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1What is the DDPP?

Purpose: The Deep Decarbonization Pathways 
Project (DDPP) is a collaborative global research 
initiative seeking to understand how individu-
al countries can transition, on a technological, 
socio-economic and policy “pathway”, to a 
low-carbon economy consistent with the inter-
nationally agreed goal of limiting anthropogenic 
warming to less than 2 degrees Celsius (2°C). 
Achieving this goal requires that the world cut 
global net emissions of greenhouse gases (GHG) 
so that they approach zero between 2050 and 
2075, consistent with the Intergovernmental 
Panel on Climate Change (IPCC)1 2014 findings 
that to ensure a better-than-even chance of re-
maining below a 2°C temperature rise, global an-
nual emissions will need to be reduced 42%–57% 
by 2050 (relative to 2010), and 73%–107% by 
2100. This will entail, more than any other factor, 
the profound transformation of energy systems 
through steeply reducing carbon intensity in all 
sectors of the economy. We call this transition 
“deep decarbonization” and our products, Deep 
Decarbonization Pathways (DDPs).

Organization: The DDPP, which was formed 
in October 2013, consists of domestic research 
teams from 16 countries representing 74% of 
current global GHG emissions: Australia, Brazil, 
Canada, China, France, Germany India, Indone-

sia, Italy, Japan, Mexico, Russia, South Africa, 
South Korea, the United Kingdom and the United 
States. The teams consist of scholars from lead-
ing research institutions acting independently 
and who do not necessarily represent the official 
positions of national governments. The DDPP 
is convened by the Sustainable Development 
Solutions Network (SDSN) and the Institute for 
Sustainable Development and International Re-
lations (IDDRI), coordinated by a joint secretariat 
of these organizations.

Approach: The DDPP fills a gap in the climate 
policy dialogue by providing, in the form of deep 
decarbonization pathways (DDPs), a clear and 
tangible understanding of what will be required 
for countries to reduce emissions, consistent 
with the 2°C limit. The research teams devel-
oped these DDPs as blueprints for change, sec-
tor by sector and over time, for each country’s 
physical infrastructure—such as power plants, 
passenger and commercial vehicle fleets, build-
ings and industrial equipment—to inform deci-
sion makers about the technological and cost 
requirements of different options for meeting the 
emissions reduction goal. DDPs are not forecasts 
but “backcasts,” a term for the process of de-
fining a desirable future and working backwards 
to identify the policies and programs needed to 

1	

1	 See Table SPM.1 in the WGIII summary for policymakers, available at: �  
http://www.ipcc.ch/pdf/assessment-report/ar5/wg3/ipcc_wg3_ar5_summary-for-policymakers.pdf

http://www.ipcc.ch/pdf/assessment-report/ar5/wg3/ipcc_wg3_ar5_summary-for-policymakers.pdf
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reach that future from the present. DDPs begin 
with an emissions target in 2050 and determine 
the steps required to get there. In many coun-
tries, the DDP analysis was an iterative process 
in which researchers gradually increased the 
depth of emission reductions the countries could 
achieve by adjusting  the assumptions they con-
sidered. Country teams autonomously defined 
their targets, chose their analytical methods and 
incorporated into their scenarios national aspi-
rations for development and economic growth, 
taking into account national circumstances such 
as existing infrastructure and natural resource 
endowments. At the same time, the DDPP is 
highly collaborative. Country teams transpar-
ently shared methods, modelling tools, data and 
results.

Results: The DDPP issued a report on the first 
phase of its work, preliminary findings on tech-
nically feasible pathways, at the UN Climate 
Summit in September 2014, at the invitation 
of Secretary General Ban Ki-moon. This report 
summarized each country team’s initial research. 
In the fall of 2015, all 16 teams published stand-
alone reports describing in greater detail their 
research into national DDPs. This 2015 Synthesis 
Report provides a cross-cutting analysis of the 
aggregate results, complementing the execu-
tive summary published in September 2015. All 
reports and results are available on the DDPP 
website: www.deepdecarbonization.org.

What is new in this iteration of the DDPP? 
Since the 2014 DDPP Synthesis Report, all 16 
research teams have issued new reports analyz-
ing the deep decarbonization of their countries’ 
energy systems, the focus of the cross-cutting 
analysis developed in this report. Some of the 
individual country analyses consider sources of 
carbon emissions other than energy, or other 
greenhouse gases, according to their impor-
tance in their national emissions profile. The 

2015 country reports include new pathways, 
demonstrating that there are additional tech-
nical options for reaching deep decarbonization 
goals, increasing the robustness of their analysis. 
For some countries, the 2015 reports demon-
strate more ambition, reaching deeper emis-
sions reductions than those reported in 2014. 
The country reports also delve more deeply 
into how national priorities intersect with deep 
decarbonization, and describe their policy pack-
ages accordingly. For developing countries, the 
reports clarify the enabling conditions, including 
support from the international community, for 
them to fully incorporate deep decarbonization 
into their development strategies. This 2015 
Synthesis Report analyzes aggregate annual and 
cumulative emissions; their relation to the 2°C 
limit; investment requirements in aggregate; 
and how to reduce, through engaging global 
markets, the cost of the technology that will 
be necessary.

http://www.deepdecarbonization.org
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2Is Limiting Global Warming to 2°C 
Achievable?

2.1  Deep decarbonization is 
technically feasible

Deep decarbonization of today’s highest 
emitting economies can be achieved while 
accommodating  economic and population 
growth. Each country team produced several 
technically feasible DDPs—pathways to the suc-
cessful deep decarbonization of their economies. 
National economies at different stages of de-
velopment and different national circumstances 
follow different types of emission profiles (see 

further discussion below) but, in aggregate across 
the 16 DDPP countries, by 2050 energy-related 
CO2 emissions were reduced under the modeled 
scenarios to 9.9 - 12.1 Gt CO2, or 46%-56% 
below 2010 levels (Figure 1). The scenarios took 
into account country-specific forecasts of popu-
lation evolution adopted in the DDPP pathways, 
that in aggregate lead to expected population 
growth of 17% from 2010–2050 across the 16 
countries, consistently with the UN medium fer-
tility scenario.2 The scenarios  accommodated 
cumulative aggregate GDP growth of 250%—a 

2	
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Figure 1. Emissions trajectories for energy CO2, 2010-2050, showing most ambitious reduction scenarios for all DDPP countries. 
2050 aggregate emissions are 56% below 2010 levels.

2	 Although some of the country population assumptions were not directly obtained from UN forecasts, the global 
aggregate is similar with those projections. 
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global average rate of 3.1% per year through 
2050. Considering the most ambitious of the 
modeled scenarios in each country lead to re-
duced average per capita emissions in 2050 of 
2.1 tCO2 per capita across the 16 countries, with 
average emissions per unit of GDP reduced 87%, 
relative to 2010. 
Every national Deep Decarbonization Pathway 
involves the drastic decoupling of emissions 
from economic (GDP) and population growth by 
2050. The characteristics of the 16 DDPP coun-
tries that most directly determine approaches 
to deep decarbonization, including their level of 
economic development and the initial carbon 
intensity of their energy systems, are diverse. 

Figure 2 illustrates each country’s initial (2010) 
and post-decarbonization (2050) standing along 
these two dimensions, as quantified by  GDP per 
capita (horizontal axis) and energy-related CO2 
emissions per capita (vertical axis).  
All pathways start with country teams defining 
socioeconomic goals and national circumstances 
and assessing their core socio-economic assump-
tions accordingly (see more extensive discussion 
in Section 3), as illustrated by the assumptions 
on GDP growth rates displayed in Figure 3. 
The set of the 16 most ambitious pathways dra-
matically reduce emissions intensity, measured 
by per unit of GDP (reduced by 87% in aggregate) 
or per capita (reduced by 62% in aggregate), 
holding population and GDP growth at the levels 
noted above. Reductions in the carbon intensi-
ty of GDP range from 80% to 96% across the 
16 countries (Figure 4b). The clustering of car-
bon-intensity trajectories shows that, under the 
modeled scenarios, all DDPP countries under-
go true transformations, even as their absolute 
emissions trajectories reflect different stages of 
economic development. Most of the ambitious 
pathways achieve 2050 energy-related emission 
levels at or below 2 tCO2 per capita, with many 
near 1.5 tCO2 per capita (Figure 4a)3. Although 
all countries dramatically reduce in emissions 
per unit of GDP, the figures highlight three very 
distinct types of per capita emissions profiles:
- Fast and profound declines in developed econ-
omies with moderate GDP growth rates.
- Peak, plateau and decline trajectories in emerg-
ing economies.
- Stabilization of emissions in low-Income and 
lower-middle income countries (India and Indo-
nesia in our DDPP sample). 

Figure 2. GDP and energy-related emissions per capita across the 16 countries
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Australia's GDP per capita increases by 56% between 2012 and 2050 in local currency. 
The small increase observed in the graph is due to �uctuations in the exchange rate 
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3	 China and South Africa display higher emissions per 
capita in 2050 (around 3.5tCO2), although experiencing 
similar levels of decoupling of emissions and GDP as in 
other countries. This result can be understood in light of 
two shared traits: (1) a very carbon-intensive initial energy 
system and (2) the need for fast enough short-term 
economic growth to satisfy their development priorities.
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2.2  Deep Decarbonization of the 
energy system Rests  on Three 
Pillars

All pathways incorporate, at scale, effi-
ciency and conservation, decarbonization 
of fuels and electricity, and the switch to 
low-carbon energy.
Following the decomposition CO2/GDP = CO2/
Energy * Energy/GDP, reducing the carbon inten-
sity of GDP (CO2/GDP) is the result of decreasing 
the energy intensity of GDP (Energy/GDP) and 
the carbon intensity of energy (CO2/Energy). 
Reducing the energy intensity of GDP can be 
achieved through energy efficiency and conser-
vation (pillar one of deep decarbonization is en-
ergy efficiency and conservation). Reducing the 
carbon intensity of energy comes about through 
a combination of decarbonizing electricity and 
fuels (pillar two is decarbonizing electricity and 
fuels) and switching to low-carbon sources in 
most energy end-uses (pillar three is switching to 
low- and eventually zero-carbon sources).

The three pillars of energy system transfor-
mation

yy Energy efficiency and conservation: Low-
ering the energy consumed per unit of GDP 
(energy intensity) by technically improving 
products and processes, including waste re-
duction and structural and behavioral changes. 
Examples in transport include improving vehi-
cle technologies, smart urban design and op-
timizing logistical chains; in buildings, improv-
ing end-use equipment, architectural design, 
building practices and construction materials; 
in manufacturing, improving equipment, pro-
duction processes, material efficiency and the 
re-use of waste heat.

yy Decarbonizing electricity and fuels: Re-
ducing the carbon content of all transformed 
energies: electricity, heat, liquids and gases. In 
the power sector, replacing uncontrolled fossil 

fuel-based generation with renewable ener-
gy (e.g., hydro, wind, solar and geothermal), 
nuclear power and/or fossil fuels with carbon 
capture and storage (CCS). For on-site and 
in-vehicle combustion, decarbonizing  liquid 
and gas fuels through the diffusion of biomass 
fuel and/or synthetic fuels (e.g. hydrogen) pro-
duced through low-carbon processes.

yy Switching energy end-uses to lower-car-
bon, and eventually zero-carbon, energy 
carriers (e.g. electricity, hydrogen and bi-
ofuels): Initially, for example, shifting from 
coal to natural gas; in the longer run, shifting 
to decarbonized energy carriers, e.g. electrifi-
cation of space and water heating and cool-
ing; adoption of electric, biofuel or hydrogen 
vehicles; and industry directly using biofuels, 
hydrogen or synthetic natural gas (syngas).

