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‘CRP’ FOCUS 

To develop broad contours of plausible 
post-Kyoto environmental regimes and 
the expected role of various energy 
options for meeting future energy needs 
- for select countries - with a view to 
develop policy-relevant insights for the 
decision makers



CRP: SOME FEATURES 

• 2006-2008

• COUNTRIES:  Argentina, Australia, Brazil, 
Bulgaria, China, Cuba,  India, Korea, Lithuania, 
Pakistan, Romania, Russia,  Syria

• Modus Operandi



FOCUS OF THIS PRESENTATION

To provide, for the participating counties – and, in 
concord with the main focus of CRP – a 
summarized overview of the broad contours of:

– Environmental regimes and Energy options under 
contemplation

– General trends 

– Global contextualization

– Possible future research directions



CONTENT 

• Backdrop

• Overview of CRP country case studies

• Some reflections

• Future research directions 



BACKDROP

• GLOBAL WARMING
– major contemporary challenge
– existential threat
– humanity at crossroads!

• WHY?

• ECONOMIC PROSPERITY
– sacrosanctness

• IMPLICATIONS
– energy-economy compact
– energy (electricity) - fossil-fuel nexus 
– electricity sector – major culprit! 



BACKDROP (contd.)

• REMEDY
– improve energy transformational efficiency 
– redraw technological landscape (substantative

technology- and fuel-shifts)

• REDRAWING TECHNOLOGICAL LANDSCAPE: A 
CHALLENGING TASK
– long time-horizons
– multi-dimensional trade-offs
– dichotomous economic and political paradigms
– differing viewpoints (technologies, targets, mechanisms)



BACKDROP  (contd.)

• CONSENSUS
– change inevitable
– global warming: an imminent issue
– energy (electricity) sector: critical for redressing the issue
– ‘technology’ – central role

• IMPRIMATEUR FOR ‘IAEA-CRP’
– develop insightful analyses (on energy-environmental 

interactions) that will assist member countries to adopt 
appropriate policies and technologies for evolving their 
energy systems



CASE STUDIES: AN OVERVIEW

• CONTEXT

• FOCUS AND SCOPE

• SCENARIOS 

• METHODOLOGICAL FRAMEWORKS

• RESULTS



CONTEXT
(2005)

Argentina Brazil Bulgaria China Cuba India Korea Lithuania Pakistan Romania Russia Syria

Per Capita 
Income
US$’000

13 8 8 6 7 3 20 13 2 8 10 3

Per Capita 
Electricity
MWh

2.4 2.0 4.1 1.8 1.1 0.5 7.8 3.1 0.4 3.5 5.8 1.4

Electricity 
Capacity 
GW

28 91 12 443 4 137 72 4 19 20 217 8

GHG 
Emissions 
Gt

0.3 1.9 0.06 7.5 0.05 2.4 0.6 0.2 0.33 0.13 2.20 0.07

CO2

Emissions 
Gt

0.15 1.1 0.05 5.8 0.03 1.4 0.5 0.01 0.14 0.10 1.60 0.05



CONTEXT
(2005)

World OECD Non‐OECD
Countries IAEA‐CRP

Range % of World
% of Non‐
OECD

Per Capita Income
US $’000

8.5 26.1 4.6 2‐20 ‐ ‐

Electricity/Capita
MWh 2.6 8.4 1.3 0.4‐7.8 ‐ ‐

Electricity Capacity 
GW 3800 2400 1400 1055 28 75

GHG Emissions
Gt 43 17 26 16 37 61

CO2 Emissions 
Gt 32 13 18 11 34 61



FOCUS AND SCOPE
Country Specific Focus  and Scope 

Argentina 1970‐2006‐2025, Transport and Electricity Sector
Impact of GHG mitigation strategies

Brazil 2007‐2030‐2050, Electricity Sector, GHG mitigation
Bulgaria Impact of plausible post Kyoto approaches on Energy (especially Electricity) 

Sector
China 2005‐2030, Electricity Sector

Assessment of energy policies and energy options 
Cuba 2004‐2030

Assessment of GHG mitigation and energy options for Cuba
Evaluation of alternative models (RICE, FUND)
Evaluation of Carbon Capture options

