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Key research questions for climate change economics

+ What are the impacts of CC on growth and
development?
+ Effects on people’s behaviors, economic and social development
+ Impacts and costs
(o How to realize climate stabilization targets in an efficient\
and effective way?
+ GHG emissions projection
< + Modeling of costs/benefits >
+ What policies should people have for mitigation?
+ Economic/technical measures
+ Policy y
+ What policies should people have for adaptation?

+ International collective action
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1930 19395 2000 2005 2010

1970 1975 1980 1985
Year
B waste ] Forestry: CO, from drained peat ] Forestry: CO,and N,0 from = Forestry: fires = Agriculture
decay and peat fires wood decay
[ suildings ] Transport ] Industry** ] Energy: fuel flaring CO, and 1 Enargy: production and conversion™®
fugitive CH,

* Power generation, refineries, coke ovens, etc.
** Including non-combustion CO: from limestone use and from non-energy use of fuels and N:O from chemicals production.

Figure 2.1. Trend in global greenhouse gas emissions 1970-2010 by sector (using Global Warming Potential values asused for UNFCCC/
Kyoto Protocol reporting). This graph shows emissions of 50.1 GtCO,e in 2010, as derived from bottom-up emission inventories (see
Section 2.2.1). An alternative estimate of 2010 emissions of 49 GtCO.e from the modeling groups is used elsewhere in the report.

Source: JRC/PBL (2012) (EDGAR 4.2 FT2010)
Source: UNEP Gap Report 2012
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Annual Global Total Greenhouse Gas Emissions (GtCO;e)

55

50

45

40

How to bridge the gap: results from sectoral policy analysis*

Median estimate of level
consistent with 2°C:
44 GtCO,e (41 —47)

Business as usual

2010 Time (years)

2020

Power sector
(2.2 — 3.9 GtCOze)

Industry
(1.5 — 4.6 GtCOse)

Transport®*
(1.7 — 2.5 GtCOze)

Buildings
(1.4 — 2.9 GtCOe)

17 GtCO.e (14 — 20)

Waste
(about 0.8 GtCO;e)

Forestry
(1.3 - 4.2 GtCOze)

Agriculture
(1.1- 4.3 GtCOze)

6
Source: UNEP Gap Report 2012
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o IRFIA: EIITEIES NIRRT gER I & R K EREPFR
BT

o EPHTEIEEBIXEEIT: increase the level of ambition, all Parties.
o EXBE, EE--1TIRHER2020F 545 RPEXRESRAREENEZF

o

o IRFIFP
o EPFRBLFITIHNS (FRzSICAO. EEIMO. . $HEKWSA
. 7KJEWBSCD. 5%, Ak, 88
« BIh47Eh (EUETS)
« WFZRHLA (IEA, Oko Institute, Wuppertal, CCAP, Ecofys,
Ecorys, Tsinghua, ERIZ)
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2010F £ TkHFM =& : 30312 M CO:
2010 P EHMEE: 72.6{2H CO:z, £ 5 £Ek{nE124%
2010 P E T g A S £ E R 8EFE70%, TCOHEM A &= EHER 85%

COFE (A Jml) AT (%)
3500 60%
455.4%
3000 - e R
48-1% % S EE AR K
2500 - - 40% //fj—;ﬂ_kcoziﬁlzﬁy Eéiﬁ
2000 - {10 FAT A B B2
- 30%  SN5%~55%, FEL Al
1500 7 o AT Eﬂtlﬁ%jﬁ
1000 - 7 3% 0% ’ 'EP“EEJJ 17IkCO,
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0 . r — [ 0% l“é?j_’\z

7] ek Al Kie  Hbsigiz Bl B

e HA KR AT M F B e i A A R R . AR AR R B IEA,
2011. CO, Emissions From Fuel Combustion Highlights. 1J2520094F £ 4
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BEFE3E Z IIA S it A EL FE AT L

