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Establishment of Energy Sector CO, Emission Baseline and
Its Possible Abatement by Renewable Energy

Student : Hsin-Hui, Huang Advisor : Dr. Hsunling Bai
and Dr. Jehng-Jung Kao

Institute of Environmental Engineering

National Chiao Tung University

ABSTRACT

This study establishes Taiwan energy sector CO, emission baselines
first. Then, with collection of those cost and technical feasibility study
data about renewable energy and carbon tax, this study analyzes its cost
tendency and evaluates several hiypothetical assumption about future cost
inclination. The feasibility of the :€O,1abatement by renewable energy
and carbon tax has been estimated.

The result shows that renewable-energy has to generate 261,900
million kWh under the target that the CO, emission at 2020 would
maintain at the level of it at 2000.; Without applying carbon tax, the solar
energy at unit cost minimum would not have the competence against the
fossil fuel power generation until 2026. On the other hand, enabling the
renewable energy to have the competence against the fossil fuel power
generation, the carbon tax would be imposed upon the fossil fuel power
generation within the range of 230~8,370 NTD/ton CO, for enhancing
the competence of solar energy, and —440~2,070 NTD/ton CO, for
enhancing the competence of wind energy. If the goal is to maintain the
CO,; emission at 2000 in the year 2020 by using renewable energy only,
the total erection land-use required by wind energy would be six times of
that solar energy would need. Therefore, the high generation-potential
offshore wind energy should be the priority scheme in order to solve the
the land problem.

Keyword: carbon tax, solar energy, wind energy, unit generation cost,
Intergovernmental Panel on Climate Change (IPCC)
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) . Current Rate of Lifetime in Relative
: Preindustrial conc. o
Gas | Main Source conc. | . atmosphere | Contribution
conc.[ppm] [ppm] increase [yrs] (%]
PP [%/yrs] Y °
Fossil-fuel 346
CO, | combustion, 275~280 0.5 50~200 55
. 350
deforestation
Rice fields,
cattle,
CH, landfill, 0.8 1.72 0.9 10 24
fossil-fuel
production
Aerosols,
CFCs foams, 0 0.003 4% 65* 15
refrigerants
Fertilizers,
N,O deforestation 0.288 0.31 0.25 150

* I CFC-11
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%26 #®IBEFTERBEIIR

(+k > 1996 ; # 1999)

] & AL B s ol g e
e | O A B RN
=~ [ o jﬁﬁ#ﬁ T fo2 - 3 /w\;f 3.93 USD/ton CO2
" g E? :;ﬁ ;j *Z?i 4| O LEFF : 403 USD/ton CO2
.- O 1 ¥R :10.39 USD/ton CO2
O %% :40.3 USD/ton CO2
O filecXH~ FHIM | O # :21.12 USD/ton CO2
e | O AR ARY R MIEE Y| O T 46.94 USD/ton CO2
i iR O 7% @ 14.86~22.17 USD/ton
CO2
O i -4 Mk
25O HEFARY R AR 14.88 USD/ton CO2
i iR
O rr IR 8 5T Mk
WO g (RBAR) 2L - I 2.44USD/ton CO2
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% 3.1

2003~2020 2% B R HHZHF DS AR

2003

2004

2005

2006

2007

2008

2009

2010

2011

Tr= =y

2.16

2.17

2.19

2.14

2.14

2.16

2.19

241

2.42

FAS

.

> o

1.29

1.30

131

1.28

1.28

1.29

131

1.44

1.45

2012

2013

2014

2015

2016

2017

2018

2019

2020

T = &

241

2.44

2.46

2.46

2.46

2.47

2.46

2.47

2.47

P

o e e

1.44

1.46

1.47

1.47

1.47

1:48

1.47

1.48

1.48

http://www.newnuclearhome.com/pages/faq/download.htm

-

FAHL KR 0 2003 Mar, SR = 2

%I E5Z €48

L0 5 - = KRR T
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A2 gL E

Y % ETmr>x pRER | IkWp £ X5 T 8
[] P ] [ ]
o 3.2 1168
35+ 3.7 1350
o 4.1 1496
EA 4.4 1606
= 4.8 1752
B 22 4.9 1788
e 4.8 1752
ok 4.4 1606
=it 3.7 1350
T 5 422 1541
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(1/3)

