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Emergy Analysis of Biodiesel Using Rape Oil

Hye Hyun Jang

Department of Environmental Engineering, Graduate School,

Pukyung National University

Abstract

Korea needs to develop alternative energy to reduce the high oversea
reliance on resource and to reduce the pollution from burning fossil fuel.

Due to many efforts, we have bought and used biodiesel since July, 2006
and it is now most commonly used alternative energy which can reduce
oversea reliance and also can improve the environment and keep the
landscape.

But on the other hand, high production cost, side effects on car and
instability of raw material supply bring criticism on practicality.

This study provides base data for energy policy by evaluating alternative
effect, efficiency and sustainability base on the emergy analysis of biodiesel
using rape oil.

Transfromity of biodiesel is 7.55E+14sej/bbl which has low efficiency against
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4.03E+14 sej/bbl of diesel.

Emergy Yield Ratio(EYR), which indicates value of resource, of biodiesel is
1.50 with is lower than 6 of fuel EYR but since it is over 1 it can help
reducing fossil fuel use.

With high reliance on non—renewable source and purchased input,
Environmental Loading Ratio of biodiesel is 2.01 and Emergy Sustainbility
Index(ESI) of biodisel is 0.75.

Monetary economic value of biodiesel is 112,382won/bbl even combining
value of by—effect(216,337 won/bbl) there for biodiesel costs more than its
benefit which is lower than ecological economic cost of biodiesel(342,000

Won/bbl).
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Table 2.1 Pollutant contents of biodiesel and diesel

PAHs Sulfate content  Degradability(28days)
Biodiesel 0.30 mg/mm ¢ 10 ppm 77 %
Diesel 5.01 mg/mm 360 ppm —
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Jyg A4 R 93 AR ex Arow T F AaY AE 3
Hol ALAEE9] o] 2~13% A= S7HES BT . v A A4EE
I A F7IEZ 93 LEIALE 10~50% FATS HoFa gt v=
oM e 2dzte] A9 ZALE Bl O nioleuAls ti7|FAHE

Table 2.2 Reduction effect of pollution by percent biodiesel

B20
B100
(20% biodiesel +
(100% Biodiesel)

80% diesel)
Total Unburned Hydrocarbons —93% —30%
Sulfur Oxides —100% —20%
Nitrogen Oxides +13% +2%
Carbon Monoxide —50% —20%
Particulate Matter —30% —22%
Ozone Forming Potential —50% -10%
PAHs —80% -13%
nPAHs =-90% —50%

%] : National Biodiesel Board, 2000
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Average emission impacts of biodiesel for heavy-duty highway engines
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0 20 40 60 80 100

Percent biodiesel

Fig. 2.2 Reduction effect of pollution by percent biodiesel(US Department of
Energy, 2004).
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Table 2.3 Use of biodiesel in the world

Nation Content Use

the public vehicle & the
heavy duty truck

the vehicle of downtown
& public offices

USA Diesel 80% + Biodiesel 20%

Diesel 70% + Biodiesel 30%

France
Diesel 97% + Biodiesel 3% the vehicle of a big city
100% Biodiesel the vehicle of downtown

Germany
Diesel 95% + Biodiesel 5% common diesel vehicle

Sweden Low—sulfur diesel 70~95% + Biodiesel 30~5% the vehicle of a big city

100% Biodiesdl the heating oil of a big

city
Ttaly
Diesel 70% + Biodiesel 30% the vehicle of a big city
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Matural Environmental '
; Economic Development
Conservation

Induction of Environmental
Froblem Conflicts

v

Approach of Systems Ecology

l
| .

System Analysis System Modeling
¥ ¥
EMERGY Analysis Energy Simulation

ol Y |
' ! '
EMERGY Indices Interpretation | Prediction

) ., o

Selecting FPolicy
( Feal Wealth ) ( Fublic Benefit )

Fig. 2.3 The methodological roots of systems ecology(Lee, 2007).

2.2 9= 73

2.2.1 JlP R & A9

- 24 -



o adEg EFstFor Ze A7]Y JquAgte ddzew d& & 3
= s 9= Zol7t AUt
olg]gt ztolE AFALETY AFH] HIAUAE 7IFoE ot T3
HE2 Hristr] At 27 08 e et & FAFEHTIHA A
Aoz AxnFH B AR %L Solar Emergy @+ A9t Odum, 1988).
Fig. 2.45 F33ste] AWstdA, g oA E012= 40000J9 e Lol A &

U5 FAHE Wl o] AUAR o §F AR UF, ¥y, A/E 2

7y 2, 1, 0.259] oY AE 7FA 3 Ut} o] W] Bl Al2=H Y2 Eojew
of| /] A (Solar Emjoule) 40000sej& 212t A= o] 7HA = AYAZ YFolFH

Ui, Mgk A7) 2+2+e] Transformity= 20000, 40000, 160000sej/Jo] k& 714
A B}

indirect sun
v embodied in rain

. wood i coal electricit
light Plants Geological Power | €lectricity
2 action 1 plant 1/4

s Rl

Fig. 2.4 Emergy quality chain used to calculate solar transformity(Odum, 1988).