STEEER S EPRFeHK R BN meedE: KBTI EER
R H47%, HiRAKEITIZ73918%:,
aalEd EFr | 2009F =R
2005 | 2008 | 2009 | #cif* | BERE | +%
Mt € B b BEFE /kgce/t
(R Bl @ 714 663 644 610 34 5.6
AR R 3C M B FE
Wh/t A 14680 | 14323 | 14131 | 14100 | 31 0.2
KL & BEFE /kgee/t?| 167 151 139 118 21 17.6
iﬁfﬁ)’gﬁfgli / 902 | 613 | 2.89 | 47

* [ broidt oy H AKUE

a. China Statistic Yearbook.

b. Hong Huo et.al. 2011. Fuel consumption rates of passenger cars in China: Labels versus real-workd.
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RARZERE

Account for flows of energy in a system based on simple
engineering relationships (e.g. conservation of energy).

Rather than simulating decisions of energy consumers and
producers, user explicitly accounts for outcomes of those
decisions (e.g. as market penetration rates, energy service
demands).

Simple, transparent, intuitive & easy to parameterize.

Evaluation and comparison of policies are largely performed
externally by the analyst: framework serves primarily as a
sophisticated calculator.

Example: LEAP (Long-term Energy Alternative Planning model)
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RARMRE

Use mathematical programming to identify configurations of energy
systems that minimize the total cost of providing energy services.

+ Cost-minimization is performed within constraints (e.g. limits on CO, emissions,
technology availability, foreign exchange, etc.). Constraints also ensure balance
of supply and demand.

« May optimize over all time periods (perfect foresight) or year-on-year (myopic).
Useful energy services forecast exogenously.
Select among technologies based on their relative costs.

Typically assume perfect competition and that energy cost is the only factor
in technology choice.

Especially useful where many technical options need to be analyzed and
future costs are well known.

Cost-minimization assumptions may be inappropriate for simulating "most
likely” evolution of real-world energy systems in a baseline scenario.

Data intensive
Examples: MARKAL/TIMES
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+ UNEP Emission Gap Report 2012, McKinsey MAC Curve

Exhibit 1

Global GHG abatement cost curve beyond business-as-usual — 2030
Gas plant CCS retrofit 4

Abatement cost Coal CCS retrofi
€ per t0029 Iron and steel CCS new build
60 Low penetration wind Coal CCS new build
Cars plug-in hybrid Power plant biomass i
90 —Residential electronics Degraded forest reforestation _ co-ﬂ_ring M
e
Retrofit residential HVAC Pastureland afforestation High penetration wind
30 r Tillage and residue mgmt Degraded land restoration Solar PV
20 Insulation retrofit (residential) 2nd ger_]e_ration hi_ofuels ] Solar CSP
w0l Cars full hybrid Building efficiency
’V |— ‘Waste recycling
0 [ T

JJ,UL—H[IO 15 L [ 20 25 30 35 38

-10 Organic soil restoration
Geothermal Abatement potential
-20 Grassland management GtCO,e per year
30 Reduced pastureland conversion
Reduced slash and bumn agriculture conversion
-40 Small hydro
50 1st generation biofuels
— Rice management
60 L Efficiency improvements other industry
H — Electricity from landfill gas
-70 L Clinker substitution by fly ash
80 Cropland nutrient management
i - Motor systems efficiency
-80 L Insulation retrofit (commercial)
100 - Lighting — switch incandescent to LED (residential)
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Source: Cai W, Wang C, Chen J. Revisiting CO, Mitigation Potential and Costs in China’s Electricity Sector. Energy Policy, 2010, 38: 4209-4213.
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Sectoral Mitigation Employment Effects Model — Electricity Sector
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Source: Cai W, Wang C, Chen J, Wang S. Green Economy and Green Jobs: Myth or Reality? The Case of China’s Power Generation Sector.
Energy, 2011, 36: 5994-6003..
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