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Emergy evaluation of marine afforestation

for GHG reduction

Byung Hyun Lee

Department-of Ecological engineering, Graduate school,
Pukyong National University

Abstract

Use of fossil fuel after the industrial revolution made the life of Human
being wealthier, but the green house gases emission due to the use of
fossil fuel is ‘now threatening the lives of human being. Therefore
reduction of green ‘house gas-emission in.global ‘stage is on the way as
well as the local government. Studies on reduction of green house gas
emission only show the result of reduction plan disregarding the cost of
energy and materials due to the reduction plan. This study uses the
emergy analysis that uses solar emergy to evaluate natural environment
and human being’s economic value as a common measure on marine
afforestation which is one of the green house gas reduction plan of Busan.

As a result, total yield of marine afforestation is 4.50E+17 sej/yr and

60.2% of it is based on renewable source. The amount of purchased



inputs from outside system is 1.79E+17 sej/yr which is 39.8% of total
yvield. Therefore the marine afforestation is based more on renewable
source.

Emergy Yield Ratio(EYR) of the marine afforestation is 2.51 which
means it is an efficient system. Environmental Loading Ratio(ELR) of the
marine afforestation is 0.66 and Environmental Sustainability Index(ESI)
1s 3.80 which means it is low environmental loading sustainable system.
Net production of the marine afforestation is 9.97E+17 sej/yr, which is
375million em¥ per year. The B/C ratio is 6.57 which means this system

it 1s reasonable plan.
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Table 2.1. Position of GHG emission for Korea

Indices of , . Comparison of
L Korea's position Grade .
emission other countries
Total . Ist US.A,

o 5.9 hundred million ton CO- 6th
emission 2nd Japan
Rate of
) 2nd Turkey,
increase 90.1% 1st .
3rd Spain
('90~'04)
Emission 1st |Australia,
0.59 ton/thousand dollars 8th
per GDP 7th US.A
Emission
) 12.28 ton/person 14th 1st Luxemburg
per capita

2247t v E B T A H A Fat o] Z A s ] S 06 V=L
2 84.3%E AAFA AL, 90 ~ 0613-Afotell 4.6% 7t wid STkska 9
Ao 2 YelYtH(Table 2.2). $-8ydls A x T4 oy A thiaH]

g anl Prolv F3e g4, A, AER, 24 5 AUA thav] g0l

s

AR 46%, "= 31%H 1 HFo] At AA dUAY F sAdg &
= 80%0ll Sabel ol A vhaH] Abglel tid oE=T) =

o Nio

AR B A PR e ATk WS F7he) W g9leld
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Table 2.2. Categories of carbon dioxide emission for Korea(*90 ~ ‘'06)

‘90 ~ 06
Categories . ; : Rate of ] Rate of ) Rate of
. 90 00 04 . 05 . 06 : Rate of
of emission increase increase increase |
increase
Energy 2477 4385 1489.0 1.6 498.5 1.9 505.4 1.4 4.6
Industrial
19.9 58.3 68.5 0.4 64.8 §o.3 63.7 -1.8 75
process
Agriculture 135 17.0 16.4 2.6 16.1 o 15.1 6.4 0.7
Wastes 17.0 172 16.5 -3.3 14.9 =94 15.4 29 -0.6
Total
o 2981 531.0 5904 1.4 594.4 0.7 599.5 0.9 4.5
emission
Use of land
-237 -372 -315 -6.7 -32.0 15 -31.2 -25 1.7
/forestry
Net
o 2744 4938 559.0 1.9 562.4 0.6 568.4 1.1 4.7
emission
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Table 2.3. Comparison of GHG emission prediction and reduction
scenario

goal of reduction

Scenario main reduction plan
| ;
comparison 05

of BAU emission

expansion of green home, green building
LED
low carbon dioxide-high efficiency transit system
green process
Renewable Energy, nuclear power generation
smart grid

1 A21% + 8%

removal of SFs HFCs, PFCs
hybrid car
biofuel use
CCSs
green car
3 A 30% AN4% using high tech and efficiency product
reinforce on CCS

