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� China has announced its intention to peak CO2 emissions by 2030 or earlier.

� The peak in greenhouse gas emissions would reach 35–40% above 2010 levels.
� Current policies are likely not to be sufficient to meet the announced 2030 target.
� The expected emission levels reach about 50% above 2010 levels.
� Our selected enhancement policy measures lead to peaking CO2 emissions before 2030.
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In June 2015, China announced its post-2020 reduction targets, its central element being the intention to
peak CO2 emissions by 2030 or earlier. China has implemented several policies to reduce its greenhouse
gas (GHG) emissions. This study provides emission projections for China up to 2030 given current po-
licies and a selected set of enhanced policies, and compares the results with projected CO2 emission
trajectories that are consistent with the announced target for 2030. The projections are based on existing
scenarios and energy system and land use model calculations. We project that the 2030 CO2 emission
level consistent with a peak in CO2 emissions by 2030 ranges from 11.3 to 11.8 GtCO2. The corresponding
total GHG emission level ranges from 13.5 to 14.0 GtCO2e in 2030. Current policies are likely not to be
sufficient to achieve the 2030 targets, as our projected total GHG emission level under current policies
ranges from 14.7 to 15.4 GtCO2e by 2030. However, an illustrative set of enhancement policy measures,
all of which are related to national priorities, leads to projected GHG emission levels from 13.1 to 13.7
GtCO2e by 2030 – and thus below the levels necessary for peaking CO2 emissions before 2030.

& 2015 Elsevier Ltd. All rights reserved.
1. Introduction

In 2011, at the UN climate summit in Durban, countries agreed
to negotiate a new international climate agreement by 2015, ap-
plicable to all countries and to be implemented from 2020 on-
wards. One of the key elements in the new agreement are the
long-term reduction targets beyond 2020, as part of the so-called
Intended Nationally Determined Contributions (INDCs). At the UN
climate summit in Lima in 2014, it was agreed that countries
n).
should submit INDCs well before the Paris climate summit in
December 2015.

In November 2014, the US and China already announced
greenhouse gas (GHG) emission targets beyond 2020. The US an-
nounced a reduction target of 26–28% below 2005 levels by 2025,
and China announced its intention to achieve the peaking of CO2

emissions around 2030 and to make best efforts to peak early.
China further intends to increase the share of non-fossil fuels in
primary energy consumption to around 20% by 2030 (White
House, 2014).

On the 30th of June 2015, China submitted an INDC, which in
addition to the already announced intentions included the inten-
tion to lower the carbon intensity of GDP by 60–65% below 2005
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levels by 2030, and to increase the forest stock volume by around
4.5 billion cubic metres, compared to 2005 levels. China's INDC
also includes a comprehensive list of actions to achieve its 2020
and 2030 targets. A large number of the policies have already been
implemented.

National climate policies in China are developing fast (Gov-
ernment of China, 2012; Townshend et al., 2011; Zhou et al., 2010),
as can be illustrated by the development of renewable and low-
carbon energy. Since the Medium and Long Term Development
Plan (MLTD) for Renewable Energy from 2007, China has increased
its renewable energy capacity targets several times. National tar-
gets from China's 12th Five-Year-Plan (FYP) and the 12th FYP for
Renewable Energy Development include additional renewable
capacity targets (The People's Republic of China, 2011, 2012). For
example, solar PV targets for 2020 have increased from 1.8 GW in
the 2007 MLTD Plan to 50 GW in the 12th FYP and to 100 GW in
the recently published Energy Development Strategy Action Plan
(2014–2020) (The People's Republic of China, 2014a). Targets for
increasing gas production and limiting coal consumption are set in
the National Action Plan on Climate Change (2014–2020) and the
Energy Development Strategy Action Plan (2014–2020) (The Peo-
ple's Republic of China, 2014a, 2014b).

Literature shows a wide range of energy-related CO2 emission
projections for both current and enhanced policies scenarios
(Government of China, 2012; IEA, 2013b, 2014; Jiang et al., 2013;
Zhang et al., 2014). The main reasons for the wide range are
varying GDP growth assumptions, differences in base-year in
which the scenario starts, and related to this, differences in as-
sumptions on implementation of current policies. Despite these
large differences, all scenarios indicate that if China wants to peak
CO2 emissions before 2030, fast implementation of new policies is
needed.

As China is the largest emitter of GHG emissions, being re-
sponsible for about 20% of global GHG emissions, projections of
China's GHG emissions and of the effect of its climate policies are
of great importance to assess the likelihood of achieving the 2 °C
climate goal. The main objective of this study is to analyse whether
current Chinese climate policies and a selected set of enhanced
policies could lead to emission trajectories that are consistent with
the announced targets for 2030, as described in the INDC.

No recent analyses with global models of the impact of current
policies on all GHG emissions up to 2030 exist for China, except for
IEA (2014). The studies with global models that do exist are out-
dated as they do not account for the current policies around re-
newable energy capacity developments (e.g., Tavoni et al., 2015).
The studies with national models as published in the literature
(e.g., Chen et al., 2007; Jiang et al., 2013; Johansson et al., 2014;
Zhang et al., 2014) also do not fully account for the most recent
developments. For this study, we compare our results of the cur-
rent policies scenario with those of existing national studies (for
example, Jiang et al., 2013; Sha et al., 2015), and of the IEA study. It
should be noted that as policies in China are subject to change, this
paper represents the state of affairs as of April 2015 regarding
current policies.

In addition, this study analyses how far China could reduce its
emissions with five selected enhanced mitigation measures, all of
which are related to current national priorities (for instance, re-
ducing air pollution) and therefore, in the view of the authors,
have a high likelihood of being implemented. The selected set of
enhanced mitigation measures is illustrative, but all are selected
based on a literature review of promising areas for enhanced ac-
tion, as explained in Section 3.3, taking into account the criteria
mitigation potential, co-benefits, and alignment with national
priorities. These promising areas include renewable energy, pas-
senger transport, buildings, and forestry.
2. Methods

2.1. Methodology

The impact of current and enhanced policies on GHG emissions
was estimated by two different methods:

(i) Bottom-up framework: calculations based on existing scenar-
ios from IEA and US EPA, complemented with own calcula-
tions of the impact of individual policies in various subsectors.
The framework was developed for, and published in Fekete
et al. (2013b) and is also used in the climate action tracker.1

The GHG projections for China are based on the energy-related
CO2 emission projections of the current policies scenario of the
IEA's World Energy Outlook 2014 (WEO2014) (IEA, 2014) and
the US EPA non-CO2 emission projections up to 2030 (US EPA,
2012). For projections of non-energy-related CO2 emissions,
the growth rates from the IEA's Energy Technology Perspec-
tives 2010 were applied. We adapted these scenarios to
include the latest policies that are adopted by China. For
example, we adapted the coal use, so that the recently agreed
cap on coal consumption is met. To compensate for the
reduced coal use we either assumed more energy efficiency
or an increase in energy supply from other fuels.

