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Control of atmospheric carbon dioxide

using energy modeling

Eun Ji Song

Department of Environmental Engineering, Graduate School,

Pukyong National Unioversity

Abstract

During the last century, the net increase in the global temperature is about 0.
6. Global warming, the phenomenon of global surface temperature increasing, is
one of the major concerns in environmental management and protection. It is
proved that climate changes happen after an increase in CO; emission, which
confirms that climate that the incrcase in CO: emission does cause global
warming.

Since a continuous increase of the atmospheric CO2 might lead to changes of the
global climate, it is essential to be able to project the likely future concentrations
that may occur due to various possible rates of CO:; emission. The numerous
assessments have been made of the CO, problem but because most assessments
have not included all courses of global carbon cycle. They have not represented it
systematically and quantitatively.

Encrgy modeling and simulation, based on systems ecology, are intellectually
creative and quantitatively rigorous, mainstream way of connecting ideas with

reality. Models help us understand how things are organized and function. In

- vii =



order to understand the global carbon cycle system, we have to simplify it by
creating model. To do that, we draw symbols representing the system. Then we
add numerical values to make the model quantitative. Finally, we use Visual Basic
program for simulating the model with a computer.

Using cnergy modeling and simulation, we predict the future change of the
global carbon cycle system and carry out simulation for five plans to reduce
atmospheric  carbon  dioxide and then suggest control of atmospheric carbon
dioxide doing the simulation with alternative plans.

From the result of simulation including all courses of global carbon cycle for
futurc concentration in 300 years, the atmospheric carbon dioxide concentration
will increase from 357 ppm in 1985 to 385 ppm in 2285. The model of global
carbon cycle was calibrated with the data observed in Mauna Loa, Hawaii from
1958. The simulated results of atmospheric CO. concentration were fairly good
coincided with observed values within relative errors(R.E.) of 0.42%, correlation
cocfficient(R) of 0.9962 and coefficient determination(Rz) of 0.9925.

Among the five plans of carbon dioxide concentration in the atmosphere, only
two cases - the reduction of fossil fuel use and the injection of carbon dioxide
into the sea - are possible to decrease carbon dioxide concentration. Accordingly,
the decrease of atmospheric carbon dioxide concentration requires the alternative
energy source development and the industrial structure reorganization decreasing
fossil fuel use, and also requires the approach of ecological engineering to vivify

the sca productivity by the carbon dioxide injection into the sea.

= viii -



2%k A7) Fok, Aol Wt/ eS AFdEE Qs e 06T R ettt
(Hasen and Lebedeff, 1987). A t¢] 7] &-wsli ol 4 7F &4, oW Ao BB

Ao WENA 2k A7ke) 213 - Aol HNbA Rl gl A AT IS PIA A

o A% Ao o gwo} MAFHA A ) £y Aol AlFe apsa qlvh
Arrhenius(1896) 7} sl A A& o] Algo] 7] & ojAlalet 4~ Fviel fIQlo)al At

¥alA 3ol Wae ZAolgt ¢pdk o] F, Callendar(1938), Revelle and Suess(1957),
Bolin and Eriksson(1959) &-& 7] F olaslg 4zt Afdste M4 d&FS 7
NemA A% Fheka dee Avstdi.

Wl Fel olEeke ZrUt ATAQ NFWEE 2AF 5 dorng doz o
oA wE B FEE st AL WeAole ¢ 4 gon), vge) ofdstw
& s} )Fst olZo] B SR Ak Foksh wAR AT s Sy
o] gt} WMO/UNEP/ICSU| ¢&)) 2% WCP(World Climate Programme, 1981)
E Al&o g CDAC(Carbon Dioxide Assessment Committee, 1983), EPA(US
Environmental Protection Agency, 1983), IPCC(Intergovernmental Panel on Climate
Change, 2001)0) o] 2717k wiele] ol bshgri &3} “1o] e /] 3 ol st
G oswe) 5N dZsle] wegeeld FAAH WE Ae AN 2
o}

AT el was @ wolure] BARAZ} oluel ZAIAlsY Helo] Wads
OlAE e, 199241 [ AN O (UNFCCC  :  United Nations Framework
Convention on Climate Change)oll A= 1500} 7§ Moz 71 EHat s g

shglon], MA Zse vk Aol dTAES oYyl s ewds nhd

oK'
i



s £ A7bE 918 1EA EeMe) ArE sBstn A8k 9
#a) ol st aol MES Azt Sisl oluA Bof 3 AR olge A o

WA ggol ol s fhae) A, o wEEe nAg Ao ol dars e

A ekan ATHIPCC, 1994).