MODULE

ENERGY

SUBMODULE

CO2 FROM ENERGY SOURCES (REFERENCE APPROACH)

WORKSHEET]| 1-1
SHEETS
COUNTRY |Taiwan
YEAR
A B C D E F
Internationa
Production | Imports Exports 1 Stock App arent
Change |Consumption
Bunkers
FUEL TYPES F=(A+B
-C-D-E)

Liquid Fossil |Primary Fuels Crude Oil

Orimulsion

Natural Gas Liquids

Secondary Fuels |Gasoline

Jet Kerosene

Other Kerosene

Shale Oil

Gas / Diesel Oil

Residual Fuel Oil

LPG

Ethane

Naphtha

Bitumen

Lubricants

Petroleum Coke

Refinery Feedstocks

Other Oil

Liquid Fossil Totals

Solid Fossil Primary Fuels Anthracite @

Coking Coal

Other Bit. Coal

Sub-bit. Coal

Lignite
Oil Shale
Peat
Secondary Fuels |BKB & Patent Fuel
Coke Oven/Gas Coke
Solid Fuel Totals
Gaseous Fossil Natural Gas (Dry)
Total
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(2/3)

MODULE

ENERGY

SUBMODULE

CO2 FROM ENERGY SOURCES (REFERENCE APPROACH)

WORKSHEET

1-1

SHEETS

COUNTRY

Taiwan

YEAR

g®

H

I

J

K

Conversion
Factor

(TJ/Unit)

Apparent
Consumption

(Th)

Carbon
Emission Factor

(t C/T])

Carbon Content

t0)

Carbon Content

Gg©)

FUEL TYPES

H=(FxG)

J=(HxI)

K=(1/1000)

Liquid Fossil

Primary Fuels

Crude Oil

Orimulsion

Natural Gas Liquids

Secondary Fuels

Gasoline

Jet Kerosene

Other Kerosene

Shale Oil

Gas / Diesel Oil

Residual Fuel Oil

LPG

Ethane

Naphtha

Bitumen

Lubricants

Petroleum Coke

Refinery Feedstocks

Other Oil

Liquid Fossil Totals

Solid Fossil

Primary Fuels

Anthracite @

Coking Coal

Other Bit. Coal

Sub-bit. Coal

Lignite

Oil Shale

Peat

Secondary Fuels

BKB & Patent Fuel

Coke Oven/Gas
Coke

Solid Fuel Totals

Gaseous Fossil

Natural Gas (Dry)

Total
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;= ¥R (3/3)
MODULE| ENERGY
SUBMODULE| co2 FROM ENERGY SOURCES (REFERENCE APPROACH)
WORKSHEET| 1-1
SHEETS
COUNTRY | Taiwan
YEAR
L M N (0] P
UL TS Carbon Stored Net .Cafbon Fraction of Actua.l Qarbon Actual COp
Emissions Carbon Emissions Emissions
(Gg©) (Gg0) Oxidised (Gg©O) (Gg CO2)
Liquid Fossil [Primary Fuels |Crude Oil
Orimulsion
Natural Gas Liquids
Secondary Fuels|Gasoline

Jet Kerosene

Other Kerosene

Shale Oil

Gas / Diesel Oil

Residual Fuel Oil

LPG

Ethane

Naphtha

Bitumen

Lubricants

Petroleum Coke

Refinery Feedstocks
Other Oil
Liquid Fossil Totals
Solid Fossil Primary Fuels | Anthracite (a)
Coking Coal

Other Bit. Coal

Sub-bit. Coal

Lignite

Oil Shale

Peat

Secondary Fuels

BKB & Patent Fuel

Coke Oven/Gas Coke

Solid Fuel Totals

Gaseous Fossil

Natural Gas (Dry)

Total
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= 3> (1/2)
MODULE| ENERGY
SUBMODULE| c0 FROM ENERGY SOURCES (REFERENCE APPROACH)
WORKSHEET| 1-1
SHEETS EMISSIONS FROM INTERNATIONAL BUNKERS
(INTERNATIONAL MARINE AND AIR TRANSPORT)
COUNTRY |Taiwan
YEAR
A B C D E F
Quantitie(s ) Conversion Quantities E?r?irsbs(i)(r)ln Carbon Carbon
. a .
Delivered Factor Delivered Factor Content Content
(TJ/Unit) (T)) (t C/T)) t0O) (GgO)
FUEL TYPES C=(AxB) E=(CxD) F=(E/1000)
Solid Fossil  |Other Bituminous Coal

