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1. Introduction

The electricity price in China was strictly regulated before 2015, which reduced the price fluctuations for
consumers and guaranteed a stable revenue for power suppliers (Chen et al., 2014). The strictly regulated
price mechanism had been in effect since 1949 when the People’s Republic of China was established. The
electricity industry has long been regarded as very important for the industrial output more generally,
leading to regulated final electricity prices for industry. Meanwhile a desire to protect residential
electricity customers from high prices led to a lower regulated power price for households than for
industrial and commercial customers. In China, both the prices paid by final consumers and the prices
paid to individual generators were set by government prior to recent reforms. Whatever its shortcomings,
this regulated price mechanism did successfully guide investment in power infrastructure to satisfy the

increasing electricity demand which came along with China’s fast economic growth (Lin et al., 2019).

However, the regulated price mechanism in China's power industry has attracted much criticism
because of its inability to optimize the allocation of resources. An empirical study by Chan et al. (2017)

covering the period 1991 to 2005 showed that the earlier restructuring of the electricity market had



brought nearly 15 percent savings in operating expenses and up to a 7.5 percent emissions reduction for
the investigated power plants (National Energy Administration, 2016). However, by 2014 electricity
prices in China for industrial customers were significantly higher than in the US, in part due to the
inefficiency of the Chinese electricity system (see Pollitt et al. 2017). To address the negative
consequences of the regulated price mechanism, the central government of China launched an
unprecedented market reform of its power industry in March 2015, following the release of the so-called
“No. 9 Document” (NDRC, 2015) to build a “complete, open, orderly and competitive” power market
system. A series of supplementary documents have also been released aiming to facilitate the
implementation of the reform. One of the core tasks of the reform is to deregulate the industrial electricity

price (Liu et al., 2019).

This paper aims to investigate the impact of China’s power market reform of 2015 on electric power
prices. It does this by tracking monthly power prices for 35kV+ industrial consumers in Guangdong and
in Zhejiang. These are two rich provinces in China, that traditionally suffer from quite high prices of
electricity. They are also widely recognised as two provinces making substantial progress with power
market reform. To better evaluate the effect of the reform, this paper examines the progress with power
market reform beginning in 2012 detailing the emergence of bilateral electricity trading and progress
with annual, monthly and spot markets following the No.9 Document of 2015. There is no reform in the
first part of the study period while different kinds of policies were put forward in the latter part of the
study period. The changing electricity price may indicate whether market reform has taken effect.
Electricity prices would appear to have come down substantially since 2014, when they were very much
higher than in the US. However, what we highlight is the extent to which the reform has been about the
introduction of competitive market prices vs reductions in regulated prices/charges. We aim to show the
sources of price reductions and the impact of the reform on prices paid to generators and on the

transmission and distribution charges received by the grid companies.

The literature on the effect of the new round of power market in China is rather limited, and much of

it focused on the potential effect of reform or possible reforms rather than on the measurement of actual



reform impact. Xia et al. (2013) designed mechanism for direct electricity trading between generators and
large customers without a spot market. Several papers describe the status of electricity trading in China,
identify the problems and give policy recommendation for further reform (Ma et al.,2017; Hu et al.,2017;
Yan et al,,2017a; Shi, 2018; Gu, 2019; Wang et al.,2019). China Electricity Council (2020) reported that
trade volume of China’s power market reached 2177.14 TWh in 2019, accounting for 30.1% of total
electricity consumption. Of which, intra-provincial trade volume was 2028.6 TWh and inter-provincial
trade volume reached 148.52 TWh, accounting 93.2% and 6.8% of total trade volume. Yan et al. (2017b)
simulated that GDP would increase by 0.613%, household income increase 0.037%, CPI decrease 0.031%
and consumer welfare increase 8.771 billion CNY national wide using a CGE model, under the assumption
of abolishing generation regulation and liberalizing customer choice. When it comes to individual
provinces, Mo et al. (2017) find electricity bill only accounts on average 2.3% of total operation cost of
manufacture industries in Guangdong. Thus, they argue that reducing the electricity price by six cents
(CNY), or 10%, which is proposed by a policy document from provincial government will not have
significant impact on manufacturers. He (2017) lists the potential price reduction sources from the market
process in Zhejiang and give some further policy recommendations. To the best of our knowledge, there
is no rigorous analysis of price effects of market reform which seeks to identify the overall price change
following reform and decompose it into its regulatory and market elements. This is what this paper seeks

to provide.

In section 2 we continue by discussing the background to the market reforms in Guangdong and in
Zhejiang. In section 3 we track the evolution of regulated prices in Guangdong and Zhejiang for both
customers and generators. In section 4 we examine the evolution of market prices in Guangdong and
Zhejiang for both customers and generators. Section 5 looks at the overall price impacts in Guangdong
and Zhejiang, including the extent to which the gap between US and Chinese electricity prices has

narrowed. Section 6 offers a conclusion.



2. Background to power market reform in Guangdong and Zhejiang

2.1 Discussion of reform progress since 2012 (with timeline)

The direct electricity trading between generators and customers in China dates back to March 2005
when a power plant named Longhua thermal power plant sold 0.39 GWh electricity to Jilin Graphite
Company in Jilin Province!. At that time, local government needed to obtain consent from a central
government agency to organize electricity direct trade. In 2013 under the guideline for the streamlining
administrative procedures from the new cabinet?, the newly formed National Energy Administration
(NEA) issued a notice which gave the green light to provincial governments to organize the electricity
sector according to their needs3. Following this provincial governments actively engaged in organizing

trading. Guangdong and Zhejiang are two of the leading provinces in this space.

The history of power transactions in Guangdong can be traced back to as early as 2005 when the
Economic and Information Commission of Guangdong province and the Southern Energy and Power
Regulatory Bureau put forward a pilot project for the small-scale direct power trading in Taishan in 2005.
The project was first officially launched in 2006, allowing the Taishan Power Plant to directly trade with

six local enterprises, and the annual direct electricity trading volume was about 0.20 TWh+.

The current Guangdong power market began in 2013 when China Southern Grid company (CSG)
started the pilot work on direct bilateral transactions across the whole province. From September to
December in 2013, a total of 112 large-scale industrial enterprises and thermal power generation
companies participated in direct bilateral transactions with an annual contract volume of about 2.24 TWh
of electricity traded. In addition, Guangdong launched its quarterly auction trading for 2014 in December
2013, which achieved a traded volume of about 0.5 TWh. Generally, it has set varied thresholds for

different industrial sectors, and the standards vary between the Pearl River Delta and other regions even

1 See National Electricity Regulatory Commission (2007)

2 See State Council of People's Republic of China (2013).

3 See National Energy Administration (2013).

4 http://www.chyxx.com/industry/201906/748180.html



for the same industry. Along with the development of the power market, the thresholds have decreased

to include more customers in the market.