(ii) FAIR/TIMER model: calculations based on the FAIR policy
model (den Elzen et al., 2014) and the TIMER energy model
(Van Vuuren et al., 2014). The starting point for the FAIR/
TIMER model calculations is an updated version of the OECD
(2012) business-as-usual emission scenario (TIMER baseline).
The policy targets (such as renewable capacity targets) were
implemented in the TIMER energy supply and demand sub-
models, resulting in a deviation from the business-as-usual
emissions pathway. After the target year, until 2030, the
TIMER model calculates market shares of energy technologies
by a multinomial logit function, so that technologies with
lower costs gain larger market shares. Climate policies that
encompass end-of-pipe measures, such as HFC reduction
schemes, are implemented in the FAIR model by setting a
tax level in accordance with the target reduction. The account-
ing method for total primary energy supply in our calculations
is based on the standard Chinese method, which is also used in
the national plans, and excludes traditional biomass fuels. We
use a time-dependent conversion efficiency, which improves
in time, for nuclear, hydro and other non-biomass renewables
to calculate the equivalent level in terms of electricity gener-
ated by fossil-fuelled power plants, excluding heat generation.

Both methods were supplemented with land use, land-use
change and forestry (LULUCF) CO2 emission projections based on
land-use and agricultural policies using IIASA's global land-use
model GLOBIOM (Havlík et al., 2014) and global forest model G4M
(Gusti, 2010). National afforestation and deforestation rates in the
models are calibrated to historical data (FAO STAT) using a cali-
bration procedure to produce historically consistent reference le-
vels (Gusti and Kindermann, 2011). From 2010 onwards, the trend
in land-use emissions is fully based on model estimates taking into
account socio-economic development and its related impacts on
food, feed, and fibre demand.

Population, GDP and bioenergy demand projections were taken
from the WEO2014 (IEA, 2014) to harmonize estimates across
models. In addition, to account for the uncertainties, we also
analysed an alternative projection for LULUCF CO2 emissions, for
which it was assumed that emission sinks will become slightly
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smaller (by 20% relative to 2005) and that emissions from forest
and grassland conversion will remain constant. Section 3 provides
more detail about the methodology used for the assessment of
specific policies.

2.2. Historical emissions

Official Chinese data is only available for two inventory years
(1994, 2005) from two national communications (Government of
China, 1994, 2012), which differ in scope. For historical emissions
until 2010 we therefore use a combination of international data
sources for energy-related CO2 emissions (IEA, 2013a) and non-
energy-related CO2 emissions and other GHG emissions (EDGAR
4.2 FT2010) (JRC/PBL, 2012), and CO2 emissions and removals from
activities relating to land use, land-use change and forestry (LU-
LUCF) from FAOSTAT data (http://faostat3.fao.org/faostat-
gateway).

2.3. Uncertainties

All numbers in the following sections involve uncertainties. The
most important uncertainties in emission projections relate to
uncertainty in historical emissions and GDP growth projections.

Emission projections start from a base year based on historical
data. As different historical data sources show emission levels that
vary by up to 2 GtCO2 in 2010 (Guan et al., 2012), the choice for a
certain historical emission dataset affects future emission projec-
tions. Guan et al. (2012) compiled the CO2 emission inventories for
China's 30 provinces for the period 1997–2010, and found that
total CO2 emissions for 2010 differ by 1.4 GtCO2 compared to the
CO2 emissions calculated on the basis of the two publicly available
official energy data sets. Zhu (2014) reviewed the CO2 emissions
data for China provided by various international organisations and
databases and compared those with China's data for 2005 from the
second national commnunication (Government of China, 2012)
and own estimates for 2006–2011 using the same implied emis-
sion factors for primary fossil fuels and cement clinker production
as for 2005. Zhu concluded that IEA (2013a) has the best com-
parability with China's official data for 2005 and the subsequent
trend.

Fig. 1 shows the most recent historical CO2 emission trends
from several databases.

The differences in historical energy-related CO2 emissions be-
tween datasets can be explained by (a) differences in data sources
for statistics of fuel consumption, both in physical units (e.g. ton of
Fig. 1. Historical CO2 emissions for the period 2005–2013 by various databases (updated
to limestone use. Source: Second National Communication (SNC) (Government of China
(Boden et al., 2013); EIA (2015).
coal) and the net calorific value (e.g. GJ/metric ton), and in release
years of these datasets; and (b) differences in emission factors
used (e.g. kg CO2/GJ fuel). For example, CDIAC uses the United
Nations Statistical Office data (statistical publications of each
country) and IEA and EDGAR use IEA data (IEA, 2013a) for fuel
statistics, on which their emission calculations are based. The
EDGAR dataset uses different releases of IEA energy statistics than
the IEA, which always uses the latest release. In addition, datasets
may differ in the level of disaggregation of fuel types used for the
emissions calculation, e.g. for hard coal and oil products several
subtypes may be distinguished with specific emission factors
(Andres et al., 2012). IEA and EDGAR use more detailed calculation
than CDIAC that uses one factor for hard coal and one for all oil
products. Finally, datasets are based on different methodologies to
estimate country emissions from non-energy use of fossil fuels,
use as reductant in blast furnaces for iron making, and use as
chemical feedstock. More details are provided in Olivier et al.
(2014). The IEA data are closest to the official national CO2 emis-
sions, while CDIAC data differ from 7% in 2005 to 16% in 2011
(Fig. 1). For the relatively small source of CO2 emissions from
limestone use in cement production, CDIAC uses a global emission
factor per ton of cement produced, whereas the EDGAR datasets
correct for the fraction of clinker in cement, when different from
the default fraction assumed. Therefore, the EDGAR data is closer
to official Chinese CO2 emissions for cement production than
CDIAC, the latter differing from 30% in 2005 to 55% in 2011 with
official data.

Most industrialised countries estimate the uncertainty in their
official total CO2 emissions at 2–5% (95% confidence interval) and
differences between IEA and EDGAR datasets and these official
reported CO2 emissions are mostly also in this range – with a few
exceptions (Olivier et al., 2014). For China, it is estimated that most
international datasets have an uncertainty of the order of 10%
(Andres et al., 2012; Olivier et al., 2014), but some estimated the
uncertainty in the late 2000s as high as 15–20% (Gregg et al.,
2008).

Despite this uncertainty, recent updates show that emissions in
China have increased faster than previously expected, and reached
around 11.1 GtCO2e in 2010 excluding LULUCF (JRC/PBL, 2012). The
LULUCF CO2 emissions were estimated at around �0.3 GtCO2e in
2010 (FAOSTAT). In 2012 and 2013 the growth in CO2 emissions in
China has slowed down, partly due to a lower GDP growth (about
7.5% instead of the decadal average of around 10%), and, related to
this, to a lower growth rate in cement, steel and electricity pro-
duction (almost half of the growth rates in most of the previous
from Zhu (2014)): (a) from fossil fuel combustion; (b) from cement manufacture due
, 2012) and estimate (Zhu, 2014); EDGAR (Olivier et al., 2014); IEA (2013a); CDIAC
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Table 1
The energy-related CO2 emissions and all greenhouse gas emissions (including
LULUCF) by 2020 that meet China's pledge (intensity targets and non-fossil energy
target), for various studies (GtCO2).