Sub-Bituminous Coal

Liquid Fossil

Gasoline

Jet Kerosene

Gas / Diesel Oil

Residual Fuel Oil

Lubricants

Total
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;= 3R> (2/2)
MODULE| ENERGY
sUBMODULE| CO2 FROM ENERGY SOURCES (REFERENCE APPROACH)
WORKSHEET]| 1-1
SnlHaUS EMISSIONS FROM INTERNATIONAL BUNKERS
(INTERNATIONAL MARINE AND AIR TRANSPORT)
COUNTRY | Taiwan
YEAR
G H I J K L
Fraction of Net Carbon Fraction of Actual Carbon| Actual CO
Carbon Stored Carbon Stored Emissi Carbon Emissi Ctual L2
arbon Store missions Oxidised missions Emissions
GgO) | (GeO) GeO) (G2 CO)
FUEL TYPES H=(FxG) I=(F-H) K=(IxJ) |L=(Kx[44/12])
Solid Fossil  |Other Bituminous Coal
Sub-Bituminous Coal
Liquid Fossil |Gasoline
Jet Kerosene
Gas / Diesel Oil
Residual Fuel Oil
Lubricants
a
Total( )
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F =R (1/1)

MODULE

ENERGY

SUBMODULE

CO2 FROM ENERGY

WORKSHEET|AUXILIARY WORKSHEET 1-1: ESTIMATING CARBON STORED IN PRODUCTS.
SHEETS|1OF 1
COUNTRY |Taiwan
YEAR|2000
A B C D E F G H
Estimated Conversion Estimated Carbon Carbon Carbon Fraction of Carbon
Fuel Factor Fuel Emission Content Content Carbon Stored
Quantities (TJ/Unit) Quantities Factor tCO) (Gg©O) Stored (Gg C)
(T)H) tC/T))
FUEL TYPES C=(AxB) E=(CxD) F=(E/1000) H=(FxG)
Naphtha @
Lubricants
Bitumen
Coal Oils and Tars
(from Coking
Coal)

Natural Gas @

Gas/Diesel 0il @

Lrg @

Ethane @

Other Fuels ®

Other Oil

Petroleum Coke

102




(= ) by Main Source Categories

v

by Main Source Categories = j# 4 3 = ¥ i» 35 > Wi RhIve

v

ZF PR E S B - MM IRA RN A L S I LR
2% (Energy) ~ 1 ¥ %47 % 1= 8 =t 2% [* (Manufacturing Industries and
Construction) ~ & ﬁg?] = 8 P (Transport) ~ 7 ¥ =% % [
(Commercial/Institutional) ~ @i =t ¥% F* (Residental) ~ B kg =% 3%

™ (Agriculture/Forestry/Fishing) 3 H s (Other)=t ¥% F* 11 & &3t & %
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52 (12)

MODULE

ENERGY

SUBMODULE

CO2 FROM FUEL COMBUSTION BY SOURCE CATEGORIES (TIER 1)

WORKSHEET|1-2 STEP BY STEP CALCULATIONS
SHEETS| [AFfi £ 0 [~ AT = B I
COUNTRY |Taiwan
YEAR
A B C D E F
. Conversion . Carbon Emission Carbon
Consumption Factor Consumption Factor Content Carbon Content
(TJ/Unit) (TJ) tC/T)) tC) (Gg©)
C=(AxB) E=(CxD) F=(E/1000)

Crude 0il @

Natural Gas Liquids

Gasoline

Jet Kerosene

Other Kerosene

Gas/Diesel Oil

Residual Fuel Oil

LPG

Ethane

Naphtha

Lubricants

Petroleum Coke

Refinery Gas

Anthracite

Coking Coal

Other Bituminous Coal

Sub-Bituminous Coal

Lignite

Peat

Patent Fuel

Brown Coal Briquettes

Coke Oven Coke

Gas Coke

Gas Works Gas

Coke Oven Gas

Blast Furnace Gas

Natural gas

Total
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5 -2 (22)