Zhejiang began its direct electricity trading at the end of 2014, even before the No.9 document was
unveiled. Only coal and natural gas generators could participate in trading with customers with a
connection voltage above 110kV. In addition, customers should be in sectors which are encouraged by
central and provincial government. Their energy consumption per unit of product should be among the
lowest in their industry. Firms who pollute heavily or fall behind the production technological frontier are
excluded. Since it is the first time for market participants to engage in direct trade, this takes the form of
bilateral trading. Each participant can freely find his potential trading partner and reach a bilateral
contract with each other regarding price and volume5>. Thus, the transaction price is not uniform and
depends on the terms of the contracts. 12 generators and 32 electricity customers signed contract for

3.92TWh covering 13 months starting from December 2014 to December 2015.

Table 1 presents some milestones and progress metrics in the development of the Guangdong and

Zhejiang electricity power markets.

5 See Zhejiang Provincial Economic and Information Commission (2014).



Table 1: Timeline of Electricity power markets in Guangdong and Zhejiang

Milestones

Progress

Time

Guangdong

Guangdong

Zhejiang

From Sept. to
Dec. of 2013

Dec. 2013

Jul, 2014

Dec, 2014

Mar,2015

Mar,2015

Nov. 2015

Dec, 2015

A total of 112 large-scale industrial
enterprises and power generation
companies participated in the direct

bilateral transaction.

Quarterly auction trade for 2014.

Monthly auction first began.

The document of Several Opinions of the CPC Central Committee and
the State Council on Further Deepening the Reform of the Electric

Power System issued (No.9).

First online auction.

National Development and Reform
Commission (NDRC) issued the list
of pilot provinces for special reform

of power retail business.

6 http://www.360doc.com/content/17/0501/14/34546942_650048035.shtml

generators
customers 110KV and above
participated in the direct

bilateral transaction.

19 generators and 354 35KV

An annual contract
volume of about 2.24 TWh
of electricity traded.

Traded volume was about
0.5 TWh.

The power traded jumped
to 15.5TWh in 2014.

The market-oriented
trading volume expanded
to 22.7 TWh in 20156.

Guangdong was approved
to become the pilot
province for  special
reform of power retail
business.

A total annual contract
covering from Dec 2014
to Dec 2015 with volume
of about 3.92 TWh of
electricity traded.

The trading volume rises
to 15.1 TWh covering
whole year of 2016.



Mar,2016 Retail companies began to take part
in the power market transaction.

May, 2016

June, 2016 Guangdong power exchange Centre
was established.

Oct, 2016

Mar,2017 Guangdong power exchange centre
was registered.

Nov, 2017 The trading centre has introduced a
new business model of annual
auction contract.

Dec, 2017 The market mechanism of frequency
modulation for auxiliary service
proposed.

Aug, 2018 Guangdong was listed as one of the

pilot province of power spot market.

participate in the online
auction.
Zhejiang power exchange

centre was established.

Generators out of Zhejiang
and connected to Zhejiang
through HV interconnector
join the trade. The number of
customers  increased to
55537.

Zhejiang was approved by
National Development and
Reform Commission as pilot
province for retail reforms.

Zhejiang was listed as one of
the pilot provinces for the
power spot market.

7 http://www.360doc.com/content/17/0501/14/34546942_650048035.shtml

8 See National Development and Reform Commission (2016)

9 2017 £ A H %A . The annual report of Guangdong Power market in 2017.

The trading volume
expanded to 43.9 TWh in
20167.

The trading volume has
increased to 115.7 TWhin
2017°.

Simulation test for the
mechanism.

The trading volume
jumped to 609 TWh
covering next half year of
2016.



May,2019 The first test for spot market.
June, 2019 The first test for spot market.

Sept, 2019 The spot market is run for a long
period of time.

Oct, 2019 Retail companies began to
take part in the power market
transaction




As can be seen from Figure 1, both of the volume of direct power transactions and other types of
trading have increased rapidly in recent years in Guangdong!0. Along with the introduction of the retail
companies, the number of customers involved in the power market has also increased rapidly, from 112
in December of 2013 to 10519 in June of 2019, as indicated in Table 2. In 2014, the quarterly auction
changed to a monthly auction in Guangdong electricity market, and annual bilateral contracts were put
into practice. The third kind of trading form - an annual auction contract - first appeared in Guangdong in
2018. Figure 2 also shows that the structure of the traded power has also evolved, with annual bilateral

contracts becoming the most popular form of trading.

Figure 3Error! Reference source not found.Error! Reference source not found. shows the power
traded on the market and its share in the power consumption of industrial and commercial sectors in
Guangdong in recent years!l. From 2013 to 2019, the provincial power consumption has increased 5.59%
annually. The power traded volume increased sharply, with its share in the power consumption of
industrial and commercial sectors increasing from 0.68% to 35.56% over the period. Meanwhile, its share

in the total power consumption has also increased to 29.20% in 2019.

Zhejiang has experienced a similar growth pattern to Guangdong which can be seen from Figure 112.
The only difference is that Zhejiang only organizes annual trades and not monthly trading. The number
customers in Zhejiang involved in power trading surpasses Guangdong in 2016 and is nearly five times of

that in Guangdong. The reason is Zhejiang decided to include a larger number of smaller electricity

China Energy Statistical Yearbook 2013-2019, and the Annual Report of Guangdong Power Market,
http: //shoudlan b]x com. Cn/html/20191129/1024-758 shtml

Energy Statlstlcal Yearbook 2013-2019.

12 Source: The auction trade volume is obtained from website from Zhejiang Provincial Economic and Information
Commission (before 2017) and Zhejiang Provincial Energy Bureau (after 2017) http://fzggw.zj.gov.cn. After 2017, the
Electricity Section under Zhejiang Provincial Economic and Information Commission which oversees administration of
electricity trade was merged into the Zhejiang Provincial Energy Bureau. The regulated volume is derived by subtracting
traded volume from total consumption. The total consumption before 2017 is obtained from China Electric Power
Yearbook. Total consumption of 2018 and 2019 is retrieved from
http://shoudian.bjx.com.cn/html/20190108/954923.shtml and
https://mp.weixin.qq.com/s/ajDUZwSBVStxQVg7bRRIYw.



https://www.ceicdata.com/zh-hans/china/electricity-consumption/cn-electricity-consumption-guangdong
https://www.ceicdata.com/zh-hans/china/electricity-consumption/cn-electricity-consumption-guangdong
http://fzggw.zj.gov.cn/
http://shoudian.bjx.com.cn/html/20190108/954923.shtml
https://mp.weixin.qq.com/s/ajDUZwSBVStxQVg7bRRIYw

consumers whose annual consumption was only above 1GWh in the middle of 2016. Figure 3 shows the
share of power trade volume in total industrial and commercial power consumption has increased from
1.33% to 36.17% over an even shorter period!3. Meanwhile, its share in total power consumption has also

increased to 30.53% in 2019.

