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1. Introduction
• The power grid sector plays a vital role in the
optimal allocation of energy, efficient operation of
power system and low-carbon development.
• Monopoly characteristics, opaque cost information
and black box tariff (Li et al., 2016).
• Accordingly, China has recently revitalized the
reform of the transmission and distribution (T&D)
sector (Pérez-Arriaga, 2020).
• The original intention: promote the normal and
reasonable investment, optimize management and
improve efficiency
• “bid-ask spread” to “allowed costs plus reasonable
returns” aggravate the contradiction
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• unbundling, liberalization, tariff reform, etc.,
which has had an important impact on households,
costs, production and consumption (Amin et al.,
2021; Goto et al., 2013; Manuel de Villena et al.,
2021; Nagayama, 2009).
• China unbundle the transmission and distribution
sectors in 2002, not yet been implemented
• China has carried out a new round of power marketoriented reform based on tariff price in 2015
• The literature on China's promotion of the reform is
rich and lively. (Pérez-arriaga, 2020; Zheng et al.,
2021; Liu et al., 2019; Wang et al., 2021)

• few studies seem to focus on the impact of tariff
reform on the cost efficiency of grid firms
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• T&D price is important to the stable development
of national economy and power marketization.
• economic and environmental benefits (Farrell, 2021),
electrification rate (Mouton, 2015),
power system stability (Sulaima et al., 2019),
encouraging grid firms to improve their ability to
match increasing demand (Hinz et al., 2018).
• Unreasonable regulation of T&D price may be
unfavorable to industrial demand response, increase
investment cost, and cause economic distortion and
welfare loss (McRae and Wolak, 2021; Richstein and
Hosseinioun, 2020).
• Avdasheva and Orlova (2020) found that it can
solve the optimization problem of investment
decision-making by the regulatory reform of
changing tariff rules.
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• The efficiency of different types of network
utilities has attracted attention, such as ownership,
market share, regional and so on (Liu et al., 2019b;
Berry et al., 1999; Atkinson and Halvorsen, 1986).
• However, scholars seem to ignore that in a country
with a vast territory like China, there are great
differences in natural and economic conditions.
• demand differences, renewable energy is scattered,
especially in ethnic minority, remote and poor areas
• strong environmental heterogeneity among grid firms,
especially between state branch and local grid firms
• Almost all local and state branch grid firms in the
same province have adopted the same tariff price,
but the heterogeneous business environment will
lead to cost differences.
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• An effective incentive mechanism is a necessary
condition to improve the efficiency of the power grid
sector.
• Averch and Johnson (1962) (A-J) pointed out that
regulated utilities tend to choose capital intensive
production methods resulting in low efficiency.
• The regulatory reform of China's T&D price is divided
into accounting period and supervision period.

• We also provide a theoretical framework to understand
how T&D price reform affects the cost efficiency of grid
firms.
• What is the impact mechanism of T&D price reform
on state branch and local grid firms?
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• From macroscopical point

• From microcosmic perspective

✓ improve the regulation of T&D price and promote
the reform of power marketization

✓ the rationality of merging state branch and local grid
firms in the region

✓ solve the problems in the development of state
branch and local grid firms

✓ whether it will save costs through economies of
scale

✓ promote green growth, adapt to the goal of poverty
reduction and development, improve the
development and consumption of clean energy, and
optimize the energy structure (Barbier , 2020)

✓ observe the relationship between efficiency changes
and heterogeneity factors
✓ deploy the firm's strategic and improve the firm and
social benefits by identifying characteristics of state
branch and local grid firms.
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Features of this study:

⚫ This paper explores the impact mechanism of tariff reform on the efficiency of grid
utilities through theoretical analysis, and clarifies the different impact mechanism of the
reform on state branch and local grid firms.
⚫ The empirical analysis constructs stochastic frontier analysis (SFA) model, and uses the
panel data of 42 state branch and local grid utilities in China from 2010 to 2019, and
comprehensively considers the tariff reform, environmental and economic heterogeneity
to evaluate the cost efficiency of grid firms.
⚫ We estimate the economies of scale in order to distinguish whether grid firms need expand
their scale to match power demand and improve cost efficiency.
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2. Theoretical Motivation
2.1 Accounting period

The profit function of state branch grid firms is:

The government regulation constraint is:

 1 = p t Q1 ( C1 , l1 , k1 ) − rk1 − wl1 − C1

p t Q1 ( C1 , l1 , k1 ) + Q2 ( C2 , l2 , k2 ) − q  = wl1 + C1 + wl2 + C2 + s  k1 + k2 

Q1 ( C1 , l1 , k1 ) = A1l1a1 k1b1 C11− a1 −b1

Construct the Lagrange function:

The profit function of the local grid firms is:

H1 = p t Q1 ( C1 , l1 , k1 ) − rk1 − wl1 − C1

 2 = pt Q2 ( C2 , l2 , k2 ) − q  − rk2 − wl2 − C2 −  rk2
=pt Q2 ( C2 , l2 , k2 ) − q  − (1 +  )rk2 − wl2 − C2

Q2 ( C2 , l2 , k2 ) = A2l2 a2 k2b2 C21− a2 −b2

− 1 p t Q1 ( C1 , l1 , k1 ) + Q2 ( C2 , l2 , k2 ) − q 
+1 wl1 + C1 + wl2 + C2 + s  k1 + k2 

H 2 = p t Q2 ( C2 , l2 , k2 ) − q  − (1 +  )rk2 − wl2 − C2
− 2 p t Q1 ( C1 , l1 , k1 ) + Q2 ( C2 , l2 , k2 ) − q 
+ 2 wl1 + C1 + wl2 + C2 + s  k1 + k2 
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2. Theoretical Motivation
2.1 Accounting period

Lemma 1 We can get the marginal substitution
rate of factors:
MRK1 =

Q1 Q1
/
=
l1 k1

Q Q
MRK 2 = 2 / 2 =
l2 k2

w
 (s − r)
r− 1
(1 − 1 )

w
  s − (1 +  )r 
(1 +  )r − 2
(1 − 2 )

Lemma 2 The motivation of power grid firms’ over
investment depends on the growth of unit investment,
which leads to the growth of enterprise profits.
When (1 − 1 )(1 +  ) − (1 − 2 ) r  (1 − 1 ) 2 − (1 − 2 ) 1  s ，
the motivation of local grid firms over investment is
stronger among
a1rk1 − b1wl1 ， a2 (1 +  ) rk2 − b2 wl2
2 =
1 =
a1sk1 − b1wl1

a2 sk2 − b2 wl2

Allowed rate of return greater than return on
investment is the premise to ensure profits, that
is, s  r . Both state branch and local grid firms
have incentives to over invest.
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2.2 Supervision period

When the reform enters the supervision period, power grid firms pursue the optimal investment under the
established T&D price to maximize profits.
Lemma 3 We can get the marginal substitution rate of factors under the supervision period:

Q1 Q1 w
/
=
l1 k1 r
Q2 Q2
w
/
=
l2 k2 (1 +  )r
Although local grid companies also tend to optimize investment, due to the existence of additional costs, the
efficiency of local grid companies will not exceed that of the state branch grid firms.
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3. Data and Measurement Issues
3.1 Data

The state brunch grid firms in 30 provinces and 12 local grid firms (including 2 in Hong Kong and 1 in Macao)
in China from 2010 to 2019.
Cost variable: total cost (labor cost, operation and maintenance cost, depreciation)
Physical variables: number of employees and capital stock
electricity delivered, customer density and network length
Heterogeneity factor: tariff reform (dummy variable), T&D price, GDP, mint, maxt and wind speed
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3. Data and Measurement Issues
3.1 Data
Table 1: Descriptive statistics.
Variable

Nomenclature

Unit

Mean

Std.

Min.

Max.

Cost

Cost

cost

Billion yuan

3.66

4.25

0.22

32.37

Capital stock

Input

capital

Billion yuan

55.96

53.53

0.61

285.82

Number of employees

Input

labour

Thousand

25.45

18.56

0.71

76.00

Customer density

Output

customer

Household/km

349.76

274.10

35.60

1947.48

Electricity delivered

Output

power

Billion kW·h

117.44

117.07

0.82

611.80

Network length

Output

length

Thousand km

41.30

31.31

0.32

119.68

Minimum temperature

Heterogeneity

mint

℃

-9.12

11.38

-36.60

11.40

Maximum temperature

Heterogeneity

maxt

℃

37.15

2.51

28.90

43.30

Wind speed

Heterogeneity

wind

m/s

2.28

0.80

0.50

5.00

GDP

Heterogeneity

GDP

Ten billion yuan

135.22

138.41

0.001

760.72

Tariff reform (dummy)