Scenario Energy-related
CO2 emissions

All greenhouse gas
emissions (including
LULUCF)

Based on the Second National
Communication

a40% reduction in CO2 emission
intensity

10.7 14.3

a45% reduction in CO2 emission
intensity

9.9 13.2

Projections of GDP growth of 8%/
year for the period 2010–2020

11.3 [10.8; 11.8] 14.8 [14.4; 15.3]

Projections of GDP growth of 6%/
year for the period 2010–2020

9.4 [9.0; 9.8] 12.9 [12.5; 13.3]

UNEP Gap 2014 report N.A.a 14.5 13.6 [13.0; 13.8]b

Based on official estimate
Based on model studies

a N.A.: Not available.
b 20th to 80th percentile range of the included model studies.
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years (Olivier et al., 2014)). In 2014, China's coal consumption fell
by 2.9% according to official preliminary Chinese energy statistics
for 2014 (NBSC, 2015) (in May this was updated to 0.9%), crude oil
consumption increased by 5.9%, natural gas consumption in-
creased by 8.6%, and cement production increased by 2.3%. These
changes, combined with an increase in electricity production from
renewable sources of 15.7%, results in a projected increase of
China's CO2 emissions in 2014 of around 0.9%.

The estimates mentioned above do not include a downward
revision of CO2 emissions suggested in a recent paper by Liu et al.
(2015), nor an upward revision recently announced by NBCS
(2015). However, the downward revision for EDGAR would be
about 6% in 2013, and not 14% as suggested by Liu et al., since the
energy statistics used by IEA and EDGAR already take account of
much of the concern of the paper on the total coal consumption.
Since the upward revision of coal statistics announced by NBSC is
of a similar level but of opposite sign, the total impact of both
corrections will probably be rather small and definitively within
the 10% uncertainty range estimated for China. More details of our
assessment of the paper of Liu et al. (2015) can be found in Olivier
et al. (2015).

Finally, the effect of CO2 intensity targets and various policy
targets depends on future GDP growth, which is uncertain. Growth
rates over the last 10 years have been higher than expected;
however, recently, growth has slowed down. It is unclear how GDP
growth will develop up to 2020. The Second National Commu-
nication (Government of China, 2012) assumes an annual GDP
growth of 7% between 2010 and 2020, and the WEO2014 assumes
an annual growth of 6.9% for the period 2012–2020, and 5.3% for
2020–2030.
3. Results

The following sections describe in detail China's 2020 pledge
and current policies, our analysis of the impact of those, and an
assessment of enhanced policies.

3.1. China's 2020 Pledge made in the Cancún Agreements

China's pledge consists of reducing its CO2 emission intensity
(emissions per unit of GDP) by 40–45% by 2020, compared to 2005
levels, increasing the share of non-fossil energy in primary energy
supply to 15% by 2020 (including nuclear energy), and increasing
the forest coverage by 40 million hectares and forest stock volume
by 1.3 billion m3 by 2020, relative to 2005 levels (UNFCCC, 2011).

We estimate the GHG emissions in 2020 that would be con-
sistent with this pledge (Table 1). The second national commu-
nication (Government of China, 2012) presents an “enhanced
policy” scenario, that accounts for the impact of the pledge of 45%
reduction in CO2 emission intensity. Under the enhanced policy
scenario, which includes policies and targets implemented and
planned in the 12th and 13th Five Year Plan (up to 2020), emis-
sions reach 9.9 GtCO2. As these emissions only include energy-
related CO2 emissions, we added industry-related CO2, LULUCF CO2

and non-CO2 GHG emissions. For the industry-related CO2 emis-
sions, a similar trend to that of the energy-related CO2 emissions is
used, using the EDGAR estimate in 2012 as starting point. For the
non-CO2 GHG emissions, the reference scenario of the EPA (US
EPA, 2012) is used. This results in a GHG emission level (including
LULUCF) of 13.2 GtCO2eq in 2020. For a 40% reduction in CO2

emission intensity, energy-related CO2 emissions would be about
10.7 GtCO2e in 2020, and the GHG emission level (including LU-
LUCF) would be 14.3 GtCO2eq (Table 1). The effect of CO2 intensity
targets depends on future GDP growth. A 1% lower growth rate
would decrease the targeted emission level of the CO2 intensity
target by about 1 GtCO2e (den Elzen et al., 2013).
For comparison, UNEP (2014) estimated a GHG emission level

of 13.0–13.8 GtCO2e including LULUCF, with a central estimate of
13.6 GtCO2e based on seven model studies. It also presents an
official estimate of 14.5 GtCO2eq, based on a 40–45% improvement
in CO2 intensity and an average annual economic growth of 7%,
consistent with official projections from the Second National
Communication.

3.2. Current policies

3.2.1. Description of policies
Our assessment includes the most recent economy-wide cli-

mate and energy policies for the period 2011–2015 (Table 2), as
established in the 12th FYP and the 12th FYP for Renewable En-
ergy Development (The People's Republic of China, 2011, 2012), as
well as targets for gas and limiting coal consumption set in the
National Action Plan on Climate Change (2014–2020) and the
Energy Development Strategy Action Plan (2014–2020) (The Peo-
ple's Republic of China, 2014a, 2014b).

3.2.1.1. 12th Five-Year-Plan. The 12th Five-Year-Plan was published
in March 2011, and includes translations of the voluntary inter-
national commitments (pledges) into domestic policies (China
National Energy Administration China National Renewable EC,
2012). It contains the following climate and energy targets: (i) a
CO2 intensity target aimed at a 17% decrease in carbon dioxide
emissions per unit of GDP, between 2011 and 2015; (ii) A non-
fossil energy target aimed at increasing the share of non-fossil
fuels (including nuclear) in primary energy consumption from
8.3% in 2010 to 11.4% by 2015; (iii) An energy-intensity target
aimed at a 16% decrease in primary energy consumption per unit
of GDP, between 2011 and 2015. As to the land-use sector, the
12th Five-Year-Plan targets to afforest an additional 12.5 million ha
of land and increase the forest stock by an additional
0.6 billion m3, relative to 2005 levels by 2015. This continues the
trend of the previous 11th Five-Year-Plan, where support was di-
rected to afforestation projects and enhancements of sustainable
forest management, which reportedly led to the afforestation of
24.67 million ha of land (Government of China, 2012). These tar-
gets are supported by numerous supportive policies, such as the
Top 10,000 Energy Consuming Enterprises programme,2 financial
incentives for renewable energy, and efficiency labelling and
standards.



Table 2
Overview of the current policies analysed for China.