In all DDPs, the pillars interact; deep 
decarbonization is only achieved when  the 
pillars are implemented at sufficient scale. 
All pathways incorporate these three pillars in 
an interactive way. For example, energy efficien-
cy and conservation (pillar 1) reduces potential  
electricity demand and therefore facilitates the 
decarbonization of electricity (pillar 2) by limit-
ing the need for deployment of low-carbon gen-
eration. Deep decarbonization of electricity and 
fuels (pillar 2) is a necessary condition to make 
some fuel switching options (pillar 3) actually 
beneficial from a decarbonization point of view, 
like in the example of electric use in industrial 
or transport activities. And fuel switching (pillar 
3) can support energy efficiency (pillar 1) when 
the associated options are more energy effi-
cient, like electric vehicles compared to thermal 
combustion engines. This highlights that deep 
decarbonization cannot be achieved if any of 
these pillars is implemented at insufficient scale.
In all the DDPs, the decarbonizing measures that 
were considered rely on technologies already com-
mercially available, or are expected to be within 
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the time frame of the analysis, given the current 
stage of research and development (R&D). The 
DDPs show that there are multiple ways to imple-
ment the three pillars, with country-specific strat-
egies, technology mixes and sequences of action. 
These are detailed in individual country reports.
The modeled scenarios demonstrated that 
through energy efficiency, pillar one, a country 
can reduce the energy intensity of its GDP by an 
average of 64% (2.5%/yr from now to 2050). 
Nearly all the modeled countries’ economies be-
come 2–4  times more energy efficient in 2050, 
compared to 2010. This is accomplished through 
measures such as improving vehicle fuel econo-
my, building design and construction materials, 
the efficiency of appliances, industrial processes 
and machinery, along with conservation meas-
ures such as urban design that encourages walk-
ing and bicycling. 
In all the DDPs modeled, decarbonization (pillar 
two) and fuel switching (pillar three) are imple-
mented. Electricity becomes nearly carbon-free 
by 2050, with average carbon intensity across 
the countries reduced by a factor of 15 below 
its 2010 value (Figure 6).4 This is accomplished 
by replacing most uncontrolled fossil fuel-based 
electricity generation with varying mixes of re-
newable energy (wind, solar, geothermal and 
hydropower) nuclear power, or fossil-fuel gen-
eration with CCS. In addition, liquid and gas fuel 
supplies are decarbonized using biomass fuels 
with low- or net zero carbon emissions (e.g. eth-
anol and diesel based on switchgrass or algae), 
hydrogen produced from decarbonized electrici-
ty, or synthetic natural gas produced using elec-
trolyzed hydrogen and captured CO2. 
Overall, the most significant trend in final en-
ergy consumption is the replacement of coal by 
natural gas and eventually, of all fossil fuels by 
electricity and other zero-carbon energy carri-

4	 Only the UK DDPs considered bioenergy with CCS, in contrast to many of the IPCC AR5 scenarios that are (2°C) 
compatible (Fuss et al, 2014). Adding bioenergy with CCS to other country DDPs would make hitting the targets 
easier. http://www.nature.com/nclimate/journal/v4/n10/full/nclimate2392.html
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ers. Much of the direct fossil fuel combustion in 
end-use equipment, such as automobiles, build-
ing heating and cooling and industrial boilers, is 
replaced by decarbonized electricity. The share 
of electricity in final energy consumption finally 
doubles to more than 40% (Figure 7). 

The three pillars’ contribution to decarbon-
ization changes with time
A time profile analysis of the decarbonization pro-
cess reveals a continuous acceleration in the re-
duction of carbon intensity of GDP, with decadal 
reductions starting at 20% below 2010 levels in 
2020, reaching 57% below 2040 levels in 2050. 
The relative contribution of each pillar to re-
ducing energy intensity and decarbonizing the 
energy system changes each decade. Reducing 
energy intensity (pillar one) provides a contri-
bution to decarbonization that remains rather 
flat across decades: it begins at 17% in the first 
decade (2020 reduction compared to 2010 
levels) and rises to 27% in the last decade 
(2050 reduction compared to 2040 levels). It 
is the dominant pillar until 2030. Many ener-
gy efficiency and conservation actions can be 
implemented quickly, thanks to the immediacy 
of operations improvements and the near-term 
renewal of short-lived equipment such as light-
ing, appliances and private vehicles, for which 
performance standards can influence most of 
the stock turnover within a decade. 
Decarbonization of energy, combining pillars 
two and three, on the other hand, makes only 
a modest contribution in the early years, but 
becomes the dominant driver of decarbonization 
after 2030 (Figure 8). 
Decarbonization of energy carriers is a longer-
term proposition. Decarbonizing electricity, bi-
ofuels, hydrogen and syngas (pillar 2) as well as 
ensuring the large-scale fuel switch in end-uses 
(pillar 3) requires reorganizing and upgrading the 
country’s supply and transmission infrastructure 
, reorienting consumption by end-users, and in 
some cases (e.g. syngas and CCS), innovating, 
prototyping and commercializing new technol-
ogies. Energy systems are characterized by a 
slow turnover of infrastructure and operating 
equipment (e.g. coal plants typically last half a 
century) and long lead times for the develop-
ment and diffusion of new technologies. Their 
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Figure 8. Time pro�le of the drivers of decarbonization, by decade
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complete decarbonization can only be achieved 
over a longer time horizon than was modeled 
(i.e. 2050–2075). Over the long term, technical 
innovations can continually improve short-lived 
equipment, while efforts to improve long-lived 
infrastructure, such as buildings and power 
plants,  come to fruition. 
Most country scenarios follow a trajectory sim-
ilar to the aggregate.

The three pillars’ contribution to decarbon-
ization changes with sectors
The relative contribution of the three pillars to 
decarbonization differs by sector.
In aggregate, the rate of emissions reduction 
varies widely by end-use sectors. The models 
find buildings and passenger transport achieve 
a steady decrease in emissions, with emissions 
falling  70% lower in 2050 than 2010. Industry 
and freight transport lag; industry attains a 50% 
reduction by 2050 and freight transport, only a 
20% reduction by 2050 (Figure 10). As a result, 
industry and freight transport’s share of total 
emissions grows during the period modeled. In-
dustry emits 57% of total emissions in 2050; 
freight transport 17% of total emissions in 2050 
(Figure 11). An important conclusion is that deep 
emissions reduction in industry and freight trans-
portation will pose the greatest challenge, and 
require intensive efforts in research, innovation, 
demonstration and commercialization.  
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Figure 9. Equipment infrastructure : replacement opportunities between 2015 and 2050 
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To investigate more in-depth the drivers fo 
emission reduction by sector, we decom-
pose them along the three pillars.

Pillar 1: Energy efficiency and conservation
The results for reducing energy intensity, rath-
er than cutting emissions, are quite different 
(Figure 12). Notably, transport (freight and 
passenger) achieves the greatest reduction in 
energy intensity in aggregate by 2050 due to the 
combined force of improved vehicle efficiency 
and the modal shift from private towards public 
transport. The effect is particularly pronounced 
in passenger transport, because of the fast turn-
over rate of the private vehicle fleet and effi-
ciency prospects for the gasoline internal com-
bustion engine. The effect in freight transport 
is less pronounced because modal shifts require 
reorganizing underlying production and distribu-
tion processes and networks. Industry achieves 
almost a 50% aggregate reduction in energy in-
tensity by 2050, the result of increased efficiency 
in industrial processes and a slower growth rate 
in more carbon-intensive sub-sectors (cement, 
steel). These effects do not necessarily imply 
an absolute reduction in the production of en-
ergy-intensive materials. Finally, the reduction 
in energy intensity in the residential building 
sector is the lowest, partly because homes are 
already relatively efficient from the start; partly 
because of an increased demand for energy ser-
vices, particularly in developing countries; and 
finally because the focus of effort in the residen-
tial building sector switches to the second pillar, 
electrification with decarbonized electricity. 

Pillar 2: Decarbonizing electricity and fuels
The decarbonization of electricity does not vary 
by sector, because all sectors draw their elec-
tricity from the grid. But other energy carriers 
follow very different trends by sector, as seen in 
the penetration rates of biofuels (Figure 13). No-
tably, the models show biofuels playing a prom-
inent role in transport, where their adoption is 
an efficient decarbonization strategy. Liquids are 
the dominant end-use fuels in the transport sec-
tor, and remain so even well into decarbonization 

Industry
(MJ/$)

Freight transport
(MJ/tkm)

Passenger transport
(MJ/pkm)

Residential
(MJ/sqm)

Figure 12. Variation of energy intensity in end-use sectors 2010/2050 
aggregate across 16 countries
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scenarios because of a limited ability in transport 
to switch from liquids. In industry, however, liq-
uids are more marginal in the energy mix and 
can be substituted. For the industrial sector in 
many cases, changing the composition of liquid 
fuel is not the preferred option for decarbonizing 
because fuel switching (to natural gas or decar-
bonized electricity) would prove easier.5 

Pillar 3: Fuel switching to low-carbon energy 
carriers
The mix of energy sources used by sector, and 
how their relatives shares evolve under deep 
decarbonization, varies by sectoral character-
istics (Figure 14). Switching to decarbonized 
electricity dominates in all stationary energy 
end-use applications that do not require very 
high temperatures, such as residences, com-
mercial and institutional buildings (e.g. through 
air source heat pumps) and light manufacturing. 
There is also a significant opportunity for the 
electrification of short-distance passenger and 
—to a lesser extent— light- and medium-duty 
daily “return-to-base” freight transport activ-
ities. For long-range, heavy-duty and aviation 
transport, however, biofuels, hydrogen or syn-
gas are essential because liquids provide the 
range and extended heavy-duty pulling power 
required, which batteries lack. Finally, in heavy 
industry, the pathways show that substantial 
process heat requirements limit the potential 
for fuel switching towards low-carbon sourc-
es. A  shift from coal to natural gas plays an 
important role because CSS can eventually be 
considered and therefore allow for keeping fos-
sils in the final energy mix. Changing the ener-
gy source of industrial processes to electricity 
or hydrogen made with renewables is another 
possibility, but generally considered to a lim-
ited extent in the modeling analysis, because 

of the limited time frame, only through 2050. 
Indeed, this option requires first a deep decar-
bonization of these energy carriers and then a 
deployment of electricity-based equipment and 
infrastructure, both processes taking time given 
inertia associated to these transformations. 

5	 The residential building sector is not discussed here, because the composition of fuels used in this activity is not 
tracked in the scenarios.
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2.3  Deep Decarbonization 
Pathways are country-specific

The deep decarbonization of each country’s 
energy system requires that it craft its own 
distinct set of  strategies, appropriate for its 
initial level of development and economy-wide 
carbon intensity, giving emphasis to national 
priorities and taking account of social pref-
erences for some technological options over 
others. Such country differences are evident 
in the 16 country DDPs. The detailed country 
reports provide a comprehensive illustration 
of all country-specific assumptions and an-
alytical results (www.d eepd ecarbonization.
org). In th is aggregated analysis, countries 
have been grouped into different categories 
according to their current level of economic 
development, as measured by GDP per capita 
in 2010, and their current levels of energy-re-
lated CO2 emissions, to identify similarities 
and differences that help explain their different 
approaches and strategies for carbon mitiga-
tion (Table 1). 

Countries with low emissions and moderate 
income
The country group of Brazil, India, Indonesia 
and Mexico all emit below 5 tCO2 per capita 
and had less than $12,000 per capita GDP in 
2010. Given that currently a large fraction of 
their populations lack access to basic energy 
services, and the shared goal of expanding 

such access, countries in this group would be 
expected to increase their emissions dramati-
cally in the coming decades, absent significant 
policy and technical change. In contrast, our 
models of these countries’ Deep Decarboniza-
tion Pathways show a common pattern: mod-
erate increases in emissions until about 2020, 
followed by a prolonged plateau or decline 
through 2050. Owing to population growth, 
per capita emissions also increase until 2020, 
but then decrease or feature a moderate in-
crease until 2050, to levels similar or below 
per capita emissions in 2010.
Energy-demand sectors do not display impor-
tant absolute emission reductions in the Deep 
Decarbonization Pathways of these countries,. 
However, this does not mean that efforts to 
improve energy efficiency are not important. 
On the contrary, it is crucial that countries un-
dergoing rapid economic development deploy 
all available solutions to limit the increase of 
emissions associated with improving and ac-
celerating their population’s access to energy 
services. This is particularly true in the building 
sector, where energy use increases to provide 
for basic comfort needs such as heating and 
cooling. This is also true in the transportation 
sector, as transport expands to satisfy rising 
mobility needs (see on-line supplementary 
material to the synthesis report for case studies 
on Mexico and Brazil). On the other hand, the 
industrial sector achieves significant reductions 
in carbon intensity thanks to a gradual shift 
towards light  industrial sub-sectors which are 1

Table 1. Country groupings according to their 2010 levels of per capita income and per capita emissions
Moderate 2010 levels of income 

($1,160 PPP <GDP per capita <$12,000 PPP)
High 2010 levels of income 

(GDP per capita >$12,000 PPP)

Low 2010 per capita emissions 
(1.2–5 tCO2)

Brazil, India, Indonesia, Mexico -

Medium 2010 per capita 
emissions (5–12 tCO2)

China, Russia, South Africa France, Germany, Italy, Japan, 
Korea, United Kingdom

High 2010 per capita emissions 
(>12 tCO2)

- Australia, Canada, USA

http://www.deepdecarbonization.org
http://www.deepdecarbonization.org
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less energy intensive, and efficiency improve-
ments due to the diffusion of modern industrial 
processes and equipment.
The final energy consumption profile of this 
country group illus trates that their energy 
systems are still developing. On average, per 
capita final energy consumption in this group 
grows two-fold between 2010 and 2050, and 
fossil energy continues to increase even on 
a Deep Decarbonization Pathway, typically 
doubling in absolute terms by 2050. However, 
electricity increases even faster and the share 
of electricity doubles over the same period, 
with decarbonized sources making up more 
than half of final energy by 2050. Decarboniza-
tion of electricity poses a particularly important 
challenge in the DDPs of these countries, given 
their need to quickly develop new capacities to 
support steeply increasing in energy needs, in 
parallel with enhanced population access to the 
grid and advanced services. Country-specific 
deployment challenges define the mitigation 
strategies, necessary but different in each case 
(see on-line supplementary material to the 
synthesis report for discussion of hydropower 
energy in Indonesia and Brazil).

