
deep decarbonization
pathways to

COLOMBIA

SLOVAKIA

 supplementary material 

2015 report



 

Published by the Sustainable Development Solutions Network (SDSN) and  
the Institute for Sustainable Development and International Relations (IDDRI), 
December 2015

This Supplementary Material, the synthesis report and the country reports supporting 
this analysis are available at www.deepdecarbonization.org

Publishers : Teresa Ribera, Jeffrey Sachs
Managing editors : Henri Waisman, Laura Segafredo, Chris Bataille, Jim Williams 
Editing: Jill Hamburg Coplan 
Layout and figures : Ivan Pharabod

The Institute for Sustainable Development and International Relations (IDDRI) is a non-profit policy 
research insti tute based in Paris. Its objective is to determine and share the keys for analyzing and 
understanding strategic issues linked to sustainable development from a global perspective. IDDRI 
helps stakeholders in deliberating on global governance of the major issues of common interest: 
action to attenuate climate change, to protect biodiversity, to enhance food security and to manage 
urbanization, and also takes part in efforts to reframe development pathways.

The Sustainable Development Solutions Network (SDSN) was commissioned by UN Secretary- 
General Ban Ki-moon to mobilize scientific and technical expertise from academia, civil society, and 
the private sector to support practical problem solving for sustainable development at local, national, 
and global scales. The SDSN operates national and regional networks of knowledge institutions, 
solution-focused thematic groups, and is building SDSNedu, an online university for sustainable 
development.

Disclaimer
This report was written by a group of independent experts who have not been nominated 
by their governments. Any views expressed in this report do not necessarily reflect the 
views of any government or organization, agency or program of the United Nations.

Copyright © 2015 SDSN - IDDRI

This copyrighted material is not for commercial use or dissemination (print or electronic). For personal, 
corporate or public policy research, or educational purposes, proper credit (bibliographical reference 
and/or corresponding URL) should always be included.

Cite this report as 
Deep Decarbonization Pathways Project (2015). Supplementary Material to 2015 Synthesis Report, 
SDSN - IDDRI.

http://www.deepdecarbonization.org


This report was jointly prepared by the members of the 16 DDPP Country Research Teams:
Australia. Amandine Denis (ClimateWorks Australia); Frank Jotzo (Crawford School of Public Policy, Australian 
National University); Anna Skrabek (ClimateWorks Australia). Brazil. Emilio La Rovere (COPPE, Federal University, Rio 
de Janeiro, UFRJ - COPPE); Claudio Gesteira (COPPE); William Wills (COPPE); Carolina Grottera (COPPE) . Canada. 
Chris Bataille (Navius Research, Simon Fraser University); Dave Sawyer (Carbon Management Canada); Noel Melton 
(Navius Research). China. Fei Teng (Institute of Energy, Environment, Economy, Tsinghua University - 3E); Qiang 
Liu (National Center for Climate Change Strategy and International Cooperation, NCSC); Alun Gu (3E); Xi Yang 
(3E); Xin Wang (3E); Yi Chen (NCSC); Chuan Tian (NCSC); Xiaoqi Zheng (NCSC). France. Patrick Criqui (Université 
Grenoble Alpes, CNRS, EDDEN, PACTE) ; Sandrine Mathy (Université Grenoble Alpes, CNRS, EDDEN, PACTE);); Jean 
Charles Hourcade (Centre International de Recherche sur l’Environnement et le Développement, CIRED). Germany. 
Katharina Hillebrandt (Wuppertal Institute - WI); Saschsa Samadi (WI) ; Manfred Fischedick (WI). India. P.R. Shukla 
(Indian Institute of Management, Ahmedabad - IIMA); Subash Dhar (UNEP DTU Partnership); Minal Pathak (Centre 
for Urban Equity and Faculty of Planning, CEPT University, Ahmedabad - CEPT); Darshini Mahadevia (CEPT); Amit 
Garg (IIMA). Indonesia. Ucok W.R. Siagian (Center for Research on Energy Policy-Band ung Institute of Technology, 
CRE-ITB); Retno Gumilang Dewi (CRE-ITB); Iwan Hendrawan (CRE-ITB); Rizaldi Boer (Centre for Climate Risk and 
Opportunity Management-Bogor Agriculture University, CCROM-IPB); Gito Eman nuel Gintings (CCROM-IPB).Italy 
Maria Rosa Virdis (Italian National Agency for New Technologies,Energy and Sustainable Economic Development 
– ENEA); Maria Gaeta (ENEA); Isabella Alloisio (Fondazione Eni Enrico Mattei) Japan. Mikiko Kainuma (National 
Institute for Environmental Studies, NIES); Ken Oshiro (Mizuho Information and Research Institute, MIRI); Go Hibino 
(MIRI); Toshihiko Masui (NIES). Mexico. Daniel Buira (Instituto Nacional de Ecología y Cambio Climático, INECC); 
Jordi Tovilla. Russia. Oleg Lugovoy (Russian Presidential Academy of National Economy and Public Administration, 
RANEPA); Georges Safonov (High School of Economics, Moscow); Vladimir Potashnikov (RANEPA). South Africa. 
Hilton Trol lip (The Energy Research Centre, ERC, University of Cape Town, UCT); Katye Altieri (ERC, UCT); Alison 
Hughes(ERC, UCT); Tara Caetano (ERC, UCT); Bruno Merven (ERC, UCT) ; Harald Winkler (ERC, UCT). South Korea. 
Soogil Young (School of Public Policy and Management, Korea Development Institute, KDI); Chang-hoon Lee (Korea 
Environment Institute); Yong-sung Cho (Korea University College of Life Sciences and Biotechnology); Jae-hak Oh 
(Korea Transport Institute). United Kingdom. Steve Pye (University College London, UCL, Energy Institute); Gabrial 
Anandarajah (UCL, Energy Institute). United States of America. Jim Williams (Energy + Environmental Economics, 
E3); Ben Haley (E3); Sam Borgeson (E3).

The following Partner Organizations contribute to the DDPP: 
German Development Institute (GDI) ; International Energy Agency (IEA) ; International Institute for Applied Systems 
Analysis (IIASA) ; World Business Council on Sustainable Development (WBCSD).

1   Pathways to deep decarbonization � 2015 � Supplementary Material

The Deep Decarbonization Pathways Project (DDPP) is convened under the 
auspices of the Institute for Sustainable Development and International Relations 
(IDDRI) and the Sustainable Development Solutions Network (SDSN).

The project is led by: 
Teresa Ribera, Director, IDDRI
Jeffrey Sachs, Director, SDSN
Michel Colombier, Scientific Director, IDDRI
Guido Schmidt-Traub, Executive Director, SDSN
Henri Waisman, DDPP Director, IDDRI
Jim Williams, DDPP Director, SDSN
Laura Segafredo, Senior DDPP Manager, SDSN
Chris Bataille, Associate Researcher, IDDRI
Roberta Pierfederici, DDPP Manager, IDDRI



 

Supplementary Material � Pathways to deep decarbonization � 2015  2

Acknowledgements

The DDPP is grateful for generous financial support received from many supporters, 
including the Children’s Investment Fund Foundation (CIFF), Deutsche Gesellschaft 
für Internationale Zusamme narbeit (GIZ), the German Environment Ministry, the 
Gross Family Foundation, The European Climate Foundation (ECF), Agence de l’En-
vironnement et de la Maîtrise de l’Énergie (ADEME), IDDRI, and the SDSN. Many 
others have provided direct assistance to individual Country Research Partners.
 
Critical support in the preparation of this report was provided by Léna Spinazzé, 
Pierre Barthélémy, Delphine Donger and all the IDDRI team; the SDSN team; Sam 
Borgeson ; Ivan Pharabod, Christian Oury; Miguel Lopez, Caty Arevalo.



1   Pathways to deep decarbonization � 2015 � Supplementary Material

1. Country Case Study Mexico  
Modal Shift in Passenger Transport 3

2. Country Case Study Brazil  
Biofuels 5

3. Country Case Study Indonesia  
Hydropower for Decarbonization 7

4. Country Case Study Brazil  
Hydropower 9

5. Country Case Study China  
Production Profiles/Industry 11

6. Country Case Study France  
Building Sector 15

7. Country Case Study UK  
Electrification of passenger road transport 17

8. Country Case Study UK  
Decarbonising road freight: growing demand and fuel-technology uncertainty 19

9. Country Case Study Italy  
CCS Role in Industrial Sector 21

10. Country Case Study Germany  
Decarbonizing electricity supply while phasing out nuclear power 23

11. Country Case Study Japan  
Decarbonization of power sector with nuclear phase-out or less CCS deployment 25

12. Country Case Study UK  
Multiple power sector decarbonisation pathways 27

13. Country Case Study Canada  
Freight Transport 29

14. Country Case Study USA  
Decarbonization of power generation and electricity dispatch 31

15. Coutry Case Study China  
Air quality co-benefits of deep decarbonization strategies 34

deep decarbonization

Supplementary material 

pathways to

Contents

This supplementary material contains case studies presenting specific aspects of the DDPP 
country pathways. They illustrate and complement the cross-cutting analysis included in the 
2015 DDPP synthesis report, available at: 
http://deepdecarbonization.org/wp-content/uploads/2015/12/DDPP_2015_REPORT.pdf 
Detailed, comprehensive presentation of the country pathways can be found in the country 
reports available at: 
http://deepdecarbonization.org/countries/

http://deepdecarbonization.org/wp-content/uploads/2015/12/DDPP_2015_REPORT.pdf


Supplementary Material � Pathways to deep decarbonization � 2015  2

16. Country Case Study India  
Sustainable Deep Decarbonization and Air Quality Benefits 35

17. Country Case Study Japan  
Avoiding dependency on imported fossil fuels 37

18. Country Case Study India  
Deep decarbonization and energy security 39

19. Country Case Study UK  
Addressing fuel poverty through energy efficiency 41

20. Country Case Study France  
Retrofitting of heating systems and the risks of an “energy poverty trap” 43

21. Country Case Study South Africa  
Decreasing energy poverty and increased access to electricity is compatible with 
Deep Decarbonization 45

22. Country Case Study South Africa  
DD can be achieved in parallel with improved income distribution, poverty and 
unemployment 47

23. Country Case Study France  
Deep decarbonization can successfully be combined with social and economic priorities 49

24. Country Case Study Brazil  
Macroeconomic and Social Implications of a Deep Decarbonization Pathway 51

25. Country Case Study India  
Deep Decarbonization with Least Social Cost of Carbon 53

26. Country Case Study Australia  
Deep Decarbonization lowers net energy costs for households 55

27. Country Case Study Italy  
Trade balance 57

28. Country Case Study Russia  
Deep decarbonization can improve the resilience of national economies 
to international conditions 59

29. Country Case Study South Africa  
The development of CSP with Storage 61

30. Country Case Study Australia  
Investment analysis including buildings and industry as well as sensitivity tests on 
different pathways  63

31. Country Case Study USA  
Energy system costs in the US DDPP pathway  65

32. Country Case Study Australia  
Deep decarbonization as a booster for energy productivity 67

33. Country Case Study France  
Adaptive and dynamic management of the transition to accommodate uncertainties  69

34. Country Case Study UK  
Case Studies, Institutional capacity for delivering DDPs 71

35. Country Case Study Australia  
Implementation framework towards different groups of stakeholders 73

36. Country Case Study Germany   
Participation process 75

37. Country Case Study Canada  
The Canadian policy package  77

38. Country Case Study Indonesia  
Unrecovered resource: the case of Indonesia coal 79

Contents



3   Pathways to deep decarbonization � 2015 � Supplementary Material

Country Case Study Mexico 

1

Country Case Study Mexico  
Modal Shift in Passenger 
Transport

The transport sector is currently the largest 
single source of GHG emissions in Mexico. It 
accounts for approximately 30% of all energy, 
close to 70% of which is used by passenger 
transport alone. The demand for transporta-
tion could increase from the present level of 

0.9 trillion passenger-kilometers to 1.4 trillion 
passenger-kilometers by 2050, a total increase 
of 56%, in line with the increase of individual 
mobility from 7800 to 9200 passenger-kilo-
meters per capita between 2010 and 2050. 
In 2010 approximately two-thirds of motorized 
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Figure SM 1. Mexico. Passenger road transport modal shift and emissions, 2010-2050
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journeys were made in light-duty vehicles, such 
as cars and taxis, and the rest in buses and other 
forms of transportation (planes, urban-trains and 
motorcycles). In 2010 the average occupation 
rate was estimated at around 1.4 people per 
car, and the amount of vehicles at 207 vehicles 
per 1000 people.
If actual trends are maintained, where the use 
of light vehicles with fewer people on board is 
favored, the amount of energy consumed would 
increase from 250 million barrels of oil every year 
today to 300 and annual CO2 emissions would 
increase to 130 MtCO2 by 2050 (108 MtCO2 
today).

Deep reductions in CO2 emissions in this sector 
require convergent strategies:

 y Modal shift towards mass transit to increase 
person kilometers km per unit of energy.

 y High efficiency in all vehicles.
 y Electrification & fuel switching to lower the 
emissions intensity of final energy consumed.

In the deep decarbonization scenarios, light-duty 
vehicles´ share of travel is reduced to below 50% 
of demand, through stabilization of total mobili-
ty satisfied with this mode in parallel with devel-
opment of mass-transit and low-carbon modes 
(Figure SM 1). This modal shift, together with 
efficiency improvements in vehicles, results in 
energy savings of nearly 30% compared to the 
reference scenario when one extrapolates the 
trends of the last 20 years. The resulting CO2 
emissions abated would be around 45 MtCO2e 
by 2050, a reduction of 34% against the refer-
ence scenario. 
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1

Country Case Study Brazil  
Biofuels

Endowed with vast tracts of land suitable for 
agriculture, animal breeding and sus taina-
ble forestry exploitation, Brazil has sought 
to leverage these natural resources in fields 
beyond food production. The production of 
biofuels, especially ethanol and biodiesel, has 
been increasing since 1975, as a response to 
the country’s once strong dependence on oil 
imports. 