India 2005‐2030
Analyse present and projected energy demand and supply under specified 
GHG constraints

Korea 1990‐2030, Electricity Sector
Adaptation to Climate Change and Mitigation of GHG emissions



FOCUS AND SCOPE
Country Specific Focus and Scope

Lithuania Analyse most probable post Kyoto mitigation architectures
Assess role of nuclear energy in these architectures
Total final and primary energy supply and demand

Pakistan 2007‐2030
Assess energy options for alternative GHG mitigation strategies

Romania 2008‐2020, Energy demand and supply forecasting
Analysis of strategies to comply with EU Climate Change requirements:
‐ GHG reduction by 20% (2020)
‐ Energy consumption reduction by 20% (2020)
‐ Renewable sources increased by 20% (2020)
‐ Bio‐fuel share increase by 20% (2020)

Syria 1999‐2030, Analyse energy demand and identify optimal expansion 
plan for supply of energy and electricity under environmental 
constarints



SCENARIOS
Country Scenarios 

Argentina • BAU; annual electricity demand growth (4.1%)
•Mitigation Scenario (Transport, Electricity)

Brazil • BAU: no specific mitigation policy
• Alternative Scenario: increase fossil fuel costs due to Price increase
• Annual electricity demand growth: 2020‐2040 (2.7%); 2% thereafter

Bulgaria • BAU, Absolute Binding Target(ABT), Dual Target, Price Cap, Carbon Tax

China • BAU: no new policy, high rate of increase in energy demand, current 
policies continue, nuclear capacity: 40GW (2020) and 60GW (2030)

• Alternative Policy (APS)
–Diversify energy sources
– Improve efficiency
–Move economy away from high energy intensive activities

• Emission restriction (ERS)
– Restrict emissions so that overall emissions reduce to world average 
by 2020



SCENARIOS
Country Scenarios 
Cuba • GDP growth rate assumed to be 5.9% pa 

• Base scenario, Mitigation scenario
India • Assumption: Targeted GDP growth rate: 8%

• BAU (8%  GDP growth)
• Low growth (LG) (6%)
• High growth (HG) (10%)
• High renewable (HR) (8%) 

Korea • BAU: expected increase of GHG emission from energy sector 
2.3 % pa

• Policy:
–Renewable energy – 5% by 2011 and 9% by 2030
–Bio‐diesel mix ration to 3% by 2012
– Increase natural gas supply to 33.4 mbb by 2012
– Increase use of nuclear power – percentage TBD



SCENARIOS
Country Scenarios 
Lithuania Seven scenarios analysed: 

• Basic case: No NPP – Scenario I (S1),  NPP from 2015 – Scenario II (S2)
• Continuing Kyoto (CK)
• Contraction and convergence (C&C) (550&650 ppmv)
• Multi‐stage (MS) (450&550 ppmv)
• Triptych (T) (450&550 ppmv)

Pakistan Hydro Coal N.Gas Import Nuclear GHG Emission Limit

Baseline High High High Medium None

GHG 
Intensity 
(GIT)

As for Baseline Medium

GHG intensity 
reduction 2‐4%pa

GITN – GIT 
with high 
nuclear

As for Baseline High

Same as GIT

C&C As for Baseline

Medium Equal per capita 
reduction to keep 
GHG at 550 ppmv by 
2050



SCENARIOS
Country Scenarios 

Romania Four scenarios:
• Reference: average demand increase, investment on economic 
basis only

• Nuclear: Cernadova NPP units 3 and 4 by 2016
•Wind: 3000 MW by 2015
• Hydro: 1230 MW installed by 2020

Syria • Reference: 
–Optimal mix with no CO2 constraint or tax
–Nuclear available in 2020 and 1 NPP every 5 years thereafter if 
necessary

• Alternative:
– Increased share of renewable from 1% in 2010 to 10% in 2030
– Solar uses achieve 10% of total thermal uses by 2030



METHODOLOGY

Country Model 
Argentina MESSAGE, Kaya Identity (for trends in growth drivers)
Brazil MESSAGE
Bulgaria WASP IV, MESSAGE, SWOT Analysis
China MESSAGE
Cuba •MAED, MESSAGE