Countries with medium emissions and moder-
ate income
This group includes countries above 5 tCO2 per 
capita and less than $12,000 per capita GDP 
in 2010, e.g. China, Russia, and South Africa. 
Contrary to the previous country group, tech-
nological and structural changes, largely in the 
industrial sector, are strong contributors to emis-
sion reductions on the demand side(see on-line 
supplementary material to the synthesis report 
on China). On the supply side, a significant lev-
el of decarbonization takes place among energy 
carriers, notably electricity, becoming a crucial 
driver of decarbonization because of all three 
countries’ initially high carbon intensity of elec-
tricity generation.

The DDP results for South Africa and China pro-
ject emissions peaking around 2030, then  rap-
idly decrease up to 2050 to levels approximately 
40% lower than in 2010.
Unlike the countries analyzed in the previous sec-
tion (where final consumption increases over the 
entire pathway period), here energy consump-
tion peaks between 2030 and 2040 in all scenar-
ios modeled. Final fossil consumption levels are 
roughly equivalent in 2050 to 2010. The share of 
electricity in final demand reaches in aggregate 
about 33%, up from less than 20% in 2010.
When comparing national scenarios for this 
group, we observe that fossil fuels without CCS 
are completely phased out by 2050 in the sce-
narios that consider the least efforts on demand 
side; in the scenarios where the greatest efforts 
are implemented of the demand-side, fossil fuels  
without CCS, although reduced to a large extent 
by 2050, can maintain a small role in the power 
mix during the transition period. This illustrates 
the “consumption reduction versus supply decar-
bonization” trade-off:  lowering demand offers 
some margin of flexibility on the supply side.

Countries with medium emissions and high 
income 
This country group includes France, Germany, 
Italy, Japan, Korea and the United Kingdom, all 
countries below 12 tCO2 per capita and GDP per 
capita above $12,000 in 2010. This is the group 
where demand-side action has the most power-
ful decarbonization potential, through end-user 
efficiency and fuel switching in all sectors (see 
on-line supplementary material to the synthesis 
report for case studies on the buildings sector in 
France, the passenger and freight transport in the 
UK and the industrial sector in Italy). Although 
the contexts are different, these countries ex-
perience a common trend culminating in 2050: 
emissions reductions that fall to 80% below 
2010 levels. Common trends in all the DDPs of 
these countries include significant decreases in 
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final energy consumption, a significant reduction 
of the share of fossil fuels in the final energy 
mix and a steep expansion of electricity’s share 
in the final energy mix, from one-fourth today 
to almost half of final energy consumption in 
2050, on average.
Today, the electricity sector in this group of 
countries is already more advanced in decar-
bonization than any of the other groups, with 

an average carbon intensity of electricity of 
about 400 gCO2/kWh in 2010. By 2050, coal 
is virtually eliminated from power generation, 
while natural gas, typically with CCS, still plays 
a role. In all cases, the average carbon content 
of electricity falls to less than 25g CO2/kWh 
in 2050, but the pathways to achieving those 
reductions differ across the countries. The 
on-line supplementary material to the Syn-

Box 1. National trends in sectoral emission reductions:  
A comparison of China, India, the USA and Germany

How, and by how much, each sec-
tor of a country’s economy reduces 
emissions depends heavily on na-
tional circumstances, particularly the 
country’s level of development and 
initial carbon intensity. It is instruc-
tive to compare emissions reductions 
in China, India, the USA and Germany 
because they are representative of 
the four country groups in table 1.
Figure B1 illustrates the changes in 
sectoral emissions between 2010 and 
2050 for each country. Industrialized 

countries (Germany and the USA, in 
this example) follow a pathway of 
deep reductions in absolute emissions 
in all sectors, thanks to extensive 
efforts in energy efficiency and fuel 
switching. Developing countries (Chi-
na and India, in this example) also im-
plement efficiency and fuel switching 
measures across all sectors, but the 
growth in energy services required by 
their economic development (increas-
ing access to basic services in the 
residential sector, increased personal 

mobility for passenger transport, in-
creased industrial production and 
associated transport) erodes or elim-
inates net emission reductions. This 
‘development effect’ is particularly 
prominent in India. 
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thesis Report discusses the models’ scenarios 
for power decarbonization in three contexts: 
in Germany, where the focus is squarely on 
renewables; in Japan, where the potential for 
CCS potential is the main driver; and in the UK, 
where the model shows renewables, CCS and 
nuclear can all contribute to different extents, 
depending on the energy system configuration 
and the techno-economic characteristics that 
prevail during the decarbonization period.

Countries with high emissions and high 
income 
This country group includes all countries with 
emissions above 12 tCO2 per capita and per 
capita GDP above $12,000 in 2010: Australia, 
Canada and the USA. The scenarios modeled 
show they experience steady economic and 
population growth through 2050. Technological 
change on the demand side plays a crucial role 
in decarbonization, particularly in the transport 
sector (see on-line supplementary material on 
freight transport in Canada).
Compared to other h igh-income countries, 
reductions in final energy demand are much 
less significant in this group in absolute terms 
(falling to 10% below 2010 levels in 2050, 
versus 40% below 2010 levels for the previous 
group), but are more important in per capita 
terms (42% below 2010 levels in 2050 for 
this group versus 33% for the previous group). 
The share of electricity in total energy use 
increases for h igh-income high-emitters, to 

about 56% in 2050 versus 2010 (compared 
with about 46% for the high-income medium 
emitters, the previous group). Coal disappears 
from final demand here and the share of oil 
shrinks, replaced in the transport sector by 
natural gas, electricity, biofuels, hydrogen 
and syngas. The power sector is almost fully 
decarbonized in 2050 in all cases, but with 
very different mixes depending on the country 
and the scenario.

2.4  DDPP cumulative emissions and 
the 2°C limit 

Perhaps the most significant motivation for this 
DDPP study is to understand precisely how in-
dividual countries can avoid increasing global 
warming above the 2°C limit, beyond which, ac-
cording to the accumulated scientific evidence, 
which  has been politically recognized, the risk 
increases significantly of catastrophic climate 
system feedbacks.6

Scientific analysis has documented a strong re-
lationship between temperature increases and 
cumulative emissions over time, as summarized 
in the 2014 IPCC report)7: “Multiple lines of 
evidence indicate a strong, consistent, almost 
linear relationship between cumulative CO2 
emissions and projected global temperature 
change to the year 2100 […] Any given level of 
warming is associated with a range of cumula-
tive CO2 emissions. […]”8 Given uncertainties, 

6	 This understanding became part of negotiations at the Copenhagen Climate Change Summit, the 15th Conference 
of Parties (COP 15), was formally adopted at COP 16 in Cancun in 2010, and has served as the benchmark 
for global ambition in climate negotiations since then, exemplified by a June 2015 G7 communique where all 
G7 members committed to 2°C compliant decarbonization by 2050, and full decarbonization by 2100 (see 
Leaders’ Declaration, G7 Summit, 7–8 June 2015. https://sustainabledevelopment.un.org/content/documents/ 
7320LEADERS%20STATEMENT_FINAL_CLEAN.pdf [Accessed 26.08.15])

7	 See section SPM 2.1 of the summary for of the Synthesis Report, available at http://www.ipcc.ch/pdf/assessment-
report/ar5/syr/AR5_SYR_FINAL_SPM.pdf

8	 Another important statement from IPCC is that “quantification of this range of CO2 emissions requires taking 
into account non-CO2 drivers”. CO2 is not the only important anthropogenic greenhouse gas influencing climate 
change; notably, methane (CH4), nitrous oxide (N2O) and fluorinated gases represent 16%, 6% and 2% of the total 
anthropogenic emissions in 2010.

https://sustainabledevelopment.un.org/content/documents/7320LEADERS%20STATEMENT_FINAL_CLEAN.pdf
https://sustainabledevelopment.un.org/content/documents/7320LEADERS%20STATEMENT_FINAL_CLEAN.pdf
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IPCC (2014) provides ranges of cumulative emis-
sions between 2010 and 2050 corresponding to 
different likelihoods9 to keep the temperature 
increase below the 2°C limit (Table 2).
The purpose of this section is to position our 
DDPP scenarios, which amount to a range of en-
ergy-related emissions of 805-847 GtCO2, with 
respect to these benchmarks. Although the IPCC 
ranges of cumulative emissions correspond to all 
CO2 emissions, the DDPP analysis does not cover 
all sources of CO2 emissions because it is fo-
cused on energy-related emissions and includes 
only 16 countries.10 The approach developed in 
this section is to discuss orders of magnitude by 
making assumptions on the sources not covered 
in our analysis, i.e. non-DDPP energy-related 

CO2 emissions, bunker fuels (for international 
transport), land-use and process emissions (see 
details in Box 2).
Table 3 summarizes the findings of these assess-
ments. They show that the ranges of global emis-
sions derived from the DPP analysis fits within 
the “as likely as not” likelihood for being consist-
ent with 2°C. This indicates that the deep de-
carbonization pathways discussed in this report 
demonstrate an important step forward towards 
the 2°C limit, albeit at significant probability of 
exceeding. This demonstrates that additional 
emission reductions would have to be consid-
ered in DDPP countries in order to increase the 
likelihood to meet the 2°C limit. 
Two important remarks must be made on this 
assessment, which pave the way for future 
research.
First, a more precise assessment whether DDPP 
analysis is compatible with staying within 2°C 
limit will require understanding the emissions 
and decarbonization opportunities in non-
DDPP countries. Many of these are low-in-
come, low-emissions countries for which deep 
decarbonization raises the most uncertain-
ties, notably because the emission trajectories 
must be analyzed in the light of their develop-
ment priorities. Although extrapolation from 
India can give a first order estimate, explicit 
analysis of decarbonization pathways in these 
countries and their country specific enabling 
conditions are needed.

2

Table 2. World emission profi les corresponding to different likelihoods to reach 
the 2°C limit *

Cumulative CO2 emissions (GtCO2) 
2010–2050**

Likelihood of staying below 2°C 
over the century

586–1336 Likely (>66%)

1166–1566 About as like as not (33%–66%)

* See Table SPM.1 in the WGIII summary for policymakers, available at: http://www.ipcc.ch/pdf/assessment-report/
ar5/wg3/ipcc_wg3_ar5_summary-for-policymakers.pdf

** Note: the ranges given by IPCC cover the period 2011–2050. The ranges indicated here are for the period 2010–2050 
and have been calculated by adding 36GtCO2, corresponding to the estimate of total CO2 emissions for the year 2010.

9	 Given the important number of uncertainties 
associated with climate analysis, the results of 
the IPCC are expressed in terms of the probability 
of an event or outcome to occur. A standardized 
terminology is used, according to which “likely” and 
“about as likely as not” correspond to probabilities in 
the range of 66–100%, and 33–66%, respectively. 

10	 Some DDPP modeling teams addressed non-CO2 
pollutants and/or non-energy CO2 emissions but 
others did not. As a result this synthesis is focused 
on energy-related CO2. For more information on 
other pollutants, please re fer to the individual 
country reports.

