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Abstract: This paper examined the impacts of the total energy consumption control policy and energy quota allocation plans on China's
regional economy. This research analyzed the influences of different energy quota allocation plans with various weights of equity and
efficiency, using a dynamic computable general equilibrium (CGE) model for 30 province-level administrative regions. The results show
that the efficiency-first allocation plan costs the least but widens regional income gap, whereas the outcomes of equity-first allocation
plan and intensity target-based allocation plan are similar and are both opposite to the efficiency-first allocation plan’ outcome. The plan
featuring a balance between efficiency and equity is more feasible, which can bring regional economic losses evenly and prevent mas-
sive interregional migration of energy-related industries. Furthermore, the effects of possible induced energy technology improvements
in different energy quota allocation plans were studied. Induced energy technology improvements can add more feasibility to all alloca-
tion plans under the total energy consumption control policy. In the long term, if the policy of the total energy consumption control con-
tinues and more market-based tools are implemented to allocate energy quotas, the positive consequences of induced energy technology
improvements will become much more obvious.
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1 Introduction

China’s economic development is facing not only the
constraints from domestic resources and the environ-
ment, but also the pressure in the form of global green-
house gas emission mitigation (He et al., 2012; Zhao et
al., 2014). In the 12th Five-Year Plan, the Chinese Cen-
tral Government established goals to reduce energy in-
tensity and CO, intensity by 16% and 17% respectively,
and increase the non-fossil energy ratio to 11.4% by 2015
(The State Council, 2011a). However, these targets seem
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a stretch as the local governments always have ambitions
for fast economic growth. If all regions maintain the cur-
rent energy consumption patterns and achieve the GDP
growth goals set in their own 12th Five-Year Plans
(http://www.gov.cn/zwgk/2012-05/10/content_2104148.
htm. 2012-05-102012), the total energy consumption
will exceed 5 x 10 t of standard coal equivalent (tce) in
2015. This will make a huge challenge for China’s en-
ergy supply and energy conservation goals. To curb the
fast growing energy consumption, the Central Govern-
ment put forward a total energy consumption control
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policy in early 2013 (The State Council, 2013). In this
policy, the national energy consumption is set to be
within 4 x 10’ tce by 2015. This total energy quota will
be allocated to regions, and each region’s energy con-
sumption must not exceed the quotas as allocated (quo-
tas can not be traded across regions). This policy is ex-
pected to create a revised pressure mechanism to push
for transformations in the current unsustainable eco-
nomic development pattern.

The key question of the total energy consumption
control policy is how to allocate the energy quotas to
regions. Different allocation plans may impose different
economic impacts on regions, which in turn affect the
feasibility of the policy itself. Efficiency and equity are
two basic principles of environmental resource alloca-
tion. Efficiency-first allocation plans usually pursue a
minimization of policy’s economic cost through, e.g.,
auctions or intensity-based allocation (Edwards and
Hutton, 2001; Cramton and Kerr, 2002; Den Elzen et
al., 2005; Wang et al., 2011). Equity-first allocation
plans focus on the balance of interests among stake-
holders through, e.g., schemes that are based on histori-
cal emissions, GDP, population or equal emission reduc-
tion rate (Grubb, 1989; Bohm and Larsen, 1994; Janssen
and Rotmans, 1995; Baumert et al., 1999; Wang et al.,
2010). Some scholars suggested that allocation plans
should combine the two principles. They believed such
plans feature the spirit of ‘common but differentiated
responsibilities’. China's regional economic develop-
ment is significantly unbalanced, and regional energy
efficiencies vary dramatically. In a country like China,
to control total energy consumption, an energy quota
allocation plan with relatively low economic cost and
small economic losses variation among regions may be
more satisfactory. However, the design of such an allo-
cation plan is no easy task. That is why a specific energy
consumption quota allocation plan has still not been
introduced by the central government. Therefore, effi-
ciency and equity should both be considered in the de-
sign of an energy quota allocation plan.

There is limited literature focused on China’s energy
consumption quota allocation plan under the total en-
ergy consumption control policy. Within related re-
search, Bai (2011) made calculations of energy con-
sumption quota allocation based on provincial energy
intensity targets in the 12th Five-Year Plan and discov-
ered that the provinces with larger energy exports and

the western underdeveloped provinces would receive
smaller quotas and face too much energy conservation
pressure. Sun et al. (2012) allocated the energy quotas
based on the principle of efficiency and concluded that
regions with higher energy efficiency would have larger
quotas. Unfortunately, these studies discussed little on
the allocation principles or indicators, and made no
comparison among possible allocation plans. Most im-
portantly, the impacts of these allocation plans on the
regional economy have never been examined. The fea-
sibility of these allocation plans, therefore, remains to be
discussed.

In the study of quota allocation, there are lots of re-
searches on carbon emissions trading system (ETS).
Most of them are studied at the national level (Burniaux
et al., 1992; Chen and Wu, 1998; Bollen et al., 1999; Li
and Yuan, 2014). As for a few researches at the regional
level, some scholars studied the initial allocation of
China's regional carbon emissions permits. Based on the
principle of equity, Li and He (2011) studied carbon
permit allocation plans in relation to historical emissions
and population and the impacts on the regional econ-
omy. They concluded that both plans were going to bur-
den western resource-intensive regions with much more
economic costs, ensuing larger regional economic dispar-
ity. Yuan et al. (2012) studied the impacts of two ETS
permit allocation plans based separately on intensity and
absolute quantity on the regional economy. Their results
showed that an intensity-based plan was better because it
would have less negative impacts on regions’ GDP and
would create less regional economic imbalance than the
absolute quantity-based plan. These above-proposed al-
location plans were more inclined to equity in the initial
allocation phase because efficiency factor could be read-
ily introduced by incorporating carbon permit trading
under a Cap-and-Trade mechanism. However, under the
total energy consumption control policy discussed here,
in which quotas can not be traded, it may be highly inef-
ficient if the allocation plan puts equity on top. Therefore,
in this research, efficiency and equity are considered si-
multaneously in the energy quota allocations.