• Alternatives Evaluated: RICE, FUND
India MESSAGE
Korea • None specifically referenced

• Mention of creation of a model for future use  
Lithuania • MAED for energy demand

• MESSAGE for supply
• IMAGE 2.2 for emission target analysis



METHODOLOGY

Country Model

Pakistan MESSAGE

Romania WASP – study done by Parsons Brincherhof

Syria •MAED for demand forecast
•MESSAGE for supply analysis
•2 case studies for CDM:

–100 MW wind farm
–Use of solar energy in heating



KEY RESULTS

Country Results 

Argentina CO2 reductions (2006‐2025)
‐ Increased energy efficiency (230 Mt)
‐ Increased Nuclear (59 Mt)
‐Modal shift in road transport (14 Mt)

Electricity Capacity Expansion (2006‐2025)
‐ Dominated by Hydro (BAU 33%, MS 30%)
‐ Fossil (BAU 55%, MS 50%)
‐ Nuclear (10%)
‐ Renewable (BAU 5%, MS 7%)



KEY RESULTS

Country Results

Brazil

Capacity GW
Carbon 
Intensity

gCO2eq/kWh

Power Generated
TWh

CO2 Emissions
Mt CO2 eq

2010 2030 2010 2030 2010 2030 2010 2030

BAU 105 217 110 104 490 1074 54 112

Alternative
105 221 111 78 490 1070 54 83



KEY RESULTS
Country Results 

Bulgaria • Lignite coal
‐ increasing replaced by natural gas and nuclear
‐ yet retains its role as the dominating fuel for 
electricity

• 20% reduction in CO2 by 2020 (through Emissions 
Trading);   Euro 30/tCO2: no change in electricity cost

• Further 30% reduction in CO2 by 2030 (along‐with the 
closure of existing nuclear): 30% in average cost of 
electricity

• Carbon tax Euro 10/t: Electricity cost increase 5% to 
2030; 15% thereafter



Country Results

China 2030 (%) BAU APS ERS 2

Energy Mix

Coal 68.8 55.8 45.9

Nuclear 5.7 8.1 20.9

Wind 3.1 1.7 Tot < 1000GW

N. Gas 6.9 9.4 7.8

Hydro 14.7 19.7 Tot < 450 GW

Biomass 3.2 2.7 Tot < 100 GW

CO2 Emissions Lower than 
BAU by 30%

Lower than 
BAU by 26%

KEY RESULTS



KEY RESULTS

Country Results
Cuba • Base Scenario (2030)

‐ Electricity largely fossil based (98.4%)
‐ Renewables (1.6%)
• Mitigation Scenario
‐ Fossil fuel electricity (81%)
‐ Renewables (13%)
‐ Nuclear (3.5%)
• 25% decrease in GHG emissions



KEY RESULTS
Country Results

India 2005 ‐ 2030

BAU LG HG HN HR

Energy Mix As for BAU As for BAU 2012,2017,2027,2032

Coal 63 %

Nuclear 20GW, 3% 6.8,14,55,63 – 9%

Gas 19%

Oil 3.5%

Renewables 45 GW By 2035, 6.2%

Wind 3.5% 45GW

Small hydro 8% 10GW

Solar 8GW

Biomass 8GW

CO2 Emissions 
million tonnes

11151 7473   
(down 33%)

16409   10135 (down 10% 
from BAU)

10755 (down 
4% from BAU)

Tot energy 
Consumption

Increased 6.2 
times over 
study period

4.4 times 
increase

9 times 
increase

Tot Elec
generation 
Capacity

650 GH (500 
GW coal 
based)

420 GW 850 GW 650 GW 650 GW



KEY RESULTS

Country Results
Korea GHG emissions increase rate reduced to 2.8% per 

annum in 2007, from 4.68% in 2005) 
Lithuania Meet 2020 targets under: (CO2 emissions, Mt), y=yes