Ethanol, from sugarcane, is manufactured through 
a highly energy-efficient and land-efficient pro-
cess with further potential gains from known 
technology. The ethanol adoption strategy is in 
a very advanced stage. Anhydrous ethanol is cur-
rently added to all gasoline sold in the country, 
forming gasohol in a mandatory 27% proportion 
(25% for premium gasoline), the maximum level 
with current vehicles. On the other hand, hydrat-
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ed ethanol is also available everywhere as a stan-
dalone fuel, powering the country’s large fleet of 
flex fuel cars, which now comprises the bulk of 
cars sold domestically, with a large potential for 
ethanol’s further expansion.
By contrast, biodiesel from soybeans and animal 
fat produce fuel less efficiently, and it is currently 
added to fossil-based diesel oil in a B7 (7%) pro-
portion, which is expected to rise at to the B22 
level in the coming decades. Biodiesel’s share has 
great expansion possibilities as long as biodiesel 
production costs remain economically feasible.   
Both sugarcane ethanol and soybean biodiesel 
compete with food usage of the same plants. 
Eventual rises in international sugar prices may 
divert producers away from ethanol, resulting in 
market shortages and price hikes that turn away 
potential ethanol-run car users (this is happened 
in the 80’s and 90’s and almost collapsed the 
market for such cars). Nevertheless, while the 
recent discovery of large offshore oil reserves 
is making Brazil self-sufficient in crude oil and 
its derivative products, the clear environmental 
benefits from the use of biofuels, not limited to 
climate change mitigation, have influenced the 
current official midrange policy of directing all 
additional oil production to export, while pro-
moting the expansion of biofuels nationally. 
Both fuel change strategies, although not de-
signed primarily for climate mitigation, have 
proven very successful in decarbonizing the 
transport sector. But their continued success 
depends on consistent government policies 
over the coming decades, including removing 
subsidies for fossil fuels and using the recovered 
revenues to promote policies for biofuels. Fur-
thermore, adhering strictly to such policies is a 
precondition for reaching deeper decarboniza-
tion with the current Brazilian fuel strategy. 
In the Brazilian DDP scenario, the use of cars 
will continue to grow, induced by the rise in per 
capita income and increased urbanization; but 
the total fossil fuel consumption by cars does 

not grow in the same proportion, because of ef-
ficiency gains and flex fuel car drivers’ preference 
for ethanol. This requires that the government 
tax policies concerning biofuels and fossil fuels 
be fine-tuned so that the final price per volume 
of hydrated ethanol is always kept below 70% 
of the price of gasoline, the reference that car 
drivers use for fuel choice trade offs, given gas-
oline’s higher car mileage per volume. 
If the price gap between the two fuels is fur-
ther widened, car buyers might have an extra 
incentive not to buy gasoline-only cars, which 
would also contribute to the increase in etha-
nol’s market share. Through the combined use 
of these strategies, gasoline consumption by cars 
should drop considerably, reaching around 5% 
of today’s levels in 2050. It is noteworthy that 
the DDP scenario also considers an increasing 
share of electric vehicles starting from 2030 
to a 6.2 million-vehicle fleet associated with a 
fully decarbonized power sector in 2050. Elec-
tric vehicles displace both gasoline and ethanol 
cars, given their advantages of less noise and 
air pollution. 
Unfortunately, in the early 2010s, Brazil has 
been departing from the fuel consumption 
pattern proposed in the DDPP 2015 scenario. 
As Figure SM 2 shows, gasoline usage has in-
creased more than 40% from 2010 to 2014, 
while hydrated ethanol sales slumped. The fuel 
tax policies adopted in this period and the re-
sulting relative prices were the opposite of what 
is needed to reach a desirable renewable fuels 
share by 2020. A sharp trend reversal must hap-
pen if a deep decarbonization path is to be pur-
sued, which can only be achieved with adequate 
taxation schemes. The government should also 
adhere to its plans to export the extra crude oil 
produced in the next few years and resist the 
temptation to divert it to the internal market 
when international prices drop. 
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1

Country Case Study Indonesia  
Hydropower for Decarbonization

In the Indonesia country analysis, the large scale 
deployment of renewables in electricity gener-
ation, with a central role for hydropower, solar 
PV, and geothermal, is a crucial strategy to reach 
deep decarbonization, allowing further electrifi-
cation of end-uses. A crucial challenge to im-
plementing this strategy is that Indonesia is an 
archipelago with a very uneven distribution of 
population and economic development. Popula-
tion and economic development is concentrated 
in the western part of Indonesia i.e. Java and 
Sumatera (see Figure SM 3 below). Renewable 
energy resources are instead spread over all the 

islands and do not match with the location of 
demand centers. 
In the case of hydropower, the major resource is 
located in the eastern part of the country while 
the major demand center is in western Indone-
sia, particularly Java. Notably, out of a total of 
75 GW hydropower potential, around 25 GW 
(30%) is located on Papua Island. To decarbonize 
the electricity sector, around 63 GW of this hy-
dropower potential has to be deployed by 2050.  
Assuming that the location of the demand center 
remains in western Indonesia, deployment of the 
Papua hydro resource could only be material-
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ized if a long distance deepwater subsea cable 
is available at competitive cost. Considering the 
current state of subsea cable technology, the 
utilization of remote hydropower resources in 
Indonesia’s decarbonization strategy therefore 
poses an uncertainty. As an alternative, if a sub-
sea cable is not feasible in 2050, to achieve the 
decarbonization target Indonesia has to adopt 
other low-carbon technologies, such as coal 
and natural gas equipped with a CCS system.  
Figure SM 4 shows a comparison between two 
major decarbonization options, depending on 
whether hydropower with a subsea cable is avail-
able (left-hand side) or not, where natural gas 
and coal equipped with CCS play a dominant role 
in bridging the gap. 
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1

Country Case Study Brazil  
Hydropower

Brazil has among the five largest potentials 
for hydro power worldwide. In 2015, there are 
197 hydroelectric power plants and 741 small 
hydropower plants (SHP)1 in operation, ac-
counting respectively for 61.6% and 3.5% of the 
total installed power generation capacity, which 
is about 138 GW (ANEEL, 2015). The Brazilian 
technical hydraulic potential is estimated at 
247 GW (see Table SM 1), of which between 
180 GW and 200 GW are economically feasible. 
However, there are a number of controversial is-
sues related to these projects, including potential 
disturbance of the Amazon biome, their location 

1 A small hydropower plant is defined as a facility with 
between 1 and 30 MW of installed capacity and a 
reservoir area no larger than 3 square kilometers.

far from the large consuming centers, and social 
and environmental hazards associated with to 
their construction. 
Other relevant energy sources are base load 
nuclear power plants and thermal plants that 
are used primarily to balance variable renewable 
resources. Wind and solar energy, even though 
still incipient, are expanding fast. Wind energy, 
in particular, is well suited to complement hy-
dropower, since periods of low rainfall coincide 
with higher wind energy production.
When analyzing the Deep Decarbonization 
Pathway electricity generation share, striking 
features appear. First, the share of hydropower 
in the electricity mix decreases over time. This 
is the logical outcome of a very fast increase 

4 

Table SM 1. Brazil. Hydro power potential per basin*

Stage/Basin Eastern 
Atlantic 

Northern/ 
Northeastern 

Atlantic 

South-
eastern 
Atlantic 

Amazon 
river

Paraná 
river

Sao 
Francisco 

river 

Tocantins 
river 

Uruguai 
river 

Total per 
stage 

Remaining 767 525 941 17 584 3 414 694 1 780 12 25 717 

Individualized 655 182 1 090 15 391 2 296 867 128 404 21 013 

Estimated total 1 423 707 2 031 32 976 5 710 1 561 1 908 416 46 730 

Inventory 5 567 1 183 1 756 38 164 9 275 3 883 7 897 4 017 71 743 

Viability 725 408 2 218 774 1 760 6 140 3 738 292 16 055 

Basic Project 852 55 366 2 156 2 593 289 134 598 7 043 

Construction 25 13 458 32       13 515 

Operation 5 393 587 3 709 8 882 43 335 10 724 13 193 6 333 92 156 

Total 13 960 2 941 10 105 96 410 62 705 22 596 26 869 11 656 247 242 

* December 2014 Source: SIPOT/Eletrobras (2015)
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in electricity production (multiplied by 3.6 over 
2010-2050) when a sizable share of the overall 
potential is already deployed in 2010 (installed 
hydropower capacity can reach only 180GW, 
or a multiplication of “only” 2.6 over the same 
period). Nonetheless, hydropower remains the 
major source of electricity even in 2050, demon-
strating the crucial role this energy will keep on 
playing over the coming decades, even when 
taking deployment constraints into account. 
Therefore, the development of hydropower is a 
necessary but not sufficient condition for deep 
decarbonization, the main difference lying in the 
development of other renewables (wind and so-
lar) which account for the rest production under 
the DDP (see Figure SM 5). 
The importance that hydro energy has had in 
supporting economic development in Brazil is 
unquestionable. Nevertheless, these ventures 
sometimes have significant impacts on other 
uses of the water resource. The negative out-
comes of the construction of dams in the Am-
azon region are primarily due to the effect of 
reservoir flooding, displaced flora and fauna (bi-

odiversity), water quality deterioration, and the 
loss of terrestrial and aquatic ecosystems servic-
es (Tundisi et al., 2006). The related greenhouse 
gases emissions from vegetable decomposition, 
mainly methane, are also estimated to be sig-
nificant in several instances (Abe et al, 2005).
Reconciling electricity generation with other 
river uses such as waterways, irrigation, fishery 
and tourism may also pose a challenge, as do 
the needs to assure respect for the rights of 
indigenous populations and other traditional 
communities, such as the ribeirinhos, who rely 
strongly on the available natural resources. New 
power plants address some of these issues by 
using a “run-of-river”design, with smaller and 
reservoirs. However, their operational efficiency 
may be compromised.
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1

Country Case Study China  
Production Profiles/Industry

As a main sector driving economic growth, in-
dustry accounted for almost 69% of final energy 
consumption and 72% of total energy-related 
CO2 emissions in 2010.
Since the 1990’s, China has made great strides 
in improving industrial energy efficiency by 
vigorously eliminating backward production ca-
pacity and promoting advanced energy-saving 
technologies. This has permitted a significant 
reduction in energy consumption per unit out-
put in most major industrial activities during the 
11th Five-Year-Planning period 2006-2010 (see 
Table SM 2) 
Over a longer period, from 1990 to 2012, the 
steel and cement sector have in particular ex-
perienced large efficiency improvements, with 
the highest decrease rate among several main 
countries. As a result, in 2012, the energy con-
sumption per ton of clinker production in China 
was lower than world average, EU 28, United 

States and Germany and the energy consump-
tion per ton of crude steel in China is around the 
world average (see Figure SM 6). 
These energy efficiency improvements are driven 
by a combination of factors, notably industrial 
structure optimization, energy efficiency tech-
nology investment and innovation, and energy 
consumption control and management. In re-
cent years, innovating development pathway 
and solving environmental pollution have had 
an important role in driving energy efficiency 
improvement. In September 2013, the Chinese 
government promulgated the Air Pollution Pre-
vention and Control Action Plan, which put big 
pressure on many industry-dominant regions to 
accelerate the elimination of backward facilities 
and control low efficiency and total coal con-
sumption. 
In June 2015, the Chinese government submitted 
its Intended Nationally Determined Contribu-
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Table SM 2. China. Variation of energy consumption per unit output 2006-2010*

crude steel cement electrolytic 
aluminum

aluminum 
oxide

copper 
smelting

petroleum 
refi ning ethylene synthesis 

ammonia

-12% -28.6% -3.9% -36.7% -52.3% -7.9% -11.3% -4%

* Center for Industrial Energy Ef� ciency. Report of China’s Industrial Energy Saving Progress 2011.
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tion, which requires China to seek an innova-
tive new path of development and upgrade its 
growth model to a “new normal”. As the industry 
sector accounts for around 70% of total ener-
gy-related CO2 emissions, the achievement of 
a carbon emission peaking target means that 
industrial carbon emissions should peak earli-
er, which would enhance the requirement for 
further improvement of energy efficiency in the 
industry sector within 10-20 years. 
Nevertheless, it should be noted that, in total, 
Chinese industry remains significantly more en-
ergy intensive than developed countries, notably 
because of the large share of the most energy-in-
tensive sectors in Chinese industrial structure. 
Indeed, energy consumption per unit of indus-

trial added value is 0.516 kgce/$ in China1 in 
2012, which is about 2 times the world average 
(and 3.7, 4.4 and 5.5 times the level in US, EU 
and Japan respectively). Further improvement 
of energy efficiency faces challenges, however. 
First, because policies and measures offering the 
most potential (such as eliminating backward 
production capacity and retrofitting old facili-
ties to increase technological efficiency) have 
already been largely implemented over the 
last two decades. Second, because of specific 
characteristics, like the variability of the scale 
of enterprises, the coexistence of advanced and 
backward technologies and the dominant role of 
coal. Third, because China is still a developing 

1 Calculated by data from World Energy Outlook 2014 
(IEA, 2014), CO2 Emissions from Fuel Combustion 
(IEA, 2014) and World Development Indicators 
(access in 2015)

China

a - Data before 2012 is from World Business Council for Sustainable Development, 
Cement Sustainability Initiative, GNR PROJECT. 

Predicted value is consistent with DDPP of China.

b- Data before 2012 is from World Energy Council, Energy Efficiency Indicator, 
Enerdata. 

Predicted value is consistent with DDPP of China

World

Germany

Europe

North
America

China

World

Europe

United
States

Australia

Brazil

2050204020302020201020001990 2050204020302020201020001990

kgce / t clinker

0

25

50

75

100

125

150

175

200 kgce / t crude steel

0

250

500

750

1000

Figure SM 6. China. Energy consumption per ton in each region over time

Clinker Steel 



13   Pathways to deep decarbonization � 2015 � Supplementary Material

Country Case Study China 

country facing financial and technological con-
straints, which affect the potential for improving 
energy efficiency and management. Therefore, it 
is very crucial for China to use more innovative 
and broader approaches to improve the overall 
efficiency of the industry sector, especially giving 
more attention to adjusting and optimizing the 
industry and product structure in the future. 
Meanwhile, from a long-term perspective, Chi-
na still has potential to adopt more advanced 
low-carbon technologies and optimize the en-
ergy-use structure to increase energy efficiency. 
In the deep decarbonization scenario, the CO2 
emissions from fuel combustion in the indus-
try sector peaks around 2025 with about 7.2 
GtCO2. While the energy use of the industry 
sector reaches 1588 Mtoe in 2050 (+24% from 
2010 level), CO2 emissions decrease to less than 
2.6 GtCO2, nearly 60% of the 2010 level. This is 
reached by a combination of measures.
Energy efficiency is improved significantly, as 
measured by a 75% decrease in energy con-
sumption per value added of the industry sector 
from 2010 to 2050 (reaching the average current 

level in the European Union). This is permitted 
by the application of energy saving technologies, 
high-efficiency waste heat recycling technolo-
gies, and high-efficiency boilers and motors in 
the industrial sector. In particular, the energy 
consumption per unit of product output of ener-
gy-intensive industries are significantly reduced 
between 2010 and 2050 (-53%, -26%,- 20% 
and -19% in iron and steel, cement, synthesis 
ammonia and ethylene production, respectively). 
In addition, structural change brings additional 
potential for energy efficiency at the sectoral 
level given the decrease of energy-intensive sec-
ondary production (which drops from 46.5% of 
GDP in 2010 to 32.5% in 2050) substituted by 
the development of tertiary industry (which 
grows from 43.7% of total GDP in 2010 to about 
65% at 2050). Notably, the output of some high 
energy-intensive industry products (notably, ce-
ment and crude steel) are anticipated to peak 
by 2020.
Fuel switching is also a crucial strategy for deep 
decarbonization. In particular, the share of coal 
can be significantly reduced from 62% in 2010 
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to 22% in 2050, by promoting the transforma-
tion of coal-fired boilers to gas and enhancing 
the use of electricity (Figure SM 7). Gas plays a 
crucial bridging role in the short-term, whereas 
electricity takes over after 2030, once the decar-
bonization of electricity generation allows direct 
electricity use to be less carbon-intensive than 
direct coal use. The large-scale deployment of 
CCS after 2030 is also key in industry sectors, 
notably for the most energy-intensive sectors 
(cement, iron and steel, chemicals and petro-
chemicals).  CCS captures ~25% of total sectoral 
CO2 emissions in 2050. In total, these changes 
allow a 70% reduction of CO2 emissions per 
unit energy consumption of the industry sector, 
reaching half of current European Union level. 