Heterogeneity

reform

—

—

—

—

—

Tariff price

Heterogeneity

tprice

yuan/kW·h

0.21

0.12

0.08

0.86

Tianjin University | APSEC

3. Data and Measurement Issues
3.2 Fixed effect SFA

yit = α i + X it β + εit ,
εit = vit + uit ,
vit

IIDN (0, ψ 2 ),

uit

IIDFu , i = 1,..., n, t = 1,..., T

Δyi = ΔX i β + Δεi ,

Δεi = Δvi + Δui ,
Δvi  IIDNT −1 (0, ψ 2 ),
Δui  IIDFΔu (σ i ), i = 1,..., n,
where Δyi = (Δyi 2 ,..., ΔyiT ),
Δyit = yit − yit −1 ,
ΔX i = (Δxit1 ,..., Δxitk ),
σ i = exp(γ0 + zi γ1 ).
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4. Results
4.1 Estimated cost distance function
Table 2: Estimated grid utilities cost distance function.
Model 1
Distance Function

Model 2

Model 3

Coef.

Std. Err.

Coef.

Std. Err.

Coef.

Std. Err.

ln(labour)

0.3520***

0.0472

0.4690***

0.0564

0.5338***

0.0576

ln(capital)

0.1107***

0.0325

0.2586***

0.0444

0.1500***

0.0467

ln(power)

0.4452***

0.0432

0.3943***

0.0475

0.3436***

0.0442

ln(customer)

0.0644***

0.0250

0.0679***

0.0219

0.0646**

0.0264

ln(length)

0.1128*

0.0620

0.0137

0.0797

0.1203

0.0895

Inefficiency Function

mint

-0.1660***

0.0809

-0.2083***

0.0720

3.2103**

1.3733

maxt

3.1315

2.0876

wind

-0.9631

1.0382

-0.7551

0.6683

GDP

-5.3942***

1.6707

-3.0956***

0.8080

0.3649***

0.1713
2.6836***

0.8443

2.1208

-4.9488***

1.3549

0.0046

0.0519***

0.0038

reform
tprice
constant

0.1208***

0.0062

sigma_v

0.0785***

0.0051

-4.1780**
0.0698***
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4. Results
4.3 Estimated efficiency
4.3.1 Global effect
Figure 1: Average cost efficiency (2010-2019) when heterogeneity
factor are introduced.

Average 89.73%
Min 47.87%
Max 99.58%

Tianjin University | APSEC

4. Results
4.3 Estimated efficiency
4.3.1 Global effect
Figure 2: Average cost efficiency (2010-2019) of grid firms in different
regions.
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4. Results
Figure 3: Efficiency density following introduction of heterogeneity variables per type of grid firms.

4.3.2 Firm level effect
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4. Results
4.3.2 Firm level effect
Figure 4: Average efficiency following introduction of
heterogeneity variables of state brunch and local grid firms.
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4. Results
4.4 Economies of scale

 ln Cost
 ln Cost −1
+
)
 ln Labour  ln Capital

Economies of scale:

ES = (

Economies of output density:

EOD = (

 ln Cost
 ln Cost
 ln Cost −1
+
+
)
 ln Power  ln Customer  ln Length

Table 3: Estimated different types of grid firms cost distance functions.
State branch grid
firms

Local grid firms

All grid firms

Economies of scale (ES)

1.1102

5.1125

1.4624

Economies of output density (EOD)

5.2192

1.1507

1.8921
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5. Conclusion
• We have constructed a simple theoretical model, which proves that the state branch and local grid firms have
differences in over investment behavior and optimal inputs due to the heterogeneity in cost structure and
operating environment in order to understand how the impact could occur.

• Our study results show that the tariff helps to improve the cost efficiency of grid firms, but it can results in lack
of co-ordination between the state branch and local grid firms.
• Economic development level and weather are also important heterogeneity factors affecting cost efficiency.

• State branch grid firms can improve cost efficiency by making full use of resources to transmit more power and
serve more customers. Local grid firms need to appropriately increase investment, expand scale, and focus on
improving the quality of facilities, so as to reduce depreciation, optimize operation, and improve cost efficiency.
• Policy implications:
✓ Adjust tariff policies to help local grid firms improve cost efficiency, which is located in remote areas.
✓ The optimal benchmark: regulators should fully consider the heterogeneous factors such as reform,
economic development level and weather.
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