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Efficiency power plant (EPP) promotes the use of energy efficiency power plant technology and energy efficient equipment,
coupled with its low-input, zero pollution, zero emissions, and other advantages, having an important role in the control of energy
consumption and energy saving. In order to carry out scientific EPP investment decisions, the level of energy efficiency is an
important basis for investment decisions.This paper introduces total factor energy efficiency (TFEE) in energy efficiency calculation
of EPP, constructs energy efficiency calculation model considering environmental benefits, and takes the micro and macro cases
in China for analysis; the results show that the TFEE of both single energy efficiency project and EPP are at a relatively high level
(above 0.7), and there is a huge gap between calculation results considering and without considering the environmental benefit.
In order to discuss energy efficiency influencing factors, the paper analyzes generalized technological advances variation feature
of China typical provinces implementing EPP based on generalized technological advances decomposition model by Malmquist
index, finding that the steady growth of M index in these provinces is derived from the management level of implementation of
EPP and the large-scale production capacity of formation and management. We hope the models and conclusions could provide
some references on EPP energy efficiency calculation and decision.

1. Introduction

EPP is a specific measure of DSM. In the form of invest-
ment in energy efficiency projects, EPP packages various
energy-savingmeasures and energy-saving projects to form a
package of energy-saving action plan in some region, indus-
try, or enterprise. State Grid Energy Research Institute of
China estimates that the generation capacity of EPP is 640.7
billionKWh in China of 2011–2015, and 2016–2020 is 1.3254
trillionKWh. It can reach 1.9661 trillionKWh during the
period of “twelfth five-year plan” and “thirteenth five-year
plan,” equivalent to a reduction of 22,598KWh in generation
capacity and nearly 400 billion yuan in investment compared
with the conventional power plants [1]. The starting point of
EPP implementation is to save energy and relieve the grim
situation of energy use, so the important basis for decision-
making is to examine energy efficiency level of these projects.

Research literature about energy efficiency focuses on the
calculation of regional (national, provincial, and districted)
energy efficiency and the analysis of its influencing factor.

First, with regard to China’s energy intensity and its
influencing factors analysis, based on total factor productivity
theory andDEA technique, Hu andWang [2] firstly proposed
the total factor energy efficiency (TFEE) method, which held
that economic output was the result of interaction between
capital, labor, energy, and other factors and emphasized the
cooperation between various factors. Also it can effectively
overcome the defect of the single-factor energy efficiency
method, namely, overemphasizing the function of energy
factor. In recent years, TFEE method has gradually been
introduced to the study of China’s energy efficiency [3–5].
Shen et al. [6] take into account the effects of environmental
and random factors to measure energy efficiency in China;
Song et al. [7] use Hierarchical-Indicator Comparison (HIC)
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method to research energy efficiency evaluation based on
indicators for industry sectors in China; Lin and Du [8]
measure energy efficiency under heterogeneous technologies
using a latent class stochastic frontier approach.

In addition, the index decomposition technique (IDA)
is widely used in the influencing factors analysis of energy
efficiency. Garbaccio et al. [9] analyzed the significantly
dropping reason of China’s energy intensity since 1978 year
by the Divisia IDA. Based on a modified Laspeyres index,
Zhang [10] decomposed the change trend of Chinese energy
intensity in 1980–2000 years. Ma and Stern [11] also made
some studies for the change trend of energy intensity using
the IDA; the conclusions were similar; namely, the reducing
of energy intensity was mainly caused by the increase of
energy efficiency used by departments and the changes of
industrial structure had little impact. According to enterprise
micro-data of 1997–1999 years (2500 medium-sized enter-
prises), under the framework of the panel datamodel, Fisher-
Vanden et al. [12] studied the influencing factor of China’s
energy intensity, finding that the rising of energy prices, the
increase of R &D spending, the reform of ownership, and the
change of industrial structure had a significant influence on
the decreasing of China’s energy intensity.

Second, with regard to the differences of China’s regional
energy efficiency and industries energy efficiency, Zhang et al.
[13] and Guan and Xu [14] estimated the energy efficiency
of Jilin and Liaoning province in China, respectively. Lin
and Long [15] made a stochastic frontier analysis of energy
efficiency of China’s chemical industry. While the traditional
DEA model cannot evaluate the case that various units are
effective at the same time, Anderson and Petersen established
super-efficiency DEA method to solve the problem [16]. This
model has been widely used, such as Wang et al. [17] and
Zheng andQi [18]. In addition to theDEAmethod, stochastic
frontier analysis (SFA) model and Luenberger index method
are both applied to the study of regional energy efficiency in
China.