3

Table 3. Summarizes the fi ndings of these assessments

Methodology 
of assessment Emission source Minimum Maximum

Energy-related 
emissions

Explicitly assessed
in DDPP DDPP countries 805 847

Extrapolated 
from DDPP

Non-DDPP European 
countries 44.5 44.5

Extrapolated 
from DDPP

Non-DDPP high- and 
upper-middle-income 
countries

178 238

Extrapolated 
from DDPP

non-DDPP low-Income 
and lower-middle 
income countries

127 175

Exogenous Bunker fuels 47 47

Non-energy 
CO2emissions

Exogenous AFOLU -54 164

Exogenous Process 39 39

TOTAL 1185 1555
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Box 2. Assumptions on CO2 emissions not covered in DDPP

a) Energy-related CO2 emissions in 
non-DDPP countries
These emissions represent 26% of ener-
gy-related CO2 emissions in 2010. Non-DDPP 
countries are very heterogeneous and we dis-
tinguish three groups

1. non-DDPP European countries
The 24 non-DDPP European countries are as-
sumed to follow, on average, an 80% reduction 
compared to 1990 levels, consistent with the 
lower range of official European targets and 
with the emission reductions reached by the 
four European countries of the DDPP sample. 
A simple linear interpolation between 1,81 Gt1 
in 2010 level and 410 Mt in 2050 (correspond-
ing to the 80% target relative to 1990 level) 
gives a cumulative energy-related emissions 
of 44,5  GtCO2 in total for the 24 non-DDPP 
European countries.

2. Non-DDPP high- and upper-middle-in-
come countries
The DDPP sample includes a set of high- and 
upper-middle-income countries featuring a 
wide variety of national circumstances. We 
use evaluations of cumulative emissions re-
sulting from the DDPP analysis to plausibly 
represent the deep decarbonization emission 
pathways followed in the non-DDPP high- and 
upper-middle-income countries. The purpose 
here is not to assess the emissions trajec-
tories exactly (which would require detailed 
country-level analysis), but to give an order 
of magnitude estimate of the cumulative 
emissions.
To this aim, we use the ratio of cumulative 
emissions over 2010–2050 to the initial level 
in 2010 as a unit-less indicator. We adopt as 

a benchmark the value of this ratio from the 
deep decarbonization pathways in the mid-
dle-income countries from the DDPP sample 
(Brazil, China, Mexico, South Africa), which 
reaches between 35:1 and 47:12 in the cur-
rent DDPP pathways.
Given the 2010 level of 5.07 GtCO2 for the 
non-DDPP high- and upper-middle-income 
countries, the range of cumulative emissions 
obtained using these ratios is estimated at 
178 to 238 GtCO2 over 2010–2050.

3. non-DDPP low-Income and lower-mid-
dle income countries
For these countries, we use India as the 
benchmark. Because India is a higher carbon 
intensity low income country, our estimates 
for these countries will contain a bias to-
wards more rather than less emissions. We 
assume convergence of these countries’ 2050 
emissions per capita towards levels reached 
in the Indian DDPP scenarios (1.4 - 2.1 tCO2/
cap). This represents a significant catch-up 
compared to today’s level since these coun-
tries have a very low intensity of emissions 
in 2010, around ~0.85 tCO2/cap compared to 
India’s current level of 1.24 tCO2/cap.
Under this assumption, and using UN popu-
lation estimates (according to which these 
countries (except India and Indonesia) grow 
from 1.8 billion to 3.44 billion between 2010 
and 2050), the group of non-DDPP low-Income 
and lower-middle income countries emits cu-
mulative emissions between 127 GtCO2 and 
175 GtCO 2010-2050.3

b) Emissions from bunker fuels
Given the national scale of the analysis, 
these emissions are not considered in the 

DDPP. To make an estimate, we refer to the 
450 scenario in the 2011 World ENergy Out-
look4, which gives forecasts for these emis-
sions over 2010-2035. Extrapolating these 
trends linearly to 2050, we obtain cumulative 
emissions of around 46.8 GtCO2.

c) Net emissions from AFOLU
For AFOLU, we start with a range of estimates 
for 2010 CO2 emissions between 3.3 GtCO2 
(medium estimate) and 6.2 GtCO2 (upper-end 
of the range)5. We then assume a linear de-
crease towards 2050 emission levels as as-
sessed by the IPCC in (IPCC 2014, SYR, figure 
4.1), i.e. between +2 GtCO2 and –6GtCO2.6 
This leads to a range of cumulative CO2 
emissions over 2010-2050 for scenarios in 
line with the 2°C limit between -54 GtCO2 
and +164 GtCO2

d) Industrial process emissions
For industrial process CO2 emissions, we refer 
to the 450 scenario in the 2011 World Energy 
Outlook4, which estimates an industrial tra-
jectory compatible with the 2°C limit, with 
emissions at 1.4 Gt in 2009, 1.0 Gt in 2020, 
and 0.8 Gt in 2035. Extrapolating a constant 
value between 2035 and 2050, this leads to a 
cumulative sum of 37 GtCO2 emitted between 
2010 and 2050.

1	 All energy-related emission data for non-DDPP countries in 2010 are taken 
from the US Energy Information Administration available at; http://www.
eia.gov/cfapps/ipdbproject/iedindex3.cfm?tid=90&pid=44&aid=8

2	 The DDPP scenarios in industrialized countries correspond to much lower 
values of this ratio, between 22 and 28, as a measure of stringent decreases 
of absolute emissions. 

3	 Note that these values are larger than those obtained with an assessment based 
on the ratio approach outlined for the previous group of countries in an attempt 
to capture cumulative emission pathways. Indeed, Indian ratios are 55:1 – 71:1. If 
applied to non-DDPP low-Income and lower-middle income countries, this would 

lead to a range of cumulative emissions of 121-158 GtCO2. As a conservative 
assessment we keep the higher values for our assessment.

4	 https: //www.iea.org/publications/freepublications/publication/
WEO2011_WEB.pdf

5	 See page 45 of the Synthesis Report of the 2014 IPCC report, available at 
http://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_
full.pdf

6	 See Figure SPM.7 in the WGIII summary for policymakers, available at: 
http://www.ipcc.ch/pdf/assessment-report/ar5/wg3/ipcc_wg3_ar5_
summary-for-policymakers.pdf

http://www.eia.gov/cfapps/ipdbproject/iedindex3.cfm?tid=90&pid=44&aid=8
http://www.eia.gov/cfapps/ipdbproject/iedindex3.cfm?tid=90&pid=44&aid=8
https://www.iea.org/publications/freepublications/publication/WEO2011_WEB.pdf
https://www.iea.org/publications/freepublications/publication/WEO2011_WEB.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg3/ipcc_wg3_ar5_summary-for-policymakers.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg3/ipcc_wg3_ar5_summary-for-policymakers.pdf
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Second, the existing pathways do not assume 
any breakthroughs in key technologies, but 
rather look at what technologies we know to-
day could achieve. Much progress is likely to be 
seen in coming decades, as has been seen with 
solar photovoltaic (PV) and batteries in the last 
decade. Also, the current pathways mostly ex-
clude opportunities linked to behaviour change. 
This means that additional cuts are possible and 
that the current results do not represent an up-
per limit on emissions reduction potential for all 

the 16 countries analyzed. In the first phase of 
the DDPP, the research teams have focused pri-
marily on understanding technical options and 
enabling conditions for deep decarbonization by 
mid-century within their countries, but did not 
necessarily design their pathways to minimize 
cumulative emissions. However, the analysis has 
already revealed opportunities for deeper re-
ductions and earlier initiation of the low-carbon 
transition. These opportunities will be explored 
during the next phase of DDPP research.

3
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4Is deep decarbonization compatible 
with development and economic 
growth?

Deep Decarbonization Pathways accom-
modate the expansion of energy services 
needed to meet countries’ economic growth 
targets and social priorities. The DDPs decar-
bonize 16 national energy systems in a context 
of economic growth and development. These 
pathways  were designed to ensure that crucial 
domestic socio-economic objectives are met in 
each country and, notably, that energy services 
through 2050 would meet national objectives, 
allow citizens of developing countries expanded 
access to energy, and enable economies to con-
tinue transporting passengers, shipping freight, 
providing similar or better housing and public 
amenities, and support high levels of industrial 
and commercial activity.
As illustrated in Figure 15, all 16 DDPs assume 
continued economic growth to 2050, but at 
different rates according to intial level of devel-
opment. For low and middle-income countries, 
which start from a lower GDP per capita and 
therefore have room for catch-up growth,  fast-
er GDP growth is assumed at rates necessary 
to meet their development objectives. In paral-
lel, the per capita energy consumption in these 
countries increases. As illustrated in Figure 16, 
average energy consumption per capita declines 
in absolute terms in high-income countries, 
where energy efficiency improvements outweigh 
population and GDP growth. In low and mid-
dle-income countries, on the other hand, energy 
consumption increases in absolute terms as a 
result of population’s growing access to energy 
services and higher living standards. However, 

3	
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Figure 16. Average annual rate of change of �nal energy per capita, 2010-2050
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this increase is lower than it would otherwise be 
because of improvements in energy efficiency. 
Finally, there is a notable convergence of activity 
levels across the 16 DDPs. This can be seen in 
passenger mobility, measured by passenger km 
per capita, as shown in Figure 17.   

DDPs show that deep decarbonization sup-
ports sustainable development and is com-
patible with many economic and social ben-
efits. The most fundamental benefit is avoiding 
dangerous climate change. Unabated, climate 
change threatens well-being in all countries, 
with the most vulnerable populations most at 
risk; in developing countries it jeopardizes many 
development goals. The DDPs show that, if en-
abling conditions are met, the infrastructure 
transformation required for deep decarboniza-
tion can be done in a way that provides multi-
ple economic and environmental benefits and 
opportunities for raising living standards. These 
include improved air quality (see, for example, 
the Chinese PDF and Indian PDF DDPs), en-

hanced energy security (see, for example, the 
Japanese DDP PDF ), addressing energy poverty 
(see, for example, the UK DDP PDF ), improved 
employment, reduction in basic poverty and im-
proved income distribution (see, for example, 
the Indian and the South African PDF, DDPs). 
These case studies are presented in more detail 
in the Synthesis Report’s Online Supplementary 
Material. For all countries to fully realize these 
benefits, low-carbon technologies must be made 
affordable and energy planning must treat social 
priorities as paramount.
One case in point, South Africa, has experienced 
persistent and very high levels of income pover-
ty, inequality and unemployment. In 2011, 46% 
of the population was living below the poverty 
line, the income share of the bottom 40% was 
7%, the Gini coefficient had deteriorated from 
59 to 64 since 1993, and in 2015 the employed 
population over 15 years of age was only 40%, 
down from 45% in 1995. Deeper analysis by the 
South African team linked this to persistent chal-
lenges with improving educational outcomes in 
the post-apartheid era, resulting in a skill deficit 
affecting the functioning of the economy. 
Labor skills shortages are a binding limit on what 
sectors can grow and on economic growth over-
all, and have important impacts on decarboniza-
tion strategy notably  because the coal industry 
is a major current contributor to the South Af-
rican economy and employer of the less-skilled. 
Restructuring the economy away from coal min-
ing would mean retraining this workforce to keep 
it employed in a decarbonized world; because of 
difficulties raising general skill levels, work must 
be found for them in other low-skill, low-GHG 
intensive occupations. 
Two illustrative alternative economic pathways 
modeled for South Africa illustrate how im-
provement of development indicators and de-
carbonization can be achieved. One economic 
pathway centers on changing the structure of 
the economy, promoting sectors that are less 
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GHG intensive and can absorb lower-skill labor. 
The other pathway (high-skills) assumes success 
in improving the education system, allowing low-
GHG sectors that require higher-skilled labour to 
grow.11 Linking these economic pathways with 
the energy system, the South African DDPP anal-
ysis shows that there can be significant improve-
ments in both the carbon and socio-economic in-
dicators. Under a GHG budget of 14Gt for South 
Africa, the unemployment rate drops from 25% 
in 2015 to between 12% ( economic structure 
pathway) and 18% (high skills), and the percent-
age of low-income households drops from 49% 
in 2010 to 18% in 2050. Whilst these are not 
ideal, they represent significant improvements.  
India’s DDPs are also structured around the 
question of how deep decarbonization can sup-
port sustainable development. In India’s case, 
fundamental transitions in demography, income, 
urbanization and industrialization are expected 
to alter the drivers of future greenhouse gas 
emissions. These multiple transitions bring op-

portunities and challenges regarding  the twin 
goals of development and decarbonization. The 
scale and diversity of India’s resource endow-
ments, its institutions and socio-economic dy-
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Figure 19. South Africa. The percentage of the population in the low , middle and high income groups as de�ned by SATIM   