MODULE

ENERGY

SUBMODULE

CO2 FROM FUEL COMBUSTION BY SOURCE CATEGORIES (TIER 1)

WORKSHEET

1-2 STEP BY STEP CALCULATIONS

SHEETS

A 5 4T~ P 7 815

COUNTRY

Taiwan

YEAR

ENERGY
INDUSTRIES

G

Fraction of
Carbon Stored

H

Carbon Stored
(Gg O

I

Net Carbon
Emissions
(Gg )

J

Fraction of
Carbon Oxidised

K

Actual Carbon
Emissions
(GgC)

L

Actual CO»
Emissions

(Gg CO)

H=(FxG)

I=(F-H)

K=(IxJ)

L=(Kx[44/12])

Crude 0il ®

Natural Gas Liquids

Gasoline

Jet Kerosene

Other Kerosene

Gas/Diesel Oil

Residual Fuel Oil

LPG

Ethane

Naphtha

Lubricants

(b)

Petroleum Coke

Refinery Gas

Anthracite

Coking Coal

Other Bituminous Coal

Sub-Bituminous Coal

Lignite

Peat

Patent Fuel

Brown Coal Briquettes

Coke Oven Coke

Gas Coke

Gas Works Gas

Coke Oven Gas

Blast Furnace Gas

Natural gas

Total
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2 3i (1)
MODULE|ENERGY
SUBMODULE|CcO» FROM FUEL COMBUSTION BY SOURCE CATEGORIES (TIER 1)
WORKSHEET|AUXILIARY WORKSHEET 1-2: ESTIMATING CARBON STORED IN PRODUCTS
SHEETS|1OF 1
COUNTRY |Taiwan
YEAR
A B C D E F G H
Conversion Feedstock E?rallirsbs(i)cr)ln Carbon Carbon Fraction of Carbon
Feedstock Use Factor Use Factor Content Content Carbon Stored Stored
(TJ/Unit) (TJ) (t C/T]) (t0) (Gg©) (Gg©)
FUEL TYPES C=(AxB) E=(CxD) F=(E/1000) H=(FxG)
Gas/Diesel Oil
LPG
Ethane
Naphtha

Natural Gas

Other Fuels @

Other Oil
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s =R (1/2)

MODULE |[ENERGY
SUBMODULE|CcO» FROM FUEL COMBUSTION BY SOURCE CATEGORIES (TIER 1)
WORKSHEET|1-2 STEP BY STEP CALCULATIONS
SHEETS|MEMO ITEMS: INTERNATIONAL BUNKERS
COUNTRY |Taiwan
YEAR
A B C D E F
MEMO ITEMS: Consumption Conversion Consumption | Carbon Emission Carbon Carbon
INTERNATIONAL Factor )] Factor Content Content
BUNKERS (TJ/Unit) (t C/T)) (tQ) (Gg C)
C=(AxB) E=(CxD) F=(E/1000)

Intl. Marine Bunkers
Gasoline
Gas/Diesel Oil
Residual Fuel Oil
Lubricants

Sub-Bituminous Coal

Total
Intl. Aviation Bunkers
Gasoline
Jet Kerosene

Total
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5= 30> (2/2)

MODULE |[ENERGY
SUBMODULE|CcO» FROM FUEL COMBUSTION BY SOURCE CATEGORIES (TIER 1)
WORKSHEET|1-2 STEP BY STEP CALCULATIONS
SHEETS|MEMO ITEMS: INTERNATIONAL BUNKERS
COUNTRY |Taiwan
YEAR
G H I J K L
MEMO ITEMS: Fraction of Carbon Stored Net Carbon Fraction of Actual Carbon Actual CO2
INTERNATIONAL Carbon Stored (Gg©) Emissions Carbon Oxidised Emissions Emissions
BUNKERS (Gg0) (Gg0) (Gg COy)
H=(FxG) I=(F-H) K=(IxJ) L=(Kx[44/12])

Intl. Marine Bunkers
Gasoline
Gas/Diesel Oil
Residual Fuel Oil
Lubricants (a)