Besides setting constraints on energy supply, the total
energy consumption control policy can induce energy
technology improvements with its revised pressure
mechanism. Existing researches have proved that envi-
ronmental policy instruments were able to not only fa-
cilitate industrial restructuring but also induce techno-
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logical innovation and improvement (Jung et al., 1996).
Some empirical studies on energy technology innova-
tions have observed that energy efficiency improve-
ments and the number of energy technology-related
patents surged with the increase in energy prices or en-
ergy-saving costs (Landjouw and Mody, 1996; Newell
et al., 1999; Popp, 2002). Such induced energy technol-
ogy improvements under the total energy consumption
control policy can change regional energy consumption
and thus further influence the regional economy. How-
ever, few scholars have considered induced technology
improvements in their studies of the impacts of quota
allocation on the regional economy.

This paper aimed to examine the impacts of different
energy quota allocation plans on China's regional
economy under the total energy consumption control
policy using a dynamic multi-regional computable gen-
eral equilibrium model (CGE) model. This research,
compared with existing literature, contributed in the
following aspects: first, by performing a quantitative
simulation of the economic impacts of the total energy
consumption control policy in China, a better under-
standing of the results of economic development were
obtained after this policy’s implementation; second, by
analyzing and comparing the impacts of several energy
quota allocation plans with various weights of equity and
efficiency on multiple aspects of the regional economy,
including regional economic growth, the regional income
of residents, regional industrial structures and the regional
migration of energy-related industries, a more balanced
and feasible energy quota allocation plan was suggested;
third, by taking into consideration the possible induced
energy technology improvements in different energy
quota allocation plans, the influences of these plans on
regional economic development were re-examined to
give a more comprehensive evaluation of the feasibility
of the total energy consumption control policy.

2 Model and Data

2.1 Dynamic multi-regional computable general
equilibrium model
A dynamic multi-regional CGE model was built based

on the structure developed by Li ef al. (2009; 2010) to
describe the evolution of China's economy. This CGE
framework modeled the developments of 30 province-
level administrative regions (Hong Kong, Macao, Tai-
wan and Tibet were not included due to data unavail-
ability) (Table 1) and specified regional economic di-
versities and interregional economic linkages. In this
model, all relevant economic agents’ (producers, con-
sumers, government, importers, exporters, efc.) optimal
behaviors were specified at the provincial level. The
parameters in equations describing these behaviors were
set based on each region’s own characteristics, which
reflected regional economic differences. In production
module, capital, labor and energy were treated as pro-
duction factors in sectors’ production functions”. The
output was delineated in a multi-level nested constant
elasticity of substitution (CES) function. First, different
fossil fuels were composited together through the CES
function. Second, fossil fuels and electricity were put
together to form composite energy bundles. Third, en-
ergy bundles and capital were composited together to
form a capital-energy mix, and then labor was added to
form a capital-energy-labor mix. The production factor
and intermediate inputs were mutually non-substitu-
table. The intermediate commodities within the inter-
mediate inputs bundles were non-substitutable one an-
other either. These non-substitutable relationships were
described by a Leontief function. The elasticity of sub-
stitution in CES functions originated from the work of
Li et al. (2010) and Wu and Xuan (2002). Electric
power generation was divided into two types: thermal
power and renewable power. These two types of power
were perfectly substitutable. For the detailed structure of
electricity production, please refer to Fig. 1. In other
modules, residents’ consumption of different commodi-
ties of each region was decided by an extended linear
expenditure system (ELES) function. Local govern-
ment's consumption was considered to be endogenous
and decided by a Cobb-Douglas function. The govern-
ment’s tax rate was exogenous. The demand of com-
modities for industrial investments was expressed in a
Leontief function. Stock investments were constant. The
import, export and foreign savings to China’s GDP ratio

(D Energy in the energy conversion industries was treated as intermediate inputs. In the production process for the processing of petro-

leum and coking industry, oil and coal are converted into gasoline and coke, respectively. Thus, oil and coal are intermediate inputs

rather than production factors for the industrial output (Leontief function). This is also true for the coal, oil and natural gas in thermal

power generation.
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were set to be endogenous, and the foreign exchange
rate was exogenous.

This model also specified economic linkages across
regions, including interregional commodity trading, in-
terregional investment and labor allocation mechanisms.
In commodity trading across regions, goods from dif-
ferent regions were presumed to be imperfectly substi-
tutable, and a CES function was adopted to describe this
characteristic. Investments in different regions were en-
dogenous and determined by investment returns and
capital price, delineated by a logistic function. Labor
forces in different regions were endogenous. On the
condition of a constant domestic labor population, they
were decided by the national average salary and a re-
gional salary distortion factor.

Table 1 Regions and their codes in this paper

The model was recursively dynamic and the simula-
tion period was from 2007 to 2015. Capital accumula-
tion, labor increases and technology improvements
drove the economy to grow and made the industrial
structure change. Capital accumulations in different re-
gions were endogenous in the model. Regions’ labor
growth rates from 2007 to 2010 were from historical
records, whereas the numbers from 2011 to 2015 were
set based on historical growth trends. Technology im-
provements were mainly reflected by total factor pro-
ductivity (TFP) growth and autonomous energy effi-
ciency improvements (AEEI). Each region’ TFP from
2007 to 2015 was calibrated according to regional GDP
data. Regions’ GDP used for calibration from 2007 to
2010 were historical records, whereas the numbers from