2.2.2 Transformity

AquA e BFL YA WS, HHY, F2AE i Acdoes 7A4d
A FEE JHAL A oY 559 AZW TE= JAdUA WHEe] ¥
st= AT Z(hierarchy)E dA 3t A= e] Fejr7t 02w oy =]e] Hol
tg=27] wiol, 3 s A 22 o] AuAZ} oA HeHGS T

FAH7 el FAHFE AFRE REE qUAY T = yAd ody=A
(embodied energy) & 3H2t3te] =A31A o)
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AM A= ZF A Lol A" ejgFeluAol tgk HrolH, o|F A4tsl7]
Asll AT AlEE WA B dA 2R E e AEFEE YEWE solar
transformity7} AF& @t} Transformitys AJAHES] oYX Hr 2 ol )
o] YA 1J& w57 fallA AP AeE ARd g FduR e Foz Ho

i

I, &9+ solar emjoules per joule(sej/j)2 EHAHA T Transformity= | L A
ASTZE gt JAgstdr Fadoz F7tEH, dyx] AZ+x2 W o9y

A ZEoY B vt deo H==2 o] & HHOdum, 1988).
10° 10
Joules per Time —— —_
Eenrgy Quantity
Solar Joules/Joules 10° 10° 10°* 10°
(b)

¢ °9 0

o:o: :.o g o0 ® @ .

[ ] ° [ ] Ty . .

0o °, [ ) .

()
Fig. 2.5 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).

2.2.3 o] W X —3} ¥ ¥] & (Emergy Money Ratio, EMR)

EMR2 oMA S stHGfz2 Sqtet Aoz A4 S fste] 224 F
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vl ek gird ste|7hA)eke] Wl E o] &3] ALHATH(Fig. 2.6). A& &9 %
7hstazt st AAALECl 19 FeE AFEE FAMAZS 1 osle] FA
(GDP)o.2 um gholth. AHA e omAl B5c] A= =& d
FHolgta AWste g EMRE BA 9 A5 EE oHAsEH ddste A
gt EMR2 37hdld dAS) st g & vetdl el o] Higo] gt
AogstHE A Qe deA, S AdAHA 2 Fadke s ovdn.
°of A= destHZbA 7} ok Bk HErA dFA F& Frhske ol

W2 71Z23 AAAAZ 7Fx] o)t (7, 2003, Appendix A).

o

A

Fuels
Goods &
Services

=" >—
Exports
Services

Production

| | Economic
Production

Macroeconomic Overview

Total emergy flow
Money flow, GDP

Emergy/Money ratio =

Fig. 2.6 Emergy inputs used to evaluate the emergy/money ratio of the national

economy (Odum, 1996).
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2.2.4 Maximum Power Principle

2ol dyAE +
AquAE o] && F
gl FHE EAEHo dEHds T8 fEHed olHd oA WEs 4
(work)o] &} sttt

Fig. 2.7& Zt A|&dlo] @AIME A 55 &
do] Fds Huglsla T3 HHo F8&F FHEJof 3t dEA T3 F
2 Holok k= A& ovdtt. o] 3 oA dZe FFeA s o
#ge] o] & SHAEA HH Y FHAd Fodte= Zeoln 2y wehd A9
FdH HAH o]& F A EFE FHulste}
AqUA MEAAYY HFAECd = ARG FE O F2 S A|AT}E BEo
7] Wit o]Fe] X &E7V] fejA e AAkE ] AAGE AUAE oW A
Ao Few FHo| AiS AFZ A Ak Skt

, Maximum power principle S7d&e]e] A|2=®l ZZ o )3k x| &7154
£ Yeli=d o s w2e AEES #4430 dUuAE FdATIL
HE dUAE o]&st] Hop B AdUAE FUAIZ F UEE J= A

1= %22 H1AA Hol A&EFH oz AAsH 4+ AdA FDH(Odum, 1996).

o
)
ro
ox
r
o
e,
9
iv
rr
ol
<
Jo
o
oX
M
rlo
N
N,
iv
alif
ok
£
)

e
=2
o
ol
N
o
ol
2
>

i
Y

rr

19
,ﬂ
'
AL
E{
[
=
rO
PR
o
)
td
i

o

L 4z NN

Ny

- 28 -



Stored quanitity
away form
equilibrium

Source

delivers "Force"
Released

materials

a concentration Energy
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process

or pressure
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Fig. 2.7 Systems diagram of the autocatalytic storage to energy transformation

process (Odum, 1996).
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2. whol et el AEAAA HE B4

2.1 A A2d tholoj 1Y A
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(Fig. 3.1).
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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).