Sector Policy/measure Target

Economy/state wide Implementation of measures in the 12th Five-Year
Plan (FYP)

- A 17% cut in CO2 intensity by 2015 and a 16% reduction in energy intensity by 2015, com-
pared with 2010 levels

Energy supply Medium and Long Term Development Plan for
Renewable Energy

- Increasing the share of gas in total primary energy supply to 10% by 2020
- Limiting coal consumption to a maximum of 4.2 billion tonnes from 2020 onwards (coal
cap)
- 11.4% share of non-fossil fuels (including nuclear) in primary energy consumption by 2015
- 700 GW renewable electricity by 2020 (420 GW hydropower, 200 GW wind, 50 GW solar,
30 GW biomass, 0.1 GW tidal by 2020)

Updates for renewable energy capacity in 12th
FYP

- Renewable electricity - 800 million m2 collector area
- Solar hot water - 10 million tonnes ethanol, 2 million tonnes biodiesel
- Biofuel - 58 GW nuclear energy by 2020 and 150 GW by 2030
- Nuclear energy

Transport - Subsidies for hybrid and electric vehicles, biofuel
target

- Ethanol blending mandates 10% in selected provinces

- Fuel efficiency standard - 5 l/100 km for new cars (20 km/l) by 2020
Industry Energy efficiency: Top 10,000 energy-consuming

enterprises programme
Energy saving targets for energy-intensive industries, to be achieved by 2015. The target for
steel producers is 25%, for the non-ferrous metal industry 18%, and for cement production 3%

Forestry Promotion of afforestation and sustainable forest
management

Increasing the forest area by 40 million hectares and the forest stock volume by 1.3 billion m3.
This is to be achieved by 2020, relative to 2005 values.

Note: This analysis does not consider the recently announced target to reduce coal consumption by 160 million tonnes, outlined in the 2015–2020 action plan on the efficient
use of coal.

3 http://www.world-nuclear.org/info/Country-Profiles/Countries-A-F/China–
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3.2.1.2. 12th Five-Year Plan for renewable energy development. The
targets for additional renewable capacities were increased more
than twofold for some technologies in the 12th Five-Year Plan for
renewable energy development (The People's Republic of China,
2012), compared to the previous version from 2007. The installed
renewable energy capacity target for 2020 is 420 GW of hydro-
power, 200 GW of wind power, 50 GW of solar power and 30 GW
of biomass power (total target of 700 GW). In the bottom-up
method, this 2020 target is assumed to grow to 1400 GW renew-
able energy capacity by 2030 for the current policies scenario
based on Bloomberg New Energy Finance (2013). The TIMER
model projects renewable capacities based on the multinomial
logit function (see Section 2.1), including the learning effect in-
duced by additional installed renewable technologies compared to
the business-as-usual scenario, leading to 1050 GW renewable
energy capacity by 2030. Our renewable capacity targets are
somewhat higher than the 850 GW as assumed in the current
policies scenario of IEA (2014) and the 1005 GW by 2030 of the
IRENA (2014).

3.2.1.3. Medium and Long Term Development Plan for Renewable
Energy. The Medium and Long Term Development Plan for Re-
newable Energy contains targets for increasing solar thermal
water heating (800 million m2 area of solar thermal collectors by
2020) and replacing petroleum-based fuel with biofuels (10 mil-
lion tonnes ethanol, 2 million tonnes biodiesel by 2020). The plan
also contains targets for biogas and geothermal heat, although
these are of a smaller order of magnitude (National Development
Reform Commission, 2007).

3.2.1.4. Energy Development Strategy Action Plan. Finally, we ana-
lysed the targets for gas and for limiting coal consumption as set in
the Energy Development Strategy Action Plan (2014–2020). These
targets include (i) a fossil fuel target aimed at increasing the share
of gas in total primary energy supply to 10% by 2020, and (ii)
limiting coal consumption to a maximum of 4.2 billion tonnes
from 2020 onwards (coal cap).
2 http://iepd.iipnetwork.org/policy/top-10000-energy-consuming-enterprises-
program.
3.2.1.5. Other policies. The Air Pollution Control Action Plan (Gov-
ernment of China, 2013) further bans construction of coal-fired
power plants in various regions. While this helps to reduce local
air pollution, the overall effect on emissions is unclear, as the same
capacities could be moved to other geographic regions. We
therefore assumed no impact on GHG emissions. A pilot ETS
scheme at the national level is being planned and, according to
most recent information, will start in 2020 (Chen and Reklev,
2014). For this analysis we did not include the impact of ETS in the
calculations, as the final design and implementation of the ETS is
under development.

Nuclear. In 2012 the State Council published a White Paper on
energy policy. At the same time it announced that China's nuclear
programme, suspended after the Fukushima disaster, would re-
sume but at a slower pace than initially planned (Nachmany et al.,
2014). The current plans include a three-fold increase in nuclear
capacity from current (2015) levels, to at least 58 GW by 2020-21,
then some 150 GW by 2030.3 This nuclear capacity projection is
assumed in our calculations. However the post-Fukushima slow-
down may mean that the 2030 figure is only about 120 GW, which
is assumed in the current policies scenario from the IEA (2014) and
reference scenario in the IRENA (2014).

Transport. Chinese Automotive Fuel Economy Policy.4 In 2012,
China's State Council released the Energy-Saving and New Energy
Vehicle Industrialization Plan,5 which contains a fuel efficiency
standard starting in 2015 (already in place), and a standard of 5 l/
100 km by 2020 (Braun et al., 2014). Furthermore, subsidies exist
for hybrid and electric vehicles.

3.2.2. Assessment of current policies
The CO2-intensity, energy-intensity, and non-fossil-fuel energy

targets have been analysed for the year 2015 using both FAIR/
TIMER model calculations and CAT analysis. The CO2 intensity and
energy intensity targets for 2015 are achieved in the TIMER cur-
rent policy scenario. As the policies from the 12th FYP are already
included in the current policies scenario of IEA's WEO2014, these
Nuclear-Power/.
4 www.unep.org/transport/gfei/autotool/case_studies/apacific/china/CHINA%

20CASE%20STUDY.pdf.
5 www.gov.cn/zwgk/2012-07/09/content_2179032.htm.
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http://www.world-nuclear.org/info/Country-Profiles/Countries-A-F/China--Nuclear-Power/
http://www.world-nuclear.org/info/Country-Profiles/Countries-A-F/China--Nuclear-Power/
http://www.unep.org/transport/gfei/autotool/case_studies/apacific/china/CHINA%20CASE%20STUDY.pdf
http://www.unep.org/transport/gfei/autotool/case_studies/apacific/china/CHINA%20CASE%20STUDY.pdf
http://www.gov.cn/zwgk/2012-07/09/content_2179032.htm


Fig. 2. Impact of climate policies on greenhouse gas emissions for China. Historical greenhouse gas emissions (including LULUCF) are based on energy-related emissions
(IEA, 2013a), non-energy-related emissions (EDGAR 4.2) (JRC/PBL, 2012) and LULUCF emissions (FAOSTAT). LULUCF emission projections due to current policies (range) are
based on FAOSTAT and model calculations. The LULUCF emission projections for enhanced policies are based on IIASA model calculations.
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targets do not lead to any further reductions according to the CAT
analysis.

