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Coal to gas: the influence of methane leakage

Tom M. L. Wigley

BRKASKRAARKAIZEBRT HE, — I,
‘CO2R B BE=>CO2 M AR K AKYFD

LhL . _
= 40 o cums KA RKAIZ
RIEERRS . R B TAAU DR BT 2R
1EE7JD523'.61%
-SOxEFHENFELY = ESEHROFELD BHHS 00
(3%)CO2RE I (LCA) 7 TO—FDER
B> 14

FLOVEZICLDRIRRELL: POBHELARORHHHE

. - (a) Z840
f};‘};ﬁ?ﬁfiﬁ - [\ concentration 2degree C |,
RIS - - - # %]
RE:EOdHO g .I'!-" <~-temperature we |
BAIKYRMHY i b of
FAARA000GC || Iod e o
s zon ¢ | L] " sea level rise Pl.i
geLTomEG2C AT - u
FBAT-HITETL. o =y e "
BELRLIHAH L = i}
#EN B, SFRD s e = = =
HEHE. — -
tempsrature=™"~ 2 degree’C

EEREDOBE: | | o
BERELICESR .| fel [ gl
BRELRHAE | | || 1%
%%fgg’ggﬁfg‘ 1. kw f .~ sealevelrise - ; : }

B - # ax
¥ 5, SBRLEE S N -
DEEOKRRERS) | = o emison &

[Rein  (HBDRE-AUL-Fi3%, B3 (2011 RS - 15

LWL, RENMETIHERURIETTH2DMN?

(Hi#8) Climate model (CCSM3)I=&2FRIFHE : BB (20054) I A-BA-ERFEETOD M)

—RIFLF—HIEHER

Contt |
S A2 oal
i A1B A2: B
) E Bl renewable

2000 2020 2040 2060 2080 2100
o

A1B:

A2
~_AIB |
Bl:{EHEH
Bl o nuciear
‘ e WEH Bl D RBAA 8ETH
R o o a0 o wo wm SMIIXTLOMBETRIALE o

S[UEETHORIER  [UBETILIXETHENTL
LAl ETRAE. KEREDETHEIETEA (E—V{EIZIKTE)
SR  mvFuA 21&%3(:35(155&15
IPCC AR4(2007) e
|

| A-B1#1  pp

o

@ v

§ 3704 f,,W "B

. Pd  am -

3 g

E 12.5(28) famral ™

g / 1 /M"Wwwwwmm ; - ..

g » A1B-B1 g‘ i

L REEEL B
29500 2000 2100 2200 2300 2400 . I

year - J

ERFYHFETYH LR o mmmm e

(t:88) Climate model (CCSM3)I= &5 F I : BHH (20056)I A- BA- I ETOSIM )

Ram  [PCC AR4(2007) <BERO—BAZIAEI TS, 17

SHOBRE - METIO—FORLEN (D HERAIT )

OIXLF—ETLABHOHRE~DMERE:

XEEPDRHREIAFTRITTHHEEBEEN, ?
¥ADFH R (A2 N2O%) (FESHIET 2D H ?
HARMEZEEL-ERMEOBEVOHEH/AARFIESHIREN ?
ORIED B DHRRE D REIRIE:
KRURETEERT YL AR ORI FHRERH

KCO2REETRDIEH ., B £ 4 RER (F53E) DRIRIEEE D AZEA
(R RIEIRDAZEA)

O#ERE:
KEBEOBEVEENRT RO AR/ SROHE
KEBHEAROFEUNT (AFEZOEBTOCIFORE)
Rain 18

CRDS-FY2011-WR-11

W ATBOEARIA MR RS MEERERE > 82—

D0 Eme SR
NESTARN RN

N—| 1G98+ IT
Vu\Ned—=#8

\w\ e N

SMIAHN N 7Sk

\w\ e ol

MR 3S

& (v G

o



HERRRRERT—Iav T
[BDLIFHREASBROLOOIXNFT—ETI] RESE

R

(%) XEUSGCRPDIAFRERL (20125 ~20214F)
IR7E : Public Commets% 5 & e

O TRLX—ETLORE

Inprove the depleyment and aceessibility of seience to inform decisions on mitigation and the
IR

Cihective 2,20 fnform Mitigation Decisions

watton interface.

