P EEFMESL L0

Local Greenhouse Gas Inventory System

SEIERE St
TES SRR RS

PEARA L ES



PAREFMESL L8

Local Greenhouse Gas Inventory System

Boyod LRRR Student : Cia-Hao Chang
R FLR Advisor : Jehng-Jung Kao
B 1 ARFT T AT
AL~
A Thesis

Submitted to Institute of-Environmental Engineering
College of Engineering
National Chiao Tung University
In Partial Fulfillment of the Requirements
for the Degree of
Master of Science
in
Environmental Engineering
July, 2007
Hsinchu, Taiwan, Republic of China

PER R LA &S



BEARRIP e 372 0 2 R R MES > ud v S f
PomBHEE 322 LERENH B3 oo PR 2 RS
WMEEAITL B4 E B r U o AT Fla FE- RRALT 2 4R
BLP 3 HABBTROE SR FHEL L npee s cd e
f‘lﬁiﬁ:§§§§°

AT AR R S B AME L SRABA LK ATREE KA E

SIZHAFTHEAFZAF AR - HAFTHELE S HRERS LALE A

PSR BRAEE E S RARMTREE S EAMEY Y o ik

2P thlc iy @ o DIHER B ek er TAEM R S e 2 AT
SF RV R R PR TRt R RS R B H w2y

o HBFRAIS AL BT UMY AR RER SR F R
FAELE o WAL R AT RN SRR TR F B

SISV A R a e o b S e B R LR
Mo AL R Hedien ExcelOz VBAFEZ TR A AAEF B E o

P o2 ke 22 ST Rap S TR P X AERGEE R o

A
N

AFEF T e ERP M BE R TR TR AR TR K

d ’fu"é#\@f—ﬁﬁm% - é%&d;—‘r#f‘ﬂi PTPW/:‘ “,,—Autv‘f’l’?'i’rut}_o
¥

R ] I%\f;t ,:li WA *5’ °



Abstract

Currently, although many regions have established their greenhouse gas
(GHG) inventories, the methods they used may not be applicable for other
regions. Similarly, softwares developed for regions in a specific country may
not be applicable for other countries either. This study was thus initiated to
develop a GHG inventory system to assist local regions in establishing GHG
inventories.

The developed system consists of three major sub-systems: GHG
inventory database, GHG inventory guidance, and GHG inventory data
analysis. The database stores information for inventory sectors, inventory items,
emission factors, and other related information that can help a region to start a
new GHG inventory survey with enough sample or reference information. The
GHG guidance sub-system is designed to assist a region in setting up or
selecting appropriate inventory sectors, items under each sector, activity data,
and emission factors. The sub-system also allows the user to create new sectors,
items, and emission factors if no appropriate information can be found from the
database. Emission factors stored in.the database are classified into several
different categories to facilitate the selection of an appropriate factor for an
inventory item or activity. The data analysis sub-system provides functions to
implement inventory data ‘statisticali-analyses, including comparison for
inventory data from different regions. Microsoft Excel© and VBA are the tools
used to develop the system for providing an easy-to-learn and friendly
interface.

To increase its flexibility, both Chinese and English editions of the system
have been made available. Inventory data from several different cities were
collected and saved into the developed database. A case study for establishing
the GHG inventory for Hsinchu City was implemented to demonstrate the
applicability of the system.

Keywords: Local greenhouse gas inventory; Database; Sustainable
environmental systems analysis.
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Local Region
Taipei Worcester Whitehorse
] ) ) California Minnesota
i i .S. i n
Category City City, U.S City, Canada
Fire Department Vv
= Police Department Vv
o
S | Vehicle Parks and Recreation
c
5 Vv
= Department
Department of Public Works V
Postal Service Vv
Communica-
Telephone & Cell Phone Vv
tion
Radio Broadcasting Station V
<
=
g Electricity Specialized Heavy Equipment V
S
o
8
K= ,
£ | Wood ‘ \Y
(<5} F
=)
@
o L :
Distillate ‘ V
Fossil CO - o = V
S ) Private Auto ‘ Vv
= Vehicle Type — —
g Mobile Air Condition V
o
(o8
=
© Fuel Type Distillate V
o
Industrial Landfill V
Solid Waste
Incinerator V
8
§ Water System V
Wastewater Sewage Transmission V
Storm Water System V
e
2
3 Flooded Rice Fields vV
>
<
>
7
o Below Ground Living Biomass V
o
(8