2.2 WA H7tE A4

BAUY A2d 4QA8FT AR Yo} 9% A J@ 7

A% H7het7) SISA Table 3.1 2e G2 olvix RAEE A4

Table 3.1 Tabular format for emergy evaluation

Data Units Solar Transformity Solar Emergy Em$

No. Item (77" "W, $) (sej/unit) (sej/yr) (dollar/yr)

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

R WA gele 4 32 £4E /1Y
F oA gele BAW A29e] AABHI Ao FABEL HsA 5
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oAl WA Gelle F WA 49 F8 oA do] 7HAE el Al HR E9
Solar Transformity®+ Emergy/Money Ratio= #3te] o # A zkS 4F&3o)
Agx HA dole F8 AUALY oA S Emergy/Money RatioE

o] AAs AA] AA A 71X (Macroeconomic Value)E AH=3ko),

2.3 WA A A4k

Emergy #2414 3 emergy @S 7122 BN Al2HS vlwsta, 1
EA4E 9otstr] 9@l Fig. 3.2¢F o] emergy AXES AL

Alz=dle] fFAEE emergyE AT B ATFETA A3 &F dUA LY
emergy(R) ¢} A28 W52 BFolqA]de] emergy(N), Z2]a F7 Br o 2 7
FAEE SAAE, A7), 28 A4F Aot 8499 ol emergy(F)E &3}

o emergy AXEES A4S}
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Fig. 3.2 Emergy based indices, accounting for local renewable emergy input(R),
local nonrenewable inputs(N), and purchased inputs from outside the

system(F)(Brown and Ulgiati, 1997)

2.3.1 Emergy A3 4FH] (Emergy Yield Ratio : ERY)

Emergy A4HHle A 2dogRE Aitd BiEc] 7HA= AA emergy &l
A o zRE wd ws Tl FAH THAAY] emergy FOE Uy
Aretr, ol 7HAle Ado g 7hx g AlxFe] B&AS Hhsk=t
o] &3+, 2003).

2.3.2 873 23} ¥] & (Environmental Loading Ratio : ELR)

[e]

=
sl $4A99) emergy ol $HOZ Wpro] AR, Azl AN F, A
A8 B BFH Pake] Y= wopah AL, 2003).
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2.3.3 Emergy A4 A A4 (Emergy Sustainability Index : ESI)

Emergy A% A= emergy BAtv]ol @356 H2A Ajtdn. A5
o Fho] 1H Tk #row &0 A2 Al&Flojal, 10T & 75-ole A&l
=2 AlEEolH, 1914 10 Apole] Bg-dle AHFAC] THEEL A"

A7, 2003).

o
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V. 23 9 u3

1. vpole A o] 3 FAH 713 B7}

Hlo] 2t o] AgfrtdL mad 112,3829 02 Yepg o, 344k o=
A e wEd 216,33690 2 UERT

Table 4.1 Monetary economic value of biodiesel per barrel

. . Alternative COq Conservation  Additional
Selling price 4
o effect of reduction effect of effect of rape
of biodiesel " .
petroleum import effect landscape production
(oome 112,382 79,562 8,349 80,159 48,266
ot 328, 710k Ou/bbl

1.1 nle)jetjAl e}l A 74

Hlol e oA o] A rtA L 2002d~20043 702 HiE D 112,382 ot (AHE
Z4E-, 2005).

DS PRDIEEEN £

lolo o)A Aite] wWE HFFAduiAads dy 79562902 YElta,
A e CO, #HFALE WdD 8349902 Yepgon, fadatel
e FEFAVRAETAE gD 80,1599 0% vEith FEF fAu 5 &
ALY mE e R Bk wEE 48,2669 0.2 YEbS (v e AT
€, 2005).
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2. vlol et o] HejFA A HlE H7t

21 #AHE o18% o] er A omA B4

FARFE o] &g Hto] et et YA theloj a2 Fig. 4.13 211, o
M A F7bEE Table 4.29F £t 1bble] vpe]e v Aite] mE A FA4d £
Ao A#E Tt 7 uxde dAAA VGRS vusid, Mg 2
719s e duAde AdFAANUA F owe sEhA quAEA
2.51E+14sej/bbloltt. I th5-2 9% oA o2 nF7} 8.13E+13sej/bblo]th,
npo] QT4 1bble] ) A AN F Hl&-L 342,000 02 EA o A Y
A v§< 286,000 R Y A YEL BlEo] @o] Sol7te ALE YEN

Seedmg
Ma hines weedicide
/ M WA I [
’

. "

