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Abstract Energy saving and emission reduction some-
times mean high cost, so companies do not have enough
motivation to always support the related policy. By
neglecting the economic cost and the imperfect substitu-
tion among input factors, widely used energy efficiency
indicators such as “energy intensity” will sometimes lead
to uneconomic results. Based on the theory of economic
efficiency, “energy economic efficiency” is proposed as a
new energy efficiency measurement to integrate cost
information. In this paper, we further discuss energy
economic efficiency, propose supplementary properties,
and measure the efficiency of twelve public thermal
power companies during the period of China’s 12th
five-year plan. Our results show that (2) the economic

efficiency of the twelve public companies decreased
slowly. The average economic efficiency was 0.82, and
there was approximately 40 billion RMB in potential cost
savings in 2015, accounting for 18% of the total cost. (2)
The energy economic efficiency of these twelve compa-
nies increased by approximately 10% during 2011–2015.
(3) The primary mission of most thermal power company
is to improve the coal combustion technology.
(Christensen 4) When expanding production, the input
factors will sometimes be uncoordinated, which will lead
to increased costs and decreased energy economic
efficiency.

Keywords Energy economic efficiency. Economic
efficiency. Thermal power . Public company .

Mathematical programming

Introduction

Energy efficiency is not only the topic in technology but
also the hot topic in economic, social, and environmen-
tal development, which is highly complex, integrated,
and systematic. A key component of solving these prob-
lems is improving energy efficiency. And energy effi-
ciency can be defined in different situations. When
measuring the energy efficiency in energy conversion
and production technique, it is always measured by the
laws of thermodynamics in physics. And when measur-
ing the effectiveness of a production at industry and
region levels, it is always measured by multi-input and
multi-output with physical quantity or value quantity
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using non-parametric frontier approach (Wang et al.
2017). And the energy intensity, which is measured by
the energy use per unit of output, is always mentioned in
policy goals (NBS 2010). These measurements always
focus on one side of the problem. Applying these in-
dexes in reality may not be a smart choice. Sometimes,
these indexes show perfect effect and reduce the energy
consumption, but they lead to uneconomic results in
other ways (Wei and Liao 2010). And these methods
also can be applied to estimate the CO2 emission oppor-
tunity abatement cost (Wang et al. 2016b). As a part of
the economic system, energy is tightly related to other
inputs, such as capital and labor, price factor, cost infor-
mation, and the imperfect substitution among inputs. So
when measuring energy, these factors should be consid-
ered as much as possible.

The basic and reasonable assumption on companies
is the cost minimization. And this is not in conflict with
other aims. When making policies, government should
consider the profits and cost to motivate the enthusiasms
of enterprises in energy saving and environmental pro-
tection. Through this way, government could achieve
the energy saving and environmental protection goal
while the enterprise earning money. Sometimes, there
is some conflict between economic development and
energy saving. In the agricultural society, we use less
energy in the production process, but the level of eco-
nomic development is relatively low. This situation is
not the goal which the modern society desires. So, we
should also incorporate the energy saving and environ-
mental protection goal in the development of enterprise,
instead of only focusing on a low-carbon goal. For
example, Nordhaus’s work, the 2018 Nobel prize in
economics, integrates climate change into long-run
macroeconomic analysis.

Energy economic efficiency was proposed as a
new measurement of energy efficiency, which con-
siders the multi-inputs and the technology con-
straints, integrates the price information, and aims
at the minimum cost to achieve the global optimal
solution within the whole economic system (Liao
et al. 2016). In this paper, we further discuss
energy economic efficiency and propose supple-
mentary properties to perfect the new measure-
ment. We apply this theory to twelve public ther-
mal power companies during the period of China’s
12th five-year plan. The results also verify the
theory in practice. We must point out that the
energy economic efficiency calculated in this paper

only involves the electricity generation part; other
parts of the electricity, such as transmission, stor-
age, and management, are not considered.