15   Pathways to deep decarbonization � 2015 � Supplementary Material

Country Case Study France 

1

Country Case Study France  
Building Sector

In 2010 the residential sector in France was re-
sponsible for 30% of final-energy consumption, 
two-thirds of which was for heating.  This is a key 
issue for energy demand policy and decarboniza-
tion in France but also in many other developed 
countries. In countries with mature infrastruc-
ture, the core of the building stock was built 
several decades ago with low concern for energy 
conservation, leading to the energy efficiency of 
the current building stock being low. In France, 
the first thermal regulation was introduced in 

1975 and 55% of the 2010 building stock are 
older than that. Average final-energy consump-
tion in existing dwellings is 190 kWh per sqm, 
with thermal energy (heating and hot water) ac-
counting for nearly 80% of energy consumption.
Given its very long lifetime, around 70% of the 
building stock that will exist in 2050 has al-
ready been built so that standards on new con-
struction, even if ambitious, will be insufficient 
to trigger a significant improvement in energy 
efficiency. Instead, deep thermal retrofitting of 
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an important part or even of the entire existing 
buildings would be a central strategy to address 
energy consumption and carbon emissions from 
the residential sector. If the entire building stock 
were to be retrofitted, then the number of dwell-
ings heavily rehabilitated each year would need 
to increase steeply, reaching 2% of total building 
stock each year (Figure SM 8). 
Experience shows that thermal retrofit of build-
ings is in most cases justified on a standard eco-
nomic calculation basis, but that at the same 
time such operations are often difficult to trigger 
in real life, due to substantial transaction costs, 
funding difficulties, and the short return-on-in-
vestment – and consequently high implicit 
discount rate – demanded by building owners. 
The ‘landlord-tenant dilemma’ is also a major 
issue: the landlord is supposed to commission 
the operation but as he does not pay for energy 
consumption, he has little incentive to invest in 
the energy efficiency of the dwelling. All these 
factors relate to the well identified “energy-effi-
ciency gap”. While investment costs for a deep 
retrofit will indeed be recovered by an annual 
savings over the lifetime of the building, owners 
usually require much shorter payback times, of-
ten of 3 to 5 years. 
Various types of policies may be deployed to 
narrow the gap between collective and individual 
rationales, in particular subsidies to reduce the 
cost of investment, such as tax credits or energy 
price increases through environmental taxes. The 
first option may be hampered by the constraints 
weighing on public finance; the second is certain-
ly worth considering, but inevitably has an im-
pact on household budgets, particularly the least 
well-off populations. It should consequently be 
supplemented by structural policies designed 
to extend the timeframe of decision (i.e. lower 
the discount rate): provision of suitable funding 
packages, reduction of the uncertainties and var-
ious transaction costs entailed by the project.
In scenarios which require a substantial drop in 

energy demand, the capacity to gradually ramp 
up deep thermal retrofit programs for the build-
ing stock will thus depend to a large extent on 
the government’s ability to frame policies ar-
ticulating energy prices, suitable funding, lower 
transaction costs and adequate business struc-
ture to make the operations happen at a very 
large scale (including formation).
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1

Country Case Study UK  
Electrification of passenger road 
transport

An important decarbonisation pathway for 
passenger vehicles relies on a switch to higher 
efficiency ICEs through increasing drivetrain 
hybridisation, and a shift to plug-in vehicles, in-
cluding plug-in hybrid electric vehicles (PHEVs) 
and battery electric vehicles (BEVs), collective-
ly known as EVs. The increasing penetration 
of such vehicles in the UK system under the 
D-EXP scenario (in which electrification is the 
dominant decarbonization strategy) is shown 
in Figure SM 10 below. The scenario shows a 
strong growth in market share of such vehicles 
during the 2020s, with strong market domi-
nance by 2035. It is important to note that 
there will be some earlier adoption of EVs prior 
to 2025, at lower levels, and that the relative 
shares of PHEVs and BEVs by 2030 could differ 
depending on the evolution of BEV costs and 
battery range. A decline in share of EVs post 
2040 re flects some limited penetration of 
hydrogen fuel cell vehicles. 
The key question is how can this radical shift be 
realised, and what barriers need to be overcome? 
Firstly, there is the barrier of a vehicle price pre-
mium of EVs. For PHEVs, there is currently a 60% 
premium over an equivalent ICE, and 140% for 
a BEV. These are projected to drop to 10% and 
25% respectively by 2030 due to learning pro-

cesses bringing costs down along with R&D and 
market diffusion. Other key barriers include lack 
of consumer choice in vehicle models, insuffi-
cient range and long charging times, and low 
levels of awareness and acceptance.1

1 Element Energy (2013). Pathways to high penetration 
of electric vehicles. December 2013. http://www.
theccc.org.uk/wp-content/uploads/2013/12/CCC-
EV-pathways_FINAL-REPORT_17-12-13-Final.pdf
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The regulatory and policy environment is going 
to be particularly important in incentivising fur-
ther R&D by manufacturers to drive down costs, 
and making the technologies more attractive to 
consumers. The EU targets on emissions from 
new light duty vehicles will help to increase the 
uptake of EVs, as will a number of domestic pol-
icy factors, including continued support for EVs 
via the Office of Low Emission Vehicles (OLEV), 
growth in urban charging infrastructure, and fis-
cal measures to encourage uptake. Unfortunate-
ly, since the publication of the UK report, one 
such fiscal measure, vehicle excise duty, has been 
changed and payment is no longer structured 
based on vehicle emissions. This reinforces the 
concern raised in a recent UKERC report, which 
highlighted the need to ensure that consumers 
are confident of ongoing support to reduce costs 
of ownership for low-carbon vehicles.2 
Given the price premium of EVs, and observa-
tions from effective roll-out in other countries, it 
is clear that equivalent value support is needed. 
Currently there is a plug in car grant of 35% off 
the price of an EV; however, as uptake increases, 
such support may be unsustainable. Alternative 
approaches that may provide the requisite sup-
port include low cost financing (low interest 
rates and long payback periods), making EVs 
much more competitive, spreading the invest-
ment and allowing consumers to benefit from 
lower running costs.3 Strong growth in the EV 
market globally will also have significant implica-
tions for costs of such vehicles in the UK market.
There are of course the wider system implica-
tions of strong transport sector electrification. 

2 Watson, J., Gross, R., Ketsopoulou, I. and Winskel, 
M. (2014). UK Energy Strategies Under Uncertainty 
- Synthesis Report (UKERC: London). Ref. UKERC/RR/
FG/2014/002. http://www.ukerc.ac.uk/publications/
uk-energy-strategies-under-uncertainty.html

3 CCC (2015). Meeting Carbon Budgets – 2015 Progress 
Report to Parliament. The Committee on Climate 
Change. June 2015. http: //www.theccc.org.uk/
wp-content/uploads/2015/06/6.737_CCC-BOOK_
WEB_030715_RFS.pdf

Clearly there will be increased demand on local 
distribution networks, with challenges for grid 
capacity expansion and network reinforcement. 
There will also be opportunities for EVs to play 
a role in developing smarter systems, including 
ensuring demand is outside of peak periods, and 
providing distributed storage on an increasingly 
intermittent system.
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1

Country Case Study UK  
Decarbonising road freight: 
growing demand and fuel-
technology uncertainty

Road freight in the UK currently accounts for 
24% of total transport emissions, split between 
heavy (HGV) and light (LGV) goods vehicles 
(61% and 39% respectively). While LGVs can 
potentially follow decarbonisation pathways 
similar to those for passenger cars (electric ve-
hicles and biofuels), the pathways for HGVs are 
much less certain. 

Demand for HGVs is projected to increase, based 
on National Transport Model forecasts, by over 
70% in 2050 relative to current levels. This is 
driven by continued growth in the economy, 
which grows over the same time period by just 
under 160%. There is therefore some lowering 
of the freight demand per unit of GDP; however, 
the increases in overall vehicle fleet necessitate 
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strong action for decarbonization combining ef-
ficiency gains, switching to low emission tech-
nology-fuels, and increased use of lower carbon 
fuel supplies. 
In all UK scenarios, the decarbonisation of HGVs 
is primarily based on a shift to hydrogen-fue-
led vehicles in the long-term, with compressed 
natural gas (CNG) vehicles playing an important 
transitioning role. For conventional ICE vehicles, 
which still represent around 60% in 2030, fuel 
efficiency per vkm has improved by 30%. Post 
2030, hydrogen vehicles dominate in all cases 
but the mix of technologies depends on the 
context. Notably, in the R-DEM scenario fea-
turing lower demand (and emissions) CNG re-
mains part of the mix even in 2050; under the 
M-VEC scenario focusing on the development 
of hydrogen systems, the whole HGV fleet uses 
hydrogen; finally, under D-EXP scenario which 
puts the emphasis on the switch to decarbonized 
electricity, a small share of electric HEV appears 
in 2050 (but remains marginal given the poor 
applicability of this technology for long haulage). 
For more extensive description of the different 
scenarios, see UK country report available at 
http://deepdecarbonization.org/
There are strong challenges associated with the 
application of fuel cells in HGVs due to the asso-
ciated cost, lower density of fuel meaning lower 
ranges, and the necessary infrastructure to allow 
for strong uptake. If hydrogen does play a role, it 
will be in the longer term, and will be dependent 
on a strategic decision to pursue this pathway, 
given the necessary infrastructure.
In fact, most of the current discussion to 2030 
is focused on improved efficiency, the role of 
biofuels and the potential of CNG as the key 
routes to decarbonisation. In the UK scenarios, 
biofuels plays a limited role due to the system 
level limits on bioenergy, and the cost-effective 
use of that bioenergy in other sectors. CNG is 
being actively considered as an alternative fuel 

for HGVs,1 although its potential in a deeply 
decarbonised system is limited due to it being 
a fossil fuel; hence its role as a transition fuel in 
the UK scenarios. Non-technical improvements 
also offer potential; recent analysis suggests a 
6.5% reduction in vkm by 2030 through supply 
chain rationalisation, better vehicle utilisation 
and some modal shift to rail and water.2

There are undoubtedly strong challenges to the 
decarbonisation of this sector. In addition to un-
certainty about the role of specific alternative 
drivetrains, there is no overarching EU legislation 
(as for passenger cars) to reduce emissions. This 
is essentially because there is such heterogeneity 
across the HGV fleet, making standardisation of 
emission levels problematic. The lack of a strong 
single decarbonisation pathway necessitates a 
push across all possible options for decarbon-
isation.

1 Low Emission HGV Task Force Recommendations 
on the use of methane and biomethane in HGVs. 
https://www.gov.uk/government/uploads/system/
uploads/attachment_data/file/287528/taskforce-
recommendations.pdf

2 CCC (2015). Meeting Carbon Budgets – 2015 Progress 
Report to Parliament. The Committee on Climate 
Change. June 2015. http: //www.theccc.org.uk/
wp-content/uploads/2015/06/6.737_CCC-BOOK_
WEB_030715_RFS.pdf
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Country Case Study Italy  
CCS Role in Industrial Sector

The degree of CCS availability is the main dif-
ference in assumptions between the three deep 
decarbonization pathways considered in the Ital-
ian study (which all reach similar levels of na-
tional emissions). In all scenarios, the industrial 
sector features significant emission reductions 
reaching between 50% to 55% lower sectoral 
emissions than 2010 levels, or an emission dif-
ferential of 33-36 Mt CO2 with respect to the 
Reference Scenario. This is permitted notably 
by energy efficiency and electrification, but the 

availability of CCS proves to be a crucial factor 
driving the amount and nature of these sectoral 
emission reductions. This technology is notably 
used in industrial sectors to capture and store 
CO2 process emissions, hence allowing greater 
consumption of fossil fuels and less efficiency 
improvements for the same emission outcome. 
The results of the DDP analysis measure the 
potential contribution of CCS to emissions re-
ductions in industry and its link with energy ef-
ficiency requirements (Figure SM 12). In the CCS 
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scenario, a widespread use of this technology 
was assumed especially for industrial process-
es, particularly in the iron & steel and cement 
industry, leading to almost 19 million tons of 
captured CO2 in 2050. In this scenario, the more 
optimistic regarding CCS deployment, industry 
needs to reduce energy demand only by 18% 
compared to the Reference Scenario; under more 
constrained CCS deployment, energy reductions 
must reach 22% in the EFF Scenario and as much 
as 34% in the DMD_RED Scenario to ensure re-
quired emission reductions. In this latter case, 
energy demand reduction is essentially driven 
by the decrease of activity levels in energy-in-
tensive industrial end-use sectors, required to 
meet the carbon constraint. This illustrates that 
the availability of commercial scale CCS could 
make the difference whether deep decarboniza-
tion can be compatible with the preservation of a 
significant portion of activity in energy intensive 
sectors like cement production or iron and steel.  
In other words, CCS may allow a global choice 
to consume more cement and iron and steel in 
a decarbonized world. 
The diffusion of CCS implies a reasonably cost 
competitive capture technology, the existence 
of suitable storage sites, transport infrastructure, 
and social acceptance. In Italy, storage capacity 
potential is estimated to be around 20-40 Gt 
CO2, partly in aquifers and partly in exhausted 
oil and gas wells. But a big uncertainty lies also 
in the attitude towards the CCS technology by 
the local populations around storage sites, and 
the ease of navigating authorization procedures.



23   Pathways to deep decarbonization � 2015 � Supplementary Material

Country Case Study Germany 

1

Country Case Study Germany  
Decarbonizing electricity supply 
while phasing out nuclear power

As part of its energy concept of 2010 the Ger-
man government announced that the country’s 
existing nuclear power plants would be allowed 
to run longer than previously planned – some of 
them more than a decade longer, until at least 
the mid-2030s. This controversial decision was 
revoked a year later following the Fukushima ac-
cident and pressure from the German public to 

accelerate the phase-out. In the summer of 2011, 
the German government announced a nuclear 
phase-out by 2022, largely reverting back to the 
original schedule devised in the early 2000s. 
Waiving nuclear power (as well as CCS power 
plants, which also lack public acceptance in 
Germany) obviously limits the options avail-
able for decarbonizing electricity supply. How-
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ever, there are indications that Germany can 
decarbonize its electricity supply in the coming 
decades by relying only on renewable energy 
sources. 
The share of renewables in gross electricity con-
sumption has increased from 6.5% in the year 
2000 to 32.5% in 2015 (AG Energiebilanzen 
2015). The three mitigation scenarios analyzed 
in the German DDPP country report, as well as 
a large number of other recent studies, suggest 
that reaching the German government’s target 
of at least 80% of renewables in gross electric-
ity production by 2050 is technologically and 
economically feasible.
A crucial challenge lies in the management of 
the transition. But, despite this increase in car-
bon-free electricity generation, power sector 
CO2 emissions increased by 9% between 2009 
and 2013. This increase is due to strong growth 
in net electricity exports and a switch in fossil 
fuel power generation from natural gas to coal 
and lignite, triggered by relatively high natural 
gas prices and low CO2 allowance prices.

Germany’s anticipated future electricity sup-
ply mix brings along several challenges. Most 
importantly, Germany will need to rely largely 
on fluctuating renewable energy sources. (Sce-
narios expect the combined share of wind and 
solar PV in electricity generation to reach at 
least 60 to 70% by 2050.) Such high shares 
of fluctuating renewables requires a high de-
gree of system flexibility to maintain a stable 
supply. Options to help achieve this flexibility 
include grid extensions, flexibly operating gas 
power plants, demand side management (in 
combination with an increased use of heat 
pumps and electric veh icles), more storage 
capacity and in the longer run also power-to-X 
technologies. However, Germany will need to 
make sure to not only address technological 
issues, but also regulatory and social issues, 
like devising an adequate power market design 
to incentivize the required investments and 
dealing adequately with public opposition 
against grid extensions or new wind power 
plants. 



25   Pathways to deep decarbonization � 2015 � Supplementary Material

Country Case Study Japan 

1

Country Case Study Japan  
Decarbonization of power 
sector with nuclear phase-out 
or less CCS deployment

Japan faces a combination of specific constraints 
and challenges regarding the decarbonization of 
power generation. Indeed, the three solutions 
that can be deployed are associated with specific 
important uncertainties in the Japanese context: 
the restart of nuclear plants after Fukushima, 
the scale and stability of CO2 storage in seismic 
areas and the potential for intermittent renew-
ables given the issue of building interconnec-
tions between areas of large renewable potential 
(Hokkaido and Tohoku) and areas of demand. 
This is why the Japan DDPP analysis considers 
three variants of the future of power generation, 
all consistent with identical levels of national 
emissions reduction.
The central scenario (‘Mixed’) considers a par-
tial phase-out of nuclear (all plants are operated 
no more than 40 years) which still represents 
19% of electricity generation in 2030 and 5% 
in 2050. In this case, CCS must be deployed at 
large scale to provide up to 35% of electricity in 
2050, and renewables represent almost 50% of 
electricity generation in 2050, essentially from 
solar PV and wind. 