The renewable energy capacity targets results in an emission
reduction of 1165 MtCO2 in the TIMER current policies scenario
with respect to a no climate policy baseline, whereas in the CAT
analysis the reduction is limited due to the assumed capacity
targets in the IEA current policies scenario.

The effect of limiting coal consumption to 4.2 billion tonnes
was estimated by first converting the target into about 2200 Mtoe
(million tonnes of oil equivalent), based on the assumption of an
average heating value of coal in China of 22.4 MJ/kg coal (Sun,
2010) and a world average of 30.1 MJ/kg coal.6 According to the
WEO2014 (IEA, 2014), coal consumption in 2012 was 1977 Mtoe. In
order to limit coal consumption to 2200 Mtoe, a maximum in-
crease in consumption of 11% is allowed between 2012 and 2020,
and we assumed a stabilisation of coal consumption thereafter.
Under FAIR/TIMER current policies scenario, historical coal con-
sumption trend before 2012 was similar to the WEO2014 trend.
The increase from 2012 towards 2020 is about 10% in the TIMER
projection, which is below the growth rate that corresponds with
the cap of 2200 Mtoe. Coal consumption is projected to stabilise
thereafter. In the FAIR/TIMER calculations, this peaking of coal
consumption is due to the renewable energy policies as stated in
the 12th Five-Year-Plan; therefore, no additional policy is required
to reach the coal cap. The same holds for the gas share target of
10% for 2020. In the CAT calculations, the cap on coal will also have
a limited impact in 2020. However, with the assumption that coal
6 http://www.engineeringtoolbox.com/coal-heating-values-d_1675.html.
consumption will not increase further thereafter, the cap limits
emissions in the period up to 2030 and thus will have an impact in
that period. The assumption that the use of coal will not increase
after 2020 is based on recent developments of actual decreasing
coal consumption in China and on discussions about peaking coal
as a prerequisite to peak emissions by 2030 at the latest.

Summarising, under current national policies China's emissions
are projected to lead to approximately the same emission levels as
those required to achieve the pledge by 2020, as illustrated in
Fig. 2. The largest impact is expected from the renewable energy
capacity targets defined in the 12th FYP for Renewable Energy
Development (responsible for about 60% of emission reductions
with respect to a no climate policy baseline). The absolute emis-
sion level resulting from the pledge strongly depends on economic
growth, which is very uncertain. Many studies have also indicated
that China will meet its 2020 carbon intensity target commitment
(Cansino et al., 2015; Jiang et al., 2013; Zhang et al., 2014), except
for the trend analysis of Yang et al. (2014).

Under current policies, China is projected to emit 12.5–13.4
GtCO2e by 2020 and 14.7–15.4 GtCO2e by 2030 (including emis-
sions from LULUCF) (see Table 3), which is about 46–53% above the
2010 level. Fig. 3 shows the projections of the per capita GHG
emissions, the total CO2 emissions, and per unit of GDP, as well as
the renewable energy share of total primary energy supply (TPES)
and (d) share of renewable and nuclear (non-fossil) of TPES. The
cited Figures and Tables also show the projections for the en-
hanced policies scenario, and the emission levels consistent with
China's INDC, as explained in the following sections.

http://www.engineeringtoolbox.com/coal-heating-values-d_1675.html


Table 3
Greenhouse gas emissions in China for the FAIR/TIMER calculations and bottom-up
analysis, according to various policy scenarios, including LULUCF emissions, in 2005
and 2010 and by 2020 and 2030 (GtCO2e). Numbers in brackets represent emis-
sions relative to 2010 levels.

Scenario 2005 2010 2020 2030

Pledge 13.5 (33%)
Current policies 7.0 10.1 [12.5; 13.4] ([24%;

33%])
[14.7; 15.4] ([46%;
53%])

Enhanced policies [12.1; 12.9] ([20%;
28%])

[13.0; 13.7] ([30%;
35%])

INDC [12.5; 13.4] ([24%;
33%])

[13.5; 14.0] ([35%;
40%])
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3.2.2.1. Comparison with national and global studies. For this study,
we compare our results of the current policies scenario with the
original or updated emission projections from the national studies
if available (for example, Jiang et al., 2013; Sha et al., 2015), and
with the IEA study. For the comparison, we focus on the energy-
related CO2 emissions, as these are given in the national studies
and IEA. Our study shows an increase from about 8 GtCO2 in 2010
to 11–11.5 GtCO2 in 2030. Jiang et al. (2013) shows a similar in-
crease to about 11.6 GtCO2 in 2030 for the business-as-usual sce-
nario. The continued effort scenario in Zhang et al. (2014) shows
an increase towards 12 GtCO2 in 2030. A similar projection is
found for the current policies scenario of the IEA. Concluding, our
study gives somewhat lower energy-related CO2 emissions pro-
jections, mainly as the most recent updates in the renewable en-
ergy capacity developments are included here, but not in the na-
tional and IEA studies.

3.3. The enhanced policies scenario

3.3.1. Policy selection
This section presents the analysis of five selected promising

enhanced mitigation policies, given the relevance and opportu-
nities in the national context. The enhanced policy measures were
selected based on a literature review of promising areas for en-
hanced action, taking into account the criteria mitigation potential,
co-benefits, and alignment with national priorities. We assumed
that policies that have significant co-benefits and that are in line
with national priorities have a higher likelihood of being
implemented.

The main sources for the literature review were World Bank
and ClimateWorks Foundation (2014), Ecofys and Wuppertal In-
stitute, IEA (2013b); Fekete et al. (2013b); World Bank, 2007; Ri-
cherzhagen et al. (2008); Government of China (2013); ICCT
(2014); Braun et al. (2014), and Grantham Institute for Climate
Change (2010).

The policies were selected to be attractive to the country as
they are mostly directed at reducing local air pollution and other
co-benefits, and at the same time achieve highest possible GHG
emission reductions (see Table 4) (e.g., European Environmental
Agency, 2014; World Bank and Climate Works Foundation, 2014).
For example, the co-benefits of building efficiency, i.e. enhance-
ments in current building standards, consist of energy saving and
increasing comfort levels for end users, and reducing pollutant
emissions from direct fuel combustion in cities.

In a technical report (Fekete et al., 2015), we have explored
more reduction measures, i.e. methane reduction from fossil fuel
production, energy efficiency of industrial processes, efficiency of
appliances, and more promotion of electric vehicles. As the impact
of these additional measures in reducing GHG emissions is much
lower, we have decided not to present these here but focused on a
few major policies only. One additional measure that is not
presented in this paper but which can have a significant impact is
promotion of energy efficiency of industrial processes, which
could lead to a reduction of 600 MtCO2e by 2030 (Fekete et al.,
2015).