The literature reviews about China’s energy efficiency
and its impact factors can be summarized as follows: Most
studies discussing energy efficiency aim at China, regions
or provinces; the calculation methods are mainly based on
DEA method and its various improved models; the factor
decomposition methods are mainly IDA method, such as
Divisia index, Laspeyres index, andMalmquist index; but the
research strength for Chinese industrial energy efficiency is
lacking, and the study on EPP energy efficiency is still a blank.

TFEE and IDA have been widely used in regional or
certain industrial energy efficiency analysis and achieved a
wealth of research results. Therefore, TFEE and IDA will be
applied to Chinese energy efficiency analysis of EPP in this
paper. Energy efficiency calculation model considering envi-
ronmental benefits will be established to measure the energy
efficiency of different EPPs, to enrich the basis of EPP
investment decisions, and to ensure the EPP investment
benefits. Moreover, the paper will analyze generalized tech-
nological advances variation feature by Chinese typical
provinces implementing EPP based on generalized techno-
logical advances decomposition model by Malmquist index,
to analyze the influence degree of different influencing
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Figure 1: Investment-oriented DEA model diagram.

factors and from the energy efficiency perspective to propose
development recommendations for EPP.

2. Energy Efficiency Calculation Model of EPP
considering the Environmental Benefits

2.1. The Total Factor Energy Efficiency. The core part of TFEE
calculation is to determine the “target energy inputs” by DEA
method, and the key is to determine the energy inputs index.
Therefore, the investment-oriented DEA model under the
assumption of constant returns to scale (CRS) is used to
calculate the TFEE, as shown in Figure 1.

Suppose that there are four decision-making units
(DMU):𝐴,𝐵,𝐶, and𝐷.Their per unit output (GDP) depends
on the joint investment of energy and other factors. Thus
the optimal frontier (𝑆 − 𝑆) under realistic conditions is
determined. According to the definition of Farrell [19], point
𝐶 and point𝐷 are on the frontier surface and effective; point
𝐴 and point 𝐵 are outside the frontier surface and do not
have full efficiency. Point 𝐵 is the projection on the frontier
surface of point 𝐵, namely, the improvement goal of point 𝐵,
so there is 𝐵𝐵 loss for𝐵. Considering the redundant problem
of energy inputs, point 𝐴 can reach point 𝐶 by further
reducing the energy inputs, while keeping output unchanged.
So in order to reach the target point 𝐶, 𝐴𝐴 and 𝐴𝐶 are
the adjusted amount of energy inputs for point 𝐴, including
radial adjustment and slack adjustment. Therefore, the TFEE
of region 𝑖 is defined as the formula
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𝑖
=
𝐸
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𝑖

𝐸
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𝑖
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, (1)

where TFEE
𝑖
is total factor energy efficiency of region 𝑖, 𝐸tar

𝑖

is the amount of target energy inputs of region 𝑖, 𝐸act
𝑖

is the
amount of actual energy inputs of region 𝑖, and 𝐸adj

𝑖
is the

amount of adjusted energy inputs of region 𝑖.
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2.2. The Construction of Model

2.2.1. Input Analysis

(1) The Capital Investment. The capital investment of EPP
includes capital investment and equipment investment.
Micro-level EPP can take the project cost as the capital invest-
ment, and the macro-level EPP can take the total investment
amount (self-raised funds plus loans) as the capital invest-
ment.

(2) The Labor Inputs. The labor inputs of EPP refer to the
number of labor people directly involved in energy efficiency
projects, including the total number of labor force from the
government, power companies, users, and third-party energy
service companies.

(3)The Energy Inputs.The implementation of EPP can reduce
the electricity consumption, but, in the earlier stage, a certain
amount of energy must be inputted. The statistical caliber
of primary energy consumption is various, so it is more
difficult to count the primary energy consumption for energy
efficiency projects from micro-level. Scholar Lin Boqiang
believes that electricity has become the main consumption
form of China’s energy and primary energy consumption will
eventually be reflected on electricity consumption. This fea-
ture is more obvious for EPP projects. Electricity consump-
tion read directly from computers is more credible, so the
average hourly electricity consumption during implementa-
tion of EPP is used to reflect the energy inputs in this paper.