A complete phase-out of nuclear power (‘No-Nu-
clear’ Scenario) does not imply a drastic change 
of the long-term power generation mix, but en-
tails significant challenges in the transition. No-
tably, to compensate for the gap caused by the 
phase-out of nuclear, on the one hand, intermit-
tent renewables must be deployed more rapidly 
by 2030 (they represent 31% of 2030 electricity 
production vs 21% in the previous case) causing 
higher short-term investments towards the en-
ergy supply sector. On the other hand, higher 
carbon intensity of electricity is experienced dur-
ing the transition period because additional fossil 
fuels without CCS must be maintained, making 
electrification of end-uses a less attractive op-
tion as a  decarbonization pathway.
These two scenarios assume an important contri-
bution of CCS with annual CO2 storage volume 
increasing up to 200 Mt-CO2/year in 2050. Al-
though this value is not inconsistent with cur-
rent estimate, it means that around 5 Gt-CO2 
must be stored by 2050, representing about half 
of the more optimistic assessment of storage 
capacity by that time.
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In the case of more limited scale of CO2 storage 
potential, achieving long-term electricity decar-
bonization still proves to be feasible but requires 
a substantial increase in intermittent renewable 
energy, particularly solar PV and wind power, 
which account for about 64% in electricity gen-
eration in 2050. This in turn poses the twofold 
challenge that i) the development of renewables 
at this scale requires significant investment in 
energy transformation even in the long-term, ii) 
the integration of such a large amount of inter-
mittent energy requires extensive grid develop-
ment as well as specific management strategies, 
including on the demand side. 
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1

Country Case Study UK  
Multiple power sector 
decarbonisation pathways

All of the pathways featured in the UK DDPP re-
port suggest strong decarbonisation of the pow-
er sector by 2030, with carbon intensity reduc-
tions of between 85-90%. This near term effort 
to transform the generation system to one that 
is low carbon reflects a requirement to meet the 
interim 4th carbon budget, a near 60% reduction 

relative to 1990 levels, and to allow for system 
expansion to generate low carbon electricity for 
increased supply to end use sectors.
There are three key groups of technologies 
that enable this transformation, as shown in 
Figure SM 15. If cost-effective and scalable, 
CCS plays a critical role in the post 2030 sys-

12 
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tem, as shown on the right. In these scenario, 
that means a build of between 5-10 GW in the 
system by 2030. This is ambitious and will re-
quire a strong domestic policy push, ensuring 
then rapid implementation of the CCS demon-
stration programme, and effective international 
cooperation. 
An alternative pathway could see a stronger 
role out of wind generation, for which the UK 
has excellent resources. The M-VEC scenario 
shows a system with higher levels of wind gen-
eration, reaching a capacity of over 90 GW by 
2050, mainly driven by offshore deployment. 
Key system operation challenges emerge under 
such a high renewable-based system, with the 
need for effective demand-side response, inter-
connection, and balancing generation. The third 
technology is nuclear, providing generation that 
is neither subject to intermittency (like wind) nor 
reliant on fossil fuels (as for CCS). However, while 
cost-effective in the analysis, current attempts 
to kick start a nuclear programme, at Hinckley 
C, have been subject to a range of barriers, both 
financial, technical and political. 
In summary, the UK has multiple decarbonisa-
tion pathways it can go down, but it is clear that 
this sector must decarbonise rapidly. This means 
policy makers taking strong action to support all 
three technologies, with their relative contribu-
tion determined by a range of factors in future 
years. Taking strong action will allow for key un-
certainties to be addressed, around issues such 
as technical performance, financing and public 
acceptability.
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Country Case Study Canada  
Freight Transport

Introduction
In the Canadian DDPs the heavy freight sector 
almost completely decarbonizes, going from 
over 100 Mt today to 5 Mt in 2050, despite al-
most a doubling in demand. In this case study 
we discuss total activity, mode switching, energy 
intensity and fuel switching. Then we summarize 
what happened to the sector on a more discrete 
technological basis under the DDPP scenario 
2016-2050. Finally, we discuss what was not 
included in the analysis. The reader should keep 
in mind the results and commentary in this sec-
tion are primarily about long haul heavy road 
freight, not urban light and medium freight. We 
found “daily return to base” light and medium 
road freight to be much more amenable to plug 
in hybridization and pure electrification, similar 
to the personal transport fleet in our modelling. 

Total freight demand
Total freight volume (tonne/kilometres) was 
held constant in our capital s tock turnover 
model (CIMS), upon which these results are 
based. Total “tonne/kilometers”, or tonnes 
moved a kilometer by all modes, rise from 
874 billion to 1610 billion per year by 2050. 
This assumption was tested in our macroeco-
nomic modelling first. This modelling, which 
allowed freight transport activity to vary, sup-
ported our assumption in that it showed a 
consistent picture of transport activity roughly 

doubling in both the reference and DDPP sce-
narios 2016-2050, despite a relative 20-35% 
rise in real sector prices by 2050 (20% in the 
low oil price case with decarbonization, 35% 
in the high oil price case). In other words, de-
mand showed itself to be somewhat inelastic.

Mode shifting
Figure SM 16 shows how mode shifting between 
road and rail long haul heavy freight develops 
over the life of the DDPP scenario; marine’s share 
was held constant. Starting in 2016 when the 
policy starts, the model immediately starts shift-
ing to rail, which is a much more energy efficient 
technology measured on a per tonne moved ba-
sis. It is also, to a certain degree, easier to elec-
trify the rail sector with dual fuel electric-(bio)
diesel or electric-hydrogen fuel cell locomotives. 
Looking at Figure SM 17, at maximum there is 
a 75% shift to rail from road freight. The mode 
shifting dynamics in the model have been test-
ed with stakeholders and reflect the Canadian 
reality, which includes a mix of dense industrial 
urban corridors (e.g. Windsor to Québec City), 
and very long hauls between urban centers (e.g. 
Vancouver to Toronto). There is a shift back once 
biofuel heavy trucks become more economic.
Our mode shift if driven by very strong climate 
policy, the equivalent of several hundred $/tonne 
carbon prices, but done as a combination of reg-
ulations and carbon pricing. A more gradual shift 
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is more likely given political constraints, perhaps 
by 2030-35. For this to occur some extra rail in-
frastructure may also be required at choke points 
in the system (e.g. rail yards, switching systems, 
computer network monitoring, etc.), and extra 
rolling stock would be required. 

Energy intensity & fuel switching
Heavy road freight energy intensity improves 
about 25% over the DDPP scenario. At the be-
ginning of the period the sector is operating on 
fossil fuel diesel, but steadily through the peri-
od this is replaced with biodiesel sourced from 
non-food feedstocks until the mix is over 90%, 
implying market takeover by biodiesel. Hydro-
gen was included as a competitive option in our 
technology competitions, but was not economic 
on a cost basis against biodiesel sourced from 
woody biomass or switchgrass. This assumption 
is grounded in Canada’s large feedstock base for 
making biofuels - for other more dense nations 
feedstocks could be an issue, and hydrogen or 
more rail mixed with electric light and medium 
freight may be more attractive (see comments 
at the end).

In our scenario rail energy intensity almost 
halves 2016-2050, but this is a mixture of en-
ergy efficiency and fuel switching to electricity 
and hydrogen (locomotives would electric dual 
source motors, driven by either overhead wires or 
fuel cells). Trains are less vulnerable than trucks 
to network build out costs for hydrogen, as they 
are more efficient and can carry large amounts 
of fuel with them. Almost half the rail tonne 
kilometres are electric by 2050, mostly in dense 
corridors (e.g. Windsor to Québec City) where it 
is economic to erect electric wiring. Hydrogen 
driving fuels cells would be used on long hauls 
(e.g. across the Prairies). For this scenario to oc-
cur there would need to be significant retrofitting 
of Canada’s denser rail corridors with electric 
high wiring. 
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Country Case Study USA  
Decarbonization of power 
generation and electricity 
dispatch

The US decarbonization analysis distinguishes 
four main scenarios for decarbonization of elec-
tricity, and case names are indicative of final 
2050 generation mixes (Figure SM 18). The High 
Nuclear, High CCS, and High Renewables Cases 
have the highest amount of each respective type 

of generation, though they do not exclusively 
rely on this type of generation, and the Mixed 
Case includes a more balanced expansion of 
low-carbon sources. CO2 emission factors fall 
precipitously in all decarbonization cases, from 
329 gCO2/kWh in the Reference Case to at most 
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54 CO2/kWh (High CCS) and at least 14 gCO2/
kWh (Mixed).  
The Mixed Case illustrates the interaction be-
tween supply decarbonization and end use elec-
trification that occurs, to different extents, in 
all of the decarbonization cases (Figure SM 19). 
In the Mixed Case, end use electrification dou-
bles demand for electricity by 2050, with par-
ticularly rapid growth after 2030. Some of this 
growth occurs as a result of the electrification 
of end uses, such as electric water heating or 
vehicles, but a large portion results from the 
electrification of fuels, such as hydrogen pro-
duced through electrolysis (“Intermediate Energy 
Carriers” in Figure SM 18). Fossil fuel generation 
declines gradually over 2014-2050, and the only 
remaining uncontrolled fossil fuel generation in 
2050 is a small amount of gas generation that 
operates as a peaking resource. Much of the in-
crease in demand for electricity after 2030 is 
met by significant increases in wind, nuclear, and 
solar power output. 
Large penetrations of non dispatchable decar-
bonized resources (wind, solar, nuclear) present 

challenges for balancing electricity supply and 
demand (load). Due to the lack of coincidence 
between these generation sources and conven-
tional loads, high penetrations require support-
ing low-carbon dispatchable generation (elec-
tricity storage facilities or gas power plants with 
carbon capture) or greater flexibility in load (as 
permitted by newly electrified loads like water 
heating, space heating, and electric vehicles). 
Much of the balancing on the load side comes in 
the form of electric fuel production— hydrogen 
and synthetic natural gas (SNG)— which may 
be inefficient from a primary energy perspective, 
but help to reduce curtailment by their ability 
to operate flexibly, which can provide significant 
value as a component of an integrated energy 
system, despite its potentially high cost when 
viewed in isolation.
Figure SM 20 illustrates these challenges, show-
ing dispatch in the Mixed Case for a week in 
March 2050 in the Eastern Interconnect. The 
coincidence of significant nuclear generation 
online and large wind power output means that 
total electric load (the solid red line) exceeds 
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final demand for electricity (the dotted red line). 
The majority of the difference is absorbed by 
facilities producing electric fuels, and a small 
amount of wind output is curtailed. The use of 
flexible loads for balancing, as in this case, would 
represent a new paradigm in power system op-
erations, as system operators have traditionally 
relied on the flexibility of supply, rather than the 
flexibility of demand, to address load resource 
imbalances. The High CCS Case, which has lower 
penetrations of non dispatchable resources, has 
a more traditional generation dispatch where 
nuclear and coal with CCS operate as base load 
resources and gas CCS operates as a load follow-
ing resource to balance modest penetrations of 
wind and solar. 

Figure SM 20. USA. 2050 Mixed Case Eastern Interconnection Electricity Dispatch 
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Coutry Case Study China  
Air quality co-benefits of deep 
decarbonization strategies

Since 2013, a total of 74 cities in key regions, 
municipalities and provincial capital cities such 
as the Beijing-Tianjin-Hebei region, Yangtze River 
delta and Pearl River delta have conducted mon-
itoring according to the new air quality standard 
(GB 3095-2012), which requires monitoring of six 
pollutants, namely SO2, NO2, PM10, PM2.5, O3 and 
CO. Monitoring results showed that  only three 
cities, or 4.1%, of  the 74 cities subject to air qual-
ity standards met the national standard for good 
air quality in 2013. All cities in the Beijing-Tian-
jin-Hebei region and Pearl River delta failed to 
meet the national standard.  Days with up-to-
standard air quality in the 74 cities accounted for 
60.5% on average, with remainder classified as 
polluted. The percentage of cities which attained 
air quality standard for SO2, NO2, PM10, PM2.5, 
CO and O3 is 86.5%, 39.2%, 14.9%, 4.1%, 77.0% 
and 85.1%, respectively. PM10 and fine particles 
PM2.5 are also and increasing problem.
Coal is an important emission source of China’s 
PM2.5 and smog precursors.  It accounts for 53% of 
PM2.5 emissions in China, 91% of SO2 emissions, 
68% of NOx emissions and 16% of VOC emis-
sions.  NOx emissions are 68% from coal com-
bustion and oil 28% from oil combustion. PM2.5 
emissions are 53% from coal combustion, 27% 
from biomass and 16% industrial processes. VOC 
emissions are mainly from non-energy use (54%).
Under the Chinese DDP scenario, various meas-
ures for further energy-saving are taken, including 

changing the mode of economic development 
and lifestyle and strengthening the application of 
advanced technologies. Due to the optimization 
of economic structure, emerging and tertiary In-
dustries develop rapidly, and advanced more ef-
ficient technologies are widely used. The fuel mix 
structure in the DDP scenario is further improved 
– a coal consumption cap policy is implemented, 
and the share of coal in energy consumption is 
reduced to nearly 50% in 2030, and the share 
of natural gas and non-fossil fuels increased to 
more than 35%. Energy-intensive industries will 
be curbed, mainly to meet domestic demand. 
The production of energy-intensive products 
will peak near 2020. The utilization of coal and 
natural gas will be optimized together with coal 
consumption cap. Coal consumption will be con-
centrated in electricity and heating sector with 
advanced end-of-pipe control, and those from 
small coal-fired facilities will be limited. The use 
of increased natural gas will be prioritized in the 
residential sector or as a substitute to coal.
In the DDP scenario which includes further op-
timization of energy and industrial structure on 
the basis of the End-Of-Pipe scenario, SO2, NOx, 
PM2.5, VOC and NH3 emissions will be reduced 
by 78%, 77%, 79%, 52% and 42%, respectively, 
from the 2010 levels. Air quality modeling results 
show that the comprehensive structure adjust-
ment measures will enable the major cities to 
achieven air quality standards. 
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1

Country Case Study India  
Sustainable Deep Decarbonization 
and Air Quality Benefits

Deep decarbonization can bring air quality 
improvements, but different decarbonization 
pathways deliver different types and levels of 
air quality benefits. Compared to ‘Conventional’ 
decarbonization scenarios that focus solely on 
carbon mitigation, the ‘Sustainable’ decarboni-
zation scenario aiming at long-term sustainable 

development goals including carbon mitigation 
delivers greater air quality benefits.
On the national policy landscape, air pollution 
mitigation policies preceded the decarboni-
zation agenda. The Government of India has 
instituted numerous policies for air pollution 
linked to fossil fuels. Two focal areas of air 
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pollution policies have been:  i) vehicle tech-
nology and fuel improvement aimed to meet 
urban air quality standards, and ii) control of 
air pollutants from coal burning in industry 
and plants generating electricity. In the wake 
of rapidly rising fossil energy consumption, this 
conventional air quality control policymaking 
approach succeeded, albeit partially, in abating 
air pollution but contributed little to carbon 
dioxide emissions mitigation. 
Decarbonization and air pollution abatement ac-
tions are naturally linked since they both originate 
from fossil fuel combustion. The contemporary 
global policy focus on sustainable development 
goals and a climate stabilization target has cre-
ated an opportunity to align actions on both 
fronts.  The analysis of such a sustainable deep 
decarbonization pathway shows that same CO2 
emissions seen in the conventional scenario can 
be achieved with sizable air pollution reductions 
by aligning sustainable development and deep 
decarbonization actions. 
Sustainability actions deliver these conjoint 
benefits by reducing end-use demand, shifting 
consumption to cleaner modes and technologies 
and raising the clean energy fraction of the en-
ergy supply-mix. Conventional approaches to air 
pollution focus on the end-of-the-pipe technol-
ogy and fuel related interventions like catalytic 
converters in vehicles or desulfurization equip-
ment in case of coal combustion in industry.  The 
levers of air pollution control in the sustainable 
scenario are very different compared to the con-
ventional track. For instance, the key mitigation 
actions in road transport would include urban 
design and planning to reduce travel, invest-
ments in infrastructure that facilitate modal shift 
to public transport and non-motorized transport 
and support for innovations of alternate technol-
ogies (e.g. electric vehicles, and energy storage 
devices).   Implementation of targeted demand 
reduction measures can potentially reduce travel 
demand in 2050 by half in the sustainable sce-

nario compared to the conventional scenario. 
Lower travel demand translates into reduced en-
ergy demand and lower travel time. In addition, 
market based incentives for cleaner low carbon 
fuels like natural gas and bio-fuels deliver sizable 
CO2 emissions mitigation as well as mitigation 
of PM2.5 (Figure SM 21 left). 
SO2 emissions in India come mainly from in-
dustry and power generation. Conventionally, 
SO2 emission mitigation relies on a shift away 
from coal towards low carbon sources. Advanced 
technologies, dematerialization, recycling and 
sustainable behavior differentiate the demand 
for industrial products in the sustainable sce-
nario from the conventional scenario. The fuel 
mix shifts to cleaner fuels. A simultaneous im-
plementation of targeted environmental poli-
cies including desulphurization of coal, process 
efficiency, emission norms, and cleaner fuels 
is assumed. The sustainable scenario therefore 
delivers higher SO2 reductions compared to the 
conventional deep decarbonization scenario 
(Figure SM 22 right). 
The analysis of ‘Deep Decarbonization Scenari-
os’ for India shows that 1. Both decarbonization 
scenarios make a positive contribution to air pol-
lution mitigation in the long run, 2. Compared 
to the conventional ‘climate centric’ deep de-
carbonization approach, the sustainable scenario 
will deliver substantial air quality benefits 3. The 
benefits are greater when deep decarbonization 
measures and air pollution mitigation measures 
are crafted to align with the national sustainable 
development goals. 
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Country Case Study Japan  
Avoiding dependency on 
imported fossil fuels