All
Scenarios

2010 20502030

High
Skills

Economic
Structure

High
Skills

Economic
Structure

Low Income (< R19 200)

Middle Income (R19 200 to R76 800)

High Income (>R76 800)









0%

10%

20%

30%

40%

50%

60%

70%

80%

Figure 18. South Africa. Unemployment rate over time as calculated 
from the quantity of labour demanded in the e-SAGE CGE model

Unemployment

Labour Force
Participation

20
50

20
45

20
40

20
35

20
30

20
25

20
20

20
15

20
10

20
07

Economic Structure

High Skills
Scenarios

Scenarios







11	 These are illustrative; in actuality, combined elements of these and other factors are possible. The objective was to 
illustrate interesting features of what might be possible.
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namics, frustrate any attempt to find a ‘one-size-
fits-all’ solution package, and suggest instead a 
scan of the entire policy spectrum to holistically 
address the national and sub-national goals of 
economic development, environmental integ-
rity and social justice. India’s National Action 
Plan on Climate Change (NAPCC)12 envisions 
addressing the varying objectives simultaneous-
ly by adopting national policies (on inclusive 
growth, smart urbanization, balanced regional 
development, sustainable mobility and building 
codes, to name a few) aiming at structural and 
behavioral shifts that will alter market dynam-
ics towards lowering material-use intensity and 
environmental damages.
The Indian DDPP analysis considers two path-
ways resting on distinct approaches to the pol-
icy package for deep decarbonization by 2050. 
The Conventional Scenario modeled envisions 
deep decarbonization as a commitment to ap-
ply a global carbon-price trajectory consistent 
with the 2°C limit, while other socioeconomic 
policies are not coordinated with decarboni-
zation. The ‘Sustainable Scenario,’ in contrast, 
entrenches deep decarbonization within the mix 
of national Sustainable Development Goals. In 
an integrated approach across diverse sectors, 
geographical scales and dimensions of sus-
tainable development, this scenario considers 
a multitude of local, bottom-up and sectoral 
policies and measures targeting various objec-
tives like Sustainable Development Goals, share 
of renewable energy, air quality, energy access 
and energy efficiency, waste reduction, dema-
terialization and resources conservation. The 
prominent measures include the choice of urban 
form, investment in low-carbon infrastructure, 
energy- efficient building codes, fuel-economy 
standards, air quality standards, waste recovery 
mandates, water conservation policies, regional 
agreements for sharing rivers and infrastructures 

and the wise use of common property resources. 
The Conventional Scenario overlooks these op-
portunities. A carbon price alone cannot moti-
vate all these objectives  to the same degree, 
i.e. most don’t have costs that a carbon price 
could influence.

The aggressive pursuit of energy efficiency 
required for deep decarbonization is a key 
strategy for reducing energy poverty and 
improving energy access. Energy efficiency re-
duces the cost of energy consumption, lowering 
household energy costs, which are often a large 
share of household expenses for the poor. With 
supply costs reduced, households can afford to 
increase their utilization of energy services. The 
importance of energy efficiency as a strategy 
for addressing energy poverty was highlighted 
not only in developing countries’ DDPs but also 
those modeled for the UK, France and Germany.
Despite concerns that climate change could in-
crease energy costs, the UK scenarios showed 
strong synergies between tackling fuel poverty 
and reducing CO2 emissions by taking action on 
energy efficiency. DDP analysis shows that care-
fully designed and targeted energy efficiency pol-
icy interventions can offset higher energy costs. 
Analysis also highlighted the need for careful 
policy design, to ensure that passing through 
costs to energy bills does not unduly burden 
low-income households. In the UK, the DDPP 
analysis illustrated that, if policies are effectively 
designed to deliver the 2030 level of emission 
reductions required under deep decarbonization, 
decarbonization also slashes the number of fu-
el-poor households from 2.86 million in 2013 to 
1.18 million by 2030.
The Australian DDP also achieves substantial 
emissions reductions while reducing the net 
cost of energy to households. It pursues ambi-
tious energy efficiency and the decarbonizing 

12	 http://www.moef.nic.in/ccd-napcc

http://www.moef.nic.in/ccd-napcc
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of energy use in residential buildings and per-
sonal transport. The result is the cost of energy 
and transport for households falling by 13%, as 
shown in figure 21 below, despite higher capital 
costs and electricity prices. As income is expect-
ed to increase more than 50% over this period, 
this cost cutting represent a near-halving of the 
costs of energy and transport, as a proportion of 
household income. 

Reducing uncontrolled fossil fuel emissions 
has significant public health benefits. The 
potential scale of these benefits can be seen in 
the  cases of China and India, where fossil fuel 
combustion is the major source of the impor-
tant air pollution heavily affecting population’s 
health. In the China DDP, deep decarbonization 
reduced primary air pollutants (SO2, NOx, PM2.5, 
VOCs and NH3) by 42%–79%, allowing major 
cities to meet WHO air quality standards.
The Indian DDP analysis shows that while the 
Conventional Scenario reduces CO2 emissions, 
the Sustainable Scenario achieves the same re-
duction with better air quality by aligning sus-

tainable development with deep decarboniza-
tion actions. The approach of the Conventional 
Scenario  to air pollution focuses on expensive 
end-of-the-pipe technology and fuel-related in-
terventions like catalytic converters in vehicles 
or desulfurization equipment for industrial coal 
combustion. The levers of air pollution control 
in the Indian Sustainable Scenario are very dif-
ferent. They reduce end-use demand and shift 
consumption to cleaner modes and technolo-
gies, raising the clean-energy fraction of the en-
ergy supply mix. For instance, most PM2.5 comes 
from transport. The key mitigation actions in 
road transport include improving urban design 
and planning to reduce travel, investments in 
infrastructure that facilitate a modal shift to 
public transport and non-motorized transport, 
and support for alternate technology innovation 
(e.g. electric vehicles and energy storage). Im-
plementing targeted measures to reduce travel 
demand can potentially slice demand in half in 
2050 in the Sustainable Scenario, compared to 
the Conventional Scenario, translating into re-
duced energy demand and lower travel times. 
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Figure 20. Australia. Average annual energy and personal transport costs per household, 2012 A$
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In addition, market based incentives for cleaner, 
low-carbon fuels like natural gas and biofuels de-
liver sizable CO2 emissions mitigation as well as 
reductions in PM2.5 (Figure 21). SO2, on the other 
hand, comes mainly from coal combustion in 
industry and electricity generation. Conventional 
SO2 emissions mitigation typically takes one of 
two paths: direct flue gas cleaning or shifting 
towards lower sulfur sources. In the Sustainable 
Scenario, advanced technologies, dematerializa-
tion, recycling and sustainable behavior reduce 
the necessity for heat-intensive primary material 
processing in the first place (Figure 21). 

Reducing fossil fuel demand can increase the 
energy security of energy-importing coun-
tries; diversification can benefit resource ex-
porters. The benefits to importers can be seen 
clearly in the Italian and Japanese DDPs. 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 reduction in energy demand plus de-

ployment of non-fossil options, notably renew-
able energy on the supply side. Nuclear power 
supply is also drastically reduced from its 2010 
level under all the DDP scenarios considered. In 
2050, under every DDP scenario for Japan, fossil 
fuel consumption falls by approximately 60% 
compared to 2010. Fossil fuel import costs fall 
below 2010 levels by 2030 and decrease fur-
ther in 2050. In one of three scenarios modeled, 
called the Limited CCS Scenario, fuel import 
costs in 2050 are lowest because additional re-
newable energies are deployed in place of fossil 
fuel, mainly in the electricity sector. 
In a framework in which decarbonization efforts 
are shared by all countries, a Deep Decarboni-
zation Pathway can produce positive macroeco-
nomic effects for trade balances. The outcome, 
depending on the sector, is either increased net 
exports or lower net imports. The trade impact 
is particularly pronounced as energy dependence 
is lowered, when countries’ reliance on domestic 
renewable energy sources reduces their fossil fuel 
imports. In the three decarbonization pathways 
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considered for Italy, renewable energy sources 
account for 60%–70% of the energy mix and 
imports of primary fossil fuels fall 55%–76%, 
while imports from energy-intensive industries 
as a whole would decrease 7%–13%. The trade 
balance for energy-intensive products remains 
negative, but is reduced in all the decarboniza-
tion scenarios. The most important trade-deficit 
reductions for energy-intensive industries come 
from non-metallic minerals, chemicals, petro-
chemicals, iron and steel.
The Russian economy currently relies heavily on 
the export of natural resources. Primary energy 
contributes about 70% of Russia’s total export 
revenue (when minerals and metals are included, 
this percentage goes up to 90%). Russia’s abun-
dance of natural resources provides tremendous 
benefits and opportunities, but also creates risks, 
seen clearly in the current economic slowdown 
that has followed the fall in oil prices. DDP 
modeling shows resource-exporting countries 
including Russia reap economic benefits from 
the diversification of energy supplies. The growth 

in investments, the ‘quality’ shift in investments, 
plus the positive energy-bill savings, will result in 
2050 in at least a 1% overall increase in Russia’s 
GDP and a net gain in jobs of more than 3%, with 
higher demand for skilled labor.
Decarbonization is fully consistent with Rus-
sia’s official, long-term goals of modernization 
and reducing the economy’s dependence on 
energy and raw materials exports. Deep decar-
bonization leading to a 25% carbon emissions 
reduction by mid-2030 (versus 2010) would 
require an additional cumulative investment of 
$200-$250 billion (in constant 2010 dollars, de-
pending on the decarbonization strategy). The 
deep decarbonization scenarios considered in 
the Russian analysis assume that as greater de-
mand for energy innovation unfolds, significant 
investments are made in energy efficiency and 
clean-energy technologies, spurring large-scale 
economic impacts. In addition, deep decarboni-
zation permits a net reduction of $30-$50 billion 
in total energy expenditures at the country level 
by 2030. Decarbonization demands more effi-
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cient resource utilization and the decarboniza-
tion of electricity generation. 
Figure 23 compares the investment structure 
under current business-as-usual policies (BAU) 
and under a DDP scenario. The DDP scenario 
requires investing about 60% more in the power 
industry by 2030, and investing more than 2.5 
times more by 2050 than BAU, with a signif-
icant shift towards non-fossil generation. No-
tably, this higher level of investment will not 
increase electric generation costs because of fuel 
savings and the longer lifespan of some gener-
ation capacities (such as hydro- and nuclear 

power plants). Sectors besides power genera-
tion will have to invest in energy efficiency and 
fuel switching as well; this shift assumes higher 
demand for industrial manufactured products 
and information and communication technolo-
gy products and services, which are more labor 
intensive and have greater long-term growth 
potential. This can stimulate more research and 
development (R&D), greatly strengthen Russia’s 
position in the global competition for invest-
ment, provide incentives for modernization and 
unlock opportunities for cooperation in the field 
of clean energy. 
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Figure 23. Russia. Average annual investment in energy over different time periods
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6Is Deep Decarbonization Affordable?

Deployment at the scales analyzed by the 
country teams offers huge promise for cata-
lyzing necessary cost reductions. 
Deep decarbonization is essentially the process 
of replacing inefficient, carbon-intensive tech-
nologies with efficient, low-carbon technologies 
that provide the same (or better) energy services. 
The scale of infrastructure required to support 

deep decarbonization is indicated by cumulative 
technology deployments over time, aggregated 
across all the DDPs (Table 4). For example, by 
2050 the DDPPs show a cumulative deployment 
of 3,800 GW of solar electricity generation and 
4,100 GW of wind, along with 1.2 billion electric, 
fuel cell and plug-in passenger vehicles and 250 
million alternative fuel freight vehicles. 