Code Region Code Region Code Region
BJ Beijing VAl Zhejiang HI Hainan
TJ Tianjin AH Anhui CQ Chongqing
HE Hebei FJ Fujian SC Sichuan
SX Shanxi X Jiangxi GZ Guizhou
IM Inner Mongolia SD Shandong YN Yunnan
LN Liaoning HA Henan SN Shaanxi
JL Jilin HB Hubei GS Gansu
HLJ Heilongjiang HN Hunan QH Qinghai
SH Shanghai GD Guangdong NX Ningxia
IS Jiangsu GX Guangxi XJ Xinjiang

Output
T CES
Thermal polwer Othir power
Leontief T Leontief

Labor-capital mix Intermediate input

Labor-capital-energy mix Intermediate input

TCES Leontief CES T LeontiefT
|
Labor Capital Energy Non-energy Labor Capital-energy mix Non-energy 1 - Non-energy n
Leontief T Leontief CES
| | | | 1
Fossil fuel Electricity Non-energy 1 --- Non-energy n Capital Energy
Leontief CES
[ I I 1
Coal Qil Gas Refined oil, coke and fuel gas Fossil fuel Electricity
CES
[ I I |
Coal Qil Gas Refined oil, coke and fuel gas

Fig. 1 Production structure of electricity sector
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2011 to 2015 were set based on the economic growth
goals in local governments’ 12th Five-year plans. AEEI
in different sectors were set according to the work of Shi
and Zhou (2010). By doing so, the economic growth and
economic structures simulated can be basically in line
with China's actual situation. The General Algebraic
Modeling System (GAMS), a high-level modeling sys-
tem for mathematical programming and optimization, is
used to solve the model.

2.2 Data

Most of the data employed for the base year in this
model came from interregional input-output table of 55
sectors of China’s 30 regions in 2007, which was built
by the Research Center on Fictitious Economy and Data
Science of Chinese Academy of Sciences (Shi and
Zhang, 2012). To highlight the impacts of the total en-
ergy consumption control policy on different kinds of
sectors, the 55 sectors were merged into nine sectors.
Energy-related sectors that may be most affected by the
policy were picked out. They were merged into an en-
ergy mining & extraction sector and five high-energy-
consuming sectors (EME and HEC) according to the
classification of National Economic Industries (GB/
T4754-2011). The remaining sectors less likely influ-
enced were merged into service, agriculture and other
industrial sector (Table 2). Because thermal power and
renewable power in the input-output table were not
separated, the electric sector needs to be split according
to these two power ratios in different regions in China
Energy Statistical Year Book (NBSC, 2008). The energy
and carbon emission data were calculated from the En-
ergy Balance Sheet in China Energy Statistical Year
Book (NBSC, 2008). Regions’ labor growth rates and

Table 2  Sector divisions in this paper

regions’ GDP from 2007 to 2010 were from the records
of China Statistical Year Book (NBSC, 2011).

3 Scenario Design

There were nine scenarios in this study (Table 3). The
base scenario (Sp) was a simulation of economic devel-
opment from 2007-2015 without the total energy con-
sumption control policy. The remaining eight were sce-
narios under the total energy consumption control pol-
icy. Ser, Seq» Sb and S; were those with no consideration
for induced energy technology improvements. Ser and
Seq stood for an efficiency-first scenario and an eq-
uity-first scenario respectively, whereas S, represented
an efficiency-and-equity-balanced scenario. These three
scenarios were different from one another in that effi-
cient allocation method and equal allocation method
carried different weights in the process of quota alloca-
tion. In the efficiency-first scenario, the weight of effi-
cient allocation method was 80% while the weight of
equal allocation method was 20%. By contrast, in the
equity-first scenario, equal allocation method carried
80% weight while efficient allocation method carried
20% weight. In the efficiency-and-equity-balanced sce-
nario, the efficient allocation method and equal alloca-
tion method were equally weighted. The efficient allo-
cation method (not considering equity at all) in this pa-
per involved minimizing the energy-saving costs (like
an auction), which led to the same energy-saving costs
in all regions. Then the quotas allocated to each region
were obtained through the simulation of the 30-region
CGE model. The equal allocation method (not consid-
ering efficiency at all) was a revised allocation of Re-
gional Greenhouse Gas Initiative (RGGI, 2007): 60% of

Sector type

Sector

Energy mining& extraction and
high-energy-consuming industry
(EME & HEC)

Service industry Services

Other industry

O 0 9 N A W N

Mining and dressing of coal, extracting of petroleum and natural gas
Processing of petroleum and coking

Manufacturing of raw chemical materials and chemical products
Manufacturing of non-metallic mineral products

Smelting, pressing of metals

Producing and supplying of electric power, heat power and gas

Agriculture

Other industrial sectors
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total quotas were allocated based on regions’ historical
energy consumption, 20% were allocated based on re-
gions’ population and the rest 20% were allocated based
on regions’ GDP per capita. Furthermore, there was an
intensity target-based scenario (Sj) in this research. This
scenario assumed that each region would achieve its
own energy intensity reduction target in the 12th
Five-Year Plans (The State Council, 2011b). Then the
energy consumption of each region can be deduced. The
allocation plan was performed based on the individual
ratios of regional energy consumption to all regions’
energy consumption. Segir, Seqir, Sp+r and Syt were
scenarios that induced energy technology improvements
were considered. The AEEI values in these scenarios are
larger than in Ser, Seq, Sp and S;. However, it is very dif-
ficult to quantify induced energy technology improve-
ments, and such induced effects vary in different policy
and market environments. Thus, in this research, a na-
tional average rate of induced energy technology im-
provement of 15% was set by referring to the techno-
logical improvement increase rate under the scenario of
quick transformation in the development pattern for
China in the work of Li and He (2010). Regional in-
duced energy technology improvement rates were set
based on the extent of each region’s energy consumption
reduction, assuming induced energy technology im-
provements would be faster in regions with tighter en-
ergy consumption constraints. The induced technologi-
cal improvement rate in region i under the scenarios of
induced energy technology improvements (4;) was cal-
culated as follows:

Table 3 Scenario design

Ai :Bi /Bave ><Aave (1)

where B; and B,. respectively represent the energy
consumption reduction rate in region i and the national
average energy consumption reduction rate under the
scenarios of no induced energy technology improve-
ments (i = 1, ..., n, stand for different regions); Aaye
represents the national average induced technological
improvement rate of 15%.