AL KR C % (2004) ; Williams (2004 ) ; City of Whitehorse (2004 ) ; Bemis et al.
(2005) ; Ciborowski et al. (2003)
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Category

Local Region

Road Transportation

Electricity

Solid Waste

Taipei City

Gasoline& Diesel consumption x

Emission factor of IPCC

KWh x

Average emission factor of Japan, Sweden and Finland

[N

. Landfill :

CO; : Estimated by emission factor of Taiwan
CH, : Estimated from |PCC formula
2. Incinerator :

Estimated from IPCC formula& Carbon Content of

Taipei

Worcester City,
u.s.

Vehicle Mile Traveled (VMT ) x

Emission factor of USEPA& USEIA

KWh x

Emission factorof North’ American Electricity Reliability

Council-=¢(NERC ) -Northeast Power Coordinating

Council (NPCC ) , New England sub-region

1. Incinerator :

Estimated by emission factor of USEPA

2. Recycle:

Estimated by emission factor of USEPA

Whitehorse City,

Canada

Vehicle Kilometers Traveled (VKT ) x

Emission factor of Torrie Smith Associates Inc. 1999

KWh x

Average emission factor of Hydro, Wind and Diesel

Cities for Climate Protection Greenhouse Gas

Emission Software Version 3.0

Landfill :

Estimated by emission factor of Torrie Smith

Associates Inc. 1999 Cities for Climate Protection

Greenhouse Gas Emission Software Version 3.0

R AWARRZERTE D ELE R

TAL KR HkE (2004) ; Williams (2004 ) ; City of Whitehorse (2004 )
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Fie Year Record Report Settings  Assistants  Help

Community Measures

Mame of Residential Building or Graou
W Fuel Type Units Energy Use
Electricity (Grid Average) {kWhy} | 100,000
dFerara contins Coal {tons) 0
Insert Select Delete Light Fuel 0il (US gan) | 0
Hatural Gas {thousand cu ft) | o
IProuane {thousand liters) | 100
Biomethane {thousand cu ft) | (1]
Fuelwood (Air Dry) {cords) []
Solar (MMBtu) [ 0
Green Electricity (kWhy) 0
‘ ¥ Forecast Builder | ™

Motes Regarding Residentisl Building or Group Data

Energy Consumption I (MAERL) Equivalent CO, Production I ftons) M Production (lbs) f=is

[ 2806 || - 253 || 58 | [

| v

HrimESESE i,
75 7T i1 b 7 Report & 39 85 %

B 3 Clean Air and Climate Protection Software (CACPS) Version 1.1 % & /i &
?{‘ L%k R ¢ STAPPA/ALAPCO (2005)
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Fesidential ICommerciaII Industrial I Transportationl ‘Waste | Other

Delete I Report | 7 Help I
»
Fuel Type IFueI Units
Electricity (K¥¥h)

Matural Gas [cubic metres) 0
Biogas .[l.:uhic metreé] 0
Light Fuel Oil .[GJ] 0
Kerosene :[Iitres] 0
Propane [litres) 100,000
Coal [tonnes] 0
- Indicator Inputs Anthracite [tonnes) 0
Households Bitumi Coal [ ] 0 |ﬂ
otes Regarding Residential Building or Group Data
Energy (million Btu)  Equivalent CO 4 (tons)
¥ Forecast Builder 2.762 I 171