Literature review

Measuring the efficiency of the electricity industry has
long been a hot topic. Taking sulfur dioxide emission,
waste water, soot emission, and solid wastes as undesir-
able outputs and considering both constant returns to
scale (CRS) and variable returns to scale (VRS) produc-
tion functions, Tao and Zhang (2013) measured the
environmental efficiency of the electric power industry
in 16 cities in the Yangtze River Delta. Bi et al. (2014)
calculated the energy efficiency and environmental effi-
ciency of China’s thermal power generation during
2007–2009 and noted the obvious geographic charac-
teristics in different provinces. Using carbon dioxide as
the undesirable output, Xie et al. (2014) measured the
environmental efficiency of the electric power industry
in Brazil, Russia, India, China, and OECD countries
using a slack-based measure data envelopment analysis
(SBM-DEA). They analyzed the influence of related
factors on total factor productivity (TFP) using Tobit
model, and results showed that the main driving forces
of promoting efficiency are fuel structure change and
technological progress. By measuring the efficiency and
effectiveness of the electricity generation system in
China’s thirty provincial regions during 2006–2010,
Wang et al. (2016a) indicated that the reallocation efforts
and interregional electricity transmission in China are
effective, and a steady increase in electricity generation
is needed to improve effectiveness.

While there are many difficulties in acquiring data at
the micro level, some works have studied the energy
efficiency of the power plant. By analyzing the effect on
the 252 fossil fuel power plants in China caused by the
size control policy, Zhang et al. (2014) point out that the
policy is exactly effective, and private incentives and
deregulation are needed to improve the energy environ-
mental performance of state-owned enterprises. Li et al.
(2016a) measured the energy efficiency of 67 thermal
power plants in China and explained the short-term
dynamics among the environmental constraints and five
plant-level indicators, including the related variables of
coal, oil, water, electricity, and desulfurization systems.
Du et al. (2016) pointed out that about 44% of carbon
dioxide can be cut by analyzing and investigating the
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environmental technical efficiency and carbon abate-
ment cost of 648 coal-fueled power plants in China.
Other works have studied power plant energy efficiency
from the technical perspective. Xu et al. (2016) im-
proved the energy efficiency of power plants by pre-
drying coals. Balku (2017) analyzed key parameters that
influence efficiency in gas-steam power plants, includ-
ing air/fuel ratio, gas/steam ratio, compressor pressure
ratio, and gas turbines.

Studies about the electricity industry and power
plants focus on technology efficiency, environmental
performance, and undesirable output. Traditional energy
efficiency is based on the analysis of the quantity of
energy input. Measuring energy efficiency in terms of
cost is more scientific, but studies seldom achieve that.

The cost and benefit study covered many areas.
Farrell (1957) provided economic efficiency, technical
efficiency, and allocative efficiency under multi-outputs.
Christensen (1976) estimates the economies of scale of
electric generating firms in the USA. Färe et al. (1985,
1994) provided details in efficiency measurement, and
many studies subsequently focused on economic
efficiency. And Maloney (2001) analyzed the cost func-
tion of USA’s electricity generation. Wang et al. (2013)
measured the cost efficiency of China’s thermal power
industry, and the results showed that coal price is not the
key factor in fluctuating efficiency and incentivizing
corporations is needed to improve the management. Li
et al. (2016b) calculated the cost efficiency of electric
grid utilities in China during 2005–2009 by using SFA-
MLE, SFA-Bayes, and StoNED-CNLS model and
found the efficiency value to be 0.85–0.92. By investi-
gating cost efficiency and market reform in the OECD
electricity sector during 1980–2009, Ajayi et al. (2017)
indicated that the electricity market regulatory reform
index has a significant influence on efficiency.

The existing research focuses on environmental and
emission problems; however, few investigate the energy
efficiency of thermal power companies from an eco-
nomic perspective. By neglecting the price mechanism
and imperfect substitution among input factors, current
results have some limitations.