The sum of regions’ energy consumption is not equal
to the total national energy consumption in the China
Energy Statistical Year Book because there are statistical
discrepancies in different conversion coefficients. In
2010, the sum of regions’ energy consumption was
3.895 x 10° tce, which was 1.2 times of the total na-
tional energy consumption of 3.249 x 10’ tce. In 2011,
this ratio grew from 1.2 to 1.21. Following this trend, in
2015, the ratio may reach 1.25. Because the simulation
was at the regional level, the total energy consumption
control target should be adjusted to an aggregated con-
trol target of regions’ energy consumption. Thus, the
total national energy consumption control target of 4 x
10 tce was transformed to a target of 5 x 10° tce for all
regions in 2015, which was taken as the total amount for
energy quota distribution in the simulation.

4 Results

4.1 Energy-saving effects of total energy consump-
tion control
The simulation results show that the total energy con-

Weight of method

Total amount of quotas

Rate of induced energy

Scenario (10° tee) Efficient allocation Equal allocation Intensity target-based technology improvement
method (%) method (%) allocation method (%)
S0 - - - - -
Set 5 80 20 - _
Seq 5 20 80 - -
Sb 5 50 50 - -
Si 5 - - 100 -
Sefrr 5 80 20 -
Seq+t 5 20 80 - Calculated using
S 5 50 50 - Equation (1)
Sist 5 - - 100

Notes: Sy stands for the base scenario; Ser, Seq, Sp and S; represent the efficiency-first, the equity-first, the efficiency-and-equity-balanced and the intensity tar-
get-based scenarios respectively, without considering induced energy technology improvements; Sefrr, Seq+t, Sp+r and S+t are their counterpart scenarios in which

induced energy technology improvements are considered
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sumption control policy leads to a good effect on energy
savings and carbon emission reduction. In 2015, the sum
of regions’ energy consumption is 6.7 x 10® tce less than
that in Sy, and the sum of regions’ CO, emission is ap-
proximately 1.2 x 10°~1.4 x 10’ t less than that in S
(Table 4). The national energy-saving targets set in 12th
Five-Year Plan can be achieved. In all of the eight sce-
narios with the total energy consumption policy, the en-
ergy intensity and carbon intensity can decrease by at
least 19% and 22% respectively during 2010-2015, and
the non-fossil energy proportion can exceed 11.6% in
2015, all of which are beyond the targets. The total en-
ergy consumption control proves to be tighter than the
targets of 16% reduction in energy intensity or 17% re-
duction in carbon intensity. By contrast, in Sy, all the
targets fail to be realized. Viewing the energy-saving
effects from the regional level (Fig. 2), in the intensity
target-based scenario (S;), all regions can achieve the

energy intensity reduction targets, and the energy-saving
rates among regions show little difference. In the rest
scenarios, regional energy-saving rates are rather dif-
ferent, but most regions reach their energy intensity re-
duction targets excluding some regions with relatively
high energy efficiency and slow decreases in energy
intensity (such as Beijing, Shanghai, Zhejiang, Shan-
dong, and Guangdong).

4.2 Impacts of different allocation plans on re-
gional economy (without considering induced en-
ergy technology improvements)

Among the four scenarios, the national GDP loss rate in
the efficiency-first scenario (Ser) is the smallest (0.59%)
compared with Sy in 2015, whereas in the intensity tar-
get-based scenario (Sj) it is the largest (1.03%) (Fig. 3).
The national GDP loss rate in the equity-first scenario
(Seq) (0.95%) is larger than in the efficiency-and-equity-

Table 4 Reduced rates of energy intensity and CO, intensity, and non-fossil energy proportion of 2015 in different scenarios

Energy consumption CO, emission

Reduced energy intensity rate

Reduced CO; intensity rate Non-fossil energy

S .
cenario (10° tee) (10°1) compared to 2010 (%) compared to 2010 (%) proportion (%)
So 5.67 11.11 9.65 13.30 11.05
Ser 5.00 9.90 19.86 22.29 11.64
Seq 5.00 9.85 19.57 2242 11.66
Sb 5.00 9.86 19.77 22.51 11.66
M 5.00 9.78 19.50 22.89 11.63
SerT 5.00 9.84 20.03 2291 11.63
Seq+T 5.00 9.78 19.74 23.10 11.64
Sp+r 5.00 9.80 19.93 23.15 11.65
S+t 5.00 9.71 19.69 23.60 11.61
Note: each scenario is the same meaning as shown in Table 3
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Fig. 2 Reduced energy intensity rate by region during 2010-2015. Full name of each region’s codes are shown in Table 1
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codes are shown in Table 1

balanced scenario (Sy) (0.71%).

In order to further analyze the results conveniently,
30 provinces were grouped into five regions in this pa-
per: Hebei, Shanxi and Inner Mongolia belong to the
northern region (Northern China); Liaoning, Jilin and
Heilongjiang belong to the northeastern region; Chong-
qing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu,
Qinghai, Ningxia and Xinjiang belong to the western
region; Beijing, Tianjin, Shanghai, Jiangsu, Zhejiang,
Fujian, Shandong and Guangdong belong to the eastern
region; and Anhui, Jiangxi, Guangxi, Henan, Hubei,
Hunan, and Hainan belong to the middle region.