2.2.2. Output Analysis

(1) The Main Output-Reduced Electricity Consumption. The
purpose of implementing EPP is to reduce energy consump-
tion, equal to the electric energy production generated by
power plants with the same capacity. So the capacity of EPP
can be considered as the main output. If the annual reduced
energy charge is taken as the output, for enterprise users,
it is expressed by multiplying the capacity by the annual
average electricity prices of enterprises; for residential users, it
is expressed bymultiplying the capacity by the annual average
electricity prices of residents.

(2)The Additional Output: Environmental Benefit.The imple-
mentation of EPP will reduce CO

2
, SO
2
, NO
𝑥
, and other gas

emissions. From the perspective of environmental benefit,
reduced gas emissions are equivalent to created environ-
mental benefit. In order to make up for the shortage of
TFEE without considering environmental constraints, the
environmental benefit produced by implementation of EPP
will be taken as an additional output and will be included in
the total output in this paper.

(3) The Summary of Outputs. Because the TFEE model is
a multi-input and single-output DEA model, it is needed
to aggregate the above two outputs (reduced electricity
consumption and environmental benefit) into total output
and in amount.

According to the foregoing input-output analysis,
reduced electricity consumption benefit can be represented
by the product of “capacity” of EPP and corresponding elec-
tricity price; reduced CO

2
emission benefit can be measured

by the product of reduced CO
2
emission and carbon trading

price; reduced SO
2
, NO
𝑥
emission benefit can be measured

by the product of their emissions and corresponding emis-
sion charges. Therefore, in order to measure the energy
efficiency of EPP, its output can be calculated according to
the formula

𝑄 =

𝑛

∑

𝑖=1

8760𝐶
𝐸
𝑃
𝐸𝑖
+ 120𝑄

𝐶
+ 1200 (𝑄

𝑆
+ 𝑄
𝑁
) , (2)

where 𝑄 is the total output (RMB), 𝐶
𝐸
is the “capacity” of

energy efficiency project (or EPP) (kW), and𝑃
𝐸𝑖
is the annual

average price of energy efficiency project (or EPP) during
implementation in 𝑖th year. Residential electricity is repre-
sented by the annual average price of residents; industrial
electricity is represented by the annual average price of
industries (RMB/kWh), 8760 is the annual hours, 𝑄

𝐶
is the

amount of reduced CO
2
emissions (t), 120 is the carbon

trading price in this paper (yuan/t), 𝑄
𝑆
is the amount of

reduced SO
2
emissions (t),𝑄

𝑁
is the amount of reducedNO

𝑥

emissions (t), and 1200 is the emission charge standard of SO
2

and NO
𝑥
in this paper (yuan/t).

2.3. Example Analysis. In order to prove the effectiveness of
EPP energy efficiency calculationmodel, this paper will build
two examples to analyze the micro-level (energy efficiency
project) and macro-level (EPP).The sample and data sources
are explained as follows.

2.3.1. The Micro-Level Data (Energy Efficiency Project). The
micro-level selects the energy efficiency projects under the
jurisdiction of power DSM center in Hebei province as the
research object. The data derives from field researches and
network resources (such as http://www.hbdsm.com). Here
we select a certain number of different types of energy effi-
ciency projects and the set of their parameters refers to input
and output parameters of DSM energy efficiency projects;
the summary data are shown in Table 1.

2.3.2. The Macro-Level Data (EPP). The macro-level selects
typical provinces implementing EPP—Jiangsu, Guangdong,
Hebei, and Sichuan provinces as the research objects. The
data comes from the related state media information of each
province, as well as the related literature. The set of parame-
ters refers to input and output parameters of energy efficiency
projects and the annual average summary data of 2006–2013
years is shown in Table 2.

2.4. The Results and Analysis. Calculate the TFEE according
to the target energy inputs. Based on the micro-data and
macro-data in Tables 1 and 2, the corresponding TFEE is
calculated and analyzed, respectively. In addition, in order to
highlight the impact of environmental benefit, the TFEE is
calculated with and without considering the environmental
benefit. The results and analysis are as follows.



4 Mathematical Problems in Engineering

Table 1: Statistical description of input-output variables of the micro-level samples.