2020 2050

S1 S2 S1 S2

CK Y

C&C 550 Y

C&C 650 Y Y

T450 Y Y

T550 Y Y Y

MS 450

MS 550 Y Y Y



KEY RESULTS

Country Results
Pakistan • BAU would need maximum exploitation of indigenous hydro 

and coal based resources and import of natural gas

• C&C Scenario requires carbon free energy options after 2025 to 

achieve 550 ppmv by 2050

• GIT requires coal based with carbon capture together with 

clean sources post‐2025 for a 2% per annum reduction

•More stringent 3% reduction makes the situation worse

• These approaches would require financial and technology 

transfer support from parties to UNFCCC



KEY RESULTS
Country Model

Romania • All scenarios suggest continuation of the nuclear option 
•Without political support, the wind scenario will not 
eventuate  – currently only 400 MW wind capacity 
envisioned by 2015  

Syria Alternative scenario:
–Reduction of CO2 emissions by nearly 7.7% over the 
study period

– CDM with wind power results in net reduction of GHG 
emission (of 193.179 kt CO2 /yr)

– CDM with solar heating results in GHG reduction of 11.03 
Mton CO2



Table 1: Economy-Energy-Environmental Settings

Country Year GHG CO2 Share of Elec
Total Th H N Oth Total C O G H N Oth CO2 as %
(GW) (%) (TWh) (%) of GHG (%)

Argentina 2005 28 61 35 4 0 106 2 5 52 32 7 1 327 149 46 23
2025 262 25 15 8 166

Brazil 2005 91 14 71 2 6 403 3 3 5 84 2 4 1857 1125 61 3
2030 218 13 78 2 8 1075 2 1 17 69 2 9 730

Bulgaria 2005 12 55 21 24 0 44 42 1 4 10 42 0 62 50 81 40
2030 50 1 8 5 36 1

China 2005 443 74 24 2 0 2500 79 2 0 16 2 0 7485 5802 78 34
2030 1510 74 24 2 0 8547 75 1 2 13 5 4 9100

Cuba 2005 4 99 1 0 0 15 0 96 0 1 0 4 46 27 58 58
2030 8 92 51 88 86 97

India 2005 137 73 23 2 3 699 69 4 9 15 2 1 2394 1371 57 48
2030 310 73 23 2 3 1687 56 1 15 16 9 3

Korea 2005 72 67 9 23 0 388 38 6 16 1 38 0 558 496 89 0
2030 102 65 2 29 4 650 39 2 19 1 37 2

Lithuania 2005 4 66 3 31 0 14 0 1 22 3 72 1 22 15 68 13
2030 31

Pakistan 2005 19 64 34 2 0 98 0 29 36 33 2 0 335 144 43 25
2030 440 39 0 23 26 12 0

Romania 2005 20 66 31 3 0 59 37 3 16 34 9 0 152 106 70 27
2030

Russia 2005 217 68 21 11 0 951 17 2 46 18 16 0 2201 1593 72 19
2030 300 65 20 15 0 1540 20 2 43 15 21 0 2100

Syria 2005 8 80 20 0 0 35 0 53 37 10 0 0 71 59 75 40
2030 19 76 16 8 0 105 0 69 18 2 11 0 33

(Mtons)

Capacity Generation
EmissionsElectricity

98 1.6 renewable

52

8.3 renewable



SUMMARY: KEY RESULTS

• Significant uncertainty about environmental regimes

• Electricity demand and (hence) CO2: rapid increase 
(China and India); moderate increase (others)

• Fossil fuels: share declining, yet dominant fuel even in 
the longer term

• Nuclear
- ascendant (especially China, India)
- most competitive alternative to fossil-fuel to mitigate GHG



SOME REFLECTIONS

• Tenability of underlying assumptions

• Modelling foundations 

• Contextualization of results



FUTURE RESEARCH DIRECTIONS: POINTERS FOR 
DISCUSSION IN THIS WORKSHOP 

• REFINEMENT
– scenarios
– energy v electricity
– cost analysis
– modelling

• EXTENSIONS
– economic analysis (wider impacts)
– linkages between:

infrastructures (e.g., electricity, water, …)

climate change, water, energy, electricity, …
climate change, food security, energy security, …