In all the DDP scenarios examined for Japan, 
dependency on imported fossil fuels is reduced 
substantially by 2050 compared to 2010. This is 
achieved thanks to a combined drastic reduction 
in energy demand plus by deploying non-fossil 
options, especially renewable energy on the sup-
ply-side. Nuclear power supply is also drastically 
reduced from its 2010 level under all the DDP 
scenarios considered. In 2050, under every DDP 

scenarios, fossil fuel consumption falls by ap-
proximately 60% compared to 2010
The structure of Japan’s energy supply varies sig-
nificantly, however, across the DDP scenarios. 
The share of renewable energy in primary ener-
gy, including hydropower, increases significantly 
in all scenarios, yet the magnitude of change 
varies. Renewables account for approximately 
33%-35% of total primary energy supply in 2050 
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in the Mixed and No-Nuclear Scenarios. Renew-
ables account for an even larger share of total 
primary energy supply (49%) in the Limited CCS 
Scenario, to compensate for the hypothesized 
constraints on CCS (carbon capture and seques-
tration) in the decarbonization of electricity. 
Natural gas, oil and some coal (including for 
non-energy use) remain in use in Japan in 2050 
under the DDP scenarios mainly in the indus-
trial and freight transport sectors. Coal, howev-
er, almost completely phases out (excluding in 
the heavy-industry sector) thanks to a switch 
to renewables and natural gas. Japan’s natural 
gas supply increases, particularly in the medi-
um-term due to the construction of new LNG 
power plants, which substitute for oil- and coal-
fired power plants because of their lower carbon 
intensity. But natural gas supply then falls to its 
2010 level by 2050, in tandem with an overall 
reduction in energy demand reduction and the 
large-scale deployment of renewable energy.
Thanks to a reduction in fossil fuel dependen-
cy, fuel import costs fall below 2010 levels by 
2030 and substantially decrease in 2050 in all 
scenarios. Particularly in the Limited CCS Sce-
nario, fuel import costs in 2050 are lower than 
in the other two scenarios due to the additional 
deployment of renewable energies in place of 
fossil fuel, mainly in the electricity sector. 
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Country Case Study India  
Deep decarbonization and 
energy security

Energy resource endowments, technology stocks 
and demand for energy vary across nations. In-
dia is endowed with sizeable coal resources, as 
well as good solar and wind energy potential. 
India lacks oil and gas, however. The Indian DDPP 
team’s assessment of future energy demand 

under a deep decarbonization pathway (DDP) 
shows rising imports of oil and gas in India. Over 
80% of the country’s oil demand is currently 
met through imports and by 2050 a significant 
proportion of the country’s primary energy will 
come from imports. This raises concerns vis-a-vis 
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the four dimensions of energy security (Kruyt, 
20091), namely the availability, accessibility, af-
fordability and acceptability of energy. 
The analysis of two deep decarbonization 
pathways for India, each following distinct de-
velopment paradigms but targeting identical 
CO2 emissions budgets from now to the year 
2050, results in very different energy security 
risk profiles.  The ‘conventional’ climate-centric 
decarbonization approach delivers mitigation 
by altering the energy supply mix with en-
hanced investments in renewable, nuclear and 
CCS technologies. The alternate ‘sustainable’ 
approach aligns decarbonization and sustain-
able development actions. It, at first, focuses 
on demand-side technological and behavioral 
interventions which significantly reduce end-use 
demands and eventually uses low carbon ener-
gy supply options to the extent needed to keep 
cumulative CO2 emissions within the budget. 
The diversity of fuel increases with time in both 
scenarios and fuel-mix shifts towards lower car-
bon content. The lower end-use demands in the 
sustainable DDP results in higher percentage of 
domestic renewable energy contribution. The 
sustainable DDP therefore fares better com-
pared to the conventional DDP on the energy 
security indices: a) Net Energy Import Depend-
ence (Figure SM 23 left), and b) Total value of 
fuel import which are 30% lower in 2050 in the 
sustainable DDP (Figure SM 24 right). 
The energy mix in the conventional DDP has high 
shares of nuclear and CCS. Risks associated with 
these technologies would require to be mitigat-
ed. Both DDPs have high renewable electricity 
content and would require mitigating risks as-
sociated with the stability of transmission grid. 
The energy security benefits from nuclear and 
renewables will accrue, provided these technol-
ogies are indigenized. DDP, implemented with 

1 Kruyt B., vanVuuren D.P., deVries H.J.M., Groenenberg 
H. (2009). Indicators for energy security. Energy Policy 
37 2166–2181

actions aligned to domestic sustainability goals, 
can improve the resilience of national economies 
to international conditions. 
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Country Case Study UK  
Addressing fuel poverty through 
energy efficiency

Fuel poverty, often referred to as energy poverty 
in other European countries, was first recognized 
in UK legislation under The Warm Homes and 
Energy Conservation Act 2000 (WHECA), which 
stated that a person is to be regarded as living 
‘in fuel poverty’ if he is a member of a house-
hold living on a lower income in a home which 
cannot be kept warm at reasonable cost.1 This 
situation is largely affected by three drivers – i) 
thermal efficiency of homes, ii) income levels, 
and iii) energy prices.
This issue matters from a number of perspec-
tives; firstly, if a household is not adequately 
heated, this can lead to both direct and indirect 
health impacts. The Marmot Team Review (2011) 
highlighted the strong relationship between 
colder homes and excess winter deaths, and the 
increased incidence of other health problems.2 

1 Legislation can be found at http://www.legislation.
gov.uk/ukpga/2000/31/introduction

2 Marmot Review Team (2011). Health impacts of fuel 
poverty and cold housing. On behalf of Friends of the 
Earth (FOE). http://www.instituteofhealthequity.org/
projects/the-health-impacts-of-cold-homes-and-
fuel-poverty

Secondly, poverty can be further entrenched if 
a disproportionate share of income needs to be 
spent on energy costs. Thirdly, fuel poor house-
holds in the UK tend to have poorer thermal 
efficiency, but affordability concerns make it 
difficult to realize the potential for energy and 
carbon emission reductions. 
In England, fuel poverty is measured by the Low 
Income, High Cost (LHIC) indicator, as recom-
mended by John Hills.3 This measures fuel pover-
ty based on annual income being below the pov-
erty line (after fuel costs) and energy costs being 
higher than typical (above the median level).4 It 
also measures the ‘fuel poverty gap’, defined as 
the extent to which assessed energy needs of fuel 
poor households exceed the threshold for rea-
sonable costs. In 2013, 10.4% of households, or 

3 Hills, J. (2012). Getting the measure of fuel poverty: 
Final Report of the Fuel Poverty Review. CASE report 
72. ISSN 1465-3001. March 2012. http://sticerd.lse.
ac.uk/dps/case/cr/CASEreport72.pdf

4 Other UK consituent countries have retained the 
previous 10% definition, where a household needs to 
spend more than 10% of its income (measured before 
housing costs) on energy in the home.
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2.35 milllion, were fuel poor, with an estimated 
fuel poverty gap of £877 million.5

Energy efficiency measures are critical to ad-
dressing this problem. The Government has 
proposed a target to ensure that as many fuel 
poor homes as is reasonably practicable achieve 
a minimum energy efficiency standard of Band 
C, by 2030.6 As shown below in Figure SM 24, 
only 5% of fuel poor households currently meet 
this standard (compared to 27% of non-fuel 
poor households), while almost 50% are rated 
at Band E or less (compared to 22% of non-fuel 
poor households).7 
There are strong synergies between tackling fuel 
poverty and reducing CO2 emissions, based on 
energy efficiency action. However, there are also 
concerns that as well as being an opportunity 
for efficiency improvements, policies to address 
climate change could increase energy costs, im-
pacting on low income households. Recent anal-

5 2013 UK Fuel Poverty Statistics. https://www.gov.uk/
government/collections/fuel-poverty-statistics

6 DECC (2015). Cutting the cost of keeping warm – 
a fuel poverty strategy for England. March 2015. 
https://www.gov.uk/government/uploads/system/
uploads/attachment_data/file/408644/cutting_the_
cost_of_keeping_warm.pdf

7 2013 UK Fuel Poverty Statistics. https://www.gov.uk/
government/collections/fuel-poverty-statistics

ysis has shown that targeted energy efficiency 
interventions can offset any increases in energy 
costs.8 The CSE analysis highlighted the need 
for targeted energy efficiency interventions and 
careful policy design to ensure pass-through 
costs to energy bills did not unduly burden low 
income households. The analysis illustrated that 
if effectively designed, policies to deliver the 
2030 level of reduction in the UK DDPs could 
also lead to a fall in fuel poor households from 
2.86 million in 2013 to 1.18 million by 2030. 

8 Centre for Sustainable Energy (2014). Research 
on fuel poverty: The implications of meeting the 
fourth carbon budget. Report to the Committee 
on Climate Change. November 2014. http://www.
theccc.org.uk/wp-content/uploads/2014/11/CCC_
FinalReportOnFuelPoverty_Nov20141.pdf

Figure SM 24. UK. Share of households in fuel poverty (FP) 
and not in fuel poverty (NFP) by FPEER efficiency rating
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Country Case Study France  
Retrofitting of heating systems 
and the risks of an “energy 
poverty trap”

Housing retrofits, which constitute a crucial 
dimension of deep decarbonization for France 
and many other industrialized countries with a 
mature building stock, lead to significant energy 
savings for households when implemented. Even 
if total energy related expenditures increase in 
absolute terms, they decrease as a share of in-
come.

This is a significant result because most coun-
tries, even industrialized ones, experience in-
creasing levels of energy poverty: more than 6% 
of the French population is below the threshold 
defining fuel poverty (expenditures on energy in 
housing representing more than 10% of income). 
For instance, low-income households living in 
rural areas or in small towns spend on average 
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15% of their income on energy, both for housing 
and transport. Nevertheless, borrowing capacity 
for this part of the population can be extremely 
limited, whatever the ambition of energy effi-
ciency incentives. There is thus a real need for 
governments to propose specific energy poverty 
alleviation programs that could lead to financing 
of the investment required for retrofitting the 
buildings of energy-poor households. 
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Country Case Study South Africa  
Decreasing energy poverty 
and increased access to 
electricity is compatible with 
Deep Decarbonization

With 49% of South Africans living below the 
official poverty level in 2010, energy poverty 
takes three main forms. First, inadequate en-
ergy services for basic needs such as cooking, 
lighting, refrigeration and heating lead to lower 

quality of life and social and economic exclu-
sion, including malnutrition, lack of sufficient 
light to read, do schoolwork, and conduct 
nighttime social activities.  Second, health 
and safety problems with indoor air-pollution 
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from widespread indoor use of coal and wood, 
as well as ingestion of paraffin. Third, energy 
service costs place undue strain on already 
meager household budgets. 
The solutions to these problems rely first on in-
creasing household incomes, which the South 
African modeling shows is compatible with 
deep decarbonisation in that while achieving 
its emissions reduction goals South Africa can 
also significantly reduce the number of people 
living below the poverty line from 49% to 18% 
in 2050. This will decrease energy poverty on 
the demand side by facilitating affordability of 
adequate and safe energy services to those that 
move into the middle income category. On the 
supply side, just about all households will be 
connected to electricity by 2050 (1% remain un-
connected). While levelized costs of electricity 
generation double from 2010 to 2050, much of 
this increase is inevitable, owing to South African 
need to add capacity for industry and replace 
the existing coal fleet by 2050. Households only 
make up .17 EJ in 2050 compared with 0.79 EJ for 
industry.  Households do not drive the capacity 
increase: total consumption in fact decreases, 
despite increased energy service delivery to 
more households, owing to significant improve-
ments in appliance efficiency, especially light-
ing and  household thermal performance. Also, 
generation costs only make up less than half of 
household retail tariffs1, and those with lower 
consumption pay lower tariffs. The much smaller 
proportion of households below the poverty line 
will improve the sustainability of existing sub-
sidized tariffs and the minimum free electricity 
provided for basic needs (mainly lighting and 
refrigeration). 

1 Trollip, H., Walsh, V.,Mahomed, S., Jones, B., Potential 
impact on municipal revenue of small scale own 
generation and energy efficiency.
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1

Country Case Study South Africa  
DD can be achieved in parallel 
with improved income distribution, 
poverty and unemployment

For decades, South Africa has experienced per-
sistent very high levels of income poverty, ine-
quality and unemployment. In 2011 45.5% of the 
population were living below the Upper-bound 
Poverty Level1, the income share of the lowest 
40% was some 7%, the Gini coefficient deteri-
orated from 59 to 64 from 1993, and the em-
ployed population as a percentage of population 
over 15 years old has deteriorated from 45% in 
1995 to less than 40% in 2015. Also, results of 
the education system indicate persistent prob-
lems in improving educational outcomes and 
skills shortages are a major limit on economic 
growth. The history and persistence of these 
features of the South African socio-economy 
present special challenges to formulating path-
ways that credibly demonstrate changes that will 
effectively address these features significantly.
Based on a review of research on the issue and 
by consulting eminent economists, was decided 

1 ZAR577 per month in 2009 prices, roughly some 
60 US$ 2015 at ZAR13/$US (SStatsSA MDG Goals 
Report, 2013, South Africa Millennium Development 
Goals Country Report to the President of the Republic

to present two economic pathways to illustrate 
what might be possible. Working with one as-
sumption, namely that the South African labour 
force skills profile will not improve significantly, 
the one economic pathway (economic structure) 
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centers on a change in the structure of the econ-
omy, promoting sectors that are relatively higher 
low-skill labour absorbers and lower marginal 
GHG emitters. The other pathway (high skills) 
assumes success in improving the education sys-
tem and skills availability to the economy. Note 
that these are illustrative and in actual futures 
combined elements of these and other factors 
are possible. The objective was to illustrate inter-
esting features of what might be possible.
The modeling of these economic pathways, done 
with a CGE model, is linked to an energy sys-
tem model and the results are that there can be 
significant improvements in the indicators. The 
unemployment rate drops from 25% in 2015 to 
between 12% ( economic structure pathway) 
and 18% (high skills), and the percentage low- 
income households drops from 49% in 2010 to 
18% in 2050. Whilst these are not ideal, they 
represent significant improvements. These re-
sults are achieved within a GHG budget of 14Gt 
for the South African, energy sector an amount 
assessed within DDPP methodology to be fair for 
the country circumstances.  
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Figure SM 29. South Africa. The percentage of the population in the low , middle and high income groups as defined by SATIM   
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Country Case Study France  
Deep decarbonization can 
successfully be combined with 
social and economic priorities

The medium- and long-term impact of climate 
policies on growth and employment depends on 
their interplay with each countries’ economic 
system, including the inertia of technical sys-
tems, imperfect foresight and rigidities outside 
the technological sphere (notably in the labour 
market) limiting flexibility of adjustments in the 
energy transition. Such constraints lead to in-
vestment decisions that may not be adapted to 
future economic conditions (particularly rising 
energy prices) and create risk of expensive fossil 
fuel intensive lock-ins. 