Theoretical model for measuring energy efficiency
with cost

Following from the basic economic idea of efficiency
(Farrell 1957), Liao et al. (2016) proposed the concept

of energy economic efficiency and offered mathematical
derivations and seven basic properties. Consider the
only two input factors, energy (E) and other factor (X),
point T is in the production possibility set P, point Q′ is
the optimal production point, CC′ is the isoquant, and
slope of line AA′ represents the price ratio of two factors.
In Fig. 1, energy economic efficiency is defined as Eq.
(1), and the two component energy allocative efficiency
and the energy utilize efficiency are defined as Eqs. (2)
and (3).

ee ¼ jOE2j
jOE0j ð1Þ

ea ¼ jOE2j
jOE1j ð2Þ

eu ¼ jOE1j
jOE0j ð3Þ

According to the research of Liao et al. (2016), the
relationship among economic efficiency, energy eco-
nomic efficiency, and other input economic efficiency,
the explanation of the value, the different results of all
special scenario, the comparability, and the sensitivity
are discussed diagrammatically and mathematically. But
comparedwith traditional measurements, some essential
problems are not fully discussed. In this section, we
provide more detailed economic explanations and math-
ematical derivations. Figure 2. demonstrates the mech-
anism from the production function to the energy eco-
nomic efficiency.

In simple terms, energy economic efficiency is the
energy cost ratio between the optimal and the real situ-
ation. If capital (K), labor (L), and energy (E) are taken

Fig. 1 The explanation of energy economic efficiency
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as the input factors, we use a linear programming Eq. (4)
to calculate the optimal total cost and the cost of each
input factor under the optimal situation, and then use Eq.
(5) to calculate the energy economic efficiency. In Eq.

(5), PeeE is the energy cost under the optimal situation,
and PeE is the energy cost under the real situation.

minP0eX 0 ¼ PK eK0 þ PLeL0 þ PEeE0

st:

∑n
i¼1λiY i≥Y 0

∑n
i¼1λiKi≤ eK0

∑n
i¼1λiLi≤eL0

∑n
i¼1λiEi≤eE0eK0; eL0; eE0;λi≥0

i ¼ 1; 2;…; n

8>>>>>>>><
>>>>>>>>:

ð4Þ

Compared with other efficiency indictors, the value
of the new indictor will be greater than 1 because the
energy cost under the optimal situation may be larger

than under the real situation, which is PeeE > PeE. Un-
der this situation, more energy inputs and fewer other
inputs are needed to reduce the total cost. According to
Eq. (6), the absolute value of 1 − ee represents the pro-
portion of energy improvement, and the sign represents
the direction of the improvement. The positive sign (ee
< 1) means that less energy is needed, and the negative
sign (ee > 1) means that more energy is needed. Based
on the above discussion, we can determine that the
energy economic efficiency values are comparable
when they are on the same side of value 1, but not
comparable when they are on opposite sides of value 1

without any new definition. For example, 0.9 is better
than 0.8, and 1.1 is better than 1.2, but the relationship
between 0.9 and 1.1 is still not clear.

ee ¼ PeeE
PeE

ð5Þ

1−ee ¼ 1−
PeeE
PeE

¼ PeE−PeeE
PeE

ð6Þ

As for other input factors, each input factor’s eco-
nomic efficiency can be easily deduced, for example,
capital economic efficiency (ke) for capital (K) and labor
economic efficiency (le) for labor (L). Using capital (K),
labor (L), and energy (E) as the input factors, and
assuming the economic efficiency is Ee, then the rela-
tionship among economic efficiency (Ee), capital eco-
nomic efficiency (ke), labor economic efficiency (le),
and energy economic efficiency (e) is shown in Eq.
(7). The coefficients of the efficiencies are α, β, and γ.
And each coefficient represents the proportion of the
related cost in the total cost. The proof is provided in
Appendix 1.

Ee ¼ αke þ βle þ γee
αþ β þ γ ¼ 1

ð7Þ

If the energy input factor (E) is further divided into
(e1, e2, e3,…), the relationship is shown as Eq. (8).

ee ¼ a1e1 þ a2e2 þ a3e3 þ…
∑ai ¼ 1

ð8Þ

Nevertheless, energy economic efficiency does not
meet the property of transitivity. Results under different

Fig. 2 The mechanism of energy economic efficiency
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technological constraints cannot be compared, so we
suggest using the same technological constraints when
measuring efficiency in different years. In addition, we
provide the code in Appendix 4.