At the regional level, the simulation results suggest
that the higher the energy-saving rate and the greater
the marginal energy-saving cost, the greater economic
loss is, as shown by Fig. 4 and Fig. 5. In the effi-
ciency-first scenario (Sef), most the western regions’
economy suffer losses, which is especially salient for
Guizhou, Gansu, Qinghai, Ningxia, Xinjiang, Chong-
qing, etc. All the northern regions (Shanxi, Inner Mon-
golia, Hebei) and northeastern regions (Liaoning, Jilin,
Heilongjiang) also face a certain economic loss. The
energy efficiency in these seriously affected regions is
relatively low and there are more energy-intensive in-
dustries in most of these regions. In this scenario, re-
gions with less energy efficiency and more energy con-
sumption are allocated with smaller energy quotas, so
these regions have to reduce their energy consumption
more. In other words, the energy-saving rate should be
higher (Fig. 6). In S, as the marginal energy-saving
costs are about the same among regions, the regions

with higher energy-saving rates should face greater
economic losses. By contrast, more economic growths
emerge in the eastern regions such as Beijing, Jiangsu
and Guangdong and the middle regions such as Anhui,
Jiangxi, Guangxi, Hainan and Henan. The reasons are
that there are fewer energy-intensive industries and
lower energy-saving rates in these regions and these
regions are more attractive to production factors under
the total energy consumption control policy.

In the equity-first scenario (Seq), all the northern re-
gions and northeastern regions face significant negative
impacts on economic growth. In particular, the GDP
loss for Shanxi is even larger than that in Ser. The east-
ern regions such as Shanghai, Zhejiang, Jiangsu, Shan-
dong and Guangdong also suffer relatively greater eco-
nomic losses. The western regions are subject to losses
as well, but the losses are much less than that in S
Such results can be explained from the aspects of re-
gional energy-saving rates and marginal energy-saving
costs too. Beijing, Shanghai, Zhejiang, Shandong and
Guangdong bear very high energy-saving rates, and
other places in the northern and northeastern regions
also bear relatively high energy-saving rates. The mar-
ginal energy-saving costs in these regions are certainly
higher with mounting energy-saving pressures. There-
fore, there are greater GDP losses in these regions. By
contrast, in the western regions, the energy-saving rates
and marginal energy-saving costs are lower than that in
Sef, S0 the economic losses are less (Fig. 6).

As for the efficiency-and-equity-balanced scenario
(Sp), the energy-saving rates and marginal energy-
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are between in Ser and Seq scenarios and more evenly
distributed among the northern, northeastern, eastern
and western regions. In the intensity target-based sce-
nario (Sj), the western regions show positive economic
growths, whereas the eastern regions such as Beijing,
Shanghai, Zhejiang, Shandong and Guangdong are sub-
ject to substantial economic losses, up to 3%—7%. The
reasons are that there are very high energy-saving rates
and marginal energy-saving costs in the eastern regions,
whereas the situation in the western regions is just the
opposite. All these cause a flow of production factors
from the eastern regions to the western regions and
boost the economic growth in the western regions.

The impact of the total energy consumption control
policy on residents’ real income is greater than that on
GDP. In S, Seq, Sy and S; scenarios, the losses in resi-
dents’ real income are 5.86%, 7.24%, 6.54% and 8.64%
respectively compared with Sy in 2015. From a regional
perspective, the influences on residents’ real income
follow a similar pattern in terms of the spatial distribu-
tion as the influences on GDP loss (Fig. 7). It can be
observed from the above analysis that the efficiency-
first allocation plan has less negative impacts on the
eastern developed regions than under-developed re-
source-rich regions, whereas the effects of equity-first
and intensity target-based allocation plans are the oppo-
site. To examine quantitatively the regional economic
disparities, regional income Gini coefficients in differ-
ent scenarios are also calculated and compared. It turns
out that efficiency-first allocation plan widen regional

income gap by 1.02%. The equity-first, intensity target-
based and efficiency-and-equity-balanced allocation
plans narrow the gap by 2.01%, 2.02% and 0.5% re-
spectively.

Marginal energy-saving cost (yuan/tce)

Region

Fig. 6 Energy-saving rates and marginal energy-saving costs in 2015 without considering induced energy technology improvements.

Full name of each region’s codes are shown in Table 1



666

Chinese Geographical Science 2015 Vol. 25 No. 6

-20 -

os, » s, =S
o L 11
X 4 =
< N | [Z <
] D |~ Iz C S
< 9|
—
o
=
o
o
g
o
o
g
= —104
e u
K]
3
2
@
o]
& —154
Region

Fig. 7 Residents’ real income changes in 2015 without considering induced energy technology improvements. Full name of each re-

gion's codes are shown in Table 1

In addition, the total energy consumption control policy
boosts green economic transformation by increasing indus-
tries’ production costs and promoting energy substitution.
As a result, there are significant decreases in the outputs of
EME & HEC industries. Other industries also suffer nega-
tive but smaller impacts than EME & HEC industries. On
the contrary, there is a growth in service industry’s output
(Table 5). At the regional level, the impacts on different
industries vary in different scenarios. In S, there is a big
decline in energy-related sectors’ outputs of regions heavily
relied on energy-intensive industries. In S.q, all industries
suffer noticeable losses in the eastern regions such as Bei-
jing, Tianjin, Shanghai, Shandong and Guangdong. By
contrast, there is a raise in the output of EME & HEC in-
dustries in Anhui, Jiangxi, Hainan, Henan, Hubei, Yunnan,
etc. It means that there is much more interregional migra-
tion of energy-related industries from regions with tighter
energy constraints to looser ones in this case. This phe-
nomenon probably undermines the whole country’s en-
ergy-saving effort and is unfavorable. In Sp, the losses in
EME & HEC industries in each region are more moderate
than those in Ser and Seq, and the extent of interregional
industry migration is acceptable. In Sj, the industrial struc-
ture transformation shares similar characteristics with that
in St. But it has less impacts on the western regions and
more serious impacts on the eastern regions (Table 5).