4	

4

 Table 4. Cumulative production of decarbonized units, all DDPP countries*

Technology 2010 2020 2030 2040 2050

Electric Generation Capacity

Coal w/ CCS GW 0 3 36 160 362

Fuel Oil w/CCS GW 0 0 1 1 2

Natural gas w/ CCS GW 0 12 93 342 798

Nuclear GW 2 53 259 632 1053

Hydropower GW 8 190 425 624 813

Wind-Onshore GW 13 315 1064 2174 3511

Wind-Offshore GW 1 29 100 268 616

Solar PV GW 11 275 823 1752 3254

Solar Thermal GW 0 10 90 294 598

Biomass GW 1 26 105 221 370

Geothermal GW 0 4 27 61 97

Fuel Production Capacity

Hydrogen Production - Steam Reformation EJ 0 0 0 0 1

Hydrogen Production - Electrolysis EJ 0 1 5 13 20

Power-to-Gas Production EJ 0 0 1 2 4

Biorefi nery - Ethanol EJ 0 2 4 7 9

Biorefi nery - Diesel EJ 0 4 10 18 28

Biogas Production - SNG EJ 0 4 10 20 32

Alternative vehicles

Electric Vehicle Million 0 32 134 333 650

Plug-in Hybrid Electric Vehicle Million 0 12 75 206 375

Hydrogen Fuel Cell Vehicle Million 0 3 31 102 221

Compressed Pipeline Gas Vehicle Million 1 12 27 64 121

Liquefi ed Pipeline Gas Vehicle Million 0 5 16 25 34

Hydrogen Fuel Cell Vehicle Million 0 0 4 27 104

* The values in this table represent total number of units produced over the period, and exclude retirement of worn-out units.
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This analysis assumes a world committed to 
decarbonization, where key technologies are in 
demand, and cost declines are driven by global 
uptake. As technology costs decline, deep de-
carbonization starts to provide its own momen-
tum: lower costs encourage deployment, which 
can encourage even lower costs. The “tipping 
point” in this process is when costs decline 
at a rate and speed sufficient to drive their 
global deployment based solely on their 
favorable economics,  e.g. when wind or so-
lar becomes cheaper than coal (and eventually 
natural gas) for generating electricity. History 
has shown that technology costs tend to de-
crease as a function of cumulative production, as 
technologies mature and capture economies of 
scale, and learn more efficient production meth-
ods from experience. Applying historically-based 
assumptions about technological learning to key 
low-carbon technologies for power generation, 
fuel production and transportation shows that 
dramatic reductions in the cost of these technol-
ogies can be expected at the scale of production 
required by the country DDPs, relative to the cost 
without learning. Those savings illustrate how 
international cooperation in developing markets 
for low-carbon technologies can reduce costs for 
all countries, relative to a go-it-alone approach, 
while providing large markets for technology 
providers and large incentives for further innova-
tion. Mobilizing investment in the development 
and widespread deployment of low-carbon tech-
nologies—from R&D to early-stage deployment 
to full-commercialization—is the key to realizing 
cost declines along the Deep Decarbonization 
Pathway, as shown in figure 24. 

Large investments in deep decarbonization 
via low-carbon technology deployment are 
likely to benefit all decarbonizing nations 
by helping to drive costs down. These results 
show those benefits. Once sufficient momentum 
has been achieved, cost lowering dynamics can 

become self-reinforcing, with lower prices stim-
ulating deployment and deployment stimulating 
lower costs. The global markets’ demonstrat-
ed ability to catalyze cost reductions—as seen 
in the precipitous declines in solar PV costs to 
date—can stimulate greater ambition by poli-
cymakers to pursue a bootstrapping process of 
setting ambitious targets, aggressively deploying 
low-carbon technologies, and realizing cost de-
clines, all further positioning deep decarboniza-
tion as the new normal in the energy economy.

Deep decarbonization in developing coun-
tries can be accelerated by global markets 
for low-carbon technologies. Deep decarbon-
ization in developing countries is limited by the 
rate at which countries adopt efficient, low-car-
bon technologies. Because of the relatively high 
capital cost of many of these technologies, de-
veloping-country DDPs generally assume later 
adoption, and lower penetration rates, than in 
industrialized countries. In the meantime, they  
might build inadequate durable infrastructure, 
locking in fossil fuel consumption. 

A potential solution to reducing cumulative 
emissions from developing countries is for 
high-income countries to take the lead in 
developing, deploying, and buying down 
the cost of low-carbon technologies so they 
become affordable earlier in developing 
countries, relative to the cost of conven-
tional technologies. In cases where develop-
ing countries are the initial markets for these 
technologies, for example concentrating solar 
power in South Africa, high-income countries 
can assist in local technology development and 
manufacturing. This can accelerate uptake, stim-
ulate economic development, expand markets 
and promote international trade in low-carbon 
technologies, while avoiding a situation in which 
developing countries become net importers of 
low-carbon technologies.
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Figure 24. Annual investment requirements with vs without technological learning 

(Left side, top to bottom) Annual investment requirements for decarbonized electricity generation, decarbonized fuel production, and alternative vehicles 
without technological learning. (Right side, top to bottom) Annual investment requirements for the same technologies with cost reductions 
due to technological learning taken into account.
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Under deep decarbonization, the scale of 
investment in low-carbon technologies will 
be orders of magnitude higher than current 
levels, creating major economic opportu-
nities for forward-looking countries and 
businesses (Table 5). With money to be made, 
global finance can and will provide the necessary 
investment, provided adequate long-term decar-
bonization policy signals are in place to manage 
risk and maintain the value of the invested cap-
ital over time. 
Because it emphasizes end-use efficiency (which 
is enabled by many types of technologies) and 
low-carbon energy sources (which can be more 
widely distributed), a deeply decarbonized world 
is characterized by less concentration of energy 
investments (i.e. in fossil fuel industries) and po-
tentially a more prominent role for decentralized 
investment decisions by consumers. This calls for 
incentives to guide energy investment decisions 
towards low-carbon solutions, especially in cas-
es where high initial capital costs are offset by 
lower operating costs, and in early stages of de-
ployment before economies of scale and learning 
effects have been achieved. 

Energy investment under deep decarbon-
ization requires only a modest increase in 
the gross energy investment required in 
the absence of climate policy, but a major 
shift in investment away from fossil fuels 
toward low-carbon technologies. The gross 

investment requirement for low-carbon tech-
nologies in the DDPs must rise to an average 
1.2–1.3% of GDP for the DDPP countries (up 
from their much lower level today). This rep-
resents 6%–7% of total annual investment 
activity in these economies, which typically 
consumes about one-quarter of GDP, so that 
the aggregate low-carbon investment require-
ments appear manageable. This is even truer 
if taking into account the precipitous decline 
of annual global fossil fuel supply investments 
in a world pursuing deep decarbonization and 
reducing fossil fuel demand, compared to the 
business-as-usual scenario wh ich foresees 
around $1 trillion of investments per year in 
fossil energy over the next decade (according 
to the New Policies Scenarios of the World En-
ergy Investment Outlook)13. In some country 
DDPs, such as for Australia, no additional cap-
ital was required as a proportion of GDP, it was 
all transitioned away from fossil fuel oriented 
investment.

The net cost of deep decarbonization is 
substantially lower after accounting for re-
duced operating costs. Supplying and using 
energy under deep decarbonization typically in-
cludes higher costs for efficient and low-carbon 
equipment relative to conventional equipment, 
offset by fossil fuel and total energy savings. This 
is illustrated by the US case, in which the net 
cost of supplying and using energy for a deep-

5

 Table 5. Annual investment in key low carbon technologies and their share of GDP for DDPP countries.

 2020 2030 2040 2050

Annual 
investments 
in the 16 DDPP 
scenarios (B$)

Low-carbon power generation 270 514 701 844

Low-carbon fuel production 57 117 124 127

Low-carbon transport vehicles (passenger+freight) 157 333 626 911

Total (Billion US $) 484 963 1452 1882

Annual investments in low-carbon technologies as a share of GDP (%) 0,8% 1,2% 1.3% 1.3%

13	 https://www.iea.org/publications/freepublications/publication/WEIO2014.pdf

https://www.iea.org/publications/freepublications/publication/WEIO2014.pdf
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ly decarbonized scenario in 2050 is equivalent 
to about 1% of GDP in that year. The principal 
impact of deep decarbonization on the energy 
economy is not an overall increase in spending, 
but a fundamental shift in the direction of that 
spending. Instead of consumers and businesses 
continuing to expend vast sums on refined fossil 
fuels at the pump, spending is directed toward 
investment in low-carbon technologies on both 
the supply and demand sides of the energy 
system. Figure 25 shows the levelized cost im-
pacts of these changes compared to a reference 
fossil fuel-based future (For more details, see 
US report PDF ). 

Another factor that reduces the net cost of 
deep decarbonization is greater energy ef-
ficiency and conservation. This is illustrated 
by the case of household energy and transport 
costs in the Australian DDP, in which net energy 

costs fall in absolute terms due to energy savings 
and lower operating costs. Energy costs fall even 
further as a share of average household income 
as GDP grows.

The decarbonization of the energy system 
decentralizes the standard energy system 
investment model. Deep decarbonization re-
quires transformational, rather than marginal, 
changes in energy production and consumption 
systems. Th is, in turn, requires that capital 
would flow to low-carbon technologies—prin-
cipally in the areas of decarbonized supply 
infrastructure (generation and fuel production) 
and end-use equipment (energy efficiency and 
fuel switching to decarbonized energy carriers). 
This is associated with a change in the nature of 
investors. Energy supply investment is currently 
concentrated in a limited number of fossil-fuel 
producing regions, under large state-owned 
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enterprises or multi-national corporations with 
access to deep and liquid capital markets and 
proven business models.
 
Creating a favorable policy and regulatory 
framework to reduce the risk associated 
with the upfront, lumpy, and illiquid na-
ture of decarbonization investments is a key 
role for policymakers. This shift in investment 
results in major new market opportunities for 
technologies in the areas of decarbonized power 
generation (renewables, nuclear, and CCS); de-
carbonized fuel production (advanced biofuels, 
hydrogen electrolysis, and synthetic methane); 
and alternative fuel vehicles (powered by elec-
tricity, liquid biofuels, hydrogen, and synthetic 
decarbonized pipeline gas). Ensuring that capital 
is available to all parts of this new energy econ-
omy—businesses engaged in early stage R&D, 
developers wishing to build a new solar PV power 
plant, utilities financing new infrastructure to 
support electrification, and consumers wishing 
to purchase heat pumps or an electric vehicle—is 
a key challenge to making the transformation 
happen.
Implementing a low net-cost energy transfor-
mation will require that policymakers estab-
lish investment market rules and institutions 
to direct investments towards low-carbon op-
tions. Indeed, the challenge is not so much the 
availability of global capital but its availability 
in the low-carbon sectors, adequate to sup-
port the deep decarbonization transformation. 

This  means:
yy encouraging adequate allocation of capital, in 
particular to those actors without access to 
deep and liquid pools of capital (households, 
low-carbon SMEs, etc.) for example, through 
mechanisms that amortize solar panels and 
heat pumps through property taxes instead 
of personal borrowing;

yy providing a consistent regulatory environment, 
including a planning framework commensu-
rate with the timescale of large fixed-capital 
investments;

yy offering appropriate incentives to encourage 
the adoption of key technologies; and 

yy developing mechanisms to manage any ineq-
uitable distributional impacts.
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7Why are deep decarbonization 
pathways essential for climate policy?

Deep decarbonization pathways (DDPs) can 
increase the ambitiousness of country com-
mitments to reducing their GHG emissions 
under the UNFCCC. In advance of COP-21, 
countries have submitted Intended Nationally 
Defined Contributions (INDCs), which contain 
national commitments to emissions reductions, 
typically medium-term (e.g. to 2025 or 2030). 
By describing the full extent of the transforma-
tion required over a longer time frame, DDPs 
provide a unique context for understanding the 
ambition of current INDCs, and what further 
measures deep decarbonization will entail. While 
DDPs are best seen as roadmaps of options and 
enabling conditions, they can also play a critical 
role in increasing the ambitiousness of nation-
al commitments in the future. DDPs can also 
provide long-term benchmarks for measuring 
short-term progress.
DDPs are needed so that countries, and the 
firms and households that compose them, 
stay with in their carbon budgets and avoid 
dead ends. Though 2050 may seem far away, 
the operational lifetimes of much of the in-
frastructure and equipment that drive CO2 
emissions—power plants, buildings, industrial 
boilers and heavy-duty vehicles—are longer. 
DDPs support current policy and investment 
decisions by making the long-term emissions 
consequences of infrastructure- and equip-
ment-investment decisions explicit. DDPs can 
help avoid lock-in to ‘dead-end’ investments 
that produce incremental emissions reductions 
in the short term, but are not compatible with 

deep decarbonization in the long term. In other 
words, if new, long-lived infrastructure is not 
low-carbon, that infrastructure will become an 
obstacle to deep decarbonization in the long 
run and will need to be abandoned and replaced 
at great additional cost to reach mitigation 
targets. The US analysis (See US report PDF ) 
demonstrates that with appropriate foresight 
and early actions, DDPs can help countries 
avoid the need for costly early replacement of 
major infrastructure—for example, fossil-fuel 
power plants that are decommissioned early; 
fossil-fuel vehicles scrapped before the end of 
their useful lives; or costly retrofits for homes, 
businesses, and industries still using fossil fuels. 
For shorter-lived equipment, adoption rates for 
low-carbon options can ramp up more gradually, 
but they must comprise the bulk of new sales 
to drive innovation and to ensure that they 
dominate the stock by 2050 (e.g. by 2035 for 
cars, with the understanding that nearly all 
cars last less than 15 years). Anticipating and 
addressing barriers to the near-term adoption 
of low-carbon infrastructure should be the focus 
of near-term policy action.