We only investigate the electricity generation, ex-
cluding the input/output of transmission and distribution
due to the two following:

1. Electricity generation and transmission are usually
different parts of electricity business since the latter
is generally regulated strictly because of its natural
monopoly. Power plants are legal entities, which are
nominally responsible for their own profits or
losses. Since they are many independent thermal
power companies, we can easily capture the enve-
lope curve, i.e., the isocost curve, using linear pro-
gramming (Dorfman et al. 1958).

2. There only two grid corporations in China, located
in the south and north without any competition. The
grids and generators are different legal entities. And
we cannot clarify how many grid capital and labor
were used to transport the electricity generated by a
specific thermal company. Therefore, we cannot
construct the isocost curve. If the data are available,
we can reconstruct the isocost curve, and point Q
may be different from the formal since the capital
and labor measurements are different.

Empirical data

The price of each input factor is the main limitation at
the micro-level studies. This paper focuses on thermal
power public companies in China during the period of
2011–2015 (China’s 12th five-year plan). After
collecting and processing data from 38 companies’ an-
nual fiscal reports, only twelve companies were
remained and other companies did not provide direct
and indirect information to access the price data. Of
these twelve companies, the thermal power business
represents, on average, more than 85% of the whole
company. These companies’ full names, abbreviations,
stock codes, and average total assets in China’s 12th
five-year plan are listed in Appendix 2. And Fig. 3
shows the location city and the average total assets of
the 12 companies.

According to China’s accounting standards and these
annual fiscal reports, the cost of the thermal power

companies’ primary business includes fuel fee, depreci-
ation and amortization, employee compensation, main-
tenance charge, and repair charge. In our study, the total
cost of the production includes the cost of capital, the
cost of labor cost, and the cost of energy. The cost of
capital includes depreciation and amortization, mainte-
nance charge, repair charge, and a part of others. The
cost of labor is employee compensation and the cost of
energy is the fuel fee.

The measurement of input factors always plays the
important part in analyzing of growth and productivity.
According to Jorgenson et al. (2016), the input factors
include capital (K), labor (L), energy (E), materials (M),
and services (S). Because materials (M) and services (S)
have little input in this study, we do not consider them.
According to the model discussed above, the input data
are quantity (Q) and price (P) of input (X), which
includes capital (K), labor (L), and energy (E), with
the output data (Y) as the production.

The output Y is the quantity of electricity generation
in terawatt-hours.

We use coefficient “t” as the thermal power business
percent of the whole company. We calculate it as the
cost of thermal power divided by the total annual cost
for each company. When calculating the quantity of
capital (K) and labor (L), the corresponding coefficient
t is needed to convert them proportionately.

We use the average fixed assets in a year as capital
K’s quantity. And we compute capital K’s price as the
fixed asset depreciation divided by the capital K’s quan-
tity. Thus, the total cost of capital is the fixed asset
depreciation. We use the number of the company as
labor L’s quantity. And we compute labor L’s price as
the payroll payable, which includes the salary, pension,
and insurance, divided by labor L’s quantity. Thus, the
total cost of labor is the whole expenditure on labor.

These power companies mainly use coal for energy,
so the quantity of energy (E) is coal usage as measured
by ton of coal equivalent, and the price of energy (E) is
the price of coal equivalent. Companies seldom provide
data directly, so we use the electricity generation and
coal consumption rates to compute energy’s (E) quantity
and use the total cost of energy and energy’s (E) quantity
to compute energy’s (E) price.

Most data information of this model is not the regular
item in companies’ annual fiscal reports, and the major
data information is calculated using the relevant data we
collected one by one. After collecting and processing the
data carefully, we obtain a series of panel data that
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include twelve thermal power public companies during
the period of China’s 12th five-year plan (2011–2015),
and the processed data can be found in Appendix 4.