7] & oliksbebae] e W o F2 A WEe) tdg FAS VEE R
Wi sl obslekAapel]  dia] dizlell  welslE olikstehagFe] HIjl airborne
fractionS 7}Asle] olfFolxon, ol wAFHS ftAste 7], Y, A T34
1 Fo A A AE So] fr1HoE AEAgdtar 7] wl o airborne fraction$
VA8t o FEe AL olYg HES AAAHOR otd 4 vty ke

Al 2ol A el Sh(systems ecology) S Al 28] el A dojup= ouA] g Ede] 55
v | S AlaE dojg BAMSte] rAREENY] §U14 BAE AFHORE qf
Wk 5 Ae WHE AAg ge A, 2 Aol Me Alag BESHE Howe ol
£ 2 gt oA A4y RdS T
H3lE ol F3la, dAl A FQ) olakseka AHbE F vIsAH) WS A9
Al AL wggkell Wil AlEeel ek, 1 A%E wiger W] & oldEeas
TaoAZ 4 9 7hed ks AAstaat stk o2 7|t E o

el digdstr] 9ghel e A Aol el W] F olitabga
AbE 9%k Aol slol kel ok Hiole] g s & 4 gls By obdet
Lozt ol 2] A Ao} o] ibslgkAol wet A A JolME AT S A

olc}.



. -
A FQANE A pe] WAL VFe) Wd F7AE CO, FEe] Aol Aty F2g B
At welsih 1 ool% o] waldl w@ B kA mEEel IE drhbsw @A,
Q17re] BN MR e BAS Aste] Wk o] wobas] AzahE 19700
ZRE AR e By A

F

72 WY 4 Qb FaB 271A RAE CO, A F7hs O] HEe] &

o
1o
2
—
o=
i
>
s
i
o
el
M
e
o
lo
l
gyt
i
X
o
_,\a
tjo
lo
il
S
i
i
N
J
AN
s}
>
2]
2
2
1o

Nz AR AAE 1FE O edshl el B8 AL e,
A WAe g 40 FUE 4 b A0 oMt auE Yol Auze
AA% oA AR 1980 2P eAe] evstl @ ATE A% dde 2
3 ololiz whthel ARNE g S At

"

)

1.1 WCP(World Climate Programme, 1981)
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1.2 CDAC(Carbon Dioxide Assessment Commitee, 1983)
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1.6 Bolin et al.(1989)
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Fig. 2.1. Scenarios for future atmospheric CO: concentrations. UB is based on
emissions from fossil fuel combustion according to upper bound from
terrestrial source and LB is based on the lower bound fossil fuel

emissions, terrestrial emissions(Bolin et al., 1989).
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g Q7o thEk ot o]l A 7] el A9] airborne fractiono] gl HEefZ A

of walE sz Aol shsdtt

Sha

Airborne fractiong total airborne fraction¥} marginal airborne fraction®. & -f-3
#a 3t} Total airborne fraction(a) th7|& wj&E% = & o]ikslebiaF
CONuel e t 7] Soll ZF7hele ol4ha gl A H(CO)a) el Hliel™, a = A(COy).)/A
CO)wo)® 3E3E 21, marginal airborne fraction(am)> s} A w o] ofs] 712 wijE
9= o] absbekATH(CONSl W@ tl7] Fol Z/hEli= of dhahek A uk(CO)e) el
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2el A vwd w F&s
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airborne fractiong 40~55%% Aolz} 7}AHE AL, CDACS] Aol A
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7 ARste 7] F ol dster vRE d3akd
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Fig.

3.1. The global carbon cycle, showing the reservoirs (in GtC) and fluxes
(GtC/yr) relevant to the anthropogenic perturbation as annual averages

over the period 1980 to 1989 (IPCC, 1994).
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Fig. 3.2. 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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KO*R*C
25.35

Fig. 33. A part of model of global carbon cycle to show how to calibrate

cquations.

Table 3.1 Calibration of constants using numbers on the diagram in Fig. 3.3

Source and Storage used for Calibration:

source ] = 29 J/yr

R = 365 I/yr | | |
[ Storage: C= 750 GtC
- Q = 3913 GIC

Calculation of Coefficients:

KO*R*C = 25.35 J/yr KO = 25.35/(R*C) | Therefore, | KO = | 0.00926
| KI*R*C = 61.9 GtC/yr K1 = 61.9/(R*C) | Therefore, | K1 = |  0.0226
K2*Q = 150 GtC/yr K2 = 150/Q Therefore, | K2 = |  0.0383
K3*R*C = 61.9 GtC/yr K3 = 61.9/(R*C) | Therefore, | K3 = 0.0226
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Table 3.2 Steps in Running a Simulation Program
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2 280, HOKS)

i K Visual Basic Editor(y)

10 i

1 4%

1z

Microscft Script EditariEr Al

2. Visual Basic EditorZ o7+ 3, [AH

R SEM
2 B2 PEC)