Figure 1 The power market trading volumes in Guangdong and Zhejiang from 2012 to 2019
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13 Source: Annual auction traded volume is the same as Figure 1. The industrial and commercial consumption is derived
from Zhejiang Statistical Yearbook 2014- 2019 by summing up secondary and tertiary sector consumption from total
consumption. 2019 data is derived by applying the average ratio of industrial and commercial consumption to the
forecast total consumption.
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Figure 2: The monthly power market trading volumes in Guangdong in 2014 and

20191415
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14 Before 2014, it was quarterly auction rather than monthly auction in Guangdong power market. Data source, | 4 H./J
MRz 2013-2017: 1 55EMH . Changes and history of Guangdong power market 2013-2017: mechanism transfer

and breakouts.

15 [UARHE AT 2019 SEEE R, http://shoudian.bjx.com.cn/html/20191129/1024758.shtml
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Table 2: The number of customers in Guangdong and Zhejiang power market

Time 2013 2014 2015 2016 2017 2018 2019
Customer numbers 112 5785 9266 1051916
in Guangdong

Customer numbers 32 55891 58089 48822 53039

in Zhejiang

Source: the Zhejiang data is the same as Error! Reference source not found..

Figure 3 The proportion of traded power in industrial and commercial sectors in Guangdong

and Zhejiang
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mm market transaction volume Zhejiang
e the proportion of traded volume of industrial and commercial consumption Guangdong

e the proportion of traded volume of industrial and commercial consumption Zhejiang

It is important to point out that impressive though the rise in traded power is, the strict restrictions
on market participation in China, means that far less power is traded in the market than is the case in a
typical market economy. In the organised electricity markets of the US, such as in Texas, 100% of

industrial and commercial power is traded via the market. It is also interesting to note that the rapid

16 The number is until June of 2019. All the numbers come from Annual Report of Guangdong Power Market.
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growth in power consumption over this period has meant that the non-market volumes have only

declined slightly.

3. Benchmark electricity prices in Guangdong and Zhejiang

This section discusses what has happened to regulated prices, for both customers and generators in

the two provinces.
3.1 Regulated retail benchmark electricity price

The regulated retail benchmark electricity price depends on the connection voltage of customers. The
connection voltage ranges from 110kV to below 1kV for industrial and commercial customers. We take
35kV industrial and commercial customer as an example to conduct the following analysis'’. According
to the statistics of State Grid Company of China (SGCC), this type of customer accounts for 10% of the total
power consumption while its price has changed much more than that of customer for 110kV or above. To
some extent, the 35kV industrial and commercial customers are affected by the power market reform
more than other kinds of customers. The commercial power price was always higher than that of
industrial customers before 201518, but things changed when the government issued a document which

combined the power price for industrial and commercial customers at the end of 20141°.

From 2012 to 2019, the regulated power price for commercial customers has decreased eleven times

in Guangdong.20 This happened once in 2013 and twice in 2015,2016,2017,2018 and 20192, As aresult,

17 Even among the 35kV industrial and commercial customers, there are two subgroups: one pays a two part tariff and
the other pays a single rate. The two part tariff consists of a consumption invariant monthly connection charge and a use
of system charge which depends on monthly consumption. A single rate customer only needs to pay a use of system
charge. Their connection charge is thus dispersed over their monthly consumption charges. So the single rate customer
pays a higher use of system rate than their two part tariff counterparts. In this paper we focus on the single rate charge
for ease of comparison over time.

18 http://finance.eastmoney.com/news/1350,20141230462660163.html

19 See National Development and Reform Commission (2013a).

20 Prices vary across cities in Guangdong. We take the Guangzhou price (the price of the largest city in Guangdong) as a
representative reference price.

21 For the power price of 2012: http://www.chinaacc.com/new/63 74 201112/06ya1682375590.shtml
For the adjustment of September, 2013: https://wenku.baidu.com/view/37e120d604a1b0717fd5dd33.html;
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the benchmark price for commercial customers (industrial customers) has decreased from 0.9758
(0.8858) CNY/ kWh to 0.6513 CNY/ kWh in Guangdong, as Figure 4 shows. The benchmark price for
commercial customers and industrial customers has decreased from 0.8780 CNY/ kWh and 0.6750 CNY/
kWh to 0.6413 CNY/ kWh and 0.6344 CNY/ kWh respectively in Zhejiang (Figure 4)22. It is easy to see that

the frequency of the price adjustment has accelerated in recent years, resulting in a large overall reduction.

Compared with the frequent changes in the regulated power price for the industrial and commercial
sectors, there have been few changes in household electricity prices. Guangdong has a policy of block
prices for residential customers since July 201223, and the first block price was kept as the same as that
before the policy was put in place. For the customers that consumed power more than first block volume
cap, they need to pay a higher price. There are no price changes for the first block over the studied period
except the decrease of tax and add-on tariffs in Guangdong, just as Figure 5 shows. Through introducing
price blocks, the average price for residential customers should be higher than the baseline price after
introducing the reform of block price 24. Combining with the decrease of the price for 35kV+ general

industrial and commercial customers, the price gap between industrial and commercial customers and

For the adjustment January, 2015: http://finance.eastmoney.com/news/1350,20141230462660163.html

For the adjustment of May, 2015:

http://www.yangjiang.gov.cn/zxfw/bmfw/bmcx/zfgjj/201505/t20150504 124051.shtml

For the adjustment of January, 2016:
http://dgdp.dg.gov.cn/attachment/cmsfile/dgdp/dian /201601 /daofile/59593doc279312.pdf

For the adjustment of June, 2016: http://www.gingcheng.gov.cn/info/9000128061

For the adjustment of January, April and July 2017: http://shoudian.bjx.com.cn/news/20170721/838589.shtml

For the adjustment of May, 2018: http://drc.gd.gov.cn/ywtz/content/post 833768.html

For the adjustment of July 2018: http://drc.gd.gov.cn/ywtz/content/post 833914.html

For the adjustment of April, 2019: http://drc.gd.gov.cn/ywtz/content/post 2281612.html

For the adjustment of July 2019: http://drc.gd.gov.cn/ywtz/content/post 2498633.html

2z Source: Notice documents published by Zhejiang Provincial Price Bureau and later Zhejiang Provincial Development
and Reform Commission since the former agency was merged into the latter in 2018.