Results and discussion

With China’s economy entering the new normal, quality
and efficiency problems in energy development have
become increasingly prominent. The total amount of
electricity generation increased from 4.7 trillion KWh
to 5.6 trillion KWh during the period of China’s 12th
five-year plan, a 4.4% annual growth rate. However, at
the same time, the coal consumption rate decreased by
18 KWh per gram coal equivalent. The average utiliza-
tion hours of thermal power equipment dropped from
5294 h in 2011 to 4364 h in 2015 (NBS 2017). Based on
the energy economic efficiency theory, we compute the
economic efficiency, energy economic efficiency, and
energy utilize efficiency of these twelve thermal public

companies during the 12th five-year plan. The results
are shown in Fig. 4 and the details are provided in
Appendix 3.

The cost aspect mainly includes capital, labor, and
energy costs. Capital and labor become more and more
important. Among these costs, energy is the largest, at
an average of 76%; the second most expensive is the
capital cost, at an average of 16%; and the smallest is the
labor cost, at an average of 8%. Specifically, the HNGJ
company has the highest energy cost percentage at 81%,
and the NMHD company has the lowest energy cost
percentage at 63%. The average energy cost percentage
decreased from 82% in 2011 to 67% in 2015 (Fig. 5).
Furthermore, the average energy input per unit of power
generation decreased from both the quantity and value
side. According to the 13th five-year plan for electricity
of the people’s republic of China, the net coal consump-
tion rate decreased to 315 g coal equivalent per KWh,
shut down about 2.8 MKW small thermal power unit,
constructed a series of supercritical generation unit and

Fig. 3 The location city and the average total assets of the 12 companies. Note: The diameter of these circles represent the average total
assets
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ultra-supercritical power unit, and improved about
400 MKW energy saving equipment during the time of
the 12th five-year plan (NDRC 2017). This lead the
transformation from the normal mode to the energy
saving and efficiency enhancing mode.

From the economic efficiency aspect, these twelve
thermal power public companies’ average economic
efficiency was 0.82 during the period of the 12th five-
year plan, with approximately 40 billion RMB in poten-
tial cost savings in 2015, accounting for 18% of the total
cost. Among that, the GDDL company maintained a
high economic efficiency, almost at value 1 all the time.
The NMHD, HNGJ, and HYDL companies had a large
decrease in economic efficiency, and other companies

remained steady. In particular, the HYDL company had
a significant drop in 2015, caused by its dramatic scaling
up. The total assets of the HYDL company rose from
15.4 billion RMB in 2014 to 19.8 billion RMB in 2015,
a 29% increase. And the total electricity generation rose
from 9.2 TWh in 2014 to 17.3 TWh in 2015, an 88%
increase. This rapid growth led to an uncoordinated
increase among the inputs of capital, labor, and energy,
which reduced economic efficiency. On the other hand,
because of the strong association between the inputs of
energy and production, the energy economic efficiency
of the HYDL company only had a slight drop in 2015.

From the energy economic efficiency aspect, there was
a dramatic increase during the period of the 12th five-year

Fig. 4 Different efficiency indictors of each company during the 12th Five-Year in China.Note: The full names of these companies are listed
in Appendix 2
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plan. Each company’s energy economic efficiency in-
creased, with the average value increasing from 0.74 in
2011 to 0.84 in 2015. In particular, the YNKG company
had a dramatic improvement in energy economic efficien-
cy in 2015. This was due to the governance methods in
2014, such as “improving the bidding management of
energy, applying the trading mechanism of price and
quantity, and so on.” Thus, the energy cost of that

company decreased from 1.7 billion RMB in 2014 to
1.4 billion RMB in 2015, a 33% decrease, meaning that
the price dropped from 716 RMB/TCE to 550 RMB/
TCE, while total electricity generation increased from
8.3 TWh in 2014 to 11.1 TWh in 2015, a 33% increase.

