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Development of Eco-Efficiency Index by Emergy

Analysis

Lee Dong Joo

Department of Ecological engineering, Graduate school,
Pukyoung National University

Abstract

The increment of quality” of life as. well as the concern to the
environment make the consumers request the product which is friendly to
the environment. Company puts a lot of effort to shift its operation
structure and technology more efficiently, therefore high efficient,
improved, alternative products-have been developed.

Studies on eco-efficiency have been done by -others by using financial
value of product which-can net show the real value of the product.

In this study, Eco-Efficiency Index based on emergy analysis, defined
as Eco-Efficiency Index(EEI) = (Efficient Use of Resource(EUR) x
Service Intensity Ratio(SIR) x Durability(DUR) x Recyclability(REC) has
been developed to evaluate eco-efficiency based on eco—efficiency
concepts and conditions declared by WBCSD.

This study also applies Eco-Efficiency Index on different types of
vehicle, electrical power plants and manufacturing industry and

assessment of Eco—Efficiency Index by comparing with other



eco—efficiency index. As a result product with more services and less
goods came out to be the most eco-efficient product.

This study also proposes the use of Eco-Efficiency Index to help
consumers to make green purchasing decisions and to help policy maker

to make green policy decisions.
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Value of a product (Y)

Eco—efficiency =
Environmental impact of a product (X)

Akt ol A AR S Reh(X)ol HbE] F gkt S AH e FES A

ZWE2 71A 9 Ao sH(more is better) = YW A RGE H A
3}(less is better)8F AL, ol S F 7HA S BT GAtOoZHN o] F = glomr

7h7be] M4i= Table 194 2},

Table 1. ' Evaluation Factors of Eco-Efficiency (Kim et al., 2010)

Elements Type

o Selling Price

Product
e  Qutput
Index o
¢ Productivity
(Y)
e Yearly Output
e Unit element
Input
(energy, Resources, Water, Land, Waste, etc.)
Index
¢ (General elements
(X)

(Comprehensive Environmental Impact)
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Table 2. Elements for eco—efficiency(WBCSD, 2000)

Reducing material requirements for goods and services
Reducing energy intensity of goods and services
Maximizing the sustainable use of renewable resources
Reducing toxic dispersion

Increasing the service intensity of goods and services
Enhancing material recyclability

Extending product durability
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(1) A FAH7}(Life Cycle Assesment : LCA)
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Classification Characterization Normalization

; Impact )
Inventory Analysis Panel Grouping
Category

Qzone layer
destrctuon

Acidification
Combined Impact
: Index Evaluation
Eutrophication

Photochemical

Oxident.creation

Fig. 1. Diagram of the concept of impact evaluation (JEMAI, 2004).
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(2) DfE(Design for Environment)

DfEx W=, 4 5 Axl=o = /a7 ZFdol A ofm| &iks] sh -
AEH L e A B4 F7IH ez AFol e Ao g FE 7HLCA) <
FHEEHS 722 B3lE 183 A A (Design for Disassembly; DfD)<}
A&ES 113 AA(Design for recycling; DIR), 3+ 2 AQAE&S 1183
A A (Design sign for recovery and reuse; DfR)5 < F9 W&o = 3= A
R AFAA 71 el

DfE= #74#o® 2dst @ AFS dsts FALHAEY] &5 %
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AA, AL E, AMNE 52 nestel AEALLS s Aol

rr

(3) 223559713 A (Material Flow Cost Accounting : MFCA)
Eds 597 =3 A /Y T SR 55U AAFIA T

(IMU)oll A 1 93 o] 71Eltt MECAAE A& A 53 2&
A & (Material) 2] &5 (Flow)¥ A 3L(Stock)E =% F9(Cost)e] & =W
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2. oAHA H7HH

B I PAEN E

AUA A 2" A= HT. Odumell oJ&f At o= o Al2glef o

# Y 9sE old 44 BAS 54 /152 Seto] APt £FA

ol

ow O N&FHE gofbdt = RS FFr Fig 294 o] 7[EAow AR

HE 755 9

==

YA &5, oAU, 483, 44, F528, Ak, &
02, 29, Aah Al Sz At oy asiels o] VsE
S AladlS AR W 74 215 Ee] qHA

oy e aZgely JE= H4ds xdd 4= gk w3 o] J|EE A}o]
ol 84 #A7F WEE Q7] Wil dluA Edys Bt 1 W
g o3t 244 AHEE F ATH(Odum, 1996).
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o ] By i -O O |

Energy circuit: A pathway whose flow is proportional to the
quantity in the storage or source upstream.

Source: Outside source of enel;:%y delivering forces according to a
program controlled from outside; a forcing function.

Storage: A compartment of energy stora%e within the system
storing a Cfuantity as the balance of inflows and outflows; a
state variable.

Heat sink: Dispersion of potential energy into heat that
accompanies all real transformation Erocesses and storages; loss
of potential energy from further-use by the system

Interaction: Interactive intersection-of two pathways coupled to
produce an outflow in proportion to ‘a function. of both: control
action of one.flow on another; limiting factor action; work gate.

Producer: Unit that collects and transforms low-quality energy
under control interactions of high-quality flows.