23 National Development and Reform Commission had issued a guideline about increasing block pricing which it has
implemented nationwide in 2011. There are three blocks in the guideline. The consumption volume of the first block
covers 80% of monthly average residential consumption with unchanged price, the second block covering up to 95% of
monthly consumption (80%-95% of monthly consumption) with an increased price of no more than 0.05 CNY/kWh and
the third block covering the residual monthly consumption with increased price no less than 0.3 CNY/KWh. See National
Development and Reform Commission (2011a). For academic research on increasing pricing blocks of China, see (Lin et
al, 2012)

24 For the price before July of 2012: https://wenku.baidu.com/view/76e8784afe4733687e21aaf8.html

For the adjustment of 2012: https://wenku.baidu.com/view/1d46e6ec172ded630b1cb68c.html

For the adjustment in July of 2017: https://www.sohu.com/a/161903543_500666

For the adjustment of 2018: https://95598.guangzhou.csg.cn/help/wzcx.do

14


http://finance.eastmoney.com/news/1350,20141230462660163.html
http://www.yangjiang.gov.cn/zxfw/bmfw/bmcx/zfgjj/201505/t20150504_124051.shtml
http://dgdp.dg.gov.cn/attachment/cmsfile/dgdp/dian/201601/daofile/59593doc279312.pdf
http://www.qingcheng.gov.cn/info/9000128061
http://drc.gd.gov.cn/ywtz/content/post_833768.html
http://drc.gd.gov.cn/ywtz/content/post_833914.html
http://drc.gd.gov.cn/ywtz/content/post_2281612.html
https://95598.guangzhou.csg.cn/help/wzcx.do

the first block of household customers has decreased from 0.28CNY/kWh to 0.05CNY/kWh. With the
second and third block price considered, the average household electricity price has surpassed that of the
industrial and commercial customers from 201725, Zhejiang is different from Guangdong in that it is the
first pilot province to implement increasing block prices in 200426. Although the tax and tariffs also
decreased in Zhejiang, the final household price never changed. The price gap between industrial and
commercial customers and the first block price of household customers also dropped from 0.34CNY/kWh
to 0.1033CNY/kWh. But the average household price is still lower than that of industrial and commercial

customers in Zhejiang.

Figure 4 Monthly retail price series for regulated electricity price of 35kV+ general industrial

and commercial customer with VAT included from 2012 to 2019 in Guangdong and Zhejiang
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25 Details can be seen in Supervision Report on the National Power Price in 2017 issued by the National Energy
Administration.
26 See National Development and Reform Commission (2004a).
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Figure 5: Monthly retail price series for the first block of household electricity customers with

VAT included from 2012 to 2019 (Guangdong and Zhejiang benchmark)
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Table 3: Details of increasing block pricing for household customers from July 1st, 2012

Blocks for ladder Power consumption (kWh per Price(CNY/kWh)

price customer)
First Block 0-260(Summer month, May-October) 0.5921
0-200(Winter month, November-April)
Second Block 260-600(Summer month, May-October)  0.6421
Guangdong 201-400(Winter month, November-
April)
Third Block >601(Summer month, May-October) 0.8921
>401(Winter month, November-April)
First Block 0-230(each month)?7 0.538
Zhejiang Second Block 231-400(each month) 0.588
Third Block >400(each month) 0.838

27 See Zhejiang Provincial Price Bureau (2012).The increasing block price of Zhejiang only accounts for annual electricity
consumption. This monthly consumption is derived by dividing annual consumption by 12.
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Figure 6: Power block and prices for household customers in Guangdong
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Table 4: Details of increasing block pricing for Guangdong household customers from July

1st, 2012

Blocks for ladder Power consumption (Per customer) Price(CNY/KWh)

price

First Block 0-276028 0.5921
Guangdong  Second Block 2761-6000 0.6421

Third Block >6000 0.8921

First Block 0-2760 0.538
Zhejiang Second Block 2761-4800 0.588

Third Block >4800 0.838

28 The increasing block price of Guangdong have different seasonal blocks in the summer and winter months. The annual
consumption is derived by combining all the season months.
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Figure 7: Annual power block and prices for household customer in Guangdong and Zhejiang

in 2019
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3.2 Regulated generation price

Before the 2015 electricity reform, all the generation prices from different fuel sources were
regulated by the National and provincial Development and Reform Commissions. The method of price
control had experienced significant regime change. Before 2004, the generation price was subject to a cost
of service regulation regime. Different power plants or even different generation units were paid various
generation prices. After 2004, China introduced yardstick competition regulation for coal-fired power
plants 29. Each province has separate uniform benchmark generation prices for all the coal-fired
generators. These benchmark coal generation prices determine generation costs for the whole electricity
system since coal is the major fuel source of China’s generation. The same benchmark price control regime
was implemented for hydro generators from 2004, abolished in 2009 and reintroduced in 2014. Nuclear
generators were not subject to benchmark price control until 2013, with their price not exceeding that of
coal-fired generators. Wind and solar benchmark generation pricing started at 2009. The only exception

is gas-fired power. Since the cost of natural gas is high in China, only coastal rich province can afford such

29 See National Development and Reform Commission (2004b).
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relatively clean energy. Different provinces may have different price controls for natural gas-fired power

plants.

Figure 8 show the benchmark prices of different generation forms in Guangdong and Zhejiang30. As
the power mix of these two provinces are both dominated by coal-fired power, we will use the benchmark
price for coal-fired power plants in the later discussion. The coal electricity price linkage mechanism is
the main driving force for coal-fired power price changes. A similar situation happens for gas-fired power
plants. The wind and solar power price changes are mainly driven by the subsidy changes. The price of

hydropower and nuclear power are set by the government. As the prices vary among big hydropower

30 For the coal generation price before October of 2013:
https://wenku.baidu.com/view/6059e40e763231126edb1198.html

For the adjustment of coal generation price in October of 2013: http://www.cpnn.com.cn/cpnn zt/2013 djxt/
For the adjustment of coal generation price in September of 2014:
https://wenku.baidu.com/view/b5cbc1a3d5bbfd0a79567368.html?from=search

For the adjustment of coal generation price in December of 2015: http://futures.hexun.com/2015-04-
20/175115097.html

For the adjustment of coal generation price in January of 2017:
https://wenku.baidu.com/view/a5d0d84a814d2b160b4e767f5acfalc7ab00825fhtml

For the adjustment of coal generation price in July of 2017: https://www.sohu.com/a/202517251 99908549
For the gas generation price before October of 2017: http://news.bjx.com.cn/html/20171011/854386.shtml
For the adjustment of gas generation price in October of 2017: http://news.bjx.com.cn/html/20171011/854386.shtml
For the adjustment of gas generation price in July of 2018: https://www.in-en.com/article/html/energy-2273004.shtml
For the hydro generation price before April of 2013: http://drc.gd.gov.cn/gfxwj5633 /content/post 864519.html
For the adjustment of hydro generation price in April of 2013:

http://drc.gd.gov.cn/gfxwj5633 /content/post 864845.html

For the wind generation price before January of 2016:
https://wenku.baidu.com/view/041756697e21af45b307a857.html

For the adjustment of wind generation price in January of 2016:
https://wenku.baidu.com/view/3d1db0dffad6195f302ba6aa.html

For the adjustment of wind generation price in January of 2018:
https://wenku.baidu.com/view/87251ece6037ee06eff9aef8941ea76e58fa4a63.html

For the solar generation price before January of 2016: http://www.nea.gov.cn/2011-08/01/c 131097437.htm
For the adjustment of solar generation price in January of 2016: https://news.solarbe.com/201512/28/94357.html
For the adjustment of solar generation price in January of 2017:
https://wenku.baidu.com/view/8124523d2379168884868762caaedd3382c4b573.html

For the adjustment of solar generation price in January of 2018:
http://www.chinapower.com.cn/focus/20171222/100863.html

For the adjustment of solar generation price in January of 2019: http://www.gov.cn/xinwen/2019-
04/30/content 5387917.htm

For the adjustment of nuclear generation price in April of 2019:
http://finance.eastmoney.com/a/201904011085250853.html
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plants, we use the price for small hydropower plants and representative nuclear power units to mirror

their changes31.