Climate policies can contribute to the cor-
rection of these imperfections and lead to 
more economic growth and employment. For 
example early carbon pricing rising gradually 
according to pre-established rates can help 
short-sighted decision-makers to internalize 
constraints on fossil fuels and accelerate the 
adoption of less fossil-intensive consump-
tion and production patterns. The resulting 
reduction of energy costs in production and 
household budgets despite the introduction of 
a carbon price can implement a virtuous circle, 
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Table SM 3. France. Average GDP growth rates and policy packages in France

Scenario name Description of the policy package 2010-15 2010-20 2020-30 2030-40 2040-50 2010-50

REF Reference 0.77 0.83 1.09 1.47 0.85 1.06

SC1
Sectoral climate policies 
+ carbon tax 
+  recycling through annual lump-sum refund to households

0.69 0.86 1.32 1.32 0.87 1.09

SC2 P&M +carbon tax + recycling through annual lump-sum refund 
to households and through lower payroll taxes 0.81 0.96 1.37 1.34 0.88 1.14

SC3 P&M +carbon tax + recycling through annual lump-sum refund 
to households and through lower payroll taxes + carbon � nance 0.87 1 1.46 1.5 0.97 1.23
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boosting household purchasing power, final de-
mand for non-energy goods, and consequently 
production, leading to higher employment and 
an additional increase in household purchasing 
power through higher wages.
In France, the economic assessment of the deep 
decarbonization pathways (conducted with the 
general equilibrium model Imaclim-R France) 
shows that a combination of sectoral climate 
policies mixed with a carbon tax with revenues 
of the tax recycled  to households in a lump-sum 
manner (see scenario SC1 in the French analysis) 
would lead to higher average GDP growth rate 
than under a reference scenario (REF) over 2010-
50 (1.09% vs 1.06%). 
Such positive effects should be seen in perspec-
tive for two reasons. First, climate policies could 
exacerbate labour market distortions if long term 
expectations are not clear.  The deep decarbon-
ization transition requires a big change in labour 
market training programs, to develop new skills 
at a very large scale and reorient workers from 
declining activities (e.g., from coal intensive in-
dustry to building retrofitting). Credible answers 
for job switching are needed in order to avoid 
further labour-market inflexibility, which would 
create the risk of delay in the effectiveness of 
energy efficiency improvements and trigger ad-
ditional economic costs. 
Second, SC1 leads to a decline in growth and 
employment during the first five years, (0.69% 
in SC1 compared to 0.77 in REF). Although small 
in absolute terms, this difference can represent 
a significant effect for specific social groups (low 
income, people in old houses, or those who are car 
dependent because they live in rural areas or sub-
urbs) or coal intensive industries (steel, non-fer-
rous, cement, petrochemical), creating the risk of 
undermining the acceptability of the energy.
These adjustment costs can be addressed though 
adequate recycling schemes for the carbon tax 
revenues. Scenario 2 (Sc 2) considers a recycling 
scheme where carbon revenues are shared be-

tween a lump-sum “green check” for households 
(to limit the purchasing power losses), and a re-
duction of payroll taxes (to prevent the increase 
of production costs in industry of non-energy 
goods). This scenarios shows a significant posi-
tive effect in the short term (0.81% growth rate 
compared to 0.69% in SC1 and 0.77% in REF) 
but might not be sufficient to discourage this 
opposition of diverse set of interests, including 
low-income populations (car-dependent workers 
in suburbs, farmers in mountain areas, fishers, 
truck drivers…) and energy-intensive industries.
A second element is the implementation of a 
large scale ‘carbon finance’ scheme to reduce the 
investment risks in low carbon technologies and 
infrastructures given their high upfront costs, 
therefore helping to avoid lock-ins in fossil fuel 
intensive infrastructures and lowering adjust-
ment costs.1 Such scheme is tested in Scenario 
3 (Sc 3), which displays significant gains both 
in the short-term (0.87% during the first five 
years, against 0.69% and 0.77% in SC1 and REF), 
respectively and the long-term (1.23% growth in 
SC3 between 2010 and 2050, against 1.09 in SC1 
and 1.06% in REF). 

1 Such ‘carbon finance’ scheme could consist in a public 
guarantee covering, at a predetermined notional 
value carbon, carbon certificates representing carbon 
emissions reduction expected from a type of project. 
The loans would be reimbursed in carbon certificates 
instead of in cash.
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Country Case Study Brazil  
Macroeconomic and Social 
Implications of a Deep 
Decarbonization Pathway

Brazil is an “upper middle income” country ac-
cording to World Bank, with very important mac-
roeconomic challenges over the medium-term, 
including growth, employment and trade. But 
the main socio-economic challenge is the re-
duction of inequality, since Brazil is recognized 
as one of the most unequal countries in the 
world where, even though the Gini Index has 
experienced an important decrease during the 
last decade, this indicator still reached 0.53 in 
year 2010, one of the highest values worldwide. 
In the DDPP analysis, the limitation of GHG emis-
sions is achieved through implementation of a 
carbon tax, growing linearly from 0 US$/tCO2e 
in 2015 to 100 US$ in 2030, and then to 150 
US$ in 2050. This carbon tax stimulates the intro-
duction of a number of mitigation measures that 
compose the deep decarbonization scenario. The 
CGE simulations with the IMACLIM-BR show that 
these measures trigger additional investments 
summing up 2.5 trillion US$ (2010) from 2015 to 
2050, causing a deep reduction in GHG emissions 
and good macroeconomic performance.
The DDP scenario shows a significant reduction 
of total emissions, from 1,214 Mt CO2e in 2010 
to around 1,009 Mt CO2e in 2030, and 367 Mt 
CO2e in 2050, while energy emissions related 

grow rom 326 Mt CO2e in 2010 to 483 Mt CO2e 
in 2030, and 262 Mt CO2e in 2050, thanks to the 
low-carbon investments and implementation of 
mitigation measures along with the carbon tax.
Table SM 4 presents some selected macroeco-
nomic and social indicators related to the deep 
decarbonization pathway. 
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Table SM 4. Brazil. XXXXX Title XXXXX

2010 DDPP-2030 DDPP-2050

Population (millions) 191 223 221

GDP (trillion 2010 US$ dollars) 2,14 4,53 8,64

GDP growth per year 3.81% 3.28%

Investment rate (% of GDP) 19,50% 20.84% 25.16%

Total investments (Trillion 2010 US$) 0.14 0.94 2,17

Number of full time jobs (million) 94.1 128.0 115.9

Unemployment rate (%) 6.70% 3.81% 5.49%

GDP per Capita(Thousand 2010 US$) 11.2 20.3 39.1

GINI 0.53 0.42 0.33

Price index 1.174 1.314

Trade Balance (Billion 2010 US$) 20.3 35.9 44.6

Trade Balance (% GDP) 0,95% 0.79% 0.52%

Carbon tax (US$/tCO2e) 0 100 150

Energy-related CO2 emissions 326 483 262

Energy-related CO2 emissions per capita (t CO2e) 1.7 2.2 1.2

Total GHG Emissions (MtCO2e) 1,214 1,009 367

Total GHG Emissions per capita (t CO2e) 6.4 4.6 1.7



Supplementary Material � Pathways to deep decarbonization � 2015  52

Country Case Study Brazil 

The DDPP is characterized by an important de-
coupling between GDP growth and GHG emis-
sions for Brazil from 2005 to 2050 in the deep 
decarbonization scenario. Indeed, the drop in 
emissions happens in parallel with an average 
GDP growth of 3.5% per year from 2010 to 
2050, leading to a multiplication by almost four 
of GDP per capita, from 11.2 k US$ (2010) in 
2010 to 39.1 k US$ (2010) in 2050. This increase 
of wealth happens along with a significant reduc-
tion in inequality, as measured by a drop in the 
GINI index to 0.33. 
Energy related GHG emissions per capita will be 
strongly reduced in the period, coming from 1.7 t 
CO2e per capita in 2005, 2.2 t CO2e per capita in 
2030 and reaching 1.2 t CO2e per capita in 2050.
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Country Case Study India  
Deep Decarbonization with 
Least Social Cost of Carbon

In India’s case, fundamental transitions in de-
mography, income, urbanization and industrial-
ization are expected to alter the key drivers of 
future greenhouse gas emissions. These multiple 
transitions bring opportunities and challenges 
regarding the twin challenges of development 
and decarbonization. The scale and diversity 
of resources endowments, institutions and so-
cio-economic dynamics annul any attempt to 

find a ‘one-size-fits-all’ solution package and in-
stead encourage a scan of the entire policy spec-
trum in order to holistically address the national 
and sub-national goals of economic develop-
ment, environmental integrity and social justice. 
India’s National Action Plan on Climate Change 
(NAPCC) envisions addressing the different ob-
jectives simultaneously by adopting national 
policies (on inclusive growth, smart urbaniza-
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tion, balanced regional development, sustaina-
ble mobility and building codes, to name a few) 
aiming at structural and behavioral shifts that 
alter market dynamics towards lower resource 
intensities and environmental externalities.  
The Indian DDPP analysis considers two deep 
decarbonization pathways, which rest on distinct 
approaches to the policy package. The ‘conven-
tional scenario’ envisions deep decarbonization 
as a commitment to apply a global carbon price 
trajectory that is consistent with 20C tempera-
ture stabilization, while other socio-economic 
policies continue to follow an autonomous track. 
In contrast, the ‘sustainable scenario’ places deep 
decarbonization within the bouquet of national 
sustainable development goals. In an integrat-
ed approach across diverse sectors, geographical 
scales and dimensions of sustainable develop-
ment, this scenario considers a multitude of lo-
cal, bottom-up and sectoral policies and measures 
targeting various objectives like SDGs, share of 
renewable energy, air quality standards, energy 
access and energy efficiency, waste reduction, de-
materialization and resources conservation. The 
prominent measures include the choice of urban 
form, investments in low carbon infrastructures, 
energy efficient building codes, fuel-economy 
standards, air quality standards, waste recovery 
mandates, water conservation policies, regional 
agreements for sharing rivers & infrastructures, 
and the wise us of common property resources. 
The conventional scenario overlooks these op-
portunities as the carbon price alone does not 
provide the adequate anchor for the market to 
pull these options
The conceptual bifurcation underlying the two 
scenarios is the treatment of the ‘social cost (or 
value) of carbon’. The starting point is the as-
sumption of identical carbon budget over 2010-
2050 in the two scenarios. In the conventional 
scenario, the social cost of carbon is same as the 
global carbon price trajectory, whereas, in the 
sustainable scenario, the shadow price of carbon 

corresponding to the carbon budget constraint is 
the surrogate for social cost of carbon.  
The sustainable scenario has a much lower so-
cial cost of carbon (Figure SM 30 left) compared 
to the conventional scenario, which measures 
the joint benefits of sustainability actions since 
incremental investments in actions aimed to 
achieve sustainability targets, in most cases, also 
generate lower carbon emissions. The conjoint 
benefits of targeted sustainability programs are 
sizable, especially in developing countries, due 
to pre-existing market distortions, weak insti-
tutions, uneven socio-economic development 
and geo-political risks. The incremental costs of 
sustainability programs are offset by lower social 
costs and reduced risks   Notably, deep decar-
bonization as implemented in the ‘conventional 
scenario’ would enhance risks from higher use 
of nuclear and CCS; in the sustainable scenario, 
primary energy demand is substantially lower 
and therefore also the need for high risk tech-
nologies.  
Another scenario would be where even under the 
sustainable scenario India participates in glob-
al carbon markets where the carbon would be 
priced at the same level as in the conventional 
scenario. In this case, the carbon budget in the 
sustainable scenario would be underutilized and 
the excess emissions credits could be monetized 
at the prevailing global carbon price, generating 
sizable revenues, around 0.7% of India’s GDP 
(Figure SM 30 right), which could partly pay back 
the economic cost from decarbonization actions. 
Under both interpretations, scenarios analysis 
for India shows that aligning national sustain-
able development and decarbonization policies 
lowers the social cost of carbon. Least social cost 
of carbon can be made an explicit goal, aiming to 
minimize external costs and risks from decarbon-
ization. To this end, the policies, measure and 
actions to attain SDGs and deep decarbonization 
target can be interwoven, everywhere, into least 
social cost of carbon.
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Country Case Study Australia  
Deep Decarbonization lowers 
net energy costs for households

By undertaking ambitious energy efficiency while 
decarbonizing energy use in residential build-
ings and personal transport, the Australian DDP 
finds that substantial emissions reductions can 
be achieved while also reducing the net cost of 
energy for households. 
As a result of energy efficiency in the home 
and car, the costs of energy and transport 
for households could be reduced by 13% per 

household as shown in Figure SM 31 below, 
despite increased capital costs and electricity 
prices. As income is expected to increase by 
over 50 percent over this period, this reduction 
in costs would represent a near halving in the 
energy and transport spend as a proportion of 
household income.1 

1 this assumes household income increases in line with 
GDP per household
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For homes, significant energy savings are availa-
ble in residential buildings which can contribute 
to offset the increase in the unit costs of elec-
tricity from a decarbonized electricity sector. Ap-
pliances using direct energy such as gas can also 
be replaced to run on decarbonized electricity to 
improve efficiency while eliminating direct emis-
sions. This combination of energy efficiency, fuel 
switching and decarbonization of electricity re-
duces overall emissions from residential buildings 
by 97%. Many houses are able to emit no green-
house gasses at all by running on electricity from 
a 100% renewable grid or rooftop PV.
These emissions reductions can be achieved 
without increasing the costs of energy as a pro-
portion of income per household. The Australian 
county team modelling results show that the 
cost of energy per household decreases by 22% 
even with an increase in unit costs of electricity. 
When the capital costs to improve the efficiency 
of buildings, appliances and equipment are con-
sidered, the overall costs to households increase 
by nearly 30%, although these energy costs fall 
by 17% as a proportion of income per household.
For cars, the costs of owning and running vehi-
cles can be reduced by 21% by employing more 
advanced efficient technology such as electric 
and plug in hybrid drivetrains with an overall 
trend to shift to smaller vehicles. 



57   Pathways to deep decarbonization � 2015 � Supplementary Material

Country Case Study Italy 

1

Country Case Study Italy  
Trade balance

Currently, Italy imports 80% of its energy re-
quirements, in particular coal and gas, and it is 
also a net importer of energy intensive com-
modities. Deep decarbonization pathways will 
move the energy and economic system away 
from fossil fuels and reduce the dependence of 
Italy on imported fossil fuels, and on imported 
energy-intensive goods.