Sample size
Inputs Outputs

Capital
(RMB) Labor Energy

(kW)
Energy-saving
capacity (kW)

Reduced CO2
emissions (t)

Reduced SO2, NO𝑥
emissions (t)

Green lighting project 12 Mean 123000 60 400 850 0 0
SD 43000 40 210 235 0 0

Power load
management project 23 Mean 0 50 0 0 0 0

SD 0 30 0 0 0 0
Electrical cold storage,
heat storage project 10 Mean 221500 23 130 1150 0 0

SD 62300 11 40 321 0 0
Appliance
energy-saving project 18 Mean 36000 12 180 450 1500 15

SD 18460 5 46 105 410 6
Building energy-saving
project 19 Mean 65000 14 440 1340 2450 27

SD 25400 8 175 487 1566 13
Efficiency motors
reconstruction project 18 Mean 78000 9 140 1556 1856 18

SD 35400 5 74 432 632 7
Gas oil replacement
project 15 Mean 144000 32 450 1465 3204 45

SD 52310 15 187 632 1145 12

Table 2: Statistical description of input-output variables of the macro-level samples.

Inputs (annual average) Outputs (annual average)

Capital
(100 million RMB)

Labor
(100 million people)

Energy
(kW)

Energy-saving
capacity

(100 million kW)

Annual reduced
CO2 emissions
(100 million t)

Annual reduced SO2,
NO
𝑥
emissions (t)

Jiangsu province
(2006–2013) 3.66 2.6 23.6 68.7 387 19366

Guangdong
province
(2009–2013)

1.1 0.84 7.8 16 16 2400

Hebei province
(2009–2013) 3.9 2.3 24.4 60 300 30000

Sichuan province
(2013) 15 4.4 147 333 499 225000

2.4.1. Micro-Level (Energy Efficiency Projects) Calculation
Results and Analysis. From the calculation results of Table 3,
we can draw the following conclusions.
(1) Overall, the energy efficiency of 115 energy efficiency

projects acquired from Hebei DSM research center is rela-
tively high (0.7 and above), coordinated with the emission-
reduction targets of energy efficiency projects. In addition, as
the power load projects only can change the electricity power
load curve and do not have the energy inputs and outputs, it
is not suitable for the calculation of energy efficiency model
proposed in this paper.
(2) Under two conditions of considering and not consid-

ering environmental benefit, there is a certain gap between
the calculation results of energy efficiency of different types of
energy efficiency projects. For the “power load management
project” and “electrical cold storage, heat storage project,”
there are no gases (such as CO

2
, SO
2
, and NO

𝑥
) or other

pollutants emissions in implementation process, so they do
not show the environmental benefit. For other projects,
during implementation they reduce the gases (such as CO

2
,

SO
2
, and NO

𝑥
) or other pollutants emissions and can get

some environmental benefit. Therefore, compared to not
considering the environmental benefit, the energy efficiency
has amore substantial increase with considering the environ-
mental benefit, associated with the reduced emissions. The
increased amplitude of energy efficiency in descending order
is as follows: the “gas oil replacement project,” “building
energy-saving project,” “efficiency motors reconstruction
project,” and “appliance energy-saving project,” which is
consistent with the order of reduced emissions (such as CO

2
,

SO
2
, and NO

𝑥
) from high to low.

2.4.2. Macro-Level (EPP) Calculation Results and Analysis.
From the calculation results of Table 4, we can draw the
following conclusions.
(1) Overall, the energy efficiency of these typical

provinces implementing EPP is at a relatively high level (more
than 0.7). In the TFEE terms, these typical provinces play a
lead role in implementing EPP.
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Table 3: TFEE calculation results of the micro-level samples.

TFEE considering
the environmental

benefit

TFEE without
considering

the environmental
benefit

Green lighting project 0.854 0.854
Power load
management project — —

Electrical cold storage,
heat storage project 0.827 0.827

Appliance
energy-saving project 0.873 0.719

Building energy-saving
project 0.894 0.737

Efficiency motors
reconstruction project 0.885 0.722

Gas oil replacement
project 0.915 0.704

Table 4: TFEE calculation results of the macro-level samples.