The pattern of the evolution of generation prices in Zhejiang is almost the same as in Guangdong since
only the National Development and Reform Commission is mandated to initiate a new round of price
changes32. Provincial Development and Reform Commissions can only follow the initiative of National
Development and Reform Commission to change the regulated benchmark generation price according to
local conditions. This is most significant for solar and wind power. Both Guangdong and Zhejiang are in
the same pricing zone33, for which they have the same generation price. The coal generation price in
Zhejiang is slightly lower than that of Guangdong due to the shorter transportation distance. The only
difference between Guangdong and Zhejiang is that Zhejiang has implemented two parts tariffs instead of
a single rate tariff for gas generators since 201534 Besides payment for electricity generated, they also
receive capacity payments. The surge in the gas generation price in September of 2018 is mainly caused

by the higher natural gas price.

31 For the adjustment in 2019. http://drc.gd.gov.cn/ywtz/content/post_2526212.html. We use Dayawan #2 unit to
represent the price of nuclear power.

3z For coal generation pollution abatement, China subsidizes the generation price once generation units have been
installed abatement device and actual emissions reach the national mandatory standard. 0.015 CNY/kWh is paid to
generators only if they have desulfurized emissions. 0.008 CNY/kWh is paid for denitrifying and 0.002 CNY/kWh for dust
removal. 0.01 CNY/kWh is paid for ultra-low emission whose emissions are the same as natural gas emission. Installing
the emission abatement device is profitable under such a subsidy regime. Almost all the generators reach that emission
standard, so the generation price includes this subsidy. See Liu et al. (2018).

The hydro generation price is not uniform. Each hydroelectric station has its own regulated generation price according to
the time of commissioning. The average generation price is calculated and displayed here. See Zhejiang Provincial Price
Bureau (2011) and Zhejiang Provincial Price Bureau (2014).

There are 11 nuclear generation units in Zhejiang. Some of them inject power into the east China regional grid to supply
Shanghai. The information about how much power they supply Zhejiang is unavailable. We just make the assumption that
they all supply Zhejiang. Besides that, before 2013, different generation units have different generation prices. After 2013,
all the newly commissioned generation units are paid a benchmark price of 0.43 CNY/kWh (see National Development
and Reform Commission (2013b)). The average generation price of all units is calculated and displayed here. In the study
period, two new AP1000 nuclear generation units are commissioned with different generation prices at the end of 2018.
And the regulated generation price is reduced for all nuclear generation units in June 2019. So the moving average
generation price is calculated to capture the price change.

The wind and solar generation price are set according to commissioning date. The later their commissioning, the
generation price is lower to encompass technological progress. The commissioning date of each generation site is not
available. So the latest benchmark price is displayed here.

33 See National Development and Reform Commission (2009), National Development and Reform Commission (2011b).
34 See Zhejiang Provincial Price Bureau (2015).
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Figure 8 Monthly regulated generation prices with VAT included for coal, gas, hydro, wind, solar

and nuclear from 2012 to 2019 (Guangdong and Zhejiang)
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In the study period, the power mix of Guangdong has changed greatly. Although it is easy to get the
information about the total imported power into Guangdong - mainly hydropower from Yunnan, Guizhou
and Hubei Province - we do not know the detailed prices and amounts. In the following analysis, we use
the power mix generated locally to study the cost changes associated with the power supply (see Figure
9). The generation mix of Zhejiang is almost the same as Guangdong in that most electricity is generated
from thermal, nuclear and hydro. Zhejiang also imports electricity from Anhui, Fujian, Sichuan, Ningxia
and Xinjiang through several high voltage interconnectors. The price and volume of imported electricity
is set by central government or via agreement between provincial governments. This information has not
been published. So, the following analysis for both provinces is based on in-province generation. The

monthly generation volume is derived from the CEI industry database as noted in footnote 30.
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Combining this generation volume, the weighted regulated generation price can be calculated as

follows:

pr _ Zip{g X qlr
g %iq;

where p; denotes regulated generation price of fuel source i, and g denotes the regulated generation

volume of fuel source i in a specific province.

Figure 9 Power generation mix in Guangdong and Zhejiang from 2012 to 2019
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Figure 10 plots the weighted regulated generation price for the benchmark prices in Guangdong and
Zhejiang.35. In general, the generation price follows a decreasing trend before 2017, but it fluctuates after
2018 because of the shares of gas-fired power, wind power and solar power increase significantly. In
Guangdong the share of high cost generation also increased in 2019, but the weighted generation price
did not rise because the regulated prices of these forms decreased. The spike in the weighted generation

price of Zhejiang starting from late 2018, is the result of an increased share of nuclear generation and the

increased price of gas generation.
Figure 10 The regulated price of weighted generation mix in Guangdong and Zhejiang
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3.3 Additions and Value Added Tax

As for the customer price side, there are several kinds of additions added to the base regulated retail
price for 35kV+ industrial and commercial customers, which change according to the local policy in
Guangdong and Zhejiang. They include the fund for the Construction of Major National Water Conservancy

Projects3¢ which was the previously known as the Big and Medium Hydro power Construction fund, the

35 The data comes from CEINT, https://www.cei.gov.cn/. We can only get the detailed data for coal-fired power and gas-
fired power after 2017 while the data for gas fired power is always combined with that of coal-fired power before 2016.
We assume the proportion of gas fired power is constant before 2016 when plotting the figure.