Table 5 presents the selected enhanced policy measures based
on the possible areas of enhanced action given in Table 4. These
enhanced policy measures are either additional to the policies in
the current policies scenario, or show an enhanced ambition of
current policies, as described in Table 5. Policies that have in-
creased ambitions in this scenario compared to the current po-
licies scenario are the increased renewable energy target and the
increased efficiency improvements in transport.

It should be noted that the selected enhanced mitigation
measures do not give a recipe for China on how to implement
ambitious climate policies. It merely shows the possibilities of
some chosen standard measures that are successfully im-
plemented in other countries. Actual implementation should
consider local circumstances and criteria that go further than mere
emission reduction. Based on these considerations, other mea-
sures might be more appropriate.

3.3.2. Energy supply; renewable energy target
For the enhanced policy scenario we analysed the effect of an

increase in the share of renewable electricity of 1.35 percentage
points per year (using IEA primary energy accounting), based on
the average increase over the last decade of Germany and the
United Kingdom – countries with successful renewable energy
policy frameworks. This implies reaching a share of around 44%
renewable energy in electricity supply (excluding nuclear energy)
by 2030 (in 2012, the share was 20.1%). The additional generation
from renewable energy replaces coal-fired generation first, fol-
lowed by oil and gas. This policy, in combination with the coal
consumption cap in the current policies scenario, leads to a si-
tuation where no new coal-fired power plants are being built after
2020. Emission reductions beyond the current policies scenario are
expected to be 395–500 MtCO2e by 2020 and 900–1400 MtCO2e
by 2030, based on FAIR/TIMER (lower end of the range) and CAT
calculations (upper end of the range). This renewable energy tar-
get is in line with the Renewable Energy Roadmap 2030 (IRENA,
2014), according to which China could increase its share of re-
newable energy in the power sector from 20% to nearly 40% by
2030. These targets imply a substantive growth in wind, solar and
hydropower. The renewable energy capacity projection by 2030 in
the INDC scenario as calculated by the PECE model (Sha et al.,
2015) is also similar.

3.3.3. Transport; fuel efficiency improvements
Private vehicle ownership has increased strongly in China over

the last years, and this trend is expected to continue. Urban
transport is currently one of the main causes of local air pollution
in Chinese cities. A light commercial vehicle standard starting in
2015 is already in place and a standard of 20 km/l by 2020 is
currently under review (Braun et al., 2014). For the enhanced
policy scenario, we assume that China can complement its already
existing mitigation policies in transport with a fuel economy
standard from today's level linearly towards a fuel economy
standard of 47.5 km/l for newly sold cars by 2035, which is cur-
rently discussed in the EU for new cars in 2030. If this standard
could be achieved by 2035, transport emissions would peak in
2025, despite of an increasing trend in activity. According to our
analysis, this would decrease emissions by 1–54 MtCO2e by 2020
and 7 to 50 MtCO2e by 2030, below the current policies develop-
ment, based on FAIR/TIMER (lower end of the range) and CAT
calculations (upper end of the range).



Fig. 3. Impact of current and enhanced policies, and the INDC for China on (a) CO2 emissions, (b) CO2 emissions per unit of GDP, (c) renewable energy share of total primary
energy supply (TPES) and (d) share of renewable and nuclear (non-fossil) of TPES, and (e) greenhouse gas emissions per capita for the FAIR/TIMER projections (lines) and
bottom-up analysis (only 2020 and 2030 estimate are shown, if different from FAIR/TIMER projections). The non-fossil energy targets and the CO2 emission targets for the
2020 pledge and the INDC targets are also included (grey squares).
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3.3.4. Buildings; efficiency improvements
Residential and commercial floor space area is increasing

strongly in China. In the CAT analysis, current building standards
are replaced with a maximum primary energy demand of 50 kWh/
m²/a for new buildings, starting today. Based on a reference
building in Shanghai, we estimate that current Chinese standards
imply a primary energy demand of around 120 kWh/m²/a. Ad-
ditionally, we assume an autonomous efficiency improvement of
1% per year. In the FAIR/TIMER analysis, the effect of advanced
heating and insulation measures was projected. This encompasses
a gradual installation of advanced insulation in newly built houses
between 2015 and 2030 and a 10% improvement in the energy
efficiency of water heating. The calculations show that efficiency
improvements in buildings would lead to additional emission re-
ductions of about 16–75 MtCO2e by 2020 and 132–200 MtCO2e by
2030, beyond those under current policies. The FAIR/TIMER esti-
mates are at the lower end of the presented reduction ranges.

3.3.5. HFC production and consumption
A full implementation of the reduction scheme for the pro-

duction and consumption of HFCs based on the 2014 North
American Amendment Proposal (Appendix A.5) is assumed. For
China, categorised as an Article 5 Party in the proposal, this would
imply a 30% reduction in HFC consumption below the baseline by
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2025 and a 60% reduction by 2031 (U.S. Environmental Protection
Agency, 2014). The baseline for an Article 5 country is calculated as
100% of average HFC consumption and production and 40% of
average HCFC consumption and production in 2011–2012. The
FAIR/TIMER and CAT calculations show a reduction below the
current policies scenario of about 0 to 185 MtCO2e by 2020 and
150–460 MtCO2e by 2030.

3.3.6. Forestry; the implementation and achievement of targets
concerning national forest cover for 2030

There are several nationwide programmes that support affor-
estation and plantation of forests. The National Forest Protection
Programme (Barr and Cossalter, 2004; FAO, 2011) has stopped
logging of natural forests at the upper reaches of the Yangtze and
Yellow rivers; the China Fast-Growing and High-Yield Plantation
Programme (Jiang and Zhang, 2003) has heavily supported pulp-
wood plantations; and the Grain for Green Programme (Deng et al.,
2014; Dhiyoung, 2002; Liu and Wu, 2010) is supporting affor-
estation efforts by farmers. There is also a strong focus on the
protection of wetlands, with a target of over 60% of the natural
wetlands being protected by 2020.

The various protection and plantation-supporting policies have
been very effective in promoting afforestation, and China´s forest
cover has increased steadily during the last decade. In this scenario
we assume that China would continue to promote afforestation
efforts beyond the 2020 target as of China's Copenhagen pledge
(UNFCCC, 2011). Assuming the same yearly level of afforestation
effort after 2020, the policy would then aim to increase the forest
coverage by an additional 27 million hectares as compared to the
2020 level. Based on current policies, the G4M model estimates
that the forest cover would increase by 9 million hectares by 2030,
relative to the 2020 level. An additional 18 million hectares of
afforestation would thus be required to reach the assumed target
of 27 million hectares of afforestation. However, it is highly un-
certain whether the additional 18 million hectares of land can be
afforested through the introduction of additional policy measures.
Based on G4M model calculations, it is estimated that only
0.2 million hectares of the additional 18 million hectares of af-
forestation can be fulfilled through the considered enhanced pol-
icy scenario, so the impact on reducing emissions is low. Fur-
thermore, even though the total afforestation efforts are large,
afforestation in China also raises environmental concerns follow-
ing the vast deployment of exotic tree species and afforestation of
naturally treeless areas, such as for the Tibetan highlands.