Efforts to mitigate ¢limate change focws on reducing enissions of aimospheric carbon
dioxide and other greenhouse gases, Options inchude the capture and sequestration of greenhouse
gas emissions, altered agriculrural ond forestry practices, more efficient use of energy. and a
transition 1o low-carbon energy sources. such as wind, solar, and muclear.

To make informied decisions about mitigation options at multiple spatial scales, decision
makers should understand the effects of policy options on greenhouise gas emissions, the costs of
reducing emissions, and the benefits of avoiding greenhouse gas emissions. Tools 1o inform
mitigation decisions will be built on new research aimed at improving understanding of carbon
storage in the Earth system, the development of scenarios of possible changes and mmpacts, and
the identification of the social and ecological thresholds tha help define limits 1o adaptation

B EEEREDEAREHCETIREICENT, UTEERTAE
B e fo=P e
B EIRIC LD
Fiz, BIRBUR ISR DY —ILGER) IZ[E ROFLLDHARNSBE,
(1) #ERS AT LIZE 1T Bk RN (BTE) (CR T 2 IRAR{R#E
(2) SHEIVBITBELLLZECET IO T O
(3) MERGPRSF DILHR &I DRAIE (1t =1, £ 1) DBFRE(L
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Reom

(B%E) A\MBER: RZEOPICEMOHATRBEERE:
Sk EMaryland X%/Joint Global Change Research Institute)

The Joint Global Change Research Institute (JGCRI) houses an interdisciplinary team
dedicated to understanding the problems of global climate change and their potential
solutions. Joint Institute staff bring decades of experience and expertise to bear in science,
technology, economics, and policy. One of the strengths of the Joint Institute is a network
of domestic and international collaborators that encourages the development of global and
equitable solutions to the climate change problem.

Initiated in early 2001, JGCRI brings together the intersecting interests of Pacific
Northwest National Laboratory and the University of Maryland. Staff at the Joint Institute
are focused on developing new opportunities to train university students in these

interdisciplinary areas: (4> iAo ®F 22 $81s)

Integrated Assessment Modeling (& 5FHBEET YY)

Technology Strategies to Address Climate Change (S&Z1kI<#% 3L DT EEE)
Natural Resource Modeling and Assessment (KZA&IRET 4 L5EH)
Vulnerability and Adaptation Studies (ff 55t &38R #7%)

Local and Global Environmental Mitigation Measures—Policy Development and Testing.
In addition, the Joint Institute focuses on developing dialogues around global change
issues, across disciplines and national boundaries, and among diverse socio-economic
stakeholders.
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Sector Category hnology options
Coal lant Pulverised coal combustion(PCC), Supercritical(SC) PCC, Ultrasupercritical(USC) PCC, Integrated gasification
Power L PONSTPEML combined eyele(IGCC), SC PCC with Carbon capture and storage(CCS), USC PCC with CCS, IGCC with CCS

generation _Gas pover plant

Combined cycle, Advanced combined cycle(ACC), ACC with CCS

Renevables Wind power, Photovoltaics, Biomass power plant, Biomass IGCC, Biomass IGCC with CCS

Hydrogen pro

duction Coal, Coal with CCS. Natural gas, Natural gas with CCS, Biomass, Biomass with CCS

Industry

Targe size coke oven.
COG latent heat r
waste heat recoves

Coke gas rec
Next ¢
gh efficiency igniter, Blas
Steel Wet top pressure recovery turbine, Dry top pressure recovery turbine, Heat recovery of hot blast stove, Coal

injection, Dry top pressure gas recovery, LDG recovery, LDG latent heat recovery. Continuous caster, Hot

~ Automatic combustion, Coke dry type quenching, Coal wet adjustment.
. Coller waste heat recovery. Mainly
ace gas recovery, Blast funace gas recovery with CCS,

ion coke oven, Automatic i

charge rolling, Hot direct rolling, High efficiency heating furnace, Heat furnace with regenerative burner,
Continuous annealing lines, DC clectric furnace, Scrap pre-heat

Ball mill, Tube mill, Vertical mill, Wet kiln, Semi wet/dry kiln, Dry long kiln, Vertical (Shaft) kiln, SP/NSP_

Cement Advanced kiln with CCS.