DDPs help design resilient, adaptive policies 
in a context of long horizons with large un-
certainties. Deep decarbonization is marked by 
strong technological uncertainties and inertias, 
making sequential decision-making necessary 
to take advantage of continual learning. Policy 
design and dynamic management  plays an im-
portant role in this context, making the trans-

5	

http://deepdecarbonization.org/wp-content/uploads/2015/11/US_Deep_Decarbonization_Technical_Report.pdf
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formation more robust, (i.e. suited to very dif-
ferent economic or technological environments, 
domestic and international) and resilient (able to 
swiftly recover their balance and functionality in 
the event of surprises). The policies and measures 
that deserve to be prioritized are those:

yy that are common to all pathways (e.g. electri-
fication using decarbonized electricity);

yy for which near-term action is required to make 
gradual deployment at scale possible over the 
course of the transition (e.g. efficiency); and

yy which preserve future freedom of choice by 
encouraging the extended use of existing fa-
cilities and/or systems (e.g. re-use of natural 
gas networks to transmit renewable syngas or 
a portion of hydrogen). 

“Surprises” can also affect the efficiency of do-
mestic policies. One French very low energy 
demand DDP scenario features an ambitious 
building energy efficiency retrofitting program 
(600,000 buildings per year). This program may 
not fulfill its objective (because of financing 
constraints, an insufficiently skilled workforce, 
or transaction costs), necessitating adjustment 
of the policy package at some point, e.g. accel-
eration of the decarbonization of energy with  
different policy focuses and instruments.

DDPs are needed for private-sector deci-
sion-making. DDPs will help businesses and 
investors understand the implications of deep 
decarbonization for their operations, helping 
them to identify market opportunities, devel-
op investment and technology strategies, and 
plan for a smooth transition to a low-carbon 
economy.  DDPs can also provide a framework 
for stakeholders to discuss policy proposals and 
identify potential areas for public-private part-
nerships.
Investors can work with the businesses they in-
vest in to identify and mitigate their carbon expo-
sure, and support the development of new tech-
nologies through investing in early-stage R&D.

DDPs provide a necessary analytical tool, 
a long-term road map, to guide today’s 
policies and investments in low-emission 
technologies.  All DDPs rely on technologies 
that are currently available or will become 
available in the near future, given reasona-
ble assumptions, but they also show that the 
development and diffusion of low-emission 
technologies must be accelerated. Many of 
these technologies are already commercially 
available, but deep decarbonization requires an 
orders-of-magnitude increase in their rate of 
deployment, standardization of their use, and 
associated decreases in their costs. In addi-
tion, several critical low-emission technologies 
(e.g. CCS, energy storage, grid management, 
advanced veh icles and biofuels) are s till in 
the R&D phase. Developing new technologies 
involves long time lags and can require complex 
private-public partnerships. 
DDPs show that greater international coopera-
tion on research, development, demonstration 
and diffusion (RDD&D) is necessary for wide-
spread uptake of low-emission technologies in 
all countries before mid-century. Our analysis 
demonstrates that deep decarbonization re-
quires a large number of low-carbon technol-
ogies to become reliable, cost-competitive and 
widely available in all countries. Many of these 
technologies are already commercially available, 
but deep decarbonization requires a scale-up of 
their diffusion, generalization of their use, and 
decrease in their costs through economies of 
scale. A few key technologies still in the R&D 
phase are needed globally, and the rate and 
range of technological diffusion required in the 
DPPs is only possible if coordinated RDD&D 
leads to “learning-by-researching” and “learn-
ing-by doing” effects. The deployment of CCS 
in electricity generation illustrates this point. 
Several country DDPs consider this technolo-
gy critical for deep decarbonization, but it is 
only commercially available as a prototype. To 
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achieve deep decarbonization, CCS must expe-
rience a demonstration phase over the next 10 
years, and then enter the market at scale during 
the late 2020’s (Figure 26). To enable this rapid 
deployment, the cost-competitiveness of CCS 
must improve significantly over time (Figure 27). 
In the absence of carbon prices and global coop-
eration on RDD&D, it is difficult to see how the 
necessary technological improvements and cost 
reductions can be achieved at the required pace 
and to see it installed at the needed magnitude 
(about 25 GW per annum by 2030, across the 
16 countries). 
International cooperation on technology devel-
opment and diffusion is particularly important, 
because absent climate policy, developing coun-
tries are expected to build many new fossil-fuel 
power plants between 2010 and 2050. Deep 
decarbonization remains feasible even if the 
deployment of CCS is more disappointing than 
assumed, but would require rapid and substan-
tial RDD&D technology and policy adjustments 
to push alternatives (renewables, nuclear or 
efficiency). For CCS, as for other decarboniza-
tion technologies, coordination of global R&D 
efforts would accelerate the demonstration and 
testing phase, and more quickly reveal if the 
technology has promise or if other measures 
must be pursued.  

The DDPP analysis underscores the im-
portance of international cooperation to 
maximize the size of the global market for 
low-carbon technologies. Building world-
wide markets for these technologies is the 
greatest opportunity for maximizing innova-
tion and minimizing costs. Historically, the 
biggest advances in low-carbon technologies 
have occurred in richer countries. These coun-
tries have the financial resources to shift their 
own investments from high- to low-carbon 
technologies, thereby bringing down costs for 
everyone else—as has occurred with the inter-

action of mainly German demand and Chinese 
supply of solar PV cells. Developed countries 
have a leading role to play in the development 
and diffusion of the broad portfolio of global 
low-carbon technologies. This requires clear 
and coordinated policies and measures to align 
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Figure 26. Annual deployment of CCS in the power generation sector 
across the 16 DDPP countries
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and focus efforts by technology development 
firms, for example by avoiding the emergence 
of multiple technology s tandards (e.g. for 
electric car chargers or distributed two-way 
transmission equipment), which would create 
fragmented markets and delay the learning 
process.

DDPs provide a framework for understand-
ing how deep decarbonization can work 
in harmony with other sustainable devel-
opment priorities. Having DDPs as a focus 
for public policies can help countries ensure 
that the energy transformation, and other 
decarbonization measures (e.g. land use), also 
support long-term goals such as energy access, 
employment opportunities, environmental 
protection and public health. DDPs concrete-
ly investigate the synergies that occur when 
national sustainable development and decar-
bonization policies are aligned, and analyze 
how economic, social and energy policies can 
and need to be coordinated on a long-term 
basis  for ach ieving desired outcomes. For 
example, the Chinese DDPP analysis suggests 
that deep decarbonization is instrumental in 
reducing local air pollution while maintaining 
fas t growth over the coming decades (See 
CN report PDF ). In India’s case, fundamental 
changes in demography, income, urbanization 
and industrialization are expected to alter the 
key drivers of future GHG emissions. These 
multiple transition vectors bring opportunities 
and risks to the twin challenges of develop-
ment and decarbonization. The Indian DDP 
shows that a policy response that focuses on 
carbon alone could cost five times as much 
per tonne abated as one that coordinates with 
other social goals (See IN report PDF ). The 
South African DDPs also show that deep decar-
bonization can be compatible with significant 
reductions of unemployment and inequalities 
(See ZA report PDF ).

DDPs are needed to coordinate policy and 
investment across jurisdictions, sectors 
and levels of government. By providing a 
transparent and concrete understanding of 
what a low-carbon transition entails—scope 
and timing of infrastructure changes, technol-
ogy options, investment requirements, RD&D 
needs and market potential—DDPs and the 
informed policy choices they enable can help 
align public and private sector interests and 
expectations. Since substantial parts of the 
energy system are under private or sub-national 
control in many countries, DDPs can provide a 
framework for coordinating policy and invest-
ment between sectors, across jurisdictions, and 
between jurisdictional levels (federal, provincial, 
local). Decarbonization might require institu-
tional reforms to implement innovative policy 
approaches, such as enhanced cooperation 
between different levels of political governance, 
the participation of broad groups of stakehold-
ers, and public private partnerships on decar-
bonization technology RDD&D. Case studies of 
the UK, Australian and German examples can 
be found in the online supplementary material 
to the synthesis report.

The pathways to national transformation 
are based on comprehensive policy packag-
es. The DDP policy packages combine sectoral 
and economy-wide measures, economic incen-
tives and regulations of different forms. They 
have been designed by each country research 
team to fit each nation’s specific context. In 
general, along with other country-specific poli-
cies, implementing each national DDP will likely 
require some mix of the following:

yy Regulations and information for less price-sen-
sitive sectors, particularly with respect to build-
ings and transport efficiency (e.g. building 
codes, performance standards).

yy Carbon pricing for price-sensitive sectors, and 
to incentivize technology innovation.

http://deepdecarbonization.org/wp-content/uploads/2015/09/DDPP_CHN.pdf
http://deepdecarbonization.org/wp-content/uploads/2015/09/DDPP_CHN.pdf
http://deepdecarbonization.org/wp-content/uploads/2015/09/DDPP_IND.pdf
http://deepdecarbonization.org/wp-content/uploads/2015/09/DDPP_ZAF.pdf
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yy Policies that support innovation (e.g. R&D, 
prototyping, and commercialization support, 
such as municipalities purchasing decarbonized  
vehicle fleets).

yy Policies that support infrastructure change 
(e.g. municipal land use planning, property 
taxation reform, and transit charges).

The Canadian DDPP (See CA report PDF ), for 
example, relies on an integrated combination of 
policies and measures to reach deep decarboni-
zation, the main elements of which are:
1.	 Best-in-class mandatory energy and GHG in-

tensity regulations requiring the use of zero- 
or near-zero emission technologies in the 
buildings, transport, and electricity sectors14, 
applied to all new installations and retrofits:

yy In buildings, regulations trend down to require 
net-zero-energy residential buildings after 
2025, and commercial buildings after 2035. 
This is enabled by highly efficient building 
shells, electric space and water heaters with 
heat pumps, solar water heaters, and even-
tually, building solar PV as costs fall. An-
other option is identifying opportunities for 
community-scale heating by mapping energy 
demand.

yy In transport, regulations for personal vehicles 
and light freight are set on a rolling, five-year 
schedule. This is because there are many tech-
nologies available and innovation allows them 
to change rapidly. Examples include improve-
ments in efficiency, electrification, use of bi-
ofuels, hydrogen fuels and mode shifting. The 
long-term goal is for all new personal vehicles 
to run on decarbonized energy by the early 
2030s. Heavy freight vehicles with fewer op-
tions (i.e. rail-based mode shifting, efficiency, 
biofuels and hydrogen) would be on a schedule 
to decarbonize by 2040.

2.	Mandatory 99% 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 
between heavy industries and the rest of the 
economy:

yy A tradable GHG performance standard for 
heavy industry (including electricity), evolv-
ing from 25% reductions compared to 2005 
in 2020 to 90% by 2050, using output-based 
allocations to address competiveness concerns. 
If more feasible, an absolute cap-and-trade 
system could be implemented instead with 
similar effects.

yy 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 reaching CDN $350 through $10 
annual increments to 2050. The funds are re-
turned to consumers, half through lower per-
sonal income taxes and half through lower 
corporate income taxes. The charge would be 
flexible and benchmarked against technolog-
ical progress.

4.	A land-use policy package that values the 
net carbon flows of large parcels of land. The 
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.