Summarising, the enhanced measures will have a moderate
impact on emissions in 2020, but the effect in 2030 will be ap-
proximately 1.7 GtCO2e according to the CAT analysis and
1.6 GtCO2e according to the FAIR/TIMER analysis, both relative to
the current policies scenario (for detailed results of the scenario,
see Figs. 2 and 3). The reason that the reduction is lower in the
FAIR/TIMER analysis is that FAIR/TIMER assumes lower emission
projections under the current policies scenario. This is due to
different renewable energy shares in the power sector after 2020
between FAIR/TIMER and CAT analysis. The CAT analysis is based
on the WEO2014 Current Policies scenario, which shows a stabi-
lisation trend in renewable energy. In the TIMER energy model
calculations the renewable share increases due to the assumed
ongoing investments in renewable energy after 2020, partly be-
cause of an increased rate of technology development resulting
from the increased installed renewable capacity. Nevertheless,
emission projections for the enhanced policy scenario of FAIR/
TIMER and CAT both lead to almost a stabilisation of emissions at
2020 emission levels in China, at about 13–14 GtCO2e (excluding
LULUCF emissions).



Table 5
Overview of domestic policies analysed in the enhanced policies scenario for China in addition to the current policies scenario.

Sector Policy/
measure

Target

Energy
supply

Increased re-
newable en-
ergy supply

Increase the share of renewable energy in electricity generation by 1.35 percentage points, per year, from 2015 onwards, up to about 44% by
2030. This will lead to about 1700 GW of renewable electricity by 2030 (compared to 1400 GW (bottom-up) or 1050 GW (FAIR/TIMER) by
2030 in the current policies scenario)

Transport Fuel efficiency
in transport

Achieve efficiency standards as currently discussed in the EU with a five-year delay (34.4 km/l for new cars by 2030 and 47.5 km/l by 2035)
(compared to 20 km/l by 2020 in the current policies scenario)

Buildings Building
efficiency

Current building standards for primary energy demand for new buildings are replaced with highly efficient standard of 50 kWh/m2/a
(compared to baseline developments in the current policies scenario)

HFCs Phase-down
of HFCs

30% reduction in HFC consumption and production by 2025 and 60% by 2031 (compared to baseline developments with increasing emis-
sions in the current policies scenario)

Forestry Continued af-
forestation ef-
forts after
2020

Yearly afforestation from 2020 to 2030, as promoted earlier (2.67 Mha per year) (compared to baseline developments in the current policies
scenario)
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3.4. Emission levels consistent with Chinese INDC

We also estimated the emission level resulting from full im-
plementation of China's INDC, which includes the following four
main elements: (i) the target to peak CO2 emissions no later than
2030, (ii) to increase the share of non-fossil fuels in the total pri-
mary energy supply to around 20% by 2030 (non-fossil energy
target), (iii) to lower the carbon intensity of GDP by 60–65% below
2005 levels by 2030, and (iv) to increase the forest stock volume
by around 4.5 billion m3, compared to 2005 levels. China does not
provide an absolute emissions level connected to these targets.

The INDC submission follows the earlier announcement, which
only included the first two elements. According to the bottom-up
calculations,7 the new carbon intensity target leads to a projected
GHG emission level of 14.6–16.6 GtCO2e in 2030, including land
use, which is above the emission level resulting from the current
policies scenario. This is based on historic data from China's Sta-
tistical Yearbook and GDP projections from WEO2014 and IMF.
Similar results are obtained by the FAIR/TIMER calculations, which
projects emission levels ranging from 14.0 to 16.3 GtCO2e. These
are based on the GDP projections in the OECD business-as-usual
scenario (about 8.5% GDP growth in the period 2010–2020, and 5%
in the period 2021–2030) and the IEA WEO 2014 (about 6.9% GDP
growth in the period 2010–2020, and 5.3% in the period 2021–
2030), and using a variation of 71% GDP growth.

Potential emissions trajectories resulting from the first two
elements of the INDC (related to the earlier announcement) have
been quantified earlier by bottom-up analysis under the Climate
Action Tracker (Climate Action Tracker Policy Brief, 2014). They
considered two scenarios: 1. peak emissions by 2030; and 2. peak
emissions by 2025, both in combination with the implemented
non-fossil fuel target of 20%. To quantify the emissions level re-
sulting from the non-fossil energy target, the analysis took the
World Energy Outlook 2014 current policies scenario as starting
point, and added the effect of recently adopted policies, including
the cap on coal, the target of at least 10% gas in total primary
energy supply, and a share of 20% non-fossil fuels (excluding
biomass). To illustrate potential peaking scenarios, we assumed
that the growth rate of energy-related CO2 emissions linearly ap-
proaches zero between today and the respective year. For peaking
in 2030, the peaking scenario results in higher emissions than the
emission level resulting from the non-fossil energy target, imply-
ing that the non-fossil energy target is sufficient for achieving a
peak in 2030. A peak in 2025 (reflecting the provision of “with the
7 The analysis of the Chinese INDC with this methodology was published by
the same authors under the Climate Action Tracker: http://climateactiontracker.
org/countries/china.html (accessed 2 September 2015).
intention to try to peak early”) would require a 1 GtCO2e reduction
compared to the non-fossil energy target in 2030. If non-CO2

emissions from the reference scenario are added, total GHG
emissions would still increase after 2030. The projected emissions
in 2030 are estimated at 13.6 GtCO2e. As the emission levels re-
sulting from the carbon intensity target are higher, the projected
GHG emission level of the INDC are dominated by the projected
emission level resulting from the non-fossil target, as presented
above. The detailed emission estimates for the energy-related CO2

emissions, the industry-related CO2 emissions and the other GHG
emissions are given in Table 6.

The FAIR/TIMER calculations for the emissions peaking and
non-fossil target use as starting point the GHG emission projec-
tions resulting from the current policies scenario, in which the
share of 20% non-fossil fuels (excluding biomass) is also met, but
the energy-related CO2 emissions show an increasing trend. To
achieve the peaking of energy-related CO2 emissions before 2030,
two carbon tax scenarios are developed that assume a linear in-
creasing carbon tax starting in 2020, similar as in the IEA New
Policies scenario. The resulting CO2 emission projections as cal-
culated with the TIMER energy model peak by 2025 and 2030 in
the two scenarios, a similar pattern for the GHG emission pro-
jections, as showed in Fig. 3 and Table 6. Similar as for the bottom-
up calculations, the projected emission levels of the INDC are the
same, as the emission levels resulting from the carbon intensity
target are higher.