FrAEEEEZIRANE,
#F <] i _k H Report & #H & F

B 4 TSA Greenhouse Gas Strategy Software Version 5.2-Canadian Edition 4% & 4 &

7o &R Torrie Smith Associates (2006 )
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A B C v E F G H I ] Em
1 | TABLE 1.A{a) SECTORAL BACKGROUND DATA FOR ENERGY United Kingdom of Grast Es
? |Fuel Combustion Activities - Sectoral Approach 2000
3 4 of
; (Sheet 2 of 4) E=rFE+mE ZHEER A HE e & ¥ & % L
: | CREENHOUSE CAS SOURCE ANDSINK CATECORIES AGGREGATE ACTIVITY DATA IMPLIED EMISSION FACT) s
£ Consumption Co. CH. ! N.0
7 (D LB (I (ke/TD) (Gs)
¢ | 1A7Manufacturing Industries and Construction 121160806] NCV 86,500 00 11 68 207
2 Liguid Fuslz 2B026200| MCW 71.84 501 625 20, 780,18 145 1.E1
10 Solid Fusls 17550600 NCW 13166 4436 418 2310757 770 0.73
11 Gaz=ou: Fusls T3436526| NCWV 5706 411 052 41.566.63 308 038
12 Biomass 1187820 nev 0.00 30.03 43p[= 0.00 036 0.03
13 Other Fuals 58000 WOV 0435 0.88 0.00 5331 0.00 0.00)
14 |2 Iron znd Stesl 1BB50723| NCW 783 035 =
15 Liquid Fusls 2026043 | NeW 7414 212 057 0.04 0.01
16 Solid Fusls 0621642 NCV 161.29 TB55 346 7.61 0.33]
17 Gazeous Fusls 71.42139| Wew 57.06 400 010 019 0.01
18 Biomzsz 000 NCW .00 0.00 0.00|= 0.00 0.00
1% Other Fusls 0.00| NCV 0.00 000 00D 000 0.00
20 b Non-Ferous Matzalz 0.00| HCW 1 D00 00D
21 Liguid Fusls IE[ NCW 0.00 0.00 0.00 IE IE IE
12 Solid Fusls IE| HCW 000 000 000 IE IE IE,
73 Gassous Fuals IE[ NCW 0.00 0.00 0.00 IE IE IE
14 Biomazz IE| KC¥W 000 0.00 0.00[® IE IE IE,
25 Othar Fuals IE| NCW 0.00 0.00 0.00 IE IE IE
18 | Chemicals 00| WCW 00D [HEH] L
27 Liguid Fusls IE| NCW 0.00 0.00 0.00 IE IE IE
i Solid Fusls IE| HCW 00D 0.0 00D IE IE IE|
0 Gazeous Fusls IE| NCW 0.00 0.00 0.00 IE IE IE
30 Biomsss E| ncv 0.00 0.00 0.00[® E i3 E M
31 Otther Fusls IE| HCW 00D 000 00D IE IE IE|
37 |4 Pulp. Paper znd Drint 000| NCW 0.00 0.00 0.00)
33 Liguid Fusls IE| HCW 000 0.0 000 IE IE IE|
34 Solid Fusls IE[ NCW 0.00 0.00 0.00 IE IE IE
35 Gzz=ous Fusls IE| HCW 000 000 000 IE IE IE|
38 Biomasz IE| NEW 000 0.00 0.00|= IE IE IE
37 Orther Fusls IE| HCW 00D 0.0 00D IE IE IE|
38 |& Food Pyocessing, Beverapes and Tobecoo 00D| MCW 0D 000 QDD o

4 4-» b | Tablelsl ~Tablels? ~Tablel A{a)s] | Tahlel. Ala)s? Tablel Adaks3 . Tablel Adalsd - Tablel Alb) o Tablel Aic) -~ Tablel s

® 5 Common Reporting Format (CRF) Rz 3 & 2 $3c fﬁﬁ@gj ~ 4@
TR kR UNFCCC (2004 )
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A B C D E F o H TS -] 4 L M N {'E
/TABLE 1 SECTORAL REPORT FOR ENERGY Usnited Kingdom of Grozt Britzin and Norther Irslznd =)