In a framework of decarbonization efforts shared 
by all countries, macroeconomic effects on It-
aly’s trade balance will produce positive out-
comes in terms of either increased net exports 
or lower net imports, depending on the sector. 
The impact will be particularly strong in terms 
of reduced fossil fuel imports through increased 
reliance on domestic renewable sources, thus 
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Percentage change relative to the Reference scenario as a range for three DDPs. Positive changes represent improvements in the trade balance
(reductions in deficits or increases in surplus or both). Ranges in results show the variation across models (ICES and GDyn-E) and scenarios. 
Results on the individual energy intensive industries are from the GDyn-E model. 
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lowering energy dependence. In the decarbon-
ization pathways renewable energy sources 
would account for between 60% and 70% of 
the energy mix. 
Figure SM 32 shows the trade balance change 
in the DDPs in 2050 for fossil fuels and energy 
intensive sectors in 2050, compared to the refer-
ence scenario, taking into account recent pledges 
made by countries to limit CO2 emissions. The 
trade balance change in the graph is normalized 
as the difference of net exports between the DDP 
and Reference scenario, divided by the absolute 
value of net exports in the Reference scenario.
Positive changes in this graph represent improve-
ments in the trade balance, which can be caused 
by reductions in deficits or increases in surplus or 
both, with respect to the reference scenario. The 
trade balance positive effects can be caused by 
a contraction of imports, as in the case of fossil 
fuels, or an expansion of exports as for the en-
ergy intensive industries, or due to both effects 
combined. Imports of primary fossil fuels in the 
three DDPPs would be reduced between 55% 
and 76% while imports from energy intensive in-
dustries as a whole would decrease between 7% 
and 13%. The trade balance for energy intensive 
products remains negative but is reduced in all 
decarbonization scenarios.
For these industries and compared to the refer-
ence scenario, the most important trade deficit 
reductions would come from non-metallic min-
erals, chemicals and petrochemicals and iron and 
steel. However, in a low carbon world economy, 
Italy would become a net importer of refined oil 
products, instead of a net exporter.
In conclusion the policy-induced structural ad-
justment would improve the resilience of the 
Italian economy to fluctuations in international 
energy markets and their repercussions on energy 
intensive industries.
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Country Case Study Russia  
Deep decarbonization 
can improve the resilience 
of national economies 
to international conditions

The Russian economy currently relies heavily on 
the export of natural resources. Primary energy 
contributes around 70% to total export revenue, 
and when including minerals and metals the per-
centage goes up to 90%. Russia’s abundance of 
natural resources provides tremendous benefits 
and opportunities, but also creates risks, as clear-
ly demonstrated during the current economic 
slowdown that has followed the fall of oil prices. 
The obvious conclusion is that Russia’s natural 
resource export-led growth model is not sus-
tainable. Export-led growth dominated by raw 
materials has exhausted its potential and cannot 
provide the economic backbone to meet the so-
cial and environmental challenges of long-term 
development.1

Russian authorities have officially recognized 
that the modernization and diversification of 
the economy is an essential component of long 
run economic development. In 2009, President 
Medvedev initiated a set of modernization pro-

1 For discussion see Lugovoy, Mau (2015) “La Russie 
en quête d’un nouveau modèle de croissance”/ A 
Planet for Life 2015 - Building the Future We Want 
(in French).

grams.2 Their targets include decreasing the 
country’s dependency on oil and gas revenues, 
and creating a diversified economy based on 
high technology and innovation. The programs 
formulate five top priorities for technological 
development: energy efficiency/resource con-
servation, nuclear technology, and information 
technology and communications among them. 
At the turn of 2010-2011, at the request of 
President Vladimir Putin, a blueprint3 through 
to 2020 and beyond was defined to chart the 
direction for the reforms required, to form the 
basis for new sources of long-term growth and 
sustainable development. Priority was given to 
qualitative rather than quantitative growth. The 
economy can no longer rely on the export of 
raw materials, which not only creates instability, 
but fosters technological and institutional back-
wardness, high macroeconomic risks, and vul-
nerability to external shocks beyond the control 

2 For list of projects see http://www.i-russia.ru/ (in 
Russian).

3 Mau, Valadimir (ed), Kuzminov, Yaroslav (ed), (2013) 
Strategy 2020: New model of growth – new social 
policy. Moscow: RANEPA, vol. 1-2 (in Russian).

28 
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of the authorities. The new growth model must 
stimulate supply by improving the business en-
vironment, and promoting investments in R&D 
and human capital.
A decarbonization strategy is fully consistent 
with the officially announced long-term goals 
of modernization and reducing the Russian econ-
omy’s dependence on energy and raw-materials 
exports. This is true in two ways: First, the deep 
decarbonization scenarios we have considered 
assume that as greater demand for energy in-
novations unfold, on the supply and demand 
sides, significant investments will be made in 
energy efficiency and clean-energy technologies, 
creating room for large-scale economic impact. 
Second, based on our estimates, deep decar-
bonization leading to a 25% reduction in carbon 
emissions by mid-2030 versus 2010 would be 
linked to an additional cumulative investment 
of $200-$250 billion (in constant 2010 dollars, 
depending on the decarbonization strategy), 
creating important business opportunities. In 
addition, deep decarbonization would permit a 

net reduction of $30-$50 billion in total energy 
expenditures by 2030. Third, decarbonization 
aligns with the modernization of the energy sec-
tor and energy independence in the changes it 
would catalyze in the structure of investments. 
Decarbonization demands the more efficient 
utilization of resources and the decarbonization 
of electricity generation. Figure SM 33 demon-
strates the structure of investments under cur-
rent business-as-usual policies (BAU) and under 
a DDPP scenario. The DDPP scenario requires 
investing about 60% more in the power indus-
try by 2030, and investing more than 2.5 times 
more by 2050 than  BAU, with a significant shift 
towards non-fossil generation. Notably, this 
higher level of investment will not lift electric 
generation costs, because of fuel savings and 
the longer lifespan of some generation capac-
ities (such as hydro- and nuclear power plants). 
Sectors besides power generation will have to 
invest in energy efficiency and fuel switching as 
well; this shift assumes higher demand for in-
dustrial manufactured products and information 
and communication technology products and 
services, all of which are more labor intensive 
and have higher potential for long-term growth, 
thus stimulating more R&D.
We estimate the volume and quality growth in 
investment, plus the positive energy-bill savings, 
can add in average from 0.5% to 1.2% to Rus-
sia’s annual GDP growth vs. BAU, and a net gain 
in jobs from 0.2% to 0.6% a year, with higher 
demand for skilled labor.
Besides the direct economic impact, adopting 
real measures to limit greenhouse gas emissions 
can greatly strengthen Russia’s position in the 
global competition for investments, provide in-
centives for modernization, and unlock opportu-
nities for cooperation in the field of clean energy. 

Non Fossil Fuel

Fossil Fuel

Figure SM 33. Russia. Average annual investments in power generation 
from 2016 to 2030, and 2016-2050 by types.
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Country Case Study South Africa  
The development of CSP with 
Storage

The power generation sector in South Africa 
faces the twofold challenge of an significant in-
crease in electricity demand (consistent with de-
velopment priorities regarding access to energy 
services) and strong constraints on CCS, which 
requires a shift away from coal, which currently 
represents 92% of 2010 power generation. CCS 

is not considered as a feasible option in South 
Africa mainly because the coal mines are locat-
ed very far from potential storage sites. Despite 
these constraints, the electricity sector under-
goes almost complete decarbonization in the 
two DDPP scenarios, with the generation emis-
sions factor decreasing from 1065 to 35 and 38 
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g/kWh from 2010 to 2050 in Scenario 1 and 2 
respectively. The differences between the two 
scenarios are minor, especially as compared to 
the dramatic changes that happen over time. We 
focus here on scenario 1 only.
The decarbonization of power generation is pri-
marily achieved through the end-of-life retire-
ment of coal-fired power stations. Solar PV and 
wind start to contribute to electricity genera-
tion by 2020 with wind increasing significantly 
by 2030. In the long-term, only small amounts 
of gas contribute to the final generation mix, 
but gas does not become a significant electric-
ity source as CSP is cheaper than LNG; indeed, 
although solar CSP does not make a large con-
tribution until 2040, it then becomes the dom-
inant source of electricity by 2050. Non-fossil 
fuel technologies account for 89% of generation 
capacity by 2050 with solar PV and CSP with 
storage dominating at 63% of total capacity, 
and wind accounting for another 23%. 
The wide-spread use of solar PV on commercial 
and residential properties and, even more impor-
tantly, the additional CSP capacity are plausible 
given South Africa’s vast solar radiation resources 
(Fluri et al., 2009 and references therein). But, 
the underlying assumption is that cost declines 
will make these technologies affordable, notably 
compared to alternatives like nuclear, gas and 
wind technologies with which the cost tradeoffs 
are small. This means that this particular technol-
ogy mix could be exchanged for one with more 
wind or nuclear, without changing the fundamen-
tal result, which is decarbonization of the electric-
ity supply mix in a manner that does not hamper 
economic growth as investment costs are of a 
similar magnitude. However, CSP with storage, 
if available at affordable cost, offers certainly a 
particularly interesting solution for South Africa 
in that it makes the best use of an abundant do-
mestic sustainable resource, i.e. solar radiation. 
Conversely, it must be noted in turn that the 
important market potential offered by South 

Africa according to the DDPP scenarios (20 GW 
in 2040, 46 GW in 2050) could be crucial even 
from a global perspective. Indeed, the CSP op-
tion requires specific conditions of solar radia-
tion, it only uses direct sunlight and is suited for 
desert and arid areas, where the direct normal 
insolation is high. This means that the market 
potential will remain limited and that any oppor-
tunity to expand the global market for this tech-
nology, thus enabling costs decreases, can play 
an important role in creating incentives for re-
search and development. This chicken-and-egg 
issue (South Africa can adopt CSP only if costs 
decrease globally, but cost decreases depend on 
diffusion of the technology in South Africa) can 
be solved only through adequate policy schemes 
to encourage CSP uptake, without creating eco-
nomic distortions in terms of investment costs 
or the price of electricity.
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Country Case Study Australia  
Investment analysis including 
buildings and industry as well 
as sensitivity tests on different 
pathways 

The transition to a decarbonized economy will 
require investment in new low carbon capi-
tal assets across the economy, particularly in 
transportation, electricity generation, industri-
al equipment, and buildings. In many instances 
this investment can reduce expenses such as fuel 
costs and reduce overall operating costs in the 
economy.
The Australian modeling results suggest that 
while the overall investment in electricity, road 
transport and energy efficiency in industry and 
buildings grows significantly over time, it remains 
fairly consistent throughout the pathway as a 
proportion of GDP. As shown in Figure SM 36 
below, investment levels vary by only 0.1% of 
GDP for each decade between 2012 and 2050. 
Investment levels in those sectors in recent years 
is likely to have been about 0.3% or 0.4% of 
GDP lower. This is a very small variation when 
considering the overall level of investment in the 
economy, which in 2012 amounted to 27.1% 
of GDP.

Investment levels vary significantly within sub-
sectors, with in particular investment in energy 
efficiency and electricity generation increasing 
strongly, while investment in road transport 
equipment grows at a smaller pace than GDP. 
The decrease in road transport investment per $ 
GDP occurs despite investment in technologies 
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Figure SM 36. Australia. Average annual capital investment in electricity generation, 
road transport and energy efficiency in industry and buildings, $b 
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such as electric and hybrid vehicles. A continued 
trend towards smaller vehicles, increased urban 
density driving some shift to public transport 
and telecommuting, as well as operational im-
provements in road freight leading to increased 
vehicle utilization drives this decrease  which 
also results in a significant reduction in fuel use. 
The increase in capital investment required for 
decarbonization is strongest in the electricity 
generation sector. Overall investment in elec-
tricity generation in Australia has been low in 
recent years due to falling electricity demand and 
as political uncertainty has stalled investment in 
renewable energy. In 2013 and 2014 there was 
$A 2.2 billion and $A 2.3 billion in completed 
projects respectively (BREE 2014) with around 
2GW of capacity added in mostly wind and gas 
generation.
As part of the Australian DDPP, three electricity 
generation pathways were modelled (100% re-
newable grid, nuclear and CCS). In each of these 
modelled pathways, average annual investment 
in electricity generation increases to over 10 
times current investment, although this level 
of investment as a proportion of GDP remains 
below one percent. 

While this is a significant increase, experience 
shows that it can be achieved if the right finan-
cial incentives are in place. Larger increases in 
investment have been achieved in the energy 
sector in Australia over shorter periods of time. 
Indeed from 2009 to 2013 investment in oil and 
gas extraction increased from 0.5% of GDP to 
3.4% from the development of several major 
Liquefied Natural Gas (LNG) projects.
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Figure SM 37. Australia. Average annual capital investment modelled in DDPP scenarios compared to current value of completed generation projects
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Country Case Study USA  
Energy system costs in the US 
DDPP pathway 

The United States deep decarbonization analy-
sis employed a bottom–up modeling framework 
that tracked infrastructure related to the produc-
tion, delivery, conversion, and final consumption 

of energy in the U.S. economy. This accounting 
framework allowed for a detailed investigation 
of energy system costs and benefits to society 
from deep decarbonization, and also the chang-
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ing structure of energy costs over time. Here, the 
findings of the U.S. cost analysis are consistent 
with the findings of the DDPP global investment 
analysis.   Across all U.S. deep decarbonization 
scenarios, the net cost of energy supply and use 
increases slightly, on the order of 1% of GDP in 
2050, with a wide uncertainty range.  However, 
as the economy expands, overall energy spend-
ing actually declines as a percentage of GDP.  The 
principal impact of deep decarbonization on the 
energy economy is thus not an overall increase 
in spending, but a fundamental shift in the direc-
tion of that spending. Instead of consumers and 
businesses continuing to expend vast sums on 
refined fossil fuels  at the pump, spending is in-
stead directed toward investment in low carbon 
technologies on both the supply and demand 
sides of the energy system. Figure SM 38 shows 
the levelized cost impacts of these changes com-
pared to a reference fossil fuel-based future. 
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Country Case Study Australia  
Deep decarbonization as a 
booster for energy productivity

Like many other countries, Australia has expe-
rienced substantial increases in energy costs in 
recent years. Over the past decade, energy costs 
have grown by 67 per cent, and are now equiva-
lent to 8.2 per cent of total GDP. Reducing these 
costs through improved energy productivity is 
becoming an increasingly important considera-
tion for countries seeking to improve resilience to 
rising or fluctuating energy prices, and economic 
competitiveness.

Many of the activities that reduce greenhouse 
gas emissions can also improve energy produc-
tivity. For example, Australia currently lags be-
hind its peers in energy productivity, and would 
fall further behind if current trends continued 
(see chart below). However, implementing the 
deep decarbonization pathway would deliver a 
doubling of Australia’s energy productivity by 
2030 compared to 2010 levels, bringing it back 
in line with the US.
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Like labor and capital inputs, energy inputs are 
essential for economic activity, driving our office 
buildings, our homes, our factories and transpor-
tation systems. Energy productivity refers to the 
amount of economic activity that is generated for 
each unit of energy consumed. Energy productivity 
can be improved through improvements in the effi-

ciency with which energy is produced, transported 
and consumed.
All three pillars of decarbonization would con-
tribute to the modelled improvement in energy 
productivity, with energy efficiency providing the 
largest contribution (see chart below).   
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Country Case Study France  
Adaptive and dynamic 
management of the transition 
to accommodate uncertainties 

Strong uncertainties and inertias characteriz-
ing the building blocks of the deep decarbon-
ization transformation.  This makes sequential 
decision-making necessary in the course of the 
transition, to build upon continual learning and 
permit the adaptation of policies in response to 
experience and increasing information over time 
(Dewey, 1927). In such a context, an important 
role is played by policies that make the transfor-
mation more robust, (i.e. suited to very different 
economic or technological environments, at the 
domestic and international level) and resilient 
(i.e. that swiftly recover their balance and func-
tionality in the event of crises, accidents or acute 
instability).  These include: 

 y Policies and Measures that are common to all 
pathways, in the sense that deep decarboniza-
tion becomes increasingly challenging if they 
are not implemented, at least during the initial 
launching phase. 

 y Policies and Measures that are constrained by 
severe inertia and delays in response or de-

ployment, and for which near-term action is 
required in order to make possible their gradual 
deployment at scale over the course of the 
transition; 

 y Policies and Measures which preserve future 
freedom of choice by encouraging the extended 
use of existing facilities and/or systems (avoid-
ing lock-ins), thus leaving time to get more 
information, reduce uncertainty and broaden 
the scope of possible future outcomes.