L g e
Renewable Making Pre-_ 21t~ Biodiesel
sources y Qil processing P Glycerin

Pred

=

Fig. 4.1 Energy diagram of biodiesel using rape oil.
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Table 4.2 Emergy evaluation of biodiesel using rape oil(per 1bbl of biodiesel)

Uni Transformity Solar Emergy Emwon

ftem Data t  (sej/unit) (sej) (won)
Renewable sources
Sun 342E+12 J  1.00E+00 3.42E+12 1.55E+03
Rain 820E+09 J 3.06E+04 2.51E+14 1.14E+05
Wind 151E+08 J 2.51E+03 3.78E+11 1.71E+02
Purchased input
Seeding machines 1.82E+04 W 2.21E+09 4.01E+13 1.82E+04
Insecticide 1.76E+01 g 1.69E+10 2.97E+11 1.35E+02
Weedicide 236E+02 g 1.69E+10 3.99E+12 1.81E+03
Fertilizer 159E+04 ¢ 5.11E+09- 8.13E+13 3.68E+04
Electricity 553E+07 J 2.91E+05 1.61E+13 7.29E+03
Methanol 159E+04 ¢ 4.70E+09  7.47E+13 | 3.38E+04
Catalyst 159E+03 g 4.70E+09 7.47E+12 3.38E+03
Electricity (Production) 6.71E+07 J | 2.91E+05 1.95E+13 &.85E+03

G&S

Production(Rape) 730E+04 ¥ 2.21E+09 1.61E+14 7.30E+04
Labor(Making oil)  1.96E+04 ¥ 2.21E+09 4.32E+13 1.96E+04
Labor(Making BD) 197E+04 % 2.21E+09 4.34E+13 1.97E+04
Transportation(Rape) 398E+03 % 2.21E+09 8.79E+12 3.98E+03
Transportation(Rape oil) 1.67E+03 % 2.21E+09 3.69E+12 1.67E+03

Production
Rape 398E+02 kg 1.35E+12 5.38E+14 2.44E+05
Rape oil 167E+02 L 3.62E+12 6.06E+14 2.74E+05
Biodiesel 159E+02 L 4.75E+12  7.55E+14 3.42E+05
Glycerin 159E+01 L 4.75E+13  7.55E+14 3.42E+05
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Fig. 4.2 Energy sources signature of biodiesel production.

2.2 AMA A% £4

WX Bz utg} 2|4 BAS 3k AIE Table 4.3% 2

Table 4.3 Indices using emergy for overview

No. Name of Index Expression Result
1 Renewable sources R 2.51E+14
2 Purchased input F 5.04E+14
3 Yield e 7.55E+14
4 EYR Y/F 1.50E+00
5 ELR (F + N)/I 2.01E+00
6 ESI EYR/ELR 7.45E-01

A=A AF5 B E A3 oA A4EE(EYR)S 1.500.2 yebstar, g
753t & (ELR) 2.012 Yelom, o w2 2&4 A4 (ESD+ 0.75% JEbs:
k. O dyAde] EYRS Blusi R Fig. 4.33 2ot A4, Ae, Ad7tx
5o EYRS 5% 6 o]4o g nlo]ot]de] EYRe] 3 =gton, Ao
T AEA] 52 JEEt Al RE A dggolu ok 2

& A% 1 oldor Yenin duead A9Ee gou yAdRRs AR
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a1, dle]eujA e} EYRe Hls) tha vbA Vs

A F3HE(ELR)2 2.012 Uetston, AIRGEFE o] 83 oghgo] 4%
3hE1S-¢l 7.02(0Odum, 1984) B} vra, e
2006) Rt} =4 Jeh), vlo]otjdle] A nxE gge A% $o Ao
Uebgth oW A R &EAFAS(ESDE 0.752 e on, AARSEFE o] 43 o
29 WA A&EAAFQ 0.16(0dum, 1984) B} Ha, 2] ovjz] A
A 5.06(5F, 2006) Btk WA vEh, vle]l Al Y] A&THsde AR
e Beg yeyit

%1\

)
lo
b
o
-z
ol
ol
I
o
ro
o
o
=
N

Rainforest Log
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Texas Natural Gas(On Shore)
0Oil, mideast Purchase
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Spruce Wood
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Texas Crude Qil
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Palm Qil
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Fig. 4.3 Comparison of EYR between biodiesel and other energy sources

(Odum, 1988).
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V. 48

nlo] @ tj Al o] E @2~ ¥ v E](Transformity )& 7.55E+14sej/bbl2 YElon T4l
o] EdlAZuE](Transformity) = 4.03E+14sej/ bblo] B2 nlo] 2 tjAl-& t]jA o H]
8 g0l & Aoz yetyth vleletAd ] oux AFE B A
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Appendix A. Emergy Flows for the Korea