2 A27%
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Table 2.4. Present condition of whitening event

Classification Fishery area(ha) Occurrence Oceurrence

area(ha) rate(%)

All parts of the country 35,101 6,954 19.8

Goseong 3,489 48 14

Sokcho 551 15 2.7

Yangyang 1,854 26 1.4

Kangwon  (Gangneung 2,890 118 4.1
Donghae 573 182 31.8

Samcheok 1,859 540 29

subtotal 11,216 929 83

Pohang 2,973 571 19.2

Gyeongju 554 73 13.2

Yeongdeok 1,372 225 6.4

Gyeongbuk

Uljin 2,730 340 125

Ulleung 793 102 12.9

subtotal 8,422 1,311 156

Ulsan 1,012 173 179

Jeju 14,451 4,541 31.4
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Fig. 2.2. Whitening event(&, 2008).
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Table 2.5. Construction situation for marine afforestation

Classification 2002 2003 2004 2005 2006 2007 2008 2009  Total

area
65 60 60 60 81 74 121 146 667
(ha)
Budget
o 1,250 1,250 1,250 1,938 2375 2,250 3,850 4,938 19,101
(millionwon)

Fig. 2.3. Marine afforestation(http://www.depc.co.kr/).
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Table 2.6. Increase of fishery incoming for marine afforestation

L NPV .
Classification IRR(%) B/C ratio
(thousand won)
k = 4.04% 1,195,196 8.66 1.74
k = 6.5% 443 315 8.66 1.27
k = 85% 26,945 8.66 1.02
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Natural Environmental Economic
Conservation Development

Induction of Environmental
Problem Conflicts

Approach of System Ecology

System Analysis System Modeling
Emergy Analysis Energy Simulation
Emergy Indices Prediction

Selecting Policy
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Real Wealth Public Benefit

Fig. 2.4. The methodological roots of systems ecology(Odum, 1983).
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Y. % X (Emergy)
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Brhatr] M SoE debd g Qgte) i
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o] AAY 7| 7MA] AREHJAE BE o A} (energy memory)S @3t} ©
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ot Auay Arbze]l FAH A Xetr] wWZolth A ol H A 7 ol A
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A A7 e A AbgShe AAl WA EF 0.25 JEERE oy gf B ol Al -
B U AEAE A A AAEA 24 dAE R ALY BE

oF @rhz Aolth &, delst A2 Hol ola) 4uwola

indirect sun
40,000
' embodied in rain

L wood i coal electrici
light Plackd Geological | Power ty
2 action { plant 14

5 /8 -

Fig. 2.5. Emergy. quality. chain used to calculate” solar-transformity
(Odum, 1988).
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oAMA = 2 cldAldol WAE BFeldAlol thgh-2 =o]m, o] S Aiks}
7] Sl A Al 2"l oA B el viA 25 o] deAd =5 el = solar
transformity 7} AF& @t Transformity = A FE 2] olUyA| A9 A2 ofH
FH ] oAdALl J& a7 fsiA A-THAC R ARE Bl ¢
o= AHoyw, 9= solar emjoules per joule(sej/])=® X3
Transformity« YA ASTEE wef AsHAA HApH oz Frem,
AHA AZTE el AUA sFolY Bkl tieh de Hre= o] &4
THOdum, 1988).
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(a) View Together @

(b) Separate by Scale Territory and Size of Centers

{c) Energy web

(d) Transformation Series
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{e)/ Power
(Jtime)
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) Solar
Transformity

e L

e
|
o ——————

:

Transformation Steps

Fig. 2.6. 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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1. F7g A

=
To2 AU AT MEd 8T A3 >
-9 > FFYFEIAZRPS) = > vtk =AAY
A 2] AR

2 tH(Table 3.1).