4.3 TImpacts of different allocation plans on re-
gional economy (considering induced energy tech-
nology improvement)

Induced energy technology improvements triggered by

the total energy consumption control policy increase
energy efficiency and reduce marginal energy-saving
costs, which alleviate the negative economic losses. The
simulation results show that induced energy technology
improvements decrease the marginal energy-saving
costs by 2%, or 20 yuan/tce as a whole, in 2015. Mean-
while, the losses in national GDP in Sceir, Seqi, Sper and
Sirt are 0.40%, 0.73%, 0.50% and 0.8%, respectively,
which are less than those without considering induced
energy technology improvements by 0.19%, 0.21%,
0.20% and 0.23% respectively. In addition, the different
regions’ energy-saving costs vary in different scenarios.
But in general, regions with tighter energy constraints
and higher marginal energy-saving costs decrease more
in marginal energy-saving costs when induced energy
technology improvements are considered (Fig. 8).
However, regions with higher marginal energy-saving
costs are still the higher ones. Consequently, induced
energy technology improvements only offset a limited
amount of regional GDP losses (Fig. 9).

Besides, residents’ real income also changes when
induced energy technology improvements are consid-
ered. However, the extent of this change is even smaller
than that of regional GDP. In Segir, Seqrr, S+t and Siyr,
the whole residents’ real income take a loss of 5.77%,
7.16%, 6.45% and 8.59% respectively in 2015, which is
a reduction of 0.09%, 0.08%, 0.08% and 0.06% respec-
tively, compared with Se, Seq, Sp and S;. Furthermore,
the influences on residents’ real income in different re-
gions exhibit a similar spatial pattern as the influences
on GDP loss. From the aspects of GDP and residents’
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Table 5 Sectoral output changes in different regions in 2015 without considering induced energy technology improvements (%)
Sef Seq Sb SI
Regions EME EME & EME & EME &
. . . . Oth
& HEC Service Others HEC Service  Others HEC Service Others HEC Service ers
HE -10.1 0.5 2.1 -11.4 0.7 -2.5 -10.7 0.7 -2.3 —13.8 1.1 2.7
SX -9.8 0.8 —4.4 -12.3 0.8 -5.2 -11.0 0.8 —4.8 =7.7 34 -2.0
M -12.5 0.0 -0.9 -10.5 1.6 -0.3 ~114 0.8 -0.6 23 6.2 2.5
LN -10.3 —0.6 2.2 -9.3 0.0 2.1 -9.7 -0.3 2.1 —-4.8 2.1 -0.2
JL -13.7 -1.1 -0.9 -15.0 -1.1 -1.2 -14.2 -1.1 -1.0 -10.4 1.1 -0.1
HLJ -7.0 0.6 -1.9 -8.1 0.8 -2.6 -7.5 0.7 2.2 -5.9 2.9 -0.8
CQ -10.0 0.9 -2.3 -10.0 1.5 -2.0 -9.9 1.2 2.2 -7.8 2.7 -0.7
SC -9.3 0.7 -0.9 -6.4 1.9 0.0 -7.7 1.4 -0.4 4.3 3.2 1.1
GZ —-18.1 -1.1 -3.5 -7.2 2.5 -0.3 -12.6 0.8 -1.9 -0.6 5.1 2.0
YN -10.4 1.6 -0.5 3.0 4.6 2.3 -3.6 3.2 0.9 2.6 54 3.1
SN -5.7 1.8 -0.7 -7.8 1.5 -1.1 -6.7 1.7 -0.9 -7.1 3.1 —-0.4
GS -3.0 0.6 -7.0 -2.3 1.2 -6.7 -2.6 0.9 —-6.8 -0.2 2.5 -5.0
QH -24.4 0.7 -2.3 -17.2 4.0 0.4 -20.8 2.4 -0.9 5.7 8.5 4.6
NX -24.6 -1.7 2.7 -11.1 2.0 0.4 -17.9 0.2 -1.1 1.2 5.4 3.6
XJ -9.8 -1.2 —4.0 -5.3 2.4 -1.5 -7.6 0.6 2.7 -1.0 6.1 1.5
BJ -8.6 1.6 -1.8 -20.0 -0.8 -6.4 -14.3 0.5 -3.9 -25.8 -1.9 -8.7
TJ -3.3 -0.2 2.1 -6.0 -0.8 -3.0 4.5 -0.5 -2.5 -1.6 1.3 -0.9
SH -3.8 -0.3 -1.8 -14.5 4.0 -5.3 -9.2 2.2 -3.6 -19.8 -5.6 -6.7
JS -3.4 2.0 -0.3 -8.1 1.7 -1.3 -5.7 1.8 -0.8 -10.7 2.0 -1.4
Z] -1.7 1.4 2.2 —6.4 0.3 -5.0 —4.0 0.9 -3.6 -11.8 -1.0 -8.2
FJ 2.7 1.7 0.1 -0.3 2.6 1.1 -1.4 2.2 0.6 -1.5 2.9 1.3
SD -5.8 0.4 -0.9 -11.4 -1.5 2.2 -8.6 -0.6 -1.5 -14.2 -1.8 2.7
GD -1.1 0.9 -1.2 =71 -0.8 -5.2 4.0 0.1 -3.1 -13.9 -2.9 -9.9
AH -7.6 2.0 0.4 32 4.4 1.9 2.2 33 1.2 -0.6 4.7 2.0
X 2.1 2.5 0.6 39 4.8 2.4 1.0 3.7 1.5 2.3 52 2.6
HA 3.2 1.1 0.2 7.0 4.9 2.2 5.6 2.3 1.0 6.3 4.2 1.7
HB -7.2 1.6 -3.1 1.2 4.3 0.4 2.7 3.1 -1.2 2.7 5.6 1.3
HN -8.2 1.0 2.2 -7.4 1.5 -2.0 -7.6 1.3 2.1 -10.5 1.5 2.7
GX —4.9 2.0 -0.6 —4.0 2.9 -0.4 4.4 2.5 -0.4 -8.1 2.4 -1.2
HI 2.0 0.5 0.3 1.9 0.3 0.1 2.1 0.4 0.2 -0.8 2.2 -1.8
Nation —4.6 0.9 -2.6 -5.9 0.8 -3.7 -5.3 0.9 -3.1 -6.9 1.0 4.4
Note: full name of each region'’s codes are shown in Table 1
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Fig. 8 Marginal energy-saving cost reduction in 2015 considering induced energy technology improvements compared with the cases