36 [ts Chinese name “[H 5% 8 K /KR T.F2 2 ¥ #£ 4" which was previously named “ K A 7K J2E 7 5 3 4 "and “ = Ik T F 4
WS
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Reservoir Resettlement fund for large and medium hydropower plants37 and Surcharges for renewable

energy development3s,

The additions have changed over the study period. The Reservoir Resettlement fund for large and
medium hydropower plant was merged with the trans-provincial Large and medium-sized reservoir fund,
the Three Gorges Reservoir fund, and the Central Reservoir Resettlement support fund from February 1,
2016 in Guangdong. Guangdong abolished the Small Reservoir Immigration fund in 2016 and Zhejiang did

itin 201939,

From April 1, 2017, the Urban public utility surcharges® have been cancelled (see Notice of the
Ministry of Finance on cancelling and adjusting relevant policies of some government funds)+!; the
surcharge fund for the Construction of Major National hydropower Projects and the Reservoir
Resettlement fund for large and medium-sized have been reduced by 25% since July 1, 2017, and
further reduced by 25% from July 1, 201842, The tariff Surcharges for renewable energy changed more
often than other kinds of additions. It has increased from 0.008 CNY/kWh to 0.019 CNY/kWh43. A lot of

the adjustments happened in 201744

The value added tax (VAT) is another important kind of addition that has been added to the retail
price. In China VAT is charged to the firms directly. The benchmark generation price and regulated retail
price issued by the development and reform commission have already included the VAT. The rate of Value

Added Tax (VAT) has also changed over the study period. VAT rate reduced from 17% to 16% in May

37 Its Chinese name is"“ K B 7K 2 F% B 5 I F5 3£ 427 which was combined by“ Kt B /K JEFS G PR 4. IBEBR K
IR K P IX S e UK PP X S

38 Its Chinese name “TJ Fi 2 GE Y5 FELAN B0,

39 See Zhejiang Provincial Department of Finance (2019).

40 [ts Chinese name “3 17 A F & ¢ 3% Ff$ .

41 See Ministry of Finance (2017).

2 It should be noted that the central government advised a further decrease in the regulated price of industrial and
commercial customers as the fund for the Construction of Major National hydropower Projects had been further
decreased by 50%.

43 Renewable energy tariff surcharge changes in 2012. http://news.bjx.com.cn/html/20111231/334153.shtml

For the adjustment in 2013: http://mp.ofweek.com/solar/a745613622856;

Renewable energy tariff surcharge changes in 2016. http://guangfu.bjx.com.cn/news/20160115/701619.shtml

44 For the adjustment in 2017: http://shoudian.bjx.com.cn/news/20170721/838589.shtml

The changes in 2016 can be found: http://shupeidian.bjx.com.cn/news/20181105/939344.shtml

o~
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201845 and further reduced to 13% in April 201946- VAT applies to the retail electricity price net of

additions.

Figure 11 Monthly additions to base regulated retail price for 35kV+ customer in Guangdong and

Zhejiang*748
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45 B Biosa )R CORTIRBIE BB R iEm) (MFL (2018) 32 %)
http://www.chinatax.gov.cn/n810341/n810755/c3377945/content.html

46 MEGE BiISER HRAE COTIRICEERSER RHCEM A %) (2019 5 3 )
http://www.chinatax.gov.cn/n810341/n810755/c4160283/content.html

47 For addition adjustment in Guangdong:

For the price before October of 2013:
https://wenku.baidu.com/view/da3ac15430b765ce0508763231126edb6f1a7609.html

For the adjustment in October of 2013: https://wenku.baidu.com/view/37e120d604a1b0717fd5dd33.html
For the adjustment in January of 2016: https://wenku.baidu.com/view/a08e7b40e53a580217fcfe50.html
For the adjustment in July of 2017: http://fgw.gz.gov.cn/zmhd/jfcx/content/post 2337123.html

For the adjustment in July of 2018: https://www.shigoog.com/news/201809/zjzhe1202.html

48 For addition adjustment in Zhejiang:

For the price before October of 2013: https://wenku.baidu.com/view/64f026dea58da0116c1749e6.html
For the adjustment in October of 2013: http://hzjd.zjzwfw.gov.cn/art/2014/5/26 /art 10509 20585.html
For the adjustment in June of 2016: http://www.sohu.com/a/86935489 131990

For the adjustment in June of 2017: http://www.sx.gov.cn/art/2017/7/27 /art 1463255 17179254.html

For the adjustment in September of 2018: http://xxgk.longwan.gov.cn/art/2018/9/5/art 1452483 20924580.html
For the adjustment in July of 2019: http://www.zhuji.gov.cn/art/2019/7/2 /art 1370382 35241296.html
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In order to derive VAT from the regulated retail price, additions are subtracted from the retail price
and VAT rate is applied to the remaining amount. VAT changes are attributed to two sources: a change of
the VAT rate and changes in the VAT base. The first one is calculated by keeping the VAT base fixed and
changing the VAT rate while the second one is calculated by holding the VAT rate fixed and changing the
VAT base. Figure 12 and Figure 13 illustrate the decomposition. The overall VAT reduction effect is
significant: in Guangdong the amount of VAT included in the regulated retail price drops from 0.1232
CNY/kWh to 0.0716 CNY/kWh. In Zhejiang the amount of VAT correspondingly drops from 0.1223
CNY/kWh to 0.0704 CNY/kWh. The VAT base change has taken place over a longer period, but the VAT

rate change is also significant.

Figure 12: The sources of VAT changes in Guangdong
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Figure 13: The sources of VAT changes in Zhejiang
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4. The Evolution of market prices in Guangdong and Zhejiang

So far, we have focussed on the evolution of the benchmark regulated prices for generators and

customers. Now we examine impact of market prices over the period from 2012 to 2019. These are

explicitly expressed as discounts to the regulated prices.

Figure 14 shows the discounts per kWh of the power transaction in Guangdong since 2012. It should
be noted that a value of zero means there no transactions happened and hence there was no discount. The
first annual bilateral transaction and monthly auction happened in 2013 while the first annual auction did
not appear until 2018. In its early period, not all kinds of transactions happened every month. The
discounts were very small in their early stages, and then they increased in 2016. The monthly auction
discount differs significantly with the annual bilateral discount in 2016 and 2017 when the price of coal
changed a lot. In 2018 and 2019, with the increase of the trading volume and the stable coal price, the

discount of different kinds of market transactions has converged. The discount of annual bilateral trades
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is the biggest, followed by the annual auction, as they were all longer term transactions and happened in
January and do not reflect potentially tighter monthly supply and demand. However, the monthly bilateral
auction is always the smallest discount after July 2017, as it is a short-term contract and the retail
companies may have less choice over that timeframe. Another reason for the shrinking of the discount

was that generators faced rising fuel costs and the decreasing benchmark regulated power price.