According to Fig. 6, there is no certain relationship
between economic efficiency and energy economic ef-
ficiency. The companies could be divided into two

0%

20%

40%

60%

80%

100%

2011 2012 2013 2014 2015

Energy Capital Labor

Fig. 5 The percent of input
factors

Fig. 6 The energy economic efficiency and economic efficiency of each company during the 12th five-year in China
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energy economic efficiency categories: one with a value
nearly equal to 1, such as NMHD and GDDL, and the
other with a value far lower than 1. Companies could
move to the better category by implementing some
effective strategies, such as those implemented by the
YNKG company.

Conclusions and policy implications

As a primary input factor, energy should be taken into
consideration as part of the whole economic system
when making decisions. Minimizing the total cost is
the producer’s fundamental aim. The strategy of single
aim, such as decreasing the energy intensity index, may
lead to a local optimal solution. However, the local
optimal solution does not always match the global opti-
mal solution, and it may sometimes cause more waste.
As a new energy efficiency indicator, energy economic
efficiency solved the limitations of a local optimal solu-
tion by introducing the price mechanism and consider-
ing the whole economic system.

In this paper, we collect and process the quantity and
price data of capital, labor, and energy input factors in
twelve thermal power public companies during the pe-
riod of the 12th five-year plan. Based on the new theory
and data, we compute the economic efficiency, energy
economic efficiency, and other related efficiencies of
thermal power generation of these companies. The re-
sults show that leading by the policy of energy saving
and emission reduction, the energy economic efficiency
of the twelve public companies increased in the 12th
five-year plan, while the economic efficiency decreased.
Moreover, in 2015, these twelve companies had approx-
imately 40 billion RMB in potential cost savings, with
approximately 31 billion RMB in energy. And due to
high efficiency of these public companies, potential cost
savings will be underestimated in some way when ap-
plying the results to the whole industry.

The main challenge of China’s thermal power indus-
try is to improve the use of each input factor, especially
the energy. Among the 40 billion RMB potential cost
savings, about 32 billion RMB (81.5%) is caused by the
inefficient use of input factors, which include 21 billion
RMB caused by the inefficient use of energy. And
another 8 billion RMB (18.5%) potential cost savings
is from the unscientific allocation of input factors.

In the next five-year plan, more attention should be
paid to energy utilize efficiency, development quality,

market rules and regulations, and economic effective-
ness, such as the coal combustion technology and the
imperfect substitution among energy and other produc-
tion factors, to decrease total cost. Future policy should
combine the energy saving goal and cost saving goal.
Concentrating on energy saving or improving energy
intensity will cause more waste in the other parts of the
economic system.Wemust emphasize that the final goal
is the utility of the whole system; improving energy
efficiency is just one tool.

A company’s growth strategy will lead to a huge
change in economic efficiency but will have little change
in energy economic efficiency. The amount of energy
used is strongly associated with production, so energy
costs will increase with a fixed coefficient when produc-
tion increases. While the increase of the capital and labor
input factors are limited by their characteristics, in a
company growth situation, more attention should be paid
to the increase of labor and capital to reduce costs.
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Appendix 1. The proof

Assuming that:

Ee is economic efficiency;
ke is capital economic efficiency;
le is labor economic efficiency;
ee is energy economic efficiency.
ck is the capital cost under real situation,
ck∗ is the capital cost under optimal situation;
cl is the labor cost under real situation,
cl∗ is the labor cost under optimal situation;
ce is the energy cost under real situation,
ce∗ is the energy cost under optimal situation.
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According to the definitions, we have:

ke ¼ ck*

ck
ð9Þ

le ¼ cl*

cl
ð10Þ

ee ¼ ce*

ck
ð11Þ

Ee ¼ ck* þ cl* þ ce*

ck þ cl þ ce
ð12Þ

So,

Ee ¼ ck* þ cl* þ ce*

ck þ cl þ ce

¼ ke � ck þ le � cl þ ee � ce
ck þ cl þ ce

¼ ke � ck
ck þ cl þ ce

þ le � cl
ck þ cl þ ce

þ ee � ce
ck þ cl þ ce

¼ ck
ck þ cl þ ce

� ke þ cl
ck þ cl þ ce

� cle

þ ce
ck þ cl þ ce

� ee ð13Þ

Let,

α ¼ ck
ck þ cl þ ce

β ¼ cl
ck þ cl þ ce

γ ¼ ce
ck þ cl þ ce

ð14Þ

We have,

αþ β þ γ ¼ ck
ck þ cl þ ce

þ cl
ck þ cl þ ce

þ ce
ck þ cl þ ce

¼ 1

ð15Þ

That is,

Ee ¼ αke þ βle þ γee
αþ β þ γ ¼ 1

ð16Þ

Appendix 2. The full names, abbreviations,
and stock codes of the 12 companies

No. Company name Company code Assets (billion RMB) Location

1 Huadian Energy Company HDNY 23.4 Harbin

2 Huadian Power International HDGJ 176.1 Jinan

3 Jilin Electric Power JDGF 18.9 Changchun

4 Guodian Changyuan Electric Power CYDL 11.6 Wuhan

5 Zhejiang Zheneng Electric Power ZNDL 100 Hangzhou

6 Gd Power Development GDDL 225.4 Beijing

7 Inner Mongolia Mengdian Huaneng NMHD 36.9 Huhhot

8 Datang International Power Generation DTFD 282.9 Beijing

9 Hebei Jiantou Energy Investment JTNY 20.3 Shijiazhuang

Energy Efficiency (2020) 13:697–709706



Appendix 3. The results

Company
code

Year Economic
efficiency

Capital economic
efficiency

Labor economic
efficiency

Energy economic
efficiency

Energy utilize
efficiency

HDNY 2011 0.75 1.57 0.38 0.68 0.88

HDNY 2012 0.75 1.53 0.34 0.68 0.88

HDNY 2013 0.72 1.13 0.31 0.72 0.83

HDNY 2014 0.73 1.06 0.35 0.74 0.82

HDNY 2015 0.73 1.01 0.32 0.75 0.81

HDGJ 2011 0.81 1.55 0.99 0.70 0.90

HDGJ 2012 0.81 1.38 0.99 0.71 0.87

HDGJ 2013 0.84 1.16 1.04 0.76 0.88

HDGJ 2014 0.85 1.09 1.06 0.77 0.88

HDGJ 2015 0.83 0.92 0.97 0.78 0.84

JDGF 2011 0.76 1.29 0.75 0.68 0.81

JDGF 2012 0.76 0.86 0.75 0.74 0.77

JDGF 2013 0.77 0.80 0.75 0.76 0.77

JDGF 2014 0.74 0.66 0.66 0.78 0.75

JDGF 2015 0.70 0.54 0.58 0.84 0.76

CYDL 2011 0.75 1.49 0.63 0.69 0.87

CYDL 2012 0.75 1.31 0.55 0.70 0.83

CYDL 2013 0.78 1.46 0.68 0.70 0.87

CYDL 2014 0.80 1.31 0.55 0.75 0.86

CYDL 2015 0.79 1.00 0.55 0.80 0.83

ZNDL 2013 0.92 1.56 1.79 0.77 1.00

ZNDL 2014 0.88 1.17 1.38 0.78 0.94

ZNDL 2015 0.84 0.91 1.14 0.79 0.89

GDDL 2011 0.99 1.21 0.84 0.96 1.00

GDDL 2012 0.99 1.14 0.81 0.97 1.00

GDDL 2013 0.99 1.13 0.95 0.96 1.00

GDDL 2014 1.00 1.00 1.00 1.00 1.00

GDDL 2015 0.98 0.84 0.95 1.06 1.00

NMHD 2011 0.92 1.21 1.15 0.80 0.96

NMHD 2012 0.88 1.03 1.12 0.79 0.90

NMHD 2013 0.89 0.87 0.59 0.96 0.92

(continued)

No. Company name Company code Assets (billion RMB) Location

10 Henan Yuneng Holdings YNKG 8.8 Zhengzhou

11 Huaneng Power International HNGJ 268.7 Beijing

12 Datang Huayin Electric Power HYDL 16.6 Changsha
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