not considering induced energy technology improvements. Full name of each region’s codes are shown in Table 1
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Fig. 9 Regional GDP changes in 2015 considering induced energy technology improvements. Full name of each region's codes are

shown in Table 1

income, induced energy technology improvements can
not fundamentally change allocation plans’ impacts on
the spatial economic structure. However, it can reduce
the GDP losses and real income losses in regions more
affected and help alleviate regional economic disparity.
In Sctir, Seqit, Sperand Sivr, induced energy technology
improvements decrease the regional income Gini coeffi-
cient by 0.05%, 0.05%, 0.01% and 0.05% compared
with Sef, Seq, Sp and S; respectively.

Induced energy technology improvements modify the
industrial structure to some extent (Table 6). At the na-
tional level, energy efficiency does increase in every
industry. Compared with scenarios without considering
induced energy technology improvements, the outputs
of EME & HEC industries and other industries increase
approximately 0.1%, while the service industry suffers
an output reduction of 0.1%—-0.2%. Some more obvious
changes can be found in a certain specific regional in-
dustries.
which are heavily influenced by the total energy con-
sumption control policy suffer a greater decrease in

Generally speaking, the regional industries

output loss (or increase in output growth) when induced
energy technology improvements are considered. For
example, there is a great alleviation in the output loss of
the EME & HEC industries of Guizhou in S.pi7. Interre-
gional migration of energy-related industries also de-
crease compared with that in the scenarios of no induced
energy technology improvements. In particular, the most
significant decrease in the interregional migration of
energy-related industries happens in Scq:r. This phe-
nomenon adds to the effectiveness of the total energy
consumption control policy.

5 Discussion and Conclusions

This paper examined the impacts of the total energy
consumption control policy and energy quota allocation
plans on China's regional economy by using a dynamic
multi-regional CGE model for China. Not only the pros
and cons of energy quota allocation plans with different
weights of equity and efficiency, but also the influences
of possible induced energy technology improvements in
different energy quota allocation plans were studied.
Under the influences of the total energy consumption
control policy, different allocation plans are all effective
in energy savings, but their economic influences vary
among different regions in China. The efficiency-first
allocation plan is the plan with the lowest energy-saving
costs. However, it imposes heavier burdens on the eco-
nomic growth, residents’ income and energy-related in-
dustries’ outputs in underdeveloped resource-rich re-
gions than in the eastern developed regions. All these
exacerbate the regional economic disparity, which are
probably unacceptable. By contrast, the equity-first al-
location plan has an exact opposite result, which is fa-
vorable for narrowing the regional income gap. How-
ever, the equity-first allocation plan incurs a heavy eco-
nomic cost, with national GDP loss of nearly 1%, which
is 60% higher than the efficiency-first allocation plan.
Besides, in the equity-first allocation plan, there is evi-
dent interregional migration of energy-related industries
from the regions with tighter energy consumption con-
straints to the regions with looser constraints, which
may damage the initiative of energy savings to some ex-
tent. The intensity target-based allocation plan is easier
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Table 6 Sectoral output changes in different regions in 2015 considering induced energy technology improvement (%)

Seet SeqT Sp+t Sier
fegton EI—I\;I];E C& Service Others EIIEI/[]? C& Service Others Eifs C& Service Others EII\_;[; C& Service Others
HE -9.8 1.1 -1.9 —-11.1 1.3 2.2 -104 1.2 -2.0 -13.4 1.8 -2.5
SX 9.5 1.0 -4.0 -11.9 1.0 —4.8 -10.7 1.0 —4.4 7.6 3.6 -1.6
™M -12.1 0.3 -0.7 -10.3 1.8 0.1 -11.2 1.1 -0.3 2.4 6.2 2.6
LN -9.8 0.5 -2.0 -8.9 0.2 -1.9 -9.3 0.1 -1.9 —4.5 2.3 0.0
JL -13.1 0.5 0.7 -14.4 -0.3 -0.9 -13.7 -0.4 -0.8 -9.9 1.7 0.1
HLJ -7.0 1.0 -1.7 -8.0 1.2 2.3 -74 1.1 -2.0 -5.8 32 0.6
CcQ -9.6 1.2 -2.1 -9.6 1.8 -1.7 -9.5 1.5 -1.9 1.5 3.0 -0.4
SC -9.2 0.9 0.8 -6.3 2.1 0.1 7.6 1.5 -0.3 —4.4 33 1.2
GZ -17.3 0.7 -3.1 -6.9 2.8 0.1 -12.1 1.1 -1.6 -0.7 52 2.1
YN -10.0 2.0 -0.3 2.7 4.6 2.4 -3.5 3.4 1.1 2.3 5.5 32
SN -5.6 2.0 -0.4 7.6 1.8 -0.9 -6.5 1.9 0.6 -6.9 33 0.1
GS -2.3 0.9 -6.9 -1.6 1.6 —6.6 -1.9 1.3 6.7 0.3 2.8 -4.9
QH -23.7 1.8 -1.8 -16.6 49 0.8 -20.2 3.5 -0.4 5.4 9.0 4.8
NX -23.4 -0.8 -1.9 -10.4 2.5 0.9 -17.0 0.9 -0.4 1.2 5.6 3.8
XJ 9.6 0.7 -3.8 -5.2 2.6 -13 -7.4 1.0 -2.5 -1.1 6.2 1.6
BJ -8.6 1.7 -1.7 -19.8 0.6 -6.4 -14.2 0.6 -39 254 -1.7 -8.7
TJ -3.5 0.1 -1.9 -6.3 0.7 -2.9 —4.8 -0.4 24 -1.9 1.3 -0.8
SH -3.7 -0.3 -1.7 -14.1 -39 -5.2 -8.9 -2.0 -34 -19.3 -5.4 6.5
IS -3.4 2.0 -0.3 -8.0 1.8 -1.3 -5.7 1.9 -0.8 -10.6 2.1 -1.3
Z] -1.8 1.5 2.2 -6.3 0.4 —4.9 —4.0 1.0 -3.5 -11.6 0.8 8.1
FJ 2.7 1.8 0.1 0.6 2.6 1.1 -1.6 2.3 0.6 -1.8 3.0 1.2
SD -5.7 0.5 0.8 -11.2 -1.3 2.0 -8.5 -0.4 -14 -13.9 -1.5 -2.5
GD -1.2 0.8 -1.2 —6.8 0.7 5.1 -39 0.1 -3.1 -134 -2.8 -9.8
AH -7.4 2.3 0.5 2.8 44 1.9 2.2 34 1.3 -0.8 4.8 2.1
X 2.2 2.6 0.6 3.6 4.7 2.4 0.8 3.7 1.6 2.0 5.2 2.6
HA 3.6 1.4 0.4 7.0 52 2.4 5.6 2.8 12 6.3 4.7 1.9
HB -7.3 1.7 -3.1 1.0 4.4 0.4 -2.8 32 -1.2 2.4 5.6 1.3
HN -8.0 1.2 2.1 =13 1.7 -1.9 -1.5 1.5 -2.0 -10.3 1.7 2.6
GX 4.8 22 0.5 -3.9 3.0 -0.3 —4.2 2.6 -0.4 -7.8 2.6 -1.1
HI 1.6 0.6 0.3 1.5 0.5 0.2 1.7 0.6 0.3 -1.2 -1.7 -1.6
Nation -4.5 1.1 -2.5 -5.8 1.0 -3.5 -5.2 1.0 -3.0 —6.8 12 —4.3