Figure 14 Monthly and Annual discounts per kWh since 2012 in Guangdong and Zhejiang for

generators
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There is significant difference in the way prices are formed between Zhejiang and Guangdong. In
Guangdong generators bid (offer) a discount while their Zhejiang counterpart bid (offer) an absolute
price. As a result, a gas generator can compete with their coal peer in Guangdong while gas generators can
never undercut coal peers because of their significantly higher fuel costs in Zhejiang. For the purposes of

comparison, the discount in Zhejiang is calculated from the absolute generation price and regulated
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generation price, as depicted in Figure 144°. The discount drops sharply as trading proceeds year by year.
However, the market price keeps stable. What needs to be mentioned is that a half year trade happened
in the middle of 2016 with a market price (0.3551 CNY/KWh) significantly lower than that (0.4346
CNY/KWh) at the beginning of 2016 covering the whole year. After the trading at the beginning of 2016,
the regulated price reduced from 0.4453 CNY/KWh to 0.4152 CNY/KWh. According to the market rule,
the market price should reduce by the same amount as the regulated price. So, the comparable start of
year market price is 0.3851 CNY/KWh. This and later half year price 0.3551 CNY/KWh are weighted by
the traded volumes to get the weighted market price for later half year. The same thing happened in 2019.
According to the trading arrangement published by Zhejiang Energy Bureau, customers from four sectors
(coal, iron and steel, nonferrous metals and construction materials) joined separate trading from other
ordinary eligible customers. Ordinary trading happens with price of 0.3851 CNY/KWh. The trade for four
sectors happens in October for previous ten months with price of 0.3902 CNY/KWh. In the final two
months in 2019 consumption is traded on bilateral basis. The transactional information of last two
months is not published. A projection based on previous ten months is made for these two months with
the assumption of same monthly consumption. The weighted average price is also calculated using a

similar method to that for 201650,

The monthly and annual discounts are different for the generators and their industrial customers
because the retail companies, which exist in Guangdong, will get a proportion of the discount to pay for
their services. We assume that the generator discount is split 80:20 between customers and retailers,

which seems reasonable based on discussions with market participants.

49 Electricity trading in Zhejiang began at 2015. But that trade is on bilateral basis as mentioned in section 1. The
transaction price of bilateral trade is not published. So, market price and discount are not included in this paper.

50 Zhejiang allowed 110kV customers to trade in 2015. The threshold lowered to 35kV customers at the beginning of

2016 and further down to annual electricity consumption above 1GWh. Aggregate traded volume which accounts for
customers of all connection voltages is published, but how much of it comes from 35kV customers is unknown. For
simplicity, assumption is made that aggregate trade volume stands for 35kV customers.
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In calculating the final price in Guangdong that a typical industrial customer pays we need to take two
things into account: the weighted generation price discount, weighted by the percentage of generation
that is in the market, and the fact that only 80% of the discount will accrue to the customer. Thus there
are three lines in Figure 15, the green one shows the average price for all the customers>. The blue one
is the regulated power price for the 35kV+ industrial customers. The orange line is the average power
price what the industrial and commercial customers paid for the power traded in the market. [t can be
seen that the gap between the green line and orange line enlarged at first, and then converged because
of the discount changes for the power transactions. The discount becomes smaller with the increase of
the trading volume and the decrease of the regulated power price. The gap between the orange and
green lines enlarged before 2016 and then kept stable because the discount shrinks but the proportion

of traded power increases.

Because electricity retailers only enter market in the last two months in 2019 in Zhejiang. Customers enjoy
all the savings from market trades. The colour legend in Figure 16 is the same as Figure 15. The market
retail price drops by the same amount as the regulated price since the contracted market prices need to

reduce by the same amount when the regulated price drops.

There are several reasons that have allowed generator prices to fall. First, although the price of fuels
changed slightly in the past years, the cost of thermal power has decreased because of technology
improvement in generation. Second, the shares of nuclear power and imported (extra-provincial) power
have increased, whose cost is relatively low compared with the thermal power locally generated. Third,
the prices of wind power and solar power decreased dramatically because of technological progress.
Fourth, national line losses have decreased from 6.72% in 2012 to 5.90% in 2018. Fifth, the competition
among generation corporations has forced the companies to decrease their prices to maintain market

share. The net revenue of generation companies has decreased significantly.

51 The weighted power price is calculated by assuming all the customers including households and farms share the same
power price due to here is no detailed monthly information about the power consumption of industrial and commercial
industry. This may overestimate the weighted industrial and commercial power price.
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Both Guangdong and Zhejiang are two of spot market pilot provinces approved by the National
Development and Reform Commission.They began spot market trial runs in June of 2019. The reduced
earnings of generators in these two provinces pose huge risks for them. Since Yudean and Zheneng control
almost half of installed capacity in Guangdong and Zhejiang respectively, they will be inevitably pivotal in
most periods. The scope for the exercise of market power is large, especially as the capability of the
regulatory agencies is currently rather limited. Generators may manipulate the spot price to a high level
to partly compensate for their previous losses. The only way to proceed is to transform the current direct
trade contracts into mostly forward contracts with relatively little exposure to the spot market. That is a
practical way to curb market power problem. Virtual power plants created out of the assets of the
incumbent generators could also be used if horizontal divestiture is currently not possible. A source of

further price reduction may come from the shift to full economic dispatch stimulated by the spot market.

Figure 17 shows the main business operating revenue and profit rate of the Yudean and Zheneng electric
power companies, which are the biggest electric power generation groups in Guangdong and Zhejiang
respectively. At the beginning of the power market reform, they earn as high as 15% of their revenue as
profit, but the proportion has decreased to less than 5% in 2019, along with the decrease of the reference
price for the generation sector. The profit margin of generation groups is the same as or even less than in
many other industries. To some extent, the price is nearly equal to the marginal cost. It is safe to say that

generators are under significant pressure to cut costs.

31



Figure 15: Prices per KkWh for 35KV industrial customers in Guangdong since 201252
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52 There is no detailed discount information about the traded volume published for 2015. We get the monthly market

prices by assuming the annual bilateral contract market discount is the same in each month and weight the monthly
auction discount to get average monthly market discounts.
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Figure 16: Prices per kWh for different kinds of transactions for 35kV customers since 2012 in
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Both Guangdong and Zhejiang are two of spot market pilot provinces approved by the National
Development and Reform Commission®5.They began spot market trial runs in June of 2019. The reduced
earnings of generators in these two provinces pose huge risks for them. Since Yudean and Zheneng control
almost half of installed capacity in Guangdong and Zhejiang respectively, they will be inevitably pivotal in
most periods. The scope for the exercise of market power is large, especially as the capability of the
regulatory agencies is currently rather limited. Generators may manipulate the spot price to a high level

to partly compensate for their previous losses. The only way to proceed is to transform the current direct

53 Since there is only annual electricity trading over most of the time, the annual trade volume is divided evenly into 12
months in that year.

54 The regulated retail price is derived from notice documents published by Zhejiang Provincial Price Bureau and later
Zhejiang Provincial Development and Reform Commission. The market retail price is calculated by adding up market
generation price, network charge and additions. Before 2017 there is no separated network charge. The grid company can
only charge the difference between the regulated retail price and the generation prices it faces. So, the network charge in
2016 is calculated this way. Since 2017, a formal price control is imposed on grid companies and network charges are

published for period of 2017-2019. The market retail price in that period is calculated based on this. See National
Development and Reform Commission (2017).