1
2 (Sheet 1 of 2) 2000
3 Subemizzion 2002
4
; | GREENHOUSE GAS 30URCE ANDSINK CATEGORIES co. | CH N0 | Nox | co | NMyoC 50-
g G2
7 | Total Enerey 52042406 75706 2659 1514.40 397458 83409 1.130.01 BEEMNARXFREL
i | A Fuel Combustion Activities (Sectoral Approach) 51161230 0834 26.44 151127 3904603 52206 112004 =TABREH T
¢ |1 Enersy Industries 190,532.08 3614 846 43533 9351 0.0 206,35
10| = Dublic Electricity 2nd Hezt Droduction 154,134.00 2834 RE] 35780 5018 753 25 00l
11 | b DPetroleumBsfining 1658755 0.60 034 pEED! 5.60 117 I |
12| ¢ Menufcturs of Solid Fusls 2nd Other Eneray Industries 011144 730 130 5213 1763 101 B4
3 |2 Mavufacturing Industries and Construction 86,500.00 1268 207 21637 60696 1864 117.16
13| a Dronznd Stesl 1115803 753 035 1736 24464 143 FEET]
15 | b Nen-Femous Metals 0.00 0.00 0.00 E E E E
16| c Chemicals 0.00 0.00 0.00 E E E E 1
17 | d Dulp, Paperand Brint 0.00 0.00 000 E E E E =
18 2 Food Processing Beverapes and Tobeooo QD 0D LELE] 1IE IE 1IE IE|
12 [ E Other fpisase spacifl B 65.251.87 475 253 15858 36231 2731 8371
20 Other industry 1EEDE E[ER! 2711 5371
a1
21 3. Transport 123,04607 16.04 1156 69930 290100 41328 2581
33 [ a Civil Aviation 0.15 011 1088 1108 186 0.76
33| b Road Tranepodtation 1550 1274 1855 18131 ADEL0S 5.62
35 | c Railways 0.06 051 1104 308 150 115
36| d Navigation 024 017 4805 624 178 1785
27 | & Other Transportation (pisass specifl E= 4510 0.00 0.02 078 0.19 0.00 0.04
3 Airoreft Support Vehicles 0.78 019 0.00 0.04

[T}

Ly

g gl g g

3

I

2
Ty

M 4 » M| Tablels] ~Tablels2 - Tablel.A(a)s] , Tablel.A(a)s2 - Tablel Afa)3 , Tablel A(a)sd . Tablel. A(b) . Tablel.Ac) .~ Tablel 4 m S

B 6 Common Reporting Format (CRF) ¥ 4 2% E7 /i w
AL kA - UNFCCC (2004)
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AfERAE R EFRRFME AR TSR ANM P 2 PGk
}iikff{x];; ‘,Auﬁvﬁ.u?ﬁ:i@, j\,{ﬂ'i’fj&%ﬁﬁfg

AL
PP SRR BERE M T AL SR BN ETHE > &

FTHLEY UPF AR E o

31 ¥ >R FFHMEALAIFFFTHRE

i

WEHAEREY PR AN AR R T F L ARSI R
R BT ﬁﬁgﬁfﬁiﬁ.ﬁ_ BT b= 2 P o0 dod B

BEGEEFENP LT RAREFR R FTRA AR Y &
e

N

Bz 2 P EINP R R F WAL Y > m £ ® Worcester 7 R F]

¥

B AR EZ EHNPA R FMEAH % - B2 IPCC 4y
HN2ZRRE T F WL LER (IPCC, 2006) 2 - 3 2B 2 5 8% 4 4p
K 3088 (STAPPA/ALAPCO, 2005 ; Torrie Smith Associates, 2006 ) 32 4 = =
HELELZARPR eI s hmp ~
LRI S S o TR -

She
—

P FALE s E R R
RS B Y AT Y d
Pz b "v‘]ﬁi%'ﬁg«#—k%i&\ o F AR BEFREANRES
R ’f%géggqf_ﬁgji
drd 4 95 0 A

z¢3
FAET R F R RGPS S I s L AR
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13 h %o A3 f R kI F o R 841 A 0 IRLL A D il
R ETHES S AP LEAD A5 ERE A ATH P

FAGHEH[FFTHRENGF > L VRFTR I FTRE >
&
J

ARG S BABPTARLIGEANMZ IED > H AL F L AR
P2 HHFHE EH TSGR, dod 447 B INFE 4 T 12~ 48

Boos g Bz KB P~ @ E5 Woreester B P 44t i @ﬁ 7 4z
ﬁ : Q

B hFmyErE AN SFME ke 5T 0 TR x
Pofl AP B A BRAERE eSS He s p 2 age
Bhp S SE S B g W 2 BRI TR Y- HERL Y
WEFRH VR B S i £8P 2 Pl TALERN B KA E R FE
CEBIP D PRRAREHEKAPHTATRLFE LA B
myrEZR e rFFHRED o