Table A—1. Emergy Flows of the Korea in 2002

No. Item Raw Units ;l;r(asnesj;lcl)rrlriltl;t E?noéiz{;y N\[fa;chrlg’ec(oggﬁc
(sej/yr) won)
RENEWABLE RESOURCES
1 Sunlight 1.17E+21 J 1 1.17E+21 5.07E+11
2 Wind, kinetic energy 1.63E+17 J 2.51E+03 4.10E+20 1.78E+11
3 Rain, geopotential 1.78E+17 J 4.68E+04 8.35E+21 4.91E+09
4 Rain, chemical 1.96E+18 J 3.12E+04 6.12E+22 5.41E+10
5 Waves 2.03E+17 J 5.13E+04 1.04E+22 9.21E+09
6 Tide 254E+17 J 2.83E+04 7.19E+21 6.37E+09
7 Earth cycle 90416 § I BIY6 B0~ SLA3E+ 24, 5.07E+09
INDIGENOUS RENEWABLE ENERGY
8 Hydroelectricity 191E+16 J 2.06E+05 3.94E+21 3.48E+09
9 Agricultural Production 2.57E+17 J 3.36E+05 8.65E+22 7.65E+10
10 Livestock Production 4.05E+15 J 3.36E+06 1.36E+22 1.20E+10
11 Fisheries Production 6.35E+15 J 3.36E+06 2.13E+22 1.89E+10
12 Fuelwood Production 3.10E+15 J 5.86E+04 1.81E+20 1.61E+08
13 Forest Extraction 6.22E+16 J 5.86E+04 3.65E+21 3.23E+09
NONRENEWABLE SOURCE USE FROM WITHIN SYSTEM
14 Coal production 9.62E+16 J 6.71E+04 6.46E+21 5.71E+09
15 Metallic Minerals 3.01E+11 g 1.68E+09 5.06E+20 4. 47E+08
16 Inustrial Minerals 953E+13 g 1.68E+09 1.60E+23 1.42E+11
17 Top Soil 352E+16 J 1.24E+05 4.37E+21 3.87E+09
IMPORTS AND OUTSIDE SOURCES
18 Coal, import 199E+18 J 6.71E+04 1.33E+23 1.18E+11
19 Oil, crude 497E+18 J 9.06E+04 4.50E+23 3.98E+11
20 Petroleum Products 5.39E+18 J 1.11E+05 5.98E+23 5.29E+11
21 Metallic Minerals 467E+13 g 1.68E+09 7.85E+22 6.95E+10
22 Industrial Minerals 4.76E+12 g 1.68E+09 7.99E+21 7.07E+09
23 Natural Gas 929E+17 J 8.05E+04 7.48E+22 6.62E+10
24 Goods & Services 152E+11 $1.13E+12 1.72E+23 1.52E+11
Exports
25 Goods & Services  162E+11 W2.30E+09 3.74E+20 3.31E+08
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Table A—2. Emergy Flows of the Korea in 2003

No. Item Raw Units ;l;r(asnesjflcl)rrlrilg;t E?noéigy N\[fa;clflg,ec(oggﬁc
(sej/yr) won)
RENEWABLE RESOURCES
1 Sunlight 1.17E+21 ] 1 1.17E+21 5.32E+11
2 Wind, kinetic energy 1.63E+17 J 2.51E+03 4.10E+20 1.87E+11
3 Rain, geopotential 1.78E+17 J 4.68E+04 8.35E+21 4.91E+09
4 Rain, chemical 1.96E+18 J 3.12E+04 6.12E+22 5.41E+10
5 Waves 203E+17 J 5.13E+04 1.04E+22 9.21E+09
6 Tide 254E+17 J 2.83E+04 7.19E+21 6.37E+09
7 Earth cycle 9.94E+16 J 5.76E+04 5.73E+21 5.07E+09
INDIGENOUS RENEWABLE ENERGY
8 Hydroelectricity 218E+16 J 2.06E+05 4.49E+21 3.97E+09
9 Agricultural Production 257E+17 J 3.36E+05 ~&.65E+22 7.65E+10
10 Livestock Production 4.05E+15 J 3.36E+06 1.36E+22 1.20E+10
11 Fisheries Production 6.50E+15 J 3.36E+06 2.19E+22 1.93E+10
12 Fuelwood Production 348E+15 J 5.86E+04 2.04E+20 1.81E+08
13 Forest Extraction 6.22E+16 J 5.86E+04 3.65E+21 3.23E+09
NONRENEWABLE SOURCE USE FROM WITHIN SYSTEM
14 Coal production 956E+16 J 6.71E+04 6.42E+21 5.68E+09
15 Metallic Minerals 290E+11 g 1.68E+09 4.87E+20 4.31E+08
16 Inustrial Minerals 9.98E+13 g 1.68E+09 1.68E+23 1.48E+11
17 Top Soil 349E+16 J 1.24E+05  4.34E+21 3.84E+09
IMPORTS AND OUTSIDE SOURCES
18 Coal, import 203E+18 J 6.71E+04 1.36E+23 1.20E+11
19 Oil, crude 5.05E+18 J 9.06E+04 4.58E+23 4.05E+11
20 Petroleum Products 5.28E+18 J 1.11E+05 5.86E+23 5.18E+11
21 Metallic Minerals 467E+13 g 1.68E+09 7.85E+22 6.95E+10
22 Industrial Minerals 5.25E+12 g 1.68E+09 8.83E+21 7.81E+09
23 Natural Gas 1.03E+18 J 8.05E+04 8.32E+22 7.36E+10
24 Goods & Services 1.79E+11 $1.13E+12 2.02E+23 1.79E+11
Exports
25 Goods & Services  1.94E+11 W2.19E+09 4.25E+20 3.76E+08
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Table A—3. Emergy Flows of the Korea in 2004