With this kind of perspective, policies must be 
reviewed and re-appraised at regular intervals. 
According to a ‘rule of seven’1, the deep decar-
bonization to 2050 would require a revision of 
policies every five years. Combined with a pre-
cise monitoring process, this revision would pro-

1 This rule recommends to divide the timeframe of a 
policy scenario by seven as a simple way to organize 
its design, implementation and recurrent review . It is 

notably recommended  by Ged Davis (former head 
of SHELL’s Group Planning, now World Economic Forum 
and World Energy Council) 
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vide the basis for dynamic management of the 
transition corresponding to a new paradigm for 
policy design in a context of strong uncertainty.  
Policymakers would create a strategic vision of 
the future, commit to short term actions and 
establish a framework to monitor the results and 
adapt decisions in a flexible manner. This analysis 
argues in favor of setting up in every country an 
institutional management system for low-car-
bon energy transition, comprising:

 y Imperatives, i.e. objectives which must be 
achieved regardless of the strategy (long-
term emission target but also socio-economic 
targets);

 y Short-term goals consistent with the long-
term objective, against which the performance 
of the transformation can be assessed;

 y Timely decisions for large programs or infra-
structures that involves a significant degree 
of inertia.
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Country Case Study UK  
Case Studies, Institutional 
capacity for delivering DDPs

DDPs require both a strong policy package to 
start moving towards deep decarbonisation but 
also the development of institutional capacity. 
Drawing from the UK example, there are a num-
ber of principles that provide a basis for estab-
lishing this institutional capacity:
1. A long term framework in legislation but with 

interim goals. The Climate Change Act 2008 
established that Government must ensure that 
the net UK carbon account for the year 2050 is 
at least 80% lower than the 1990 baseline.1 
Legislation ensures two things; that Govern-
ment should be legally accountable to its cit-
izens, and that action should not be bounded 
by the electoral cycle. The Act also required 
interim 5 yearly carbon budgets to be estab-
lished, to focus mid-term action to ensure 
progress to the longer term 2050 target.

2. De-politicisation of the process through in-
dependent advice. The Government has inde-
pendent advisors, the Committee on Climate 
Change (CCC), who are mandated under the 
Climate Change Act 2008 to provide advice 

1 Climate Change Act 2008, http://www.legislation.
gov.uk/ukpga/2008/27/contents

relating to the setting of carbon budgets, and 
monitoring progress. While this guidance may 
or may not be taken, the Government is re-
quired to respond to such advice.

3. Transparency of advisory and policy process, 
and accountability. In addition to de-politicis-
ing the setting of ambition levels, advice can 
also be a basis for transparency in providing 
guidance, and if rigorous, engender greater 
levels of public trust. The CCC and Govern-
ment, through the lead department, DECC, 
publish much of the supporting evidence that 
helps formulate the advice and policies.2   
Accountability is also critical. The annual 
reporting by the CCC of progress is also an 
independent check on Government action 
across all sectors, against a range of indicators. 
Figure SM 42 illustrates the recent assessment 
of the policy gap and policy delivery at risk in 
meeting the ambition level to 2030 for power 
sector decarbonisation. 

2 The modelling framework used in the UK DDPP report 
is also being used in the 5th Carbon Budget process, 
to determine the 5 year budget between 2028-2032. 
Through a joint DECC-UCL collaboration, this model 
will be published online as an open access resource, 
with full documentation. 
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4. Strong and diverse analytical capacity. A strong 
basis for analytical capacity provides both in-
dependent advisors, the CCC, and DECC, the 
necessary support to provide advice and make 
evidence-based policies, respectively. Differ-
ent tools are needed for different objectives, 
the capacity for which cannot be held solely 
by Government. 

In summary, it is worth noting that policies still 
need to be developed by governments within 
political realities. However, establishing a long 
term framework, provision of independent ad-
vice, ensuring transparency and accountability, 
and developing analytical capacity to help de-
cision making, are all important principles that 
should aid the development and implementation 
of DDPs. 

Outturn
Source: CCC (2015). Meeting Carbon Budgets – 

2015 Progress Report to Parliament. 
The Committee on Climate Change. June 2015.

http://www.theccc.org.uk/wp-content/uploads/2015/06/6.737_CCC-BOOK_WEB_030715_RFS.pdf
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Country Case Study Australia  
Implementation framework 
towards different groups 
of stakeholders

The Deep Decarbonization Pathways developed 
for Australia have identified that achieving zero 
net emissions by 2050 is technically feasible in 
Australia, and can be achieved in tandem with 
ongoing economic prosperity. In order to help fa-
cilitate this transition, a framework which trans-
lates the pathways into actions to be taken by key 
decision makers across business, government and 
the investment community has been developed. 
The actions can be broken into three broad cat-
egories:

 y Accelerate actions now to increase deploy-
ment of profitable technologies, reduce cost 
of demonstrated technologies and facilitate 
exit of emission intensive technologies;

 y Avoid lock-in of emissions from long lived as-
sets by providing long-term signals and ensure 
compatibility of new assets;

 y Prepare for the future through increased R&D, 
building supply chains and capabilities and un-
dertaking appropriate planning.

For businesses, this means taking a strategic 
approach to emission reductions through iden-

tifying opportunities, setting targets and imple-
menting a portfolio of opportunities that meet 
internal hurdle rates. Implementing an internal 
price on carbon will also assist in driving invest-
ment decisions, and review of exposure and op-
portunities in a decarbonized future will help 
ensure decisions are made in the appropriate 
context. 
Within Australia, ClimateWorks has briefed a 
range of businesses on the implications of decar-
bonization, and continues to work with business-
es to understand their risks and opportunities 
and develop decarbonization strategies.

For government, this means establishing pol-
icy to drive uptake of energy efficiency and low 
carbon energy. In the short term it also requires 
a leadership role in terms of government’s own 
procurement and operation, for example low 
carbon electricity procurement, vehicle fleet 
management and office energy performance. To 
avoid lock-in of emissions government can im-
plement energy efficiency standards for buildings 
and vehicles, place more stringent requirements 
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on environmental and planning approvals, and 
invest in infrastructure such as public transport. 
To assist in preparing for the future governments 
can provide incentives for innovation and R&D, 
and support capacity building of key supply 
chains such as bioenergy.
ClimateWorks and ANU have worked across both 
national and state governments in Australia, to 
translate the research undertaken for the Deep 
Decarbonization Pathway into suitable material 
to inform policy development. This has includ-
ed identifying the potential for improvements 
to energy productivity (see Case Study 32), and 
identifying the potential post-2020 emission re-
ductions that are feasible within Australia. It has 
also led to the development of projects to help 
upgrade Australia’s commercial building code 
to improve energy efficiency, and develop light 
vehicle emission standards for Australia.

For investors, the focus is on quantifying the 
potential exposure to decarbonization in their 
existing portfolio and investing in low carbon 
assets into the future. In order to avoid lock-in, 
investors can work with businesses they invest 
in to mitigate their exposure, and support the 
development of new technologies through in-
vesting in early stage R&D.
ClimateWorks has begun working with the in-
vestment community in Australia, and inter-
nationally. This work is focused on increasing 
awareness amongst the investment community 
of the risks decarbonization can present, and also 
working to help the investment community un-
derstand the potential financial benefits energy 
efficiency can provide.

Table SM 5. Australia. Key actions to be taken by business, government and investors to implement the Deep Decarbonization Pathway 

Accelerate 
action now 
to reduce 
emissions

Avoid 
lock in of 
emissions 
intensive 
technologies

Deploy profitable 
technologies
Accelerate cost reduction of 
demonstrated technologies
Accelerate exit of emissions 
intensive technologies

Establish clear long-term 
signals to inform investment 
decisions
Ensure new assets are 
compatible with the long-
term pathway

Prepare 
for the 
future

Accelerate R&D

Build the supply chains, 
skills and capabilities 
Plan transition

Central government tools examples

National targets for EE and RE

Incentives for EE & RE (subsidies, 
tax rebates, feed-in-tariffs, reverse 
auctions, carbon pricing/ETS)
Information (disclosure of building 
energy performance at sale/lease, 
info & audits for HH & SMEs)
Government leadership in 
procurement (buildings, vehicles)

Minimum standards for long-lived 
assets (buildings, cars, industrial 
plant, infrastructure, generators)
Planning and other approvals 
reflect long-term goal (eg. mining 
licences; forestry licenses)
Develop supporting infrastructure 
(eg. public transport, EV charging)

Business tools examples

Set internal emissions 
reduction targets
Develop a strategy for 
emissions reductions
Make sure hurdle rates for 
energy efficiency and 
renewable energy are 
appropriate and implement all 
cost-effective opportunities

Implement internal carbon 
price reflecting long term goal 
to drive investment decisions
Develop deep decarbonisation 
pathways for company
Pilot / test new low-carbon 
technologies and identify those 
profitable to implement

Identify potential growth 
sectors and invest in R&D, etc.
Develop business models which 
could facilitate uptake of new 
low carbon technologies

Tax breaks for innovation/research; 
grants for pilots & capacity building
Ongoing national decarbonisation 
planning for green growth 
(eg. biorefineries with local feedstocks) 
and transition

Investors tools examples

Quantify carbon risk and 
opportunity in existing 
portfolio and redirect 
investment from highly 
exposed assets to 
low-carbon assets
Engage with companies in 
portfolio to reduce their 
carbon exposure

Encourage companies in 
portfolio to implement internal 
carbon price and develop deep 
decarbonisation pathways

Do not invest funds in new 
assets incompatible with two 
degrees target

Invest in promising low-
carbon technologies and 
enabling sectors

Note: EE = Energy Efficiency, RE = Renewable Energy, HH = Households, SME = Small and Medium-sized Enterprises, ETS = Emissions Trading Scheme , EV= Electric Vehicles, R&D = Research and Development

Key actions



75   Pathways to deep decarbonization � 2015 � Supplementary Material

Country Case Study Germany  

1

Country Case Study Germany   
Participation process

After Germany experienced strong opposition 
against nuclear power plants in the past, today 
the generally welcomed energy transition is--on 
a micro level--also facing opposition, particularly 
against wind power and new transmission lines. 
The arguments citizens raise are mainly for aes-
thetic and health reasons. Furthermore, some 
citizens suspect a hidden agenda with most de-
cisions on the ‘Energiewende’ being made be-
hind closed doors, and with interests not being 
transparent. 
Although such public conflicts exist, a joint fed-
eral initiative to increase acceptance through 
participation has long been lacking in Germa-

ny1. However, the number of public participation 
projects has increased sharply in recent years as 
decision makers realized that participation can 
be a useful instrument when communicating 
information is not enough.  Rather, concerns 
need to be integrated, local knowledge needs 
to be gathered, conflicts need to be resolved and 
shared recommendations need to be produced. 
Participation does not produce acceptance, but 

1 The German government now initiated a participation 
process aiming at generating inputs for a national 
Climate Protection Plan. Similar to the process in 
North-Rhine Westphalia, it should constitute a 
roadmap to achieve GHG mitigation targets.
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it does enable citizens to become owners of a 
process and encourages tolerance of the policy.
A broad participatory process was e.g. conducted 
by the state of North Rhine-Westphalia (NRW), 
the German state with the highest amount of 
fossil fuel-fired power plants and energy-inten-
sive industries. The process was based on NRW’s 
climate protection law (Climate Protection Act) 
where concrete GHG emission mitigation goals 
have been fixed for 2020 (-25% vs. 1990) and 
2050 (-80%). The output of the participation 
process constitutes the basis for the so-called 
‘Klimaschutzplan’ (Climate Protection Plan), the 
road map containing strategies and measures for 
achieving NRW’s mitigation targets. 
In an effort to develop inputs for the ‘Kli-
maschutzplan’, politicians engaged in discussions 
with more than 400 different stakeholders along 
six sectoral working groups (cf. Figure SM 43). 
They debated in a systematic process over a pe-
riod of two years e.g. on appropriate technolo-
gies to obtain the decarbonization targets, the 
integration of these technologies into consistent 
pathways, possible impacts of the pathways and 
appropriate policy instruments supporting the 
process. 
With the participation process, the NRW gov-
ernment decided to intensively engage relevant 
stakeholders already in the development of the 
‘Klimaschutzplan’. After two years several added 
values could be detected: 

 y Specification of relevant stakeholders for am-
bitious climate protection policy in NRW

 y Significantly improved knowledge about miti-
gation potentials and scenarios in NRW

 y Stakeholder assessment of mitigation meas-
ures 

 y Buildup of highly productive discussion culture 
among stakeholders

 y Increased awareness for different perspectives 
among stakeholders

 y Confidence building between stakeholders and 
ministries

 y Better chance to implement mitigation meas-
ures due to joint development with stakehold-
ers

 y Starting point for further dialog structures with 
stakeholders (e.g. dialogue with industry) 

Generally, evaluations of participation processes 
tend to show that although not all projects are 
successful in terms of implementing a specific 
infrastructure (e.g. a windmill), they do reach 
important goals such as knowledge creation, 
conflict resolution etc. 
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Country Case Study Canada  
The Canadian policy package 

To reach deep decarbonization, the DDPP Cana-
dian scenario relies on a combination of policies 
and measures, among which the main elements 
are 
1. Best-in-class mandatory energy and GHG in-

tensity regulations requiring the use of zero or 
near-zero emission technologies in the build-
ings, transport and electricity sectors, applied 
to all new installations and retrofits:

 y In buildings, regulations would trend down to 
require net-zero-energy residential buildings 
after 2025, and commercial buildings after 
2035. This would be enabled by highly effi-
cient building shells, electric space and water 
heaters with heat pumps for continuous load 
devices, solar hot water heaters and eventually 
solar photovoltaic (PV) as costs fall. Commu-
nity heating opportunities identified through 
energy mapping is also an option. 

 y In transport, personal vehicles and light freight, 
because they have several options (efficiency, 
electrification, bio fuels, hydrogen and mode 
shifting), would be on a rolling 5-year schedule, 
with the announced long-run goal being for all 
new vehicles to decarbonize in the early 2030s. 
Heavy freight vehicles that have more limit-
ed options (including some rail-based mode 
shifting, efficiency, biofuels and hydrogen—

batteries are not sufficiently power dense for 
freight) would be on a schedule to decarbonize 
by 2040. 

2. Mandatory 99 per cent controls for all landfill 
and industrial methane sources (landfill, pipe-
lines, etc.). Any remaining emissions would be 
charged as per the following policy. 

3. A hybrid carbon-pricing policy, differentiated 
by heavy industry and the rest of the econ-
omy: 

 y A tradable GHG performance standard for 
heavy industry (including electricity), evolving 
from -25 per cent from 2005 in 2020 to -90 
per cent before 2050, using output-based al-
locations to address competiveness concerns. 
If desired, an absolute cap and trade system 
could be implemented instead with mostly 
similar effects. 

 y A flexible carbon price, either a carbon tax or 
an upstream cap and trade, covering the rest 
of the economy, rising to CDN $50 by 2020 
and then in $10 annual increments to 2050.3 
The funds are recycled half to lower personal 
income taxes and half to lower corporate in-
come taxes. The charge would be flexible based 
on progress, notably on technologies. 

4. A land-use policy package that values the 
net carbon flows of large parcels of land. The 
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policy would provide standardized valuation 
and accounting for net carbon flows on agri-
cultural, forested, brownfield and wild private 
lands. Government lands would be managed 
including net carbon flows in the mandate. 
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Country Case Study Indonesia  
Unrecovered resource: the case 
of Indonesia coal

Global deep decarbonization through deep re-
duction in fossil fuel use means a considerable 
amount of fossil energy resources must remain in 
the ground. This will have economic implications 
for fossil energy exporting countries.  
As an illustration, we take Indonesian coal as a 
case study. Indonesia, with a total coal reserve 
and resource of 29 and 115 billion tonnes, is a 

major coal producer and one of the world’s top 
coal exporters. In 2014, Indonesia coal produc-
tion amounted to 435 million tonnes, of which 
around 359 million tonnes is for export. In the 
past 10 years coal production has been increasing 
steadily at an average growth of 12% per year, 
from 132 million tonnes in 2004 to 435 million 
tonnes in 2014. In the past two years, however, 
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growth has slowed to 3% per year. Based on this 
historical trend and coal resource endowment, 
Indonesia coal production is forecasted to reach 
around 725 million tonnes in 2050,whereas global 
deep decarbonization means instead a sharp de-
cline to only around 20 million tonnes in 2050 
(Figure SM 44) The cumulative loss of production 
opportunity from 2016 to 2050 caused by deep 
decarbonization is around 14 billion tonnes. To 
give an order of magnitude, using the current val-
ue of Indonesian coal at $60/tonne,  this leads to 
a cumulative production loss of 840 billion US$. In 
addition, there will be other losses associated with 
this loss of production, notably stranded assets 
in coal production capacity and associated losses 
of employment. It must be noted, however, that 
Indonesia’s deep decarbonization pathway would 
include substitution of coal by renewables and 
nuclear and gain some positive economic impact 
from the creation of domestic renewable energy 
industry. 
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