WOt bt dd D FHEH L FFEET S THEL L
Nd 2 HaREE513 fo THBG R EVEINPEAAG B

4?%&@?’ﬁﬁ?%ﬁ&Gﬁi%ﬁ%ﬁﬁ%ﬁéﬁp%»+fpﬁ

33 ¥ 3R EF F WP GES THE

BEAXB 1 ¢ 4 da b H = (IPCC, 1997) 504 B i = 22k i 7 AL
B> 2 - B % 5 4 A gtk (STAPPA/ALAPCO, 2005 ; Torrie Smith
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Associates, 2006 ) 7 & ¥H4F T T P aE 2 PTG R E 5 (e d R S 2

FRF LR mEAGE A e o @m SR L B S P2 ot

B 4 L P R BAP M TR R S RFEL o AT FlptE 2 e S
BEFMP S TR i 60T HTEF IR 2R
858 (COy, CHy, N,O, HFCs, PFCs, SFg)~ 3 & &AL 28 L 4L 50 P 448
BhEG Pl Ruikd o8- TP -2 8
RO BT L il B2 LAERI AT B 2 E RS 2
Friiapig 2 Hi b 2 g R R § WA R B A F

4
ETEBESERGE VAP EIGD i FAERGR T KR
%

btk
SRy
e
e
T
1
=

‘:.I‘SF’H ~JE B \;}—ikéiléﬁ'{;ﬁ 1 mﬁ#g?ﬁg'ﬁ‘) ?E‘E“J‘%ﬁ
A B FFHREY o
FME IS AR E F WA S o R FR Y

¢ = >zkeg v B4 (Global Warming Potential, GWP ) » 17 % %] H g it 2_

14

FE o H2¢ CO2. GWP fa i LR F 8 awF % § §84- CHy, N,O, HFCs,
PFCs, SFs > H GWP i 4 %] 523,296, .5,700-11,900, 120-12,000 2 22,200
(IPCC, 2001) s it it & R it 2 ® 3k 12 2 GWP & T 4p & »t CO, #ig =&
P GWP B> 2 1 eCOy 538 * H i+ % ib R FEYFEREZ

P hfctt > PR B AR E §F W2 GWP B g ps e g B - i
5 eCOpe P b kiephadz Panthde” L0 37 WP wBE =¢ 45 kg
/kwh, kg/therm, kg/m3, ka/kg, kg/kL, kg/VKT, kg/VMT, kg/LTO, kg/ha,
kg/capita, kg/person % 11 f& o 1 & B F] & A5 d 5 & 78 ohH =7 4p
oo feinpie T R ARl o R g

¢ therm % # & H i+ >1therm4p ¥ > 1,000 + —+ £ 100,000Btu( British thermal

unit)» 3 B B* I ARG R REE M F £ B2 8 > & VKT (Vehicle
Kilometer Travelled ) 2 VMT (Vehicle Miles Travelled ) R332 £ 2 §5 {7 %

TR AR T 2 EE s Ul b R R4 M E > LTO
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(Landing and Take off) Rl & @ 35 &8>85 che B bz i @ 3T
(<914m)~ Fi7 ~ A& 2 4R (<914m)-> @ B2 B 3 § WP g - &
FE - LTO#&A 5 H 2738 (% > 2004 ; IPCC, 2006 ) -
PG THREZ AW 05 2 B a8E513 L A2 HivTH o 4
B 10 #7771 > %@z fou AW ii%ﬁﬁiﬁﬁéﬁﬁﬁ CO, #t 3 thfic i §5 6) »

@*%?%é%ﬁﬁﬁﬁﬁﬁﬁ&ﬁﬂﬁﬁﬁﬁﬁii%% LY S
e

LWRARE SHEANEE R REER S I pEAERS, ARE D
Y4, AT FA ;d;—glg_z;‘fgﬁﬁ?;m—? ?,J[i@,uhrivﬁ,‘ m?#l.'_
SAREAHMARTR HIMER By F el A

BREE IR ERLE R S HS - RFRR LR A
HY S TR N R |
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TR LA L AR S 2RI E A o
SEVE ST AE B S B piThl 8 H S 2 i R

