174.

Brown M. T. and 5. Ulgiati, 1997, Emergy based indices and ratios to evaluate
sustainability : monitoring economies and technology toward environmentally
sound innovation, |. Ecological Engineering, Vol. 9, pp31-69.

Brown M. T, 2000, Emergy Synthesis: Theory and Application of the Emergy
Methodology, ppl15-29.

Daly H. E., 1990, Toward some operational principles of sustainable development,
J. Ecological Economics, Vol. 2, ppl-6.

Hui Yang, Yourun Li, Jingzhu Shen, Shanying Hu, 2003, Evaluating waste
treatment, recycle and reuse in industrial system: an application of the
emergy approach, Ecological Modelling Vol 16, pp13-21.

Kim N. K, . H. Son, ]J. L. Kim, and 5. M. Lee, 2001, Evaluation of Sustainability
for Olive Flounder Production by the Systems Ecology : 1. Emergy Analysis
of Olive Flounder Production, ]. Kor. Fish. Soc., Vol. 34(3), pp218-224 (in

Korean).

Lee 5. M. and H. T. Odum, 1994, Emergy analysis overview of Korea, ]J. of the
Korean Environmental Sciences Society, Vel 3(2), pp165-175.

lee S. M, J. H Son, and D. S. Kang, 2000, Evaluation of Korea’s Sustainable
Development by the Systems Ecology(1) : Emergy Analysis of Korea's
Natural Environmental and Economic Activity, J. of the Korean
Environmental Sciences Society, Vol. 9, pp449-454.

Lee 5. M, J. H. Son, and ]. L. Kim, 2001, Evaluation of Korea's sustainability

_78_



development by the system ecology : Il Simulating the Future of Korea's
natural environment and economic development, ]. Korean. Env. Sci. Soc.,
Vol. 10(2), pp91-97 (in Korean).

Odum H. T, 1971, An energy circuit language for ecological and social system,
its physical basis. In System Analysis and Simulation in Ecology, B. Pattern,
Ed. Academic Press, New York, Vol. 2, pp139-211.

Odum H. T, 1983, Systems Ecology, John Wiley & Sons, 644pp.

Odum H. T, E C. Odum, and M. Blissett, 1987, Ecology and Economy:
Emergy analysis and public policy in Texas. L.B.]J. School of Public Affairs
and Texas dept. of Agriculture (Policy Research Publication 78). Univ. of
Texas, Austin. 178pp.

Odum H. T. 1988, Energy, environment and public policy: A guide to the
analysis of system. UNEP regional seas reports and studies, No0.95, United
States Environmental Programme, Nairobi, Kenya, 109pp.

Odum H. T, 1994, Ecological and general systems, The University Press of
Colorado, 644pp.

Odum H. T, 1996, Environmental Accounting, John Wiley & Sons, New York,
370pp.

Odum H. T. and E. C. Odum, 2001, A Prosperous Way Down : Principles and
Policies, The University Press of Colorado, 326pp.

Son J. H. and S M. Lee, 2000, A Study on the Sustainable Development of
Pusan Metropolitan City by the emergy Evaluation, J. of the Korean
Environmental Sciences Society, Vol. 9, pp185-191.

Sutton P. C. and R. Costanza, 2002, Global estimates of market and
non-market values derived from nighttime satellite imagery, land cover,
and ecosystem service valuation, ]. Ecological Economics, Vol. 41,

pp509-527.

- 79 -



Ulgiati. 5 and M. T. Brown, 2002, Quantifying the environmental support for
dilution and  abatement of process emissions : the case of electricity
production, Journal of Cleaner Production, Vol 10, pp335-348.

Ulgiati. S, M. T. Brown, S. Bastianoni and N. Marchettini, 1995, Emergy-based
indices and ratios to evaluate the sustainable use of resources, Ecological
Engineering, Vol. 5, p519-531.

HE, 1996, ISO 14000 <] &3} 4 A, 488pp.

A48, AEH, g7, 2003, Wy FEE A AAE A7 2 AR 2
I, @2EAAF), 20089 FA}E)3) 253, pp23-peo.

278 ul, 1998, Emergy 24 & ol 8 719 &A3HY Grh A =E.

FAREAAT Y, 2003, GE5 RAY FASH dTFE BT AT FEAANL w

FAEAE T, 2003, FAbA) BAARL AL P E0e] BE A7, 106pp.

S B, 2002, A&rbed A e, @A A A58, 10(1), pp5-32
U, 1997, KS - 1SO 2 #7379, 360pp.
A AR, 2000, BAEE e FPYHETH Horr el dig A, Slpp.
MR, A5, AEd, 2000, EF A GARA TS SO 140010F A vlw o

o, RS F A A, 8(1), ppl79-1%.

ARG, AR, Felzl, bF A, =8, 2 E, 2003, F
AP BFE9E A FAYMAE N, Fx83AGE, 20033

Ho
o
%,
2
X,
N

B, 2000, FFARY VGAGE AT BAHLAT L, 12pp.

_80_



< S5A4#A8 >

71743, 2002, 7)74<4x, 29pp.

A4, 2002, 2001 #Y - AR FAFALR A (X GH), 803pp.

BAZ, 2002, 2001 #] - AAZY FAZARTA(FZH), 687pp.

TAA, 2002, 2001 B4 - A2 FAZAIR DA (71 A H), 498pp.

B, 2002, 45 =FA, 727pp.

8737, 2002, BAFAAL, 647pp.

SRR, duA] A AR A€, 2003
http.:/ /www .iin.co.kr/

- 81 -



	표지
	목차
	초록
	1. 서론
	2. 이론적 배경
	2.1 환경친화기업지정제도 
	2.2 환경경영체제인증(ISO 14001)
	2.3 전과정 평가 (Life Cycle Assessment : LCA)
	2.4 Emergy 지수

	3. 연구방법
	3.1 대상시스템 선정
	3.2 Emergy 분석
	3.3 Emergy 지수 산정
	3.4 환경친화성 지수 개발

	4. 연구결과
	4.1 제조업의 현황
	4.2 Emergy 분석결과
	4.3 Emergy 지수 산정
	4.4 환경친화성 지수의 적용

	5. 결론
	Appendix
	참고문헌