Consumer: Unit that transforms energy quality, stores it, and
feeds in back autocatalytically to improve. inflow.

Switching action: A symbol that indicates one or more switching
actions.

Box: Miscellaneous symbol to use for whatever unit or function
is labeled.

Transaction: A unit that indicates a sale of goods or
services(solid line) in exchange for payment of money(dashed
line). Price is shown as an external source.

Fig. 2. Symbols of energy systems language(Odum, 1983).
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Natural Environmental
Conser

vation

|

Induction of Environmental
Problem Conflicts

Approach of System Ecology

|

Econemic
Development

|

System

Analysis

Emergy

Analysis

Emergy Indices

System Modeling

Energy Simulation

Prediction

Seleeting Policy

/"

Real Wealth

ey

Public Benefit

Fig. 3. The methodological roots of systems ecology(Odum, 1983).
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Eo] A7 7A) AFHAE BE oY A (energy memory)E TEtL) o]

Mu) 2 ol AR A oA AR FHJAE ol |JA7F gllvhd -2 7} o
&ot= Arlay ArkEo] G H A k7] miitolth. AA o v X 7 ol A
Mz e e A= Hlastr] fl& 7T o2 AbEets g TR o
& Thse ouA’E HFely A el, ©9 = Solar emjoules(sej)o] Tt
(Odum, 1996).
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indirect sun

40,000 embodied in rain

. wood i coal electricit

light Plants Geolo_glcal .| Power y
2 action 1 plant 1/4

-l
-

i _+_

Fig. 4. Emergy quality chain used to calculate solar transformity

(Odum, 1988).

Nix el Ege oix ae, Huel 45 4s T degor 7
48 QAR /F2E A Ak ole W BFel Ad FEE A WE
o] #33H A5 T % (hierarchy) & FH I U] Fejst R o

st AAbE o] X AL o] UA 7} oA ¥
AiA el & = Wl
A E o =] (embodied energy) = #itsle] S sEA Hth(Fig. 5).

A A= ZF oA Lol A B Felyzlel dgigt Aol o5 ALt
7] flell A A" el A Egd A 2R EHe HIAEE Ueds
solar transformity”7} A& JALE 0] ool H
2 ojw JeEjof A 1 J& WHET] AsA AP R &
xo] ko g Aoy w9 solar emjoules per joule(sej/]) = F 3 A},
Transformity = U A AlSTF2E we} AdstHA Gz oz F7hs,
AHA AT el v sFolu Bkl gk Ao A== o84
THOdum, 198%).

27] |Eoll,

B4 Ba) B4 A ASE AHEH e

Ht}. Transformity+=
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(a) View Together .“'

(b) Separate by Scale Territory and Size of Canlars
L ] L
L]
* @

(c) Energy web

Empower

() Solar
Transformity
(sedid)

|
o P A e

-
L L e

Translormalion Steps

Fig. 5. Concepts of energy transformation hierarchy and
transformity, (a) All units view together; (b) Units separated by
scale; (c) Units as a web of energy flows; (d) Processes shown
as an ordered series; (e) Flows of energy per unit time; (f)

Transformities (Brown et al., 2004).
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TaEske] oW A AggE ALt

Purchaszed

Resources
4 s
e
F
Energy i
sources "-'--\,\ E nvironmental Econamic Y Yield
)/ System s Use
= 1/
\ /
Yield(Y) = RENFF... i i 1)
%Renew. = R/(RENHF).c.ccccciiiiicceecrrneeee (2)
Emergy Yield Ratio(EYR) = Y/F....cccocovnnicnne. 3

Environmental Loading Ratio(ELR) = (F+N)/R......(4)
Emergy Sustainability Index(EmSI) = EYR/ELR....(5)

Fig. 6. 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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(1) 954 x4 HH8(% Renew.)

7 Alz=glell fFygEe AR L] A emergy ¥ AAY7se A
R), WF-EFALN) 283l AA Yoy wed wiks &3 9%
Tl AL (F)9] emergy & (Yield = R + N + F) o2 A4bs a1, o] 5 A7
gk A o] XA Sk emergy Bl & AlAbsto] ol A3 o] FEA YA

el Wi vhepa,

iTe; R
Y% Renew. = v\ S

(2) Emergy A AHH[(Emergy Yield Ratio : EYR)

Emergy AitH]= Al 2®lo 25 AAbE AikEo] 7M1= AA emergy
F(Y)ol BA Hewfe wdd wees T3 TAE iR Y emergy
(F)o.& vro] Al4lstelobe] 23 o] YEtdTtH, Emergy A4 =, A4

o A 2®e] F&AS HUteld

S (product)o] 7}A| = AFEO &EA] o] 7}Z|

o] § G},

EYR = —
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(3) 37 %38 (Environmental Loading Ratio : ELR)
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Table 3. Comparison of eco—efficiency conditions with Emergy Indices

Eco-Efficiency Condition

Index
A reduction in the material intensity of goods or services
A reduction in the energy intensity of goods or services
Y
N+ F
Maximize of renewable resources
Reduce dispersion of toxic materials
. ; . G
Increased service intensity of goods and services v
. G,
Improved recyclability Ff
Greater durability of product DUR
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