Table 3.1. GHG reduction plan for Busan Metropolitan city

) 2020’s Reduction GHG
Reduction plan =3 ) Rate(%)
emission (unit:tCO2)

Rigid enforcement of

car effluent quality standard 2513870 St
Greean start network organization 1,421,606 20.0
Induction of RPS 555,818 7.8

Marine afforestation 514,000 7.2
Construction of off-shore wind farm 350,444 49
subtotal 5,515,738 717

Total 7,101,158 100.0
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Table 3.2. Summary of marine afforestation

Reduction of
Area o Type of .
GHG emission L Creation method
(ha) artificial fish-reef
(ton CO»)

tunnel (156ea)
200 51,400 shaped half saw teeth (35ea) rope method

new unevenness (112ea)

N A HrheA

A A F7h= AR AEE Troloj 3] JA, AW AH7EE =4, o H X
A At o A ATRAE AA [e]FoiRlt

A EEIRES- RS FER I3

Odum(1996)¢] At A= Al2=®l Aoj & o] &3}, A28 9] 2}A %A
I AAZEF A A, A 5o WetE A K o2 g (Top-down)
at7] fal Ay A" thojo] 1¥lS A4 skrh(Fig. 3.1).



AA, H A UA LS transformity 02 FHNA e E2HO R Al2AH
o ZALF el = wjdetar, Alad AA v o olyAdermiH
Al ZFake] Wi o] ABAkaE, Anlatel] gk o x| £ 1E]al shH o] s 5ol
el M-S AAste] thojojigl S ¢ g

. a\l
\ncreas Qu

Waves
and Goods
Tide and
Services
System

¢

_\\ Exported

& Used Energy Potential

== Energy

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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NUYAHELEE Frato] el A (sej) k= T8
dol &= H oW x] kS o A8t H 1] & (Emergy
money ratio, EMR)Z W-+°] 3t EmvalueE = 3o},

Table 3.3. Tabular format for-emergy evaluation

No. Item Data unit Solar transformity Solar emergy Emvalue
J/yr, g/vyr, sej/], sej/g
em$/yr or
1 $/yr(or sej/$(or sej/¥¥), sej/yr, etc
emW/yr, etc
W /yr), etc etc

B Al om sk F d AL 2] A e o
A sk, o] A FE- A AHdouble counting)S ¥ & oF 3HOdum,
1996). ol & &of vrghat &= Bl xel ofa] LAt oA o2z,
ol Al 74A] A& F g FF HFoluAE THo= AtsHA "
wpeba o w2 PrEHol A= o] E g FEALS T5t7] flE sYg oA
of 7IRkgk ol |YA5¢] 45 olmAghe] 7HE 2 ARt A wF Adkel o] &3t

o,
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t}. Emergy A< AAk

oA HIAEE o gakel AU Axdle] 54 ekl oA A
G2 Adats Aol vl BAe) Al WAl WAl o Aol Fig.
32 oA Biz whs} o] Pl UAT MFES v, S 5o AY A5
AA® R A B AAN), RN #9F AAF) ol vl A
e olgatel B e oA A5 AdaA

(1) ol v =] 2} 7] &

of| 1 %] 3} ¥ 1] & (Emergy-Money Ratio, EMR)-S 3 7}tAr 7 A A ~ o] 1
A st AFE R T oA 2 e FAMGDP )& Hiro] ek
EMR2 H7 o3 A A o] st 7t = Sy ER B 2 o] v o] 2HAastes A
T Yo FHE TdE F e HATE Zaske s 91 @ (Odum,
1996).

(2) Emvalue

Emvalue= ol M A @9 (sej) = WERW Asty &9 7Hx 2 89 dej=
vt o] vebdl zho]l tH(Odum, 1996). EmvalueE A4tz 3f= 3o o
H 2] () ZE9] sej/yr)S EMR(4, sei/W)E U F+9 Emvalue(d, emW/yr)
s 7 7 Ark olFA FoEA WA ARE BATA WHoR T
7 eF vad 4= QA Hr
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Pl ~\ Purchases

Resources
| —
Services
F —
X Yield
sources Economic »
Use

Yield(Y) = R+N+F

Emergy Yield Ratio(EYR) = Y/F
Environmental Loading Ratio(ELR) = (F+N)/R
Emergy Sustainability Index(ESI) = EYR/ELR

Fig. 3.2. Emergy based indices, accounting for ‘renewable emergy
inputs(R), snonrenewable inputs(N), purchased inputs from

outside the system(F) and yield from system(Brown and
Ulgiati, 1997).