No. Item Raw Units ;l;r(asnesj;lcl)rrlrilg E?nO;?;Y N{feﬁﬂz,ec(og&r)ric
(sejlyr) won)
RENEWABLE RESOURCES
1 Sunlight 1.17E+21 J 1 1.17E+21 5.49E+11
2 Wind, kinetic energy 1.63E+17 J 2.51E+03 4.10E+20 1.93E+11
3 Rain, geopotential 1.78E+17 J 4.68E+04 8.35E+21 491E+09
4 Rain, chemical 1.96E+18 J 3.12E+04 6.12E+22 5.41E+10
5 Waves 203E+17 J 5.13E+04 1.04E+22 9.21E+09
6 Tide 254E+17 J 2.83E+04 7.19E+21 6.37E+09
7 Earth cycle 994E+16 J 5.76E+04 5.73E+21 5.07E+09
INDIGENOUS RENEWABLE ENERGY
8 Hydroelectricity 218E+16 J 2.06E+05 4.49E+21 3.97E+09
9 Agricultural Production 2.57E+17 J 3.36E+05 8.65E+22 7.65E+10
10 Livestock Production 5.20E+15 J 3.36E+06 1.75E+22 1.55E+10
11 Fisheries Production 6.76E+15 J 3.36E+06 2.27E+22 2.01E+10
12 Fuelwood Production 2.37E+15 J 5.86E+04 1.39E+20 1.23E+08
13 Forest Extraction 6.22E+16 J 5.86E+04 3.65E+21 3.23E+09
NONRENEWABLE SOURCE USE FROM WITHIN SYSTEM
14 Coal production 925E+16 J 6.7TE+04 6.21E+21 5.50E+09
15 Metallic Minerals 378E+11 g 1.68E+09 6.35E+20 5.62E+08
16 Inustrial Minerals 9.68E+13 g 1.68E+09 1.63E+23 1.44E+11
17 Top Soil 347E+16 J 1.24E+05 4.32E+21 3.82E+09
IMPORTS AND OUTSIDE SOURCES
18 Coal, import 221E+18 J 6.71E+04 1.49E+23 1.31E+11
19 Oil, crude 519E+18 J 9.06E+04 4.70E+23 416E+11
20 Petroleum Products 557E+18 J 1.11E+05 6.17E+23 5.46E+11
21 Metallic Minerals 480E+13 g 1.68E+09 8.06E+22 7.13E+10
22 Industrial Minerals 5.73E+12 g 1.68E+09 9.62E+21 8.52E+09
23 Natural Gas 1.18E+18 J 8.05E+04 9.48E+22 8.39E+10
24 Goods & Services  2.24E+11 $1.13E+12 2.54E+23 2.24E+11
Exports
25 Goods & Services  254E+11 W2.13E+09 5.40E+20 4.78E+08
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Table A—4. Summary of flows of the Korea in 2002

Letteg 11n Fig. Ttem Nu\fr;leéiecal

R Renewable sources used, sej/yr 6.12E+22

N Nonrenewable sources flow from within Korea, sej/yr 1.71E+23

F Imported minerals and fuels, sej/yr 1.34E+24

P21 Imported goods and services, sej/yr 1.72E+23

I Dollar paid for imports, $/yr 1.52E+11

E Dollar paid for exports, $/yr 1.62E+11

P1E Exported goods and services, sej/yr 3.74E+20

X Gross Demostic Product, won/yr 6.84E+14

P2 Ratio emergy to dollar of imports (sej/won) 1.13E+12

P1 Ratio emergy to dOI(leegp(\;;itts}Tmsetjl}g country and for its 9. 30E4+09
Table A—5. Summary of flows of the Korea in 2003