Sub-Bituminous Coal

Total
Intl. Aviation Bunkers
Gasoline
Jet Kerosene

Total
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e =

“t#% 1 Reference Approach ¥
IPCC it %4l p &t BT i &33P T £

IPCC 7 p io L (Geal 78 P )
Liquid | Primary Crude Oil =% 12 5 (/@ Crude Oil)
Fossil | Fuels
Orimulsion PN
Natural Gas =% 17 38 ( = X7 ¥ Natural Gasoline)
Liquids
Secondary | Gasoline =% 18 78 (475 T % Avi. Gasoline)t+ % 19 38 (& * |
Fuels

# Motor Gasoline)

Jet Kerosene

=% 21 38 (475 %4 Jet Fuel)

Other Kerosene

=% 22 35 (% 4 Kerosene)

Shale Oil

Fwe 7T

Gas / Diesel O1l

>
N

; 23 78 (%% Diesel Oil)

Residual Fuel Oil

»
>

;24 38 (413 Furl Oil)

LPG

% 155 (R 7 § LPG)

Ethane

& v g 38

Naphtha

=% 28 75 (% i "% Naphtha)+ % 30 5 (% 33§ Olefins)+
% 31 78 (> % “3%F Aeromatics)

Bitumen

=% 26 38 (4p 4 Asphalts)

Lubricants

=% 25 5 (B} # Lubricants)

Petroleum Coke

=% 29 7 (% 4 & Petroleum Coke)

Refinery
Feedstocks

iR =0
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Other Oil =% 27 7 (;3 %) Solvents)+ % 327 (H s 7% & 5%
Other Petro. Products)

IPCC 78 p v AL 74 (Geal 52 P )
Solid Primary Anthracite @ =% 37 (p A% Indigenous Coal)+% 6 78 (i& v Wplix
Fossil | Fuels Imported Steam Coal)
Coking Coal =% 538 (& v k% Imported Coking Coal)
Other Bit. Coal Long gL Ig
Sub-bit. Coal SER =0
Lignite k. =0
Oil Shale PN ]
Peat F® =0
Secondary | BKB & Patent Fuel | =% 9 78 (*% 2k Patent Fuel)
Fuels
Coke Oven/Gas =% 738 (& & Coke)
Coke
Gaseous Fossil Natural Gas (Dry) | =%-33. 38 (% 7% # Natural Gas)* % 34 (& i* = A
Liquefied Natural Gas)

:x : IPCC 5 p #_IPCC GHG Inventories Software » Reference Approach it 7 %44l
i
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4 2 R it Carbon Stored

Estimated fuel quantities

Naphtha @ |=28" % % ~ 30" 4 fr 317 5 4 G = F 2 B i) § fe o
Lubricants  [=25" /& b BB THEHRE
Bitumen  [=26" 47 B B
Coal Oils and
Coking [SMET BB AT &Y%
Coal)

Natural Gas @

=33 A kg 2 3N RF 2 BRE 2 R pd

Other Oil

=27 A 32N B W TR A S G BB R

Petroleum Coke

=29™ 7 £ ZLi R R

e B A AT RIS ARIRHK -
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“t#% 3 by Main Source Categories
IPCC GHG Inventories Software 2_ £ R F* 27 5t iR -L 74 2 W T =3

FRFE

it BT E 2 30

Table 1-2s1-1
ENERGY INDUSTRIES & ih1 %
30"

- S A#2 + $13AATEE + ¥ 18

7 i R

Table 1-2s3-4
MANUFACTURING INDUSTRIES
AND CONSTRUCTION 3 ¥ 2

= %3071 ¥

+\4

K Fe

R EIRE

Table 1-2s5-6 | Domestic Aviation |= % 26 {7 #u7% @ *

TRANSPORT Ps. % - 38 OtherOil= % 23 78 ¥4 2 % 24 78 %58
A g 1 2 %267 #uz i 3 # emission factor B 2 Ap o %

IPEESETE . A )

Road Transport

= %2717 2pit

Ps. PR A B I% % 4c— 38 Residual Oil(= % 24 58 %%
#L#  Fuel Oil)

Rail Transport

= ¥ 28 (7 ghE T

National
Navigation

= %29 {F kB

Ps. P& B /< % 4c— 38 Other Kerosene (= % 22 78
e Kerosene)