(3) ol A A& H]E(Emergy Yield Ratio : EYR)

AMAFZH & (EYR)S Al&F A AAE HFdEo] HAY)E o F
ANM FYeto] o] &g Astet MRIA(F)2 yro] -3tk o] Ag= B
& AARE] BAl Zllsts AEE YEH =, EYRO] 1849 21, 5
-7 oM A B HFAALE LT oM x| o] ¥ oW o] AlAE



2 AA & 719 & stiheE S 9w gkth Brown and Ulgiati(1997)el o}
2 EYRO] 5Kt} =& 35S 7FA W Loy A Y (primary energy source)
olm, 20|A 5Atole] WI9lo &3t o] Ao ] ¥ (secondary energy

source), 2H.TF Fow o x| o gA AA|Ao] furtar Hetdict,

Emergy Yield Ratio(EYR) = Y/ F

]_
AlzEll o] A BV HAI(N)E Hek ¢S AA7FsHA(R)Z o}
o] T-ath(Brown and Ulgiati, 1997).
QEAL T A EZFsAA Y AM§ o] BESeES Al2H o AALF ol

Fasters AL ovetn], ol A AADA WA RYRA FFL

of mA= o] 18 AA ¥ AR FEIAT

Environmental Loading Ratio(ELR) = (F + N) / R
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(5) o W %] A &4 2| 5=(Emergy Sustainability Index, ESI)

714 A eAM A g o]l A &skr] fei A= el T el
HA o] FAGElA AA sk Wl ol waL, e FolA Te)ste] Tl

o A o] mjFo] Zfofof et wFE W Fol v X2 A5 A =75 oA

Aot oA A S A F(ESDE BAA =] AEHAGS BrEetr] f1ste] Al
otel oM xx=2ld, EYR¥} ELR A}o]¢ H]&oltl. Brown and
Ulgiati(1997)= 77} = & ESIA & H| i -iA stof ol 5 vet & A/Nd =, )
A, AJA=E F7h2 FEstd oo wed A3 =3 & ESI A+
Fleeh 22 ghs 7Y, e s & 104 104k 9] s, 102t =&
e 7= w7k A s o2 Gl nheb A 18 Y vh2 s 7HA|

= A" AEA o] AY gleH, 102t =& s "I =A=' 7]

N

4ol Beld A 5Ao) Be Alaw e

Emergy Sustainability Index(ESI) = EYR '/ ELR
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Fig. 4.1. Energy systems diagram for marine afforestation.
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2. Withe ZAANY S olwx HrHE

vtk 2AAMG O] ol WA H7FE = Table 4.1 Al A8 + 35 = A

vtk Al2agl E2 §9tE A A B, vk A4S 38t
YA, Moz FEALS T35 o] T 7P Bo] A st 24U R A
A7bs s ol WA e 271E+17 sej/yroll gt del, A3 ol v A=
AA oW =9 60.2 %= AABTFE e o WA 7F A AYETREE o WA B} w)
the 2AAFGel 1A= 3ol 2 A e eyt

itk 24X 9 AR FolEE dlH A S 140E+17 sej/yro =
ALE AT o] ZFed [RlEFolR A XAl AREEE Ho| A st= HF ]
37.2%(5.22E+16 sej/yr)= 71 Zlow, itk =4S 913 Astet 890
34.3%(4.81E+16 sej/yr)Z LFERRFCE

itk 24 Al oA Ao A= 3.89E+16 sej/yro] ol W A7

N)

83td o, o] F 82.0%(3.19E+16 sej/yr)vrx Ao AMEEHE =F
2o] 3 A 18.0%(7.02E+15 seyrE 4 2 welo] Bad Astet &
o o] o},

Hithe ALY S B3] A= sl EFE 1.18E+18 sej/yr7b AAtE =
Ao 2 e

ol Fgelrd wittE AN 2Q8HE dWAE F 450E+17
sej/yr2 AAg Aol 71918 A 7SS ol W27} 2.71E+1Tsej/yr2 WA A
Lol A9 60.2%S FABHI L, FlA FAG ol A= 1.79E+17sej/yr
2 398%% UERE
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Table 4.1. Emergy table of marine afforestation