Average of TFEE
considering the
environmental

benefit

Average of TFEE
without considering
the environmental

benefit
Jiangsu province
(2006–2013) 0.843 0.759

Guangdong
province
(2009–2013)

0.827 0.723

Hebei province
(2009–2013) 0.856 0.714

Sichuan province
(2013) 0.894 0.788

(2) Since the year of fully implementing EPP in Sichuan
province is late (fromMay 2013), the sample data uses its plan-
ning data.The results show that compared to other provinces
which have implemented EPP (Jiangsu, Guangzhou) its
outputs (energy-saving capacity, environmental benefit) are
at a higher level. Therefore, whether or not to consider
the environmental benefit, the TFEE of Sichuan using the
planning data is the highest among all the provinces.We hope
that Sichuanprovincewill go ahead towards the planning goal
during implementing the EPP in detail.
(3) Jiangsu is the first province to implement EPP in

China and get a satisfied result. Compared to Guangdong,
Hebei, and Sichuan, without considering the environmental
benefit, its TFEE is only lower than in Sichuan which uses
planning data; considering the environmental benefit, its
TFEE is slightly higher than in Guangdong, because its
reduced gases (such as CO

2
, SO
2
, and NO

𝑥
) and pollutants

emissions are slightly higher than in Guangdong under unit
input.
(4) Without considering the environmental benefit, the

TFEE of Hebei is the lowest in these provinces, because the
“capacity” of its EPP is the lowest under unit input. However,

considering the environmental benefit, its energy efficiency
is higher than in Guangdong and Jiangsu province, because
the reduced CO

2
, especially SO

2
, NO
𝑥
are higher than the

decrease amount of Guangdong and Jiangsu when imple-
menting EPP.

2.4.3. The Comprehensive Results Analysis. From the calcu-
lation results of micro-level and macro-level, we find that
their TFEE remains relatively close to each other, because the
provincial-level sample data is aggregated from a large num-
ber of individual energy efficiency project data. The results
show that the TFEE of both single energy efficiency project
and EPP are at a relatively high level (above 0.7). In the condi-
tion of considering the environmental benefit, the TFEE has a
more substantial upgrade, significantly higher than the
regional energy efficiency calculated byHu andWang (2006),
which shows that the energy input of DSM energy efficiency
projects (EPPs) is relatively close to the optimal configura-
tion, consistent with the goals of saving energy and control-
ling energy consumption.

For the TFEE of DSM energy efficiency projects (EPPs),
the gap between considering and without considering the
environmental benefit is relatively large, indicating that the
reduced carbon and pollutants emissions have a big impact
on the energy efficiency calculation results. Under such a
background promoting low-carbon economy, saving energy,
and protecting environment, the energy efficiency calculation
model considering the environmental benefit of DSM energy
efficiency projects is recommended; it can better reflect the
requirements to control carbon emissions and pollutants
emissions.

In summary, the results show that the energy efficiency
calculation model constructed in this paper can objectively
reflect the energy efficiency level of DSM energy efficiency
projects (EPPs). This model takes into account the environ-
mental constraint and environmental benefit, which reflects
the requirements of low-carbon economy, energy conserva-
tion, and environmental protection to carbon emissions and
pollutant emissions.TheTFEE calculationmodel can provide
a more feasible way to measure the energy efficiency of EPP.

3. EPP Energy Efficiency Influencing
Factor Analysis

3.1. The Generalized Technological Advances Decomposition
Model Based on Malmquist Index. The calculation of energy
efficiency can only reflect the energy use level of EPP,
but policy-makers tend to be more concerned about how
to improve energy efficiency, which requires analyzing the
influencing factors of EPP energy efficiency. Among themany
influencing factors, technological advance is considered to
be important and cannot be ignored. Existing literatures
have studied the relationship between technological advance
and energy efficiency from various angles, believing that
technological advance has some positive effect on reducing
energy consumption and improving efficiency. However,
these literatures have some fuzzy and narrow understanding
of technological advance. In order to overcome the deficiency,
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the “generalized technological advance” will be used to study
its influence on the energy efficiency of EPP in this paper.

Generalized technological advances include the “hard”
technology and “soft” technology, represented by the total
factor productivity (TFP). The “hard” technology and “soft”
technology can be broken down by Malmquist index, which
was first proposed in 1953 by Malmquist and was further
improved byM. J. Farrell in 1994. Malmquist index can break
down the generalized technological advances into technolog-
ical progress representing “hard” technology (Techch) and
technical efficiency representing “soft” technology (Effch) by
Shephard distance function, shown as the formula

𝑀

= [
𝐷
𝑡
(𝑥
𝑡+1
, 𝑦
𝑡+1
| CRS)

𝐷
𝑡
(𝑥
𝑡
, 𝑦
𝑡
| CRS)

𝐷
𝑡+1
(𝑥
𝑡+1
, 𝑦
𝑡+1
| CRS)