Letteg 11n Fig. . Nu\fr;leéiecal

R Renewable sources used, sej/yr 6.12E+22

N Nonrenewable sources flow from within Korea, sej/yr 1.79E+23

F Imported minerals and fuels, sej/yr 1.35E+24

P21 Imported goods and services, sej/yr 1.79E+11

I Dollar paid for imports, $/yr 1.79E+11

E Dollar paid for exports, $/yr 1.94E+11

P1E Exported goods and services, sej/yr 3.76E+08

X Gross Demostic Product, won/yr 7.25E+14

P2 Ratio emergy to dollar of imports (sej/won) 1.13E+12

P1 Ratio emergy to dollar within the country and for its 2 19E409

exports, sej/$
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Table A—6. Summary of flows of the Korea in 2004

Letter in Fig. Numerical
A.l Item value
R Renewable sources used, sej/yr 6.12E+22
N Nonrenewable sources flow from within Korea, sej/yr 1.74E+23
F Imported minerals and fuels, sej/yr 1.42E+24
P21 Imported goods and services, sej/yr 2.54E+23
I Dollar paid for imports, $/yr 2.24E+11
E Dollar paid for exports, $/yr 2.54E+11
P1E Exported goods and services, sej/yr 5.40E+20
X Gross Demostic Product, won/yr 7.78E+14
P2 Ratio emergy to dollar of imports (sej/won) 1.13E+12
Ratio emergy to dollar within the country and for its
P1 expTre—seild 2.13E+09
Purchased
Resources
| —
Local Non- y
Energy ]
sources w1 Environmental Economic Y Yield
>/ Systems Use
/
Yield(Y)=R+N+F e Eq. (1)
%Renew=R/(R+N+F) e Eq. (2)
Emergy yield ratio=Y/F e Eq. (3)
Emergy investmentratio=F/(R+N) = ——eemmeemmmmeee Eq. (4)
Environmental loadingratio=(F+N )/ R = ————memmeeeeeen Eq. (5)
Sustainability index = EYR/ELR - e Eq. (6)

Fig. A.1 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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Table A—7. Indices using emergy for overview of the Korea in 2002

Name of Index Expression Value
Renewable emergy flow R 6.12E+22
Flow from indigenous
nonrenewable reserves N L71E+23
Flow of imported emergy F+P2I 1.51E+24
Total emergy inflow R+N+F+P21 1.75E+24
Total emergy used U=N+R+F+P2I 1.75E+24
Total exported emergy P1E 3.74E+20
Emergy to money ratio P1=U/GDP 2.55E+09
Fraction of emergy used
derived from home sources (N+R)/U 0.13
Imports minus exports (F+P21)—-P1E 1.51E+24
Ratio of imports to exports (F+P21)/P1E 4.05E+03
Fraction used, locally
renewable R/U 0.04
Fraction of emergy used
derived from home sources (N+R)/U 0.13
Fraction of emergy used
purchased (imports) (F+P2D/U 0.87
EmergyYield Ratio U/(E+P21) 1.15
Use per unitmazrea (9.96 E10 UlCarea) 1 75E+13
Emergy investment ratio F+P2I/R+N 6.51
Environmental loading ratio (N+F+P21)/R 2.76E+01
SI EYR/ELR 0.04
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Table A—8. Indices using emergy for overview of the Korea in 2003

Name of Index Expression Value
Renewable emergy flow R 6.12E+22
Flow from indigenous
nonrenewable reserves N L.79E+23
Flow of imported emergy F+P2I 1.35E+24
Total emergy inflow R+N+F+P21 1.59E+24
Total emergy used U=N+R+F+P2I 1.59E+24
Total exported emergy P1E 3.76E+08
Emergy to money ratio P1=U/GDP 2.19E+09
Fraction of emergy used
derived from home sources (N+R)/U 0.15
Imports minus exports (F+P21)—-P1E 1.35E+24
Ratio of imports to exports (F+P21)/P1E 3.59E+15
Fraction used, locally
renewable R/U 0.04
Fraction of emergy used
derived from home sources (NER)Y §.15
Fraction of emergy used
purchased (imports) (F+P2D/U 0.85
EmergyYield Ratio U/(E+P21) 1.18
Use per unitmazrea (9.96 E10 UlCarea) 1 60E+13
Emergy investment ratio F+P2I/R+N 5.62
Environmental loading ratio (N+F+P21)/R 2.50E+01
SI EYR/ELR 0.05
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Table A—9. Indices using emergy for overview of the Korea in 2004