No. ftem RawData Transformity  SolarEmergy Emvalue
(unit/yr) (sej/unit) (sej/yr) (2007EmW/yr)
Renewable Source
1 Sunlight 9.72E+15  J/yr ~ 1.00E+00 a) 9.72E+15 3.65E+06
2 Wind 1.41E+13  J/yr ~ 251E+03 a) 3.53E+16 1.33E+07
3 Rain,chemical 1.75E+07  J/yr  3.06E+04 a) 5.33E+11 2.01E+02
4 Tide 367E+12  J/yr  7.39E+04 a) 2.71E+17 1.02E+08
Subtotal 2.711E+17 1.02E+08
Purchased Input
5  Fuel 2.16E+08 _-J/yr ~ 530E+04 D) 1.14E+13 4.30E+03
6  Materials
a. Concrete 3.55E+07 g/yr 9.26E+07 b) 3.29E+15 1.24E+06
b. Iron T79E+06 g/yr  6.70E+09 b) 5.22E+16 1.96E+07
7 Goods & Services 1.81E+07 W/yr 2.66E+09 «c) 4.81E+16 1.81E+07
8  Labor 1.38E+07  W/yr 266E+09 c) 3.66E+16 1.38E+07
Maintenance
9 Goods & Services. ‘2.64E+06= W/yr 2.66E+09-7¢) 7.02E+16 2.64E+06
10  Labor 1.20E+07. % /yr 2.66E+09  ¢) 3.19E+16 1.20E+07
Subtotal 1.79E+17 6.73E+07
Production
11 Seaweeds 6.36E+13  J/yr 1.8E+04 d) 1.18E+18 4 42E+08
Subtotal 1.18E+18 4.42E+08

* Transformity based on total renewable emergy flow of 15.83E+24 sej/yr

a) Cambell et al., 2005, b) Bardi and Brown, 2001, ¢) Im, 2010, d) Lee et al., 2001
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Fig. 4.2. Emergy signaturerof marine afforestation.
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Fig. 4.3. Contribution of emergy for marine afforestation.
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Table 4.2. Emergy indices of marine afforestation

Indices Value
Renewable emergy (R, sej/yr) 2.71E+17
Purchased emergy (F, sej/yr) 1.79E+17
Total emergy used (U, sej/yr) 450E+17
EYR = Y/F 2.51
ELR = (N+F)/R 0.66
ESI = EYR/ELR 3.80

4. Mot ZYALGS] WA B S H7t

uhrhg Ao ol MK W89 WS Table 43904 B7hstsl). vieh

o Mol ool wptie =4Aglel AgAa @e

T T

—

A= AAakE = 8] 2 F 1.18E+18 sej/yr= AlAE Lt

M gREe e 240 THE 9%, 2R WL G, w5y Fo| ¥
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Table 4.3. Emergy cost-benefit evaluation of marine afforestation

SolarEmergy Emvalue
No. Item .
(sej/yr) (2007Em¥/yr)

Emergy benefits
1 Seaweeds 1.18E+18 4 42E+08
Benefit total 1.18E+18 4.42E+08

Emergy costs

2 Fuel 1.14E+13 4.30E+03
3 Materials 5H5E+16 2:09E+07
4 Goods & Services 5.51E+16 2.07TE+Q7
5 Labor 6.86E+16 2.58E+07
Cost total 1.79E+17 6.73E+07
Net Benefit 9.97E+17 3. 756E+08

T3 200ha] Hiths: AR o2 Ql8] 51400 COZ AR = Je
Ao ® Yelyon o= eawjEd AHr4 €693(2011d 129 7)<, 3
& 1578.849) S ekt of 569U (1.50E+18 sej/yr) 2] HH Al Hejo] &
ZHh o5 xFste] vl H7tst A= Table 449 Zth