𝐷
𝑡+1
(𝑥
𝑡
, 𝑦
𝑡
| CRS)

]

1/2

,

(3)

where𝑀 is Malmquist index,𝐷
𝑡
(𝑥
𝑡
, 𝑦
𝑡
) uses the technology

in period “𝑡” to represent the current technical efficiency
level, 𝐷

𝑡+1
(𝑥
𝑡+1
, 𝑦
𝑡+1
) uses the technology in period “𝑡 + 1”

to represent the current technical efficiency level,𝐷
𝑡+1
(𝑥
𝑡
, 𝑦
𝑡
)

uses the technology in period “𝑡+1” to represent the technical
efficiency level in period “𝑡,” and CRS is the abbreviation of
constant returns to scale.

If 𝑀 > 1, the overall productivity level is improving;
otherwise it is dropping. Malmquist index can be further
broken down into Techch and Effch, shown as formula

𝑀 = Techch × Effch,

Techch

= [
𝐷
𝑡
(𝑥
𝑡+1
, 𝑦
𝑡+1
| CRS)

𝐷
𝑡+1
(𝑥
𝑡+1
, 𝑦
𝑡+1
| CRS)

𝐷
𝑡
(𝑥
𝑡
, 𝑦
𝑡
| CRS)

𝐷
𝑡+1
(𝑥
𝑡
, 𝑦
𝑡
| CRS)
]

1/2

,

Effch =
𝐷
𝑡+1
(𝑥
𝑡+1
, 𝑦
𝑡+1
| CRS)

𝐷
𝑡
(𝑥
𝑡
, 𝑦
𝑡
| CRS)

.

(4)

Therefore, Malmquist index representing generalized
technological advances can be expressed as the multiply
of technical progress index, pure technical efficiency index
(Pech), and scale efficiency index (Sech), shown as formula

𝑀 = Techch × Effch = Techch × Pech × Sech, (5)

where 𝑀 is Malmquist index, Techch is “hard” technology
index, Effch is “soft” technology index, Pech is pure technical
efficiency index, and Sech is scale efficiency index.

3.2. The Generalized Technical Advances Change Characteris-
tics Analysis of EPP Implemented by Chinese Typical Provinces.
The generalized technological advances decomposition tech-
nique ofMalmquist index ismore suitable for change analysis
of energy efficiency in different areas and different years,
with little significance to energy efficiency decomposition of
microscopic energy efficiency projects.Therefore, the decom-
position technique of Malmquist index will be used to ana-
lyze the change characteristics of generalized technological
advances of EPP implemented by China typical provinces;
the results are shown in Table 5 (energy efficiency calculation
takes into account the environmental benefit).

(1) For the generalized technical advances change char-
acteristics of DSM energy efficiency projects imple-
mented by each typical province we get the following:

(a) The Techch, Pech, and Sech of Jiangsu province
all have a relatively smooth growth in years
2006–2013. The growth rate of Pech and Sech is
faster than Tech, but both of them have a rela-
tively large decline in 2007. This change feature
is also suitable for Effch, as well as the change of
Malmquist Index. In summary, the EPP energy
efficiency of Jiangsu province has a certain
decline in the second year of implementation
(2007), and other years have maintained a cer-
tain growth level. The growth reasons have a
correlation with the Pech index reflecting the
daily management level and the Sech index
reflecting the large-scale production capacity of
formation of management but have no correla-
tion with the Techch index.The fall of the index
in 2007 may be related to the following reasons:
large-scale implementation of energy efficiency
projects in the first year may result in energy
efficiency projects decreasing in the second
year; the project management level and enthu-
siasm in the second year may be lower than in
the first year.

(b) On the whole, the relevant indexes of Guang-
dong province are slightly lower than those of
Jiangsu province in the same year, as well as
its energy efficiency. However, the Malmquist
index analysis results of Guangdong province
are similar to Jiangsu province; namely, the
Pech index and Sech index have an influence
on the 𝑀 index, but the correlation of Techch
index and 𝑀 index is not obvious. Similar to
Jiangsu province, each index data of Guangdong
province has a greater fall in the second year.

(c) The index decomposition results of Hebei prov-
ince have also proved the influence of Pech
index and Sech index on 𝑀 index. Different
from the Jiangsu and Guangdong provinces, the
index data of Hebei province has almost no fall
in the second year. The Pech index of Hebei
province is slightly lower than the same year
data of Jiangsu province, but the index Sech is
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Table 5: Generalized technical advances change characteristics analysis of EPP implemented by Chinese typical provinces.