Note: full name of each region's codes are shown in Table 1

for all regions to reach the energy-saving target in the
12th Five-Year Plan, but it imposes heavy economic
costs on the eastern developed regions. For example, the
economic losses for the eastern developed regions reach
3%—7%. The efficiency-and-equity-balanced allocation
plan has a relatively even burden in terms of economic
cost on all regions, and it can alleviate the regional eco-
nomic disparity and induce less migration of en-
ergy-related industries. Therefore, among all the alloca-
tion plans, the efficiency-equity-balanced allocation

plan is the most feasible plan for the total energy con-
sumption control policy.

When the induced energy technology improvements
are considered in the total energy consumption control
policy implementation, the above simulation results get
some changes. Because the induced energy technology
improvements are faster in regions with tighter energy
consumption constraints, more alleviation of economic
losses can be found in regions that suffer heavy impacts.
Therefore, in the efficiency-first allocation plan, induced
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energy technology improvements help to reduce re-
gional economic disparity. In the equity-first, the equity-
and-efficiency-balanced and intensity target-based allo-
cation plans, they help to reduce the energy-saving costs
and mitigate the interregional migration of energy-
related industries. In summary, induced energy technol-
ogy improvements add more feasibility to all of the
above plans. However, induced energy technology im-
provements can not fundamentally change the impacts
of allocation plans on the spatial economic structure
because if there is no major technological breakthrough,
the rate of induced energy technology improvements
would be relatively small in general (as in this paper, set
at 15%). Thus, the government can give more incentive
and support to energy-related sectors for technological
research and innovation while implementing the total
energy consumption control policy, which will enhance
the effect and performance of induced energy technol-
ogy improvements and increase the effectiveness of the
total energy consumption control policy.

The situation has not been optimistic since the im-
plementation of the total energy consumption control
policy. The total national energy consumption in 2013 is
3.76 x 10” tce, which is 3.9% more than that in 2012. If
the target of total national energy consumption control
of 4 x 10 tce in 2015 is to be achieved, the average an-
nual growth rate of energy consumption should be
maintained at no more than 3.1% from 2014 to 2015,
which is a huge challenge. The later the implementation
of an allocation plan and the less rigid the control, the
more difficult it will be to realize the goal. Therefore, a
feasible allocation plan (as suggested in this paper)
should be carried out as soon as possible. Furthermore,
the allocation plan should be rigidly managed, and any
violation should be punished, or else this policy will not
be as effective as expected.

Within a short period following the implementation
of the total energy consumption control policy, the ef-
fects of induced energy technology improvements may
be limited. Not only do energy technological investment
and innovation require some time, but there is also al-
ways a lag between the energy technology adoption
phase and the effects of energy technology improve-
ments beginning to show and fully develop. Over a
longer span of time, however, the positive consequences
of induced energy technology improvements may be-
come much more obvious. In addition, as the policy of

total energy consumption control continues and energy
quota constraints strengthen, the price of energy will
increase further. To control production costs, more and
more enterprises will actively involve themselves in
energy-saving activities by increasing the investment in
and innovation of energy technologies, which may fi-
nally make the positive effects of energy-saving efforts
even larger. Some researchers had a similar point of
view (Kerr and Newell, 2003). Therefore, as the effect
of induced energy technology improvements increases
over time, its influence on the spatial economic structure
may evolve. In addition, some other researchers held
that the policy effects of market-based tools on technol-
ogy innovation and technology diffusion were larger
than those of administrative tools, and the effect of auc-
tion quotas was larger than that of free quota allocation
(Jaffe et al., 2002; Requate, 2005). Therefore, the cur-
rent form of the total energy control policy can be modi-
fied to be more market based, and a part of energy quo-
tas could be allocated through auction, which would
induce larger energy technology improvements to fa-
cilitate transformations in the current economic devel-
opment pattern.
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