Name of Index Expression Value
Renewable emergy flow R 6.12E+22
Flow from indigenous
nonrenewable reserves N L.74E+23
Flow of imported emergy F+P2I 1.67E+24
Total emergy inflow R+N+F+P21 1.91E+24
Total emergy used U=N+R+F+P2I 1.91E+24
Total exported emergy P1E 5.40E+20
Emergy to money ratio P1=U/GDP 2.45E+09
Fraction of emergy used
derived from home sources (N+R)/U 0.12
Imports minus exports (F+P21)—-P1E 1.67E+24
Ratio of imports to exports (F+P21)/P1E 3.10E+03
Fraction used, locally
renewable R/U 0.03
Fraction of emergy used
derived from home sources (N+R)/U 0.12
Fraction of emergy used
purchased (imports) (F+P2D/U 0.88
EmergyYield Ratio U/(E+P21) 1.14
Use per unitmazrea (9.96 E10 UlCarea) 1 92E+13
Emergy investment ratio F+P2I/R+N 7.13
Environmental loading ratio (N+F+P21)/R 3.02E+01
SI EYR/ELR 0.04
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Appendix B. Footnotes

1. Sun
land area
Insolation
Albedo
Energy(J)

Transformity

2. Wind
land area
atmophere layer
air density
drag coeff.
wind speed
Energy(J)

Transformity

9.94E+02 m

2

491E+09  J/m’

0.3

(marine Area)*(Insolation)*(1-Albedo)

(&5, 2005)
(7174 K, 200272004)

(% given as decimal))

3.42E+12  ]J/bbl

1 sej/J
9.UE+02  m’
L.OOE+03 ~ m

123 kg/m’
1.00E-03
234  m/s

(254, 2005)

(71744 K, 200272004)

(height)(density)(drag coeff.)(wind speed*10/6)"3(area)
7.25E+04  J/bbl
2513 - sej/]

3. Chemical potential energy in rain

9IHEH2 m2
1.67 m

494E+03  J/kg

land area
rainfall

G
Energy(])

Transformity

4. Insecticide

5. Weedicide

6. Fertilizer

(land area)*(rainfall)*(1000kg/m3)*(G)

8.20E+09  J/bbl
30574 sej/]

17.68g/10a

(0.0993%ha)*(17.68g/10a)/(0.01ha/a)

1.76E+04 g/bbl

1 237.5¢/10a

(0.0993%ha)*(237.5¢/10a)/(0.01ha/a)

2.36E+02 g/bbl

: 6000g/10a

(0.0993%ha)*(16000/10a)/(0.01ha/a)

1.59E+04 g/bbl
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7. Methanol

8. Catalyst

9. Electricity

A7) A (0 2)

A7 AR (D)

Sale:

methanol 0.1kg/biodiesel 1kg (P]2}FAH AT, 2005)
(159L)#(0.1)*(1000g/1L)
1.59E+04 g/bbl

catalyst 0.01kg/biodiesel lkg (gAY, 2005)
(159L)*(0.01)*(1000g/1L)
1.59E+03 g/bbl

ANAHE dvjgde 192 714
Hlo] @ tjA o] 1AL 707.259(2002~2004d 713, A9 2oha 71A)

(707.259/L)*(159L)*0.01
1124.5275 </bbl

St A xR 93 1749459 7 kwhe= 1054029 ¢

(1749459 Rkkwh/1054029 91)#(1124.52759)

13080.309 Wh (1Wh = 3598.326])
47067215.98  J/bbl

1749459 dtkwh:1054029 @ = x ¢ 29.727569 4
X= 49341454 kwh/yr (lwh = 3598.326J)
= 1.775E+14 J/yr

707.259/L
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Appendix C. Data for environmental sources and productions

Item Value Unit From
e (ule] oA 2 ALE-7HE3
Land area 9.94E+02  m’/bbl %}79(%9] AAAG B4 g Ay 2
H}lo

, sAAT4d
Sun Insolation 4.91E4+09  J/m'/yr

Albedo 0.30

2L (po] U R)) 2 AHE7HE
Land area 9.94E+02 m*/bbl =R

Al Eia
2o A4 B4 9 AAH A9l
_ Bk A, 2005, FleE AT
Wind
) B
Wind velocity  2.34 m/s 7175, 2005, w4t
Rain Rainfall 1.67 m/yr 712448, 2005, F4F
chemiqal
potential 21918915 (o] 9 o)A 2 ALE7Ve
CNEIEY  Land area 1.99E+08 m/bbl B2 AAA B4 2 AFAA g
Wk A, 2005, HHEgdATH
Seeding
machines

Purchase Insecticide,

i SIERROEIST Y= ey
) 1C] ) A A=) A B 2D gD 29
d input Weedicide, won/bbl SLQE@ a8 O N of o)

Fertﬂizer, o A8 L:—_[L5 2000 U]EH [ ;{o L“?L‘d

Catalyst

million
Wattage Price 1.66  kwh/hundred A=A E 28
million won

Rape oil Price 707.25 won/L

AUAEA AR, 2005
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