55 See National Development and Reform Commission (2017).
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trade contracts into mostly forward contracts with relatively little exposure to the spot market. That is a

practical way to curb market power problem>¢. Virtual power plants created out of the assets of the

incumbent generators could also be used if horizontal divestiture is currently not possible. A source of

further price reduction may come from the shift to full economic dispatch stimulated by the spot market.>”

Figure 17: Main Business indicators of Yuedean and Zheneng generation groups from 2012 to
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5. The impact of power market reform on final prices in Guangdong and

Zhejiang

5.1 Explaining declining power prices

56 See Newbery(1998) and Green (1999).

57 See Chen, etal. (2020).

58 The data for 2019 only includes the first three quarters.
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In this section we show what has happened to final prices for those in the market and the extent

that this is due to the introduction of the market or changes in the regulated prices.

The discussion below considers both the power in the market and the power transacted at the
benchmark price. With an increasing share of the power traded in the market, the customers can get more

benefits than before.

We should also discuss the breakdown of the fall in price into reduction in taxes (VAT), generator
price reductions and falls in the residual grid (T+D) price. For the case of China, it might be that falling

electricity prices are explained by falling coal prices. However, this is not the case.

Figure 18 shows the changes of the coal price of Qinghuangdao market, which is the largest coal
market in China. The price discount in the power market is more closely related to the coal price in short
term. But in a long term, although the coal price fluctuates significantly, the price did not change much in
2019 compared to 2012 (or indeed the beginning of reform in 2015). That is to say, the fuel price does not

play a critical role in driving the power price down over the whole period.

To examine what might have caused prices to decline, we decompose the price change into four
components: generation price, network charge, VAT and additional charges. Following market reform, the
total electricity consumption can be divided into two parts: the regulated part and the market part.
According to this partition, the total weighted retail price for customer to pay can be formulated as the

following:

o _prat "

T qR + qM
where pR stands for regulated retail priceand g®stands for total regulated consumption, pM stands for
market retail price and g™ stands for market traded volume. Since each retail price is itself composed of
four components: generation price, network charge, VAT and additional charges. The regulated retail

price can be expanded to:

Yirkiqf PR
R — gl L n R
r=A+0gk A+ U e
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Figure 18: Monthly coal price series for Qinhuangdao (We use the price of Qinghuangdao for

reference)>®

RMB/ton
650.00

600.00
550.00
500.00
450.00
400.00
350.00
300.00

250.00

200.00

(NN 4’\’% k;\r,b NN \,\,b‘ C’\,b‘ \\,\i” ,\,\(;’ &,\Q’ NN A'\/,\ (\,q, N \5‘9
\’b(\ \\)Q %o V‘Q (,)Q/Q ((?:0 N\ Q?J @’b O(/ @'b véoo \’bo \\)Q %0 VQ (_)Q/Q (<Q\1° Ne
Regulated generation price for fuel source i is denoted as pgl- with related regulated generation

volume denoted as gF. By ignoring electricity import and export, total regulated consumption equals

sum of various regulated generation volume qf = Y; gR. pR denotes network charge for regulated

part. v® and t denotes VAT for regulated part and VAT rate respectively. a denotes additional charges.

Since only regulated generation and retail price is published in government files, the regulated network

charge and VAT for the regulated part need to be derived as following:

R _ (pf —a)q" - Zm}#
n (1+¢t)gR

p

r_ @f —a)t
v = —
1+t

The market retail price can also be expanded to:

59 Data Source: http://www.hibor.com.cn/ (Qinhuangdao Thermal Coal: >4500K)
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Since market generation price is uniform among different fuel sources its expression is much
simpler than regulated generation price. Combining above equations, total decomposition of price

change can be expressed in two way as following.

o _[Zipga | @F —a)q® —Nipgdd | (of — o)t N q"
Pr=|a+ogr 1+ 0qr 1+¢ "+ q"

pg  pi (g +pR)t g™
+ + +a
1+t 1+t 1+t qR + qM
In this equation, the expression in the first bracket is the regulated retail price consisting of the four
components. The expression in the second bracket is market retail price. They are weighted by

regulated volume and market volume.

o _[Zipgiat  q" py " (f —a)q" - Zipgial R py q
Pre |+ 0 R +q" T T+t qF + g (1+t)gR qR+qM  14+tqR +qM

@f -t g (pg+ei)t " .
1+t qR+qM 1+t qf+qM
In this equation, the expression in the first bracket is the weighted generation price. The second is
weighted network charge. The third one is the weighted VAT. Using these formula and the numbers
discussed in earlier sections we can now show the sources of changes in the regulated, market and

overall prices in Figure 19 that follow?®®.

60 In this section, we have to say that the weighted retail price for industrial and commercial customers in Guangdong
and Zhejiang have been overestimated as we use the gap between total power consumption and the traded volume to
stand for the regulated part of the 35kV industrial and commercial customers because of data availability.
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Figure 19 The decomposition of the retail price for all the 35kV industrial customers in

Guangdong and Zhejiang
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5.2 The impact of power market reform vs regulatory reform
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Figure 20 and Figure 21 show the decomposition of what is a substantial price reduction for
customers in both provinces. The striking thing about the table and the figure is just how much of the
reduction in price is due to a reduction in regulated network charges (60%), with additional substantial
contributions from VAT and other charges. Generator price reductions are significant, especially when in
the market, but they are only a minority of the price fall. When considering the size of the market discount
as a percentage of the total price reduction, this is only significant for market participants, but becomes

very small in terms of the average consumer.

Take January 2012 as the base case, we label a superscript to all the price related to it. Figure 22

presents the composition of the retail price changes.
For the regulated price change of generation mix:

bl = By =y,
whereApf, stands for the price changes caused by the generation mix, ﬁgt is the weighted price of the
regulated generation mix at period t, and ﬁgBis the weighted price of the base period January of 2012.
Similarly, we can get the VAT changes and network cost changes, which are all based on the regulated

power. As the tariff and additions are the same for the traded power and the regulated power, we can

get the changes in this by subtracting the base tariff and additions in the base period.

With the introduction of the power market reform, the price of the generation power mix, network
cost and VAT change to some extent, but they can all be attributed to the benefits of power marker
reform. Take p! as the reweighted price of the final retail power for the regulated and traded power

in the market at period t. And then,
prt = (1 - a)pf + ap™,

Apr* =prt =,
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where « is the proportion of the traded power in the market compared with the total generation. In this

way, we attribute all the retail price changes Ap}’* of the demand side to the introduction of the market-

oriented reform.

Figure 20 and Figure 21 depicts source of price change for 35kV industrial customers in Guangdong

and Zhejiang. Both have experienced the same trend in overall price reductions. But the main source of

the price change varies somewhat.

Figure 20: Sources of price changes for 35KV industrial customers in Guangdong from 2012 to

0.30

CNY/kWh

0.25

0.20

0.15

0.10

0.05

0.00

-0.05

benefits of introducing power market reform(demand side)
VAT changes for the regulated power

regulated price changes of generaion mix

in
1
AR NNN]
mn
ISR RRRRRRRRRE]