Pipeline Transpott

EvE

Table 1-2s9-10
COMMERCIAL / INSTITUTIONAL
SECTOR 7 ¥ £ o> & 3R ™

5707 pENPEF CFE BT AL
)

i

Table 1-2s11-12 = % 69 {7 ALz
RESIDENTIAL SECTOR # % K f®

Table 1-2s13-14 = % 66 {7 B iR FIRF
AGRICULTURE / FORESTRY /

FISHING R 4R/ 30 F*

Table 1-2s515-16 =% 71 7 H 33

OTHER (NOT ELSEWHERE
SPECIFIED) H is 3R "

5
Ps. IR AR 3

4v Bitumen( % 26 & {pi# )% Other
Oil(% 27 7573 #b +

$323 B AR
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*+# 4 by Main Source Categories
IPCC it % p rat AT frk it F95HsE p T 75" %

IPCC 7 p it L 74 (Geal 58 P )
Liquid | Primary Crude Oil =% 12 5 (& Crude Oil)
Fossil Fuels
Orimulsion LovZ gL IR
Natural Gas =% 17 38 ( = #X;7 ¥ Natural Gasoline)
Liquids
Secondary Gasoline =% 18 7 (¥7 1d Avi. Gasoline)+ % 19 75 (& * |
Fuels

% Motor Gasoline)

Jet Kerosene

% 21 38 (4% % Jet Fuel)

Other Kerosene

»
>

» 22 7 (% 74 Kerosene)

Shale Oil PARER

Gas / DieselOil [ =&223 78 (& ;% Diesel Oil)

Residual Fuel =% 24 75 (%L Furl Oil)

Oil

LPG =% 1598k * 39 # LPG)

Ethane LovE g TR

Naphtha =% 28 38 (% 7% "% Naphtha)+ % 30 7% (’fﬁ "3 #f Olefins)+
% 31 78 (> 4 “3%F Acromatics)

Bitumen =% 26 % (fp# Asphalts)

Lubricants =% 25 5 (B # Lubricants)

Petroleum Coke

=% 29 35 (% # & Petroleum Coke)

Refinery % it Rk =0
Feedstocks
Other Oil =% 27 3 (3 A Solvents)+ % 323 (H & 74 & &

Other Petro. Products)
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Solid Primary Anthracite @ =% 33 (p A% Indigenous Coal)+% 6 78 (i v Wl
Fossil | Fuels % Imported Steam Coal)
Coking Coal =% 53 (i& v L% Imported Coking Coal)
Other Bit. Coal | & v& gt 38
Sub-bit. Coal ZER =0
Lignite #a g =0
Oil Shale Zovk L E
Peat FE =0
Secondary BKB & Patent | =% 9 38 (*% 3} Patent Fuel)
Fuels Fuel
Coke Oven/Gas | =% 7 7 (& & Coke)[2004]
Coke

Gaseous Fossil

Natural Gas
(Dry)

=% 3338 (X% A Natural Gas)+ % 3435k * X R F
Liquefied Natural Gas)

Refinery Gas

2

»

14 5(H ¥  Refinery Gas)

Coke Oven Gas

N
N

8 78 (F 5 Coke Oven Gas)

Blast Furnace
Gas

>
N

10 38(% 7% # Blast Furnace Gas)
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“t# 5 CARBON STORED IN PRODUCTS

Wig Faeafz A
IPCC % B SR A LA
Gas/Diesel = $ 237580 2 5407 £ R
ol
LPG = %157z FH 5 2 %4017 #it R E
Ethane bk A 2
Naphtha = ¥ 283% T + ¥ 303G + ¥ 31
Bx AR 2 %?‘40 o RRE
:%23355‘ %?‘§%+§234IE(§IL 5%‘ %:
Natural Gas " "
40 7 T Y R ¥
= % 27 7 BAN + % 323 Hi r@ AN
Other Fuels @ |z % 40 imugit ikl %

't % 6 International Bunkers: B % %44l @ # i3t
International = ¥ 2235 i + %233 ¥4 + §
Marine Bunker DAIE AL 2 ¥ 47 RMEELE

B 4 5

International = 5 2131F &g e 2. FRBELT @
Aviation Bunker 3
B 5
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