3. o] % #oto|A] Basic 217

f= =2 i
4 W3 ool Z2IWg AHE & AGAYI] s [4W] - [Sub/AHEA o) F
A8|e e s,

(B /D F=H NS
ABT Y B EY F5
) Ctl-Break

» ME3
- z@i VBAProject (Boakl)

- s Microsoft Excel HH
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Fig. 41. Diagram for the global carbon cycle system(Odum, 2000).
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Fig. 4.2. Encrgy system diagram with several kinds of numbers.
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IL=JL-KL*IL*C W = JW - KW IW*B

DQ =K1*IL*C + K8*IW*B - K2*Q - Ct

R =K2*Q + F¢ +Ct DC =R - K5*C*L - K4*IL*C

DB =K6*C’L - K7"IW"B DL =K9*IW*B - K10*C*L

TC=Q+B+C+L

Fig. 4.3. Energy system diagram with several kinds of equations.
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Table 4.1 Expression of equations and coefficients

Source and storage

J
JL

JW
IL
W

= O N

L

the total solar energy entering the Earth’s atmosphere

incoming solar energy on land

incoming solar cnergy into the sea

the unused remainder after solar energy use by the production process on land
the unused remainder after solar energy use by the production process in the
sea

atmospheric carbon dioxide

the storage of organic matter

bicarbonate in oceans

the reacting limestone

Flux Equation(coefficient)

KL*IL*C(KL)
KWATW*B(KW)

KT*IL*C(K1)
K2*Q(K2)
K3*IL*C(K3)
K4*C*L(K4)
K5*C*L(K5)
K6 IW*B(K6)
K7*IW*B(K?7)
K8*TW*B(K8)
K9*C*L(K9)

Fc
Ct

the production process on land(coefficient indicating the amount of this flow)
the production process in the sea(coefficient indicating the amount of this

flow)

the photosynthetic production on land(coefficient indicating the amount of this
flow)

the emission into the atmosphere by respiration of organisms(coefficient
indicating the amount of this flow)

on land photosynthesis(coefficient indicating the amount of this flow)
oceanic photosynthesis(coefficient indicating the amount of this flow)

the produced bicarbonate when carbon dioxide is bufferd with limestone
(coefficient indicating the amount of this flow)

the consumed directly and indirectly by marine photosynthesis(coefficient
indicating the amount of this flow)

the photosynthetic production in the sea(coefficient indicating the amount of
this flow)

the produced limestone by marine photosynthesis(coefficient indicating the
amount of this flow)

the acidification of carbon dioxide diffusing into the sca(coefficient indicating
the amount of this flow)

the rate of carbon dioxide contributed by fuel combustion

the cutting and burning of forest

Storage Equation

R
DC
DQ
DB
DL

positive inputs in atmospheric carbon dioxide(K2*Q + Fc + Ct)
change in atmospheric carbon dioxide(R - K3*[L*C - K4*C*L)
change in organic matter(KI*IL*C + K7*IW*B - K2*Q - Ct)
Change in bicarbonate(K5*C*L - K6*IW*B)

Change in limestone(K8*IW*B - K9*C*L)
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Table 4.2 Calculation of coefficients for model of global carbon cycle

- wjel theo) wge] o 3ela)
o) 385 3pbdaysE o] o] o] abslER A9
it olF ol g5to] Y

| Source and Storage used for Calibration:

| source: | _
J =  |5.91E+24 J/yr = | 1.62E+22 |/day

| JL = 1.71E+24 J/yr = | 471E+21 Jday | |
JW = 4.20E+24 J/yr = | 1.15E+22 ]/day
IL = 216E+23 [/yr = | 591E+20 J/day |
W = 2.16E+23 |/yr = | 5.91E+20 |/day | B
Storage: B
C = 750 GtC
Q 3913 GiC B
B 38100 GtC
L 5000 GtC

Calculation of Coefficients:

| KL*IL*C = | 149E+24 |/yr =| 4.08E+21 ]/day Therefore, | KL = | 0.00926
KW*IW*B =| 3.98E+24 |/yr =| 1.09E+22 ]/day Thercfore, KW =| 0.000484
Kl*lL*C = | 619 GtC/yr = 0.17 GtC/day Therefore, | K1 = | 3.82E-25
K2*Q = 150 GtC/yr = 0.411 GtC/day Therefore, | K2 0.000105
K3*IL*C = | 619 GtC/yr = 0.17 GtC/day Therefore, | K3 = | 3.82E-25
K4*C*L = 92 GtC/yr = 0.252 GtC/day Therefore, K4 = | 6.72E-08
K5*C*L = 97 GtC/yr = 0.276 GtC/day Therefore, K5 = | 7.09E-08
Ke*IW*B = | 97 GtC/yr = 0.266 GtC/day Therefore, Ké6 = | 1.18E-26
K7 IW*B = | 92 GtC/yr = 0.252 GtC/day | Therefore, | K7 = | 1.12E-26
K8IW*B = | 5 GtC/yr = 0.0137 GtC/day . Therefore, | K§ = | 6.08E-28
K9*C'L = 5 GtC/yr = 0.0137 GtC/day Therefore, | K9 = | 3.65E-09
Fe = 55 GtC/yr = 0.015 GtC/day
Ct = 1.6 GtC/yr = 0.004 GtC/day
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See Table 4.1 to know what equations and coefficients mean
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Table 4.3 Basic Programme of model

of global carbon cycle

Sub global carbon cycle()