There is no unique or ‘optimal’ policy pack-
age—ambitious emission reductions in a giv-
en country can be reached through very dif-
ferent policies. The choice of policy instruments 
depends on societal preferences, political econo-
my concerns and institutional considerations. In 
the UK analysis, all scenarios feature the same 

14	  The best mix of regulations and pricing for electricity will depend on the region and circumstance.

http://deepdecarbonization.org/wp-content/uploads/2015/09/DDPP_CAN.pdf
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32% reduction of CO2 emissions between 2020 
and 2030 but the combination of measures dif-
fers widely. One scenario’s policy incentives favor 
the near-term diffusion of nuclear and wind; an-
other works to steadily reduce energy demand, 
supported by building retrofitting programs to 
limit residential demand and car tax incentives 
and locally-based measures to control demand 
for cars. In both scenarios, carbon pricing obvi-
ously plays a role, but to a more limited extent 
than under yet another scenario where it is the 
dominant instrument - the carbon price reaches 
twice the level it does in the other two cases.

DDPs provide a framework for determining 
how to coordinate policies across a broad 
range of sectors. As demonstrated in Section 4, 
the extra investments required for deep decar-
bonization are relatively modest compared to the 
total volume of global investments. This shows 
that low-carbon investment is not so much an 
issue of capital availability as one of how to redi-
rect existing investment in fossil fuel supply and 
demand towards a low-carbon energy system. 
One of the main challenges lies in the expecta-
tions and attitude of financial institutions to-
wards long-term investments, given their natural 
preference for liquid assets. This behavior raises 
specific barriers for low-carbon projects, which 
usually feature positive net present values but 
can be seen as more risky than business-as-usual 
investments due to their higher upfront costs, 
the lack of data on their financial performance 
and most critically, a lack of consistent and pre-
dictable carbon prices (among other investment 
payback determinants).

Carbon pricing is an important component 
of all the DDPP policy packages. The policy 
tools for carbon pricing include economy-wide 
and sectoral cap-and-trade systems or taxation, 
with a wide range of revenue recycling options for 
both. The recycling method (e.g. reduced taxes or 

direct financing of emission reduction programs) 
can have a huge effect on the performance of 
price instruments. Regulatory standards can also 
be designed to work in much the same way as 
implicit carbon prices (e.g. inter-company, trad-
able vehicle fuel efficiency standards).
Given that decarbonization relies on the right 
choices by millions of decentralized actors, ef-
fective economy-wide carbon pricing is a crucial 
tool to coordinate these decentralized choices. 
Effective economy-wide carbon pricing provides 
three benefits: (i) a long-term, emissions-reduc-
tion signal; (ii) a natural instrument to minimize 
total costs by matching the environmental ob-
jective to the last necessary abated tonne of CO2 
through marginal abatement signals; and (iii) an 
incentive for research and innovation. Through 
the long-term price signal it provides, carbon 
pricing also reduces the uncertainties associated 
with low-carbon capital investments. 
The different DDPs use a broad range of poli-
cy tools, and underscore that the appropriate 
mechanisms and their design features need to 
be determined by national circumstances, com-
plementary policy objectives (e.g. promoting en-
ergy access), policy preferences (e.g. preference 
for market-based mechanisms over taxation), as 
well as specific sector needs. As we underscore 
throughout this report, carbon pricing and other 
policy tools need to place particular importance 
on creating incentives and adequate financing 
for the long-term development of low-emission 
technologies.

The role of carbon pricing must be thought 
of in light of national circumstances; it is 
an especially efficient policy instrument in 
mature market economies. 
The efficiency and policy-relevance of economic 
signals, and of carbon prices in particular, de-
pends largely upon the maturity of market-based 
economic systems. In mature market economic 
systems, where the institutional, infrastructural 
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and socioeconomic frameworks are reasonably 
stable, economic instruments can efficiently 
play the role of providing a signal that econom-
ic agents can fully integrate into their deci-
sion-making processes; this is largely the case in 
developed countries. In the less-mature market 
systems of developing countries, where markets 
are incomplete because of the strong role of in-
formal exchanges, institutions’ instability and 
poor information availability, economic signals 
may be swamped in a myriad of contradicto-
ry signals and incentives. In this case, a carbon 
price would still be part of the policy package, 
but probably as a secondary tool limited to the 
mitigation potentials that can be tapped through 
market incentives. The core of decarbonization 
would, at least in a transition period, be triggered 
by a more complex set of policies and measures 
tailored to the abatement potential and devel-
opment needs of the country in question.
Indeed, if used as the only incentive, carbon pric-
es would need to be quite high to compensate 
for the capital-intensive nature of low-carbon 
energy supply and efficiency investments. But 
because high carbon prices would raise concerns 
regarding competitiveness, stranded assets, and 
distributional effects, other well-tailored fi-
nancial instruments will be needed to unleash 
low-carbon investment opportunities that today 
are frozen. Climate finance in particular could 
provide an efficient bridge between long-term 
emissions reduction assets and short-term cash 
balances. It could reduce the investment risks 
of low-carbon projects by signaling to investors 
that reasonable returns are available with a rea-
sonable degree of risk, and that the policy envi-
ronment governing these returns will be reason-
ably predictable for the life of the investment.

DDPs clarify the enabling conditions for 
developing countries to incorporate deep 
decarbonization into their development 
strategies, including the type and volume of 

support needed from the international com-
munity. It is crucial that developing countries 
do not delay their participation in the process of 
technological innovation and adoption. To see 
adoption, many technologies will require mod-
ifications and sales, support and maintenance 
services adapted to local conditions. Even if they 
initially have lower adoption rates, developing 
nations can represent a significant market share 
for low-carbon technologies and help resolve 
barriers to their eventual adoption.
This means that some potential consequences 
of a deep decarbonization strategy, such as the 
higher capital cost of many low-emission tech-
nologies or foregone revenues from fossil-fuel 
exploitation, add to the economic challenges of 
deep decarbonization in developing countries. 
DDPs provide a framework for understanding 
how international cooperation can help mit-
igate these challenges and enable low-carbon 
development.
In addition, some technologies that have the 
potential to play a critical role in decarboniz-
ing energy systems are a perfect fit for certain 
emerging country contexts, such as biomass and 
solar based micro grids. Developing those mar-
kets will be crucial for ensuring greater uptake of 
those technologies. This, in turn, highlights the 
importance of adequate policy schemes to open 
large emerging markets to low-carbon technol-
ogies (as illustrated by the example of concen-
trated solar power with storage in South Africa 
(See ZA report PDF ). The maturation of these 
markets provides an unprecedented opportuni-
ty for economic development via investment in 
innovation, technology leadership and manufac-
turing in developing countries.

DDPs will increase trust in the internation-
al climate policy process. DDPs represent a 
transparent approach to understanding the long-
term policy challenges, technology needs and 
cost structures of deep decarbonization in dif-

http://deepdecarbonization.org/wp-content/uploads/2015/09/DDPP_ZAF.pdf
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ferent countries. They also provide a transparent 
framework to understand whether a country’s 
short-term policies are consistent with achieving 
the stated objective. This can do much to change 
the tenor of the international climate discourse, 
and place greater focus on opportunity-seeking 
and collective problem solving. In contrast to a 
“black box” approach, DDPs are about credible 
and transparent data and analysis, making long-
term national aspirations and the underlying 
assumptions that inform them clear to other 
countries. An open approach of this kind can lead 
to greater trust—including trust in the credibility 
of INDCs—and help to identify areas for policy 
cooperation, joint RD&D, market development 
and mutual assistance.

The DDP project itself demonstrates the 
value of transparent, long-term pathways. 
When the project began in late 2013, most DDPP 
countries had never developed pathways con-

sistent with a global 2°C limit, nor were they 
actively considering this question. The initial 
results of the DDPP demonstrated that taking 
actions consistent with the 2°C limit is possible 
and context-specific. As understanding of the 
value of the approach grows, more country-level 
discussions on deep decarbonization are taking 
place. Long-term pathways are increasingly un-
derstood in the research and policy communi-
ties as a framework for cumulative and collective 
problem solving, which can be presented and 
discussed with key constituencies and revised 
and improved over time. As the DDPP experience 
demonstrates, this approach can lead to a shared 
understanding of what staying within 2°C will 
require, what problems will arise, and what some 
of the options are for addressing them, including 
international cooperation. The DDPP has created 
a collegial environment for learning across and 
within countries, and the sharing of state of the 
art methods, data, and information.

8
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9What’s next for the DDPP?

The DDPP is looking to expand its network, 
further improve available DDPs, and provide 
new public tools to allow greater participa-
tion and dialogue on deep decarbonization.

Expand the DDPP network and coverage: 
The DDPP is already in discussion with research 
teams from additional countries wishing to pre-
pare national pathways, and encourages others 
to contact us. Our ambition is to support the de-
velopment of DDPs for every interested country. 
To this end, we are developing a freely-licensed, 
open-source Pathways model that can be used 
by any country, subnational government, NGO 
or business to prepare DDPs. A priority is expand-
ing coverage to low-income countries, where 
much of the world’s economic and population 
growth is expected to take place in the decades 
ahead. A better understanding of the deep de-
carbonization potential and enabling conditions 
in these countries is essential to determine what 
will be required to stay within the 2°C limit.

Improve available DDPs: This report synthe-
sizes the second iteration of the 16 national 
DDPs, which represent the only collection of 
national pathways consistent with the 2°C lim-
it for all major GHG emitters. While much has 
been achieved, we are conscious of the limita-
tions of the work done so far. The next phase 
will therefore focus on identifying options to: 
(i) further reduce estimated cumulative emis-
sions; (ii) deepen engagement with governments, 
business, civil society and other stakeholders to 
review and improve available pathways and build 
greater public awareness of the feasibility and 
implications of deep decarbonization; and (iii) 
explore with interested partners how public-pri-
vate cooperation on developing and diffusing 

low-emission technologies can be accelerated to 
support deep decarbonization in both developed 
and developing countries.

Develop and disseminate tools in support of 
deep decarbonization. In addition to dissem-
inating a generic Pathways tool for deep decar-
bonization in early 2016, the DDPP maintains a 
web-based portal for the display and analysis of 
decarbonization pathways from the DDPP and 
other initiatives,  to provide a platform for com-
municating and comparing different approaches 
to deep decarbonization for a diversity of stake-
holders.

6	

http://deepdecarbonization.org/visualization-of-country-scenarios/
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COUNTRY RESEARCH PARTNERS. Australia. ClimateWorks Australia; Austral-
ian National University. Brazil. Instituto de Pós-Graduação e Pesquisa de Engen-
haria - COPPE at Universidade Federal do Rio de Janeiro – UFRJ. Canada. Carbon 
Management Canada; Navius Research Inc. China. Institute of Energy, Environment 
and Economy, Tsinghua University; National Center for Climate Change Strategy and 
International Cooperation (NCSC). France. UMR PACTE - EDDEN - Université de Gre-
noble; UMR Centre International de Recherche sur l’Environnement et le Développe-
ment (CIRED). Germany. Wuppertal Institute for Climate, Environment and Energy. 
India. Indian Institute of Management of Ahmedhabad (IIMA); Faculty of Planning, 
CEPT University, Ahmedhabad; UNEP Risoe Center (URC), Denmark. Indonesia. 
Bandung Institute of Technology; Center for Climate Risk and Opportunity Manage-
ment, Bogor Agricultural University. Italy. Agenzia nazionale per le nuove tecnologie, 
l’energia e lo sviluppo economico sostenibile (ENEA); Fondazione Eni Enrico Mattei 
(FEEM). Japan. National Institute for Environmental Studies (NIES); Mizuho Infor-
mation & Research Institute, Inc. (MHIR); Institute for Global Environmental Strat-
egies (IGES). Mexico. Instituto Nacional de Ecología y Cambio Climático (INECC). 
Russia. Russian Presidential Academy of National Economy and Public Administration 
(RANEPA); Higher School of Economics, National Research University, Moscow. South 
Africa. Energy Research Center, University of Cape Town. South Korea. KDI School 
of Public Policy and Management; Korea Environment Institute; Korea University 
College of Life Sciences and Biotechnology; Korea Transport Institute. UK. Energy 
Institute, University College London. USA. Energy+Environmental Economics (E3). 

DDPP PARTNER ORGANIZATIONS. German Development Institute (GDI); 
International Energy Agency (IEA); International Institute for Applied Systems 
Analysis (IIASA); World Business Council on Sustainable Development (WBCSD).   
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