For comparison reasons we have also analysed the energy-re-
lated CO2 emission projection of the INDC scenario of IEA (2015).
This scenario shows an energy-related CO2 emission projection of
10.2 GtCO2 in 2030, which is similar as the lower estimate of the
FAIR/TIMER calculations. It is also equal to the 2030 projection of
the accelerated effort scenario of Zhang et al. (2014). We have also
calculated the GHG emission projection for the IEA INDC scenario
based on the following two adjustments: (a) For the industry-re-
lated CO2 emissions a similar trend of the energy-related CO2

emissions is used, using the EDGAR estimate as starting point.
(b) For the non-CO2 GHG emissions, the reference scenario of the
EPA (US EPA, 2012) is used. The GHG emission projection for this
adjusted scenario reaches about 13.8 GtCO2e in 2030, which is
within the range of the Bottom-up and FAIR/TIMER calculations.

The impact of increasing the Chinese forest stock volume by
around 4.5 billion m3, as stated in the Chinese INDC, is estimated
to only lead to minor reductions compared to the LULUCF CO2

emissions of the current policies scenario (as assumed in the es-
timates presented above). Current national policies is estimated
with the G4M model to lead to an increase in the national forest
carbon stock by roughly 1.2 billion m3 by 2020, and 4.3 billion m3

by 2030, both relative to the 2005 level. The majority of this

http://climateactiontracker.org/countries/china.html
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Table 6
The energy-related CO2 emissions, the industry-related CO2 emissions and the
other greenhouse gas emissions (including LULUCF) of the INDC for China for the
bottom- up analysis and FAIR/TIMER calculations, and for the IEA New Policies
scenario (adjusted).

Scenario 2012 2020 2025 2030

Bottom-up GtCO2e GtCO2e GtCO2e GtCO2e
Energy-related CO2 emissions 8.2 [8.9; 9.3] 9.4 10.6
Industry-related CO2

emissions
1.1 1.2 1.2 1.1

Non-CO2 GHG emissions 1.7 2.1 2.6 3.1
LULUCF CO2 emissions �0.4 �0.3 �0.3 �0.3
Total greenhouse gas
emissions

10.7 [12.3; 12.5] 13.1 13.6

FAIR/TIMER
Energy-related CO2 emissions 8.4 9.6 [10.5; 10.5] [10.3; 10.9]
Industry-related CO2

emissions
1.0 1.0 1.1 1.0

Non-CO2 GHG emissions 1.5 2.4 2.2 2.7
LULUCF CO2 emissions �0.3 �0.4 �0.5 �0.6
Total greenhouse gas
emissions

10.6 12.5 [13.2; 13.3] [13.5; 14.0]

IEA New Policies scenario
(adjusted)

Energy-related CO2 emissions 8.2 9.5 9.9 10.2
Industry-related CO2

emissions
1.0 1.1 1.2 1.2

Non-CO2 GHG emissions
(EPA)

1.630 1.9 2.2 2.6

LULUCF CO2 emissions �0.3 �0.2 �0.2 �0.2
Total greenhouse gas
emissions

10.4 12.1 13.0 13.8
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increase is related to the carbon accumulation in afforested land,
and a carbon storage in existing forests due to that the projected
harvest level for material and energy purposes is lower than the
forest increment. However, the uncertainty of this estimate is high,
and mainly related to the projection of the future harvest level and
to how the target should be measured (above or below ground
biomass, biomass expansion functions, and carbon content).

Summarising, setting aside the carbon intensity target, China's
INDC's actions and non-fossil energy target lead to GHG emission
levels of around 13.5–14.0 GtCO2e in 2030 and CO2 emission levels
of around 11.3–11.8 GtCO2 (Table 6). Sha et al. (2015) show a si-
milar estimate for the energy related CO2 emissions (including
cement) of about 11.6 GtCO2 in 2030, but a more conservative
estimate just under 13 Gt GtCO2 taking into account the energy
statistics adjustment in 2014. Our GHG estimate is about the same
as the range by Boyd et al. (2015) of 13.8–15.3 GtCO2e in 2030.
4. Caveats

There are a number of caveats with the analysis. First of all, the
study covers only the most effective national climate and energy
policies and therefore does not provide a complete assessment of
all policies. This could lead to underestimation of the total impact
of all policy efforts to reduce emissions. Secondly, existing policies
may change and new policies may be implemented. This implies
that our assessment is explicitly limited to the current state of
affairs. Third, the uncertainty ranges are based on only two
methods or models. A broader selection of available model studies
(including possible national studies) may result in a wider range of
projected emission levels. Therefore, the uncertainty ranges in the
results may be larger than the ranges given in this study. More
insight into the uncertainty ranges could be obtained by using
different models to perform these calculations. Fourth, the pre-
sented projections involve uncertainties, with the most important
ones related to the uncertainty in historical emissions and GDP
growth projections. Emission projections start from a base year
based on historical data, and the estimated uncertainty could be as
high as 15–20%, as shown in this study. Fifth and finally, the se-
lection of the enhancement measures is illustrative and not ex-
haustive. Therefore, this study does not give a quantitative as-
sessment of the full climate and energy policy portfolio of possible
enhancement measures, but it shows which policy measures could
help to achieve China's INDC.
5. Conclusions and policy implications

National policies from China's 12th Five-Year Plan (FYP) and
12th FYP for Renewable Development are projected to lead to
approximately the same emission levels as would be required to
achieve the pledge for 2020 (13.5 GtCO2e, about 33% above 2010
levels). The expected emission levels under current policies
strongly depend on future economic growth and are projected to
range between 14.7 and 15.4 GtCO2e by 2030 (including LULUCF),
which is about 46–53% above the 2010 level.

The emission targets of China's pledge and its national policies
are coupled to GDP, implying that the absolute emission target is
very uncertain. For China, also the historical data can be uncertain.
It is estimated that most international datasets have an un-
certainty of the order of 10%, but some estimated the uncertainty
in the late 2000s as high as 15–20%.

Under policy enhancement measures in the forestry, transport,
buildings, and power sectors, and with reductions in hydro-
fluorocarbons, total emissions would keep increasing up to 2020
and subsequently would more or less stabilise at 2020 levels up to
2030 (13.1–13.7 GtCO2e by 2030). The illustrative set of enhance-
ment measures considered here have large potential for co-ben-
efits, most importantly the improvement in local air quality. Air
quality is a concern that China is aiming to tackle already, and
policies such as efficiency standards for passenger vehicles and
buildings, and limits to coal combustion support existing air pol-
lution mitigation policies. The set of enhanced policies may
therefore have a fair chance to be implemented in reality.

For its post 2020 contribution, China submitted its INDC on the
30th of June 2015, its main elements being (i) to peak CO2 emis-
sions by 2030 or earlier, and ii) to achieve a share of 20% non-fossil
energy in the total primary energy supply. We estimated that this
requires a total CO2 emission level of 11.3–11.8 GtCO2, equivalent
to 30–40% above 2010 levels, with a corresponding total GHG
emission level of 13.5–14 GtCO2e by 2030 (35–40% above 2010
levels). Therefore, current policies are likely not sufficient for
achieving a peak in CO2 emissions in or before 2030, but enhanced
GHG mitigation efforts could help to achieve this target.
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