Provinces Implementation years Effch Techch Pech Sech 𝑀

Jiangsu province (2006–2013)

2006 1.004 1.011 1.002 1.002 1.015
2007 0.984 1.013 0.987 0.997 0.997
2008 1.010 1.014 1.007 1.003 1.024
2009 1.012 1.014 1.007 1.005 1.026
2010 1.016 1.013 1.008 1.008 1.029
2011 1.020 1.015 1.009 1.011 1.035
2012 1.021 1.015 1.009 1.012 1.036
2013 1.024 1.016 1.01 1.014 1.041

Average 1.012 1.014 1.005 1.007 1.027

Guangdong province (2009–2013)

2009 1.010 1.013 1.006 1.004 1.023
2010 0.993 1.013 0.986 1.007 1.006
2011 1.018 1.014 1.008 1.01 1.032
2012 1.019 1.014 1.008 1.011 1.033
2013 1.023 1.015 1.01 1.013 1.038

Average 1.013 1.014 1.004 1.009 1.027

Hebei province (2009–2013)

2009 1.012 1.014 1.006 1.006 1.026
2010 0.994 1.013 0.986 1.008 1.007
2011 1.020 1.015 1.008 1.012 1.035
2012 1.021 1.015 1.008 1.013 1.036
2013 1.035 1.016 1.02 1.015 1.052

Average 1.016 1.015 1.006 1.011 1.031
Sichuan province 2013 (prediction) 2013 (prediction) 1.046 1.016 1.03 1.016 1.063
The average of provinces — 1.022 1.015 1.011 1.011 1.037

slightly higher, which state that the EPP man-
agement level of Hebei province is lower than
Jiangsu province, but the large-scale produc-
tion capacity of formation and management is
higher than Jiangsu province.The final𝑀 index
is close to Jiangsu province, indicating that the
Pech index and Sech index have a relatively close
influence on the𝑀 index.

(2) For the generalized technical advances change char-
acteristics of energy efficiency of EPP implemented by
typical provinces we get the following:

(a) Overall, the𝑀 index of typical provinces has a
smooth growth year after year, which coincided
with the calculation results of TFEE.

(b) The relevant indexes of some provinces have
a certain degree of fall, maybe related to the
following reasons: large-scale implementation
of energy efficiency projects in the first yearmay
result in energy efficiency projects decreasing in
the second year; the project management level
and enthusiasmmay be lower than the first year.
This can serve as a lesson to other provinces
implementing energy efficiency projects. They
should control the quantity and quality of
project implementation at the planning stage
and ensure a certain degree of smoothness,
as well as the initiative in the implementation
period.

(c) The𝑀 index change of energy efficiency of EPP
implemented by typical provinces has a greater
relationship with the Pech index and Sech
index but has no significant correlation with the
Techch index. So we can say that the steady
growth of𝑀 index in these provinces is derived
from the management level of implementation
of EPP and the large-scale production capacity
of formation and management, while during
the period of implementing EPP the “hard”
technology has no great progress. Meanwhile,
the Pech index and Sech index have a similar
degree of influence on𝑀 index.

4. Conclusion

The purpose of this study is to measure the energy efficiency
of EPP and analyze its influencing factors and thus enrich the
investment decision basis for EPP from the view of energy
using efficiency. First, we introduce the TFEE calculation
method and analyze the input and output factors of EPP
energy efficiency. Based on the above steps, the EPP energy
efficiency calculation model considering the environmental
benefit was constructed. Second, a case study was conducted
from the micro cases (energy efficiency projects) and the
macro cases (EPP), obtaining the following conclusions.
Under the micro- and macro-levels, the TFEE are both at
a relatively high level (0.7 and above); for the calculation
results of the TFEE of EPP, the gap between considering and
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not considering the environmental benefit is relatively large.
Subsequently, in order to analyze the impact of TFEE tech-
nological advances to DSM energy efficiency projects, based
on the generalized technological advances decomposition
model by Malmquist index, the 𝑀 index change character-
istic of typical provinces in each year was compared and
analyzed, finding that the change of 𝑀 index has a greater
relationship with the Pech index and Sech index, rather than
the Techch index. Therefore, in order to improve the EPP
energy efficiency, we should focus on improving the man-
agement level and the ability to set up large-scale energy
efficiency projects.
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