2 9
w/yrel e@ejo] WS W gAduE 14922 FPHE Aow vhehy
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Table 4.4. Emergy cost-benefit evaluation of marine afforestation with

the sales of CERs

SolarEmergy Emvalue
No. Item .
(sej/yr) (2007Em¥#/yr)

Emergy benefits
1 Seaweeds 1.18E+18 4.42E+08
2 CERs 1.50E+18 5.62E+08
Benefit total 2.67E+18 1.00E+09

Emergy costs

3 Fuel 1.14E+13 4.30E+03
4 Materials 5.55E+16 2.09E+07
5 Goods & Services 5.51E+16 2.07E+07
6 Labor 6.86E+16 2.58E+07
Cost total 1.79E+17 6.73E+07
Net Benefit 2.49E+18 9.37E+08
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Footnotes and data

Appendix

Renewable Source

1 Sunlight
System area

Insolation
Albedo

Energy

Transformity

2 Wind, kinetic energy

System area

Density of air

Avg. wind speed
Geostrophic wind
speed

Drag coeff.

Energy

Transformity
3  Rain,chemical
System area
Rain
Gibbs free

energy

Energy

Transformity

4 Tide
Tidal area
Avg. Tide range
Density

Energy

Transformity

Purchased Input
5 Fuel

Consumption

2.00E+06

5.40E+09
0.1

(System area)(Insolation)(1-albedo)

(2.00E+06 ") (5.40E+09J/ m" /yr) (1-0.1)

9.72E+15
1.00E+00

2.00E+06

1.23E+00
3.40E+00

5.67E+00

1.00E-03

(Systererea) (Aircbnsi ty) (Oragooef ) (Geo. Windspesd) (3. 14EH07s /)

1.41E+13
2.51E403

2.00E+06
1.77E400

4.94E+00

(System area)(Rain)(Gibbs free energy)

1.75E+07
3.05E+04

2.00E+06
7.19E-01
1.03E+03

(area) (0.5)(tides/yr)(height)*2(density)(gravity)
(2.OOE+06”f)*(0.5)*(706/yr)*(1.67m)2*(1025kg/ﬂf)*(9.8m@)

3.67E+12
7.39E+04

1719.40
454 .2
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J/m/yr

J/yr
sej/J

J/yr
sej/J

m/yr

m/yr

J/yr

sej/J

kg/m

J/yr

sej/J

gal

Jl&AE 2009

Cambel | et al

., 2005

JlaAE ) 2009

Cambel | et al

.,2005

Jlat e, 2009

Cambel | et al

Cambel | et al

.,2005

, 2009

.,2005



Energy(J)
Energy(J)
Lifetime

Energy(J)
Transformity

6 Materials
Concrete
Lifetime

Energy(J)
Transformity

Iron
Lifetime

Energy(J)
Transformity

7 Goods & Services
Costs

Lifetime

Transformity
8 Labor
Labor costs

Lifetime

Transformity

Maintenance
9  Goods & Services
Costs
Transformity
10 Labor
Labor costs

Transformity

Prodution
11 Seaweeds
yield

Energy

Transformity

((consumption)=(34030kcal/gal)*(4186 J/kcal))/10

6.47E+09
30
2.16E+08

5.30E+04

1.06E+09
30
3.55E+07

9.26E+07

2.34E+08
30
7.79E+06

6.70E+09

5.42E+08
30

1.81E+07
2.66E+09

4. 13E+08
30

1.38E+07
2.66E+09

2.64E+06
2.66E+09

1.20E+07
2.66E+09

5.78E+07

(yield)(1E+03g/kg) (1.1026+03J/9)

6.36E+13
1.85E+04

yr
Jlyr

Mark T.Brown
Eliana bardi,

sej/J

yr
alyr

Mark T.Brown
Eliana bardi,

sej/g

yr

alyr

Mark T.Brown
Eliana bardi,

sej/g

W
yr
W/yr

sej/won o,

W
yr
W/yr

sej/won o,

W/yr

sej/won o,

W/yr

sej/won o,

kg/yr

J/yr

sej/J Lee et

2010

2010

2010

2010

and
2001

and
2001

and
2001

al.,2001
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