2L TR TR BRBEFTEEEY LR S PR A
PP RETREEN T o R SR e
PO HINE B PGk E BB B AR TR
iF g E ?ne“:ié‘ﬁﬁﬁlrm%kﬁjﬁ%#ﬂ,—gsgg\ju@fm;
7 ﬁ»ﬁ_&f)’,\écjjj;ﬁl‘;l}ﬂé%” {if g feﬁg‘féﬁiﬁ
P2 BT AETREN R o
#5 FCREFMERAD FFTHREEFH
i PR AR o
BAHIMM2Z FIEP I REFGEAINMPLANG FHEP o
P LA oL e f
FAIP2ZFHED IREGFEHEAED 2 PGP o
BESE ST AR AT B S 2 F AR
B2 oo TR TR R R R e S iR A
P2 Pk BT RN B E-2 o R o
EHINF AT 2R EINT o
BOERIVE SR S Paciilcs R FAARM TR
, ’v""”‘*-g HEGDR S G TER > HKTRRE R
i E R i F P

BHERARE G R YRS
0k m AT LA -
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26 ¥R FME GRS TREREEY
A AR S

% F 8 ¢ 45 COy, CHy, NO, HFCs, PFCs, SFg % -+ =
Mo REAFIR T AMEA F TR F AW TR 2

Bk % B o

pa g | PEECTERETSSBERELAL LS SRL
BEF MR Tl k2 SRy e
paap PO T ETREREALNT  ERGFELIIL
P a2z 4 U REG o
Gasp LT RNETEALEAAD CERGE AT
B ZoAF RO P 2 P hlic ) 2 b EE T o
WS E BN S IE P s P ik H e APM TR
Gpap | VEFREERGTRAGOLE AT M

FhHE A T e S A R R R R
)‘LI-}EP\ ? o

=i

#&%;:ﬁg;:

BHE SRR EAE L E AN R AP
* 2 P fh e BBk S 22 4 kglkwh, kg/therm,
kg/m®, kg/kg, kalklykg/ VKT, kg/VMT, kg/LTO, kg/ha,
kg/capita, kg/person % 11 78 -
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&Wﬁﬁi -mﬂi =il =
B, &
e (Elimas SEi 200 ) wHEETEAHRBEEIN T A%
' ” ’ xBHFIBE @

CETFTZRAABTES
ZRFFEEroNEE
EAFTHEHART

MO GAMPFFRERAA A5 2B HHHENF iz T &M EE-24 13 ﬁﬁ_@;’g’ﬁ;ﬁ]; 2

31



MARZERAMBEZINTAA

THRERBALR
A&

AT EBHM=FAAD
COABETELTHE
ERBMAER @
¥ EaTHRFMEEN @
BEAFEHET

ZHEFEFE 5N

T EHRERPERLEE AN
T REFETARASTRLE
EEFn REHTEHEA
5, ETHFME SN oEHH
HEBBEATEHET

Bl 10 @+ FHRE AN 6 EAGEESS R T GE-E AT I 2 lgﬁ;;;’g‘%] CO, 2z ta#c 5 b

32



AREZABELITATEHE WHZEZARTHAIN T AR

BEmHEEATA BEFHFI @

BEREEEATAN . HF—8F
HERFZZARRAETHE
BEFHTHIOEATHEHAE
T, AT B TR oEAZ

33




BBl S B L HBRM 2 B KEZ G A 45 & 2 g 4 R
[P 235 22 ZRAPP T kA SR TRBE S RESR
2 FME B TP AR 5 3 E A
AE ERELEEI G 0 22 SET RN R IR R I
P B 2HBFTRAEAE > B ERAR 1297 0 HY FHES )

&
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FTHREMZZIEEG > mTREA G E4HF
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S A AGEELT - £)E

41 3B EFMELEFMEL 7

ASE S R AL LB o kg RS LB SRR F R AP

21N

[FERE2FE32 ¢ FRBFMEGE P B E o580 205 BL
AlenBE P eh e 2z A & B (FRE 220045 Williams, 2004 ; The City of
Whitehorse, 2004 ; Bemis, 2005 ; ‘Minnesota Pollution Control Agency, 2003 )
AATE R SR LED 2 E G 2 LR R gt it 4ok 8
Arsk o P oA mTji I8 s F‘ﬁ_}iz; il];z P %&l}a»; BN _\ , ]IJ%/\;Z%\’—[
oA PR - BF A BEFA > AL BT %S
B3 A ded 0 SASTERY P AR E SN bldeal KA MY TR
FEEFHMERE TR D FED PR GESGE ONEFTE .
£ 8N WA ik AL R 020 i (Residential) »
# ¥ (Commercial )~ = % (Industrial )~ % & ( Transportation ) # % ;3 (Waste )

ML PP 5 Fr (Municipal ) 3%

‘-mL

‘i—w«}gng PN ERFE s b 25 AT '?Tq
p

% TP IR E 4 OHME 0 TR

T P IERNRE E F WME 0 ¥ b B ¥ (Agriculture) % Btk



(Forestry ) %35 P B iz 3 = 07 i k-3 0~ 0 A 30 F 30 e n
Uep 5 TR Ms - BIMP b E o

mod 33

P

>$‘\
\i\u-

LR G R B R R P R 2N R R Blde
A (FRE 0 2004) T4R* P kI 2 KRS F TR %G (kg eCO,
IKWh) 2. T2 2 Rp # TS5 B 447 * L2035 W eg a2
® Worcester # (Williams, 2004 )i'] # * North American Electricity Reliability
Council (NERC) /Northeast Power Coordinating Council (NPCC) , New
England Subregion z R -3x tafct & % 2 F 3 F WP E > 4 £ &
Whitehorse # ( The City of Whitehorse, 2004 ) Pl#* § » % 4 &> 22 2 3
TEEREAF TR R Y T LR F 5 Ml o

Ed P2 A EVREE S TFERBLK SR AEEE GRS 2

s g
ERGE RS
#5 &

R AR E T A uE el S I P E

e
—'ﬁpgggpiﬂ ﬂ\pir]mij;“'-iﬁlﬁ’gé,4‘.;L,1'%E'l’|§q*'%z

Gl B R E R N Ra o HI S kiR o

TR AL RE R S EFMEGRI EINF R R AR
P EES - e 2R R 5 B A k8 (STAPPA/ALAPCO, 2005 ; Torrie
Smith Associates Inc., 2006 ) » & ;2 % > ik * FHA K o L h Ty i =
AT ETRP N E TN S PR AR > TR ER F,Qﬁ
MEEIFP2BH -G T B IR FMEAFTT 2 FE (ohe s, 2004 ;
Williams, 2004 ; City of Whitehorse, 2004 % )~ IPCC R 7<% 4 #84& 4 #
Al (IPCC, 2006) % #p B #ic 48 ( STAPPA/ALAPCO, 2005 ; Torrie Smith
Associates Inc., 2006) % FAL > A4 A K ALIER 2 A BIMPE 4 LB T
(Municipal )~ A= (Residential )~ % % (Commercial )~ 1 ¥ (Industrial ) ~

PRETIEL:] ﬁiﬂ (Transportation) ~ & # 4~ (Waste) ~ B % (Agriculture) % &+k
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1. # #z3%F (Municipal ) @ pt 30 4 & ¢ 7 0k 2 3 2 FfrAp M H =2 &
B R R DA R Z AL s PR EE R o BERIS B D L
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1 ¥R (Industrial ) : pL 38 ¢ $3F 5 % enl EHA 0 T HEFE

&ﬁﬁwifaﬂifﬁﬁﬂ’w”ﬁ*%*ﬁ?@%*liﬁﬂéf

AUE LR AP ARRE E R E Kk o AL A KRB AR BT T N

~\¢

RF et E s B % FEAFMECPFC £)2 B iy

|

£ o
2 i %" (Transportation ) : B 15 #777 5 5 B # 23N E 7 5 H£ %

TRV TR - B 2 FEREA AP 6 R
20%-500/F > 4 A IR AL A KA B E LT K F P ER

(1) 388 T BAAk & LD gD LAHT R
ﬁﬁ?%ﬂiﬁﬁ%éﬂ’ﬂ ded 5 (T ~%0 ) gegzd
Bl (ARG ~AH ) 2 RAEE o