Sector Category Technology options
Cooling 8
High-efficiency Cooler (Sold average in developed countries in 2000, Top Runner, Highest performance)
High-cfficiency kerosene stove | LPG Stove, Gas Stove, High-cfficiency air_conditioner (Sold average in
Warming developed countries in 2000, Top Runner, Highest performance). Wall insulation for detached house, Wall

insulation, Double-glazed Glass with Low-¢

Residential & Hot vater

Giency kerosenc water heater, High-cfficiency LPG water heater, Latent Heal Recover LPG Water
Heater, Latent Heat Recover Gas Water Heater, CO2 Refrigerant water heater, Solar thermal water heater, Fuel
cell

High-cfficiency boiler (coal, oil, gas). boiler with combustion control (coal, oil, gas). cogeneration (coal. oil. gas).
Regenerative gas boiler, High-cfficiency industrial furnace (oil. gas), Motor with Inverter control, High efficiency
motor

Other industries

Commercial
Cooking, High-efficiency Gas Cooking Stove(LPG, Natural gas)
Liahtine Fluorescent of incandescent type, Fluorescent with energy saving stabilizer, Inverter type fuorescent, HI
Inverter type fluorescent
Refrigerator High-efficiency reffigerator(Sold average in developed countries in 2000, Top Runner, Highest performance)
v High-efficiency TV (Sold average in developed countries in 2000, Top Runner, Highest performance). TV (Liquid
crystal display)
High-efTiciency passenger car, Weight reduction, Engine friction reduction, Aerodynamic drag reduction, Rolling,
Passenger car resistance reduction, Brake drag reduction, Continuously variable transmission, VVLT & cylinder reactivation,
GDI Engi Hybrid electric vehicle(HEV), Electric vehicle(EV), fuel cell vehicle(FCV), Biofuel
. High-cfficiency (ruck, Engine improvement, Weight reduction, Acrodynamic drag reduction, Rolling resistance
reduction, Natural gas vehicle, Hybrid vehicle, Fuel cell vehicle, Biofuel
Transport

Passenger bus

High-efficiency bus, Rolling resistance reduction for bus, Hybrid engine, Biofuel

Ship High-efficiency ship, Biofuel
Aircraft High-efficiency aircraft, Biofuel
Rail High-cfficiency train. Regenerative braking system with VVVF
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Technology options
Water _management (Midseason drainage, Shallow flooding, Alternative flooding/Drainage) | fertilizer
management (ammonium sulfate), upland rice, Addition of Phosphogypsum, Direct Wet Seeding , Off-scason
straw, Rice Straw Compost

Reduce fertilization, Nitrogen inhibitor , Fertilizer Free Zone, Optimize distribution geometry. fertilization
Cropland management (Spreader maintenance, Split fertilization, Sub-optimal fertilizer application ) . Convert

Sector Category

Rice cultivation

Agriculture fertilizational tillage to no-till
‘Anacrobic Digestion (Centralized plant, Farmscale plant), Covered Digester, Covered lagoon, daily spread of
Mature management .
manure, Complete mix digester. Plug flow digester, slowing down anaerobic decomposition
Tivestock ‘Administration of chemical substance (Propionale precursors, Pribiotics), feed management (High Fat Diet,
rumination Improved feed intake and genetics. Replace roughage vith concentrates)
" ! <oriq Bolosical Treatment, Improved oxidation {hiough improved capping and restoration, Direct Use of Landiill
Waste W:""""“ SO Gas, Electricity and Heat Generation from landfill gas, Flaring Landfill Gas, Upgrade Natural Gas, Anacrobic
ste Digestion, Composting (windrow plant, tunnel plant, hall plant), Incineration, Paper recycling
By-product
emissions Thermal Oxidation
Alternative system (carbon_dioxide, hydrocarbons, hydrocarbons & NH,), Leakage reduction , Recovery,
Refrigerants
Decomposition
roroor ‘Alternative_acrosol (Hydrocarbon Acrosol Propellants, Not-in-kind Alternatives) - 50% reduction (for Medical
crosols applications, General Aerosol Propellants)
Fluorinated

Recovery , Decomposition , Alternative System (Water-blown CO, Systems. Liqud CO, Foam Blowing,

£ases EMISSION Foam blowing agents
838N 1y drocarbon Foam Blowing)

Solvents Alternative Solvents (NIK Aqueous, NIK Semi-Aqueous) , Retrofit Options, 50% reduction

Cleaning facility (NF, In Situ Clean, NF, Remote Clean) , Recapture/Destroy , Plasma Abatement, Catalytic

Manufacturing
anulaeturing Destruction, Thermal Oxidation, Retrofit (PFPB, SWPB, CWPB, VSS, HSS), SO, Replacement

Electrical equipment L eakage reduction, Device recycle
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