Dim Q, L, B, C, TC, FCS, FC, CT As Single

Dim T As Single

DT = 10
C =750

Q = 3913

L = 5000

B = 38100

] = 1.626+22
CT = 0.004

KL = 0.00926
KW = 0.000484
K1 = 3.82E-25
K2 = 0.000105
K3 = 3.82E-25
K4 = 6.72E-08
K5 = 7.09E-08
K6 = 1.18E-26
K7 = 1.12E-26
K8 = 6.08E-28
K9 = 3.65E-09
T = 724525

Cells(1,1) = T/365

Cells(1,2) = C/2.1

Cells(1,3) = Q

Cells(14) = B

Cells(15) = L

X =1

For T=794535 To 834025 Step 10

J = 1.62E+22 + (8.1E+21)*SIN(T*0.017)

IL = J*0.29/ (1+KL*C)
IW=J*0.71/ (KW*B)

FC = 0.015
R = K2Z*Q+FC+CT
DC = R-K>*C*L-K4*IL*C

DQ = KI*IL*C + K7*IW*B - K2*Q - Ct

DB = Ké&*L*C-K7*IW*B
DL = K9* IW*B-K10*C*L

C = C+DCDT
Q =Q + DQ*DT
B = B+DB*DT
L = L+DL*DT

Cells(X+1,1) = T/365
Cells(X+1,2) = C/2.1
Cells(X+1,3) = Q
Cells(X+1,4) = B
Cells(X+1,5) = L

X = X+1

Next T

END Sub
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Fig. 4.4. Carbon dioxide concentration (in parts per million, ppm) of the air at the
summit of Mauna Loa, Hawaii, from 1958.
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Fig. 4.5. The comparison of the computed with observed CO; in the atmosphere.

=

AEA oL ARAZE ARt AE wEty] 9fste] w3 AR H(simple  linear
regression analysis)S A A|gte] A4S 71RO, 1 Ay AESXH <9k A4k 9
HAAEE Jedi= 4844 R(correlation coefficient) - 099628 el AF#HA] o]
= o velda, AZx9 A AL Ueluls AAAS Ri(cocfficient
of determination)& 099258 ® R 7 Aol 2A3FHsE Aoz elyttl(Table 4.4). o]
o A#nzE & o AMAE AFAY =L VS vHAH AHesA Ad" Ae=w
vheb ol

Table 4.4 Relative error and R(correlation coefficient) and R*(coefficient of

determination) for simulated result

Mean Relative error R R-

the observed data 3323 ppm
0.42 % 0.9962 0.9925
the simulated result  333.6 ppm
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Fig. 4.6. Simulation of future carbon dioxide concentration in the atmosphere.
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Fig. 4.7. A part of the simulated result for model of global carbon cycle.
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Bolin ct al.(1989) %} Odum(2000)2] <1-fo} X 1ol AxE vluwdHr). Boling]
o1 Fol A= airborne fraction-3 @k 50% & 7} AHE}ar A A el 213k o] 23lEF A4 )
Fol A% 1-2% 3717} olFeld B9l dls) ol Faledw, Boline] Apste] s
Qal, BAds Apgol o)ek wjEe Al 55GIC/yrol A ud 2% % ZIhAlA Al EE
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5 odel el iz 2u(530ppm)el olF Aol dlZ@ wivl, ¥ Apel Ane
2025 0] Uizt 3Bppm7bAl A4E Ao o Zs|elon 210046] Ko 2e]s} ol

A s 2ujel w@E A oe Zlo 2 elhth(Fig 2.1, Fig. 4.9).
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Fig. 4.9. Simulation for 2%/year increasc of CO, emission of model of global

carbon cycle.
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Fig. 4.10. Simulation for fossil fuel use reduced 20%, 50%, 80%, and 100%.
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4.11. Simulation for the primary production of the afforestation project

increased 5%, 10%, 25%, and 50%.
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Fig. 4.12. Simulation for the deforestation reduced 20%, 50, 80%, and 100%.
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Fig. 4.13. Simulation for the primary production for sea weed farms increase 5%,

10%, 25%, and 50%.
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Fig. 4.15. Simulation for the injection of carbon dioxide into the sea increased 5%,

10%, 25%, and 50%.
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