(2) &LV RHEPAXKEIOPER TR TS ZEELAP o

(3) H# 2N hosh i Bk ‘@1 IR AN U BN SFCE i

2 v EEAATREFEZ AR

Beis 3R (Waste): po 38 A & & 5 FMAR 2 SRR FAED

Ao FMARY 2 SRR T § MR I0E L L e 2 ARy

PR FIRRASE S SRR wEM AR FHY BB P

BB EE LR PIERA A Fk s R B F AR
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wi) 2 GIRKERSEE REFRETFMENHS -
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8. Ftkinvf (Forestry) : &4k 5 21 & g %=k (Carbon Sink) » ¥ #* 12 ex g =
3 (LB (CO, ) 3F 5 3 2 157 » 4% K Minnesota ' ( Minnesota Pollution
Control Agency, 2003 ) % Oreagon ' ( Governor’s Advisory Group on
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L8 HSBANDE P E R

Local Region Taipei City Worcester City, | Whitehorse City, California Minnesota
Categories u.s. Canada
1.Municipal a2
1.A.Lighting a2
1.A.1.Streetlight a2
1.A.2.Traffic Light a2
1.B.Transportation b3 b6
1.B.1.Fire Department b3
1.B.2.Police Department b3
1.C.Buildings a2& c4,9 al,8& h6
1.C.1.Schools a2& c4,9
1.C.2.0ther Buildings a2& c4,9
2.Residential abc3,4& e3
2.A Electricity a7,8 a2 al,8
2.B.Natural Gas c4 c4,9 c3
2.C.Propane c6
2.D.Petroleum b4,9 b6 b3
3.Commercial abc3,4& e3
3.A Electricity a7,8 a2 al,8
3.B.Natural Gas c4 c4,9 c3
3.C.Propane c6
3.D.Petroleum b4,9 b6 b3
4.Industrial b4 b8 b*
4.A Electricity a2
4.B.Natural Gas c4,9 c3
4.C.Ethane
4.D.Propane
4.E.Petroleum b4,9 b3
4.F.Coal d3
4.G.Other Feedstocks ell
5.Transportation bf8 bf3,4& c5& el,3
5.A.Road- Transportation b4,10 bf3 bf6 bf3
5.B.Railway a7,8
5.C.Water- Transportation b3
5.D.Airports g4 b3
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6.Waste
6.A.Solid Waste h3 h3,4
6.A.1.Landfill h4 h6 h3 h1,3,4
6.A.2.Incinerator h4 h3 h3
6.A.3.Recycling h3
6.B.Wastewater Treatment i4 al,8& b6 i3
7.Agriculture jk3,4
7.A.Enteric Fermentation j4 jl
7.B.Manure Management ja j3
7.C.Flooded Rice Fields k5 k3
7.D.Burning Ag Residues k1
7.E.Others
8.Forestry 11 13,5
8.A Forest Lands 15
8.B.Other Sources/Sinks
9.0thers ac3 (Electricity
bcd3,4 (Electric
Generation&
Utility )
Imported )
EEa

Activity Data Type
a.  Electricity

b.  Petroleum (incl. Gasoline, Diesel et al. )

c.  Natural Gas (Methane ) /Ethane/Propane

d. Coal

e.  High Global Warming Potential Gas

f.  Vehicle Mile Traveled (VMT) &
Vehicle Kilometer Traveled (VKT )

g.  Numbers of Airplane

h.  Solid Waste Generated

i.  Population/Activity data or GHGs generated

j. Animal Capita
k. Area of Agricultural Field

1. Area of Forest Land

FRA R TR N 2

Estimated Methods/ Emission Factors& Formulas

1]

2,

10.

Local'emission factors/formulas

Regional emission factors/formulas

National emission factors/formulas

Emission factors/formulas of International organization
Emission factors/formulas of researches

Emission factors of Regional GHG emission and reduction
strategy estimation software

Average emission factors of a number of nations
Emission factors of ratio of fuel types

Average emission factors of sectors

Use ratio of region-to-nation activity data or GHGs to

calculate regional GHGs

FAL KR C k& (2004 ) ; Williams (2004 ) ; City of Whitehorse (2004 ) ;
Bemis et al. (2005) ; Ciborowski et al. (2003)
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AL KRR A (2004)5 Williams (2004 ) ; City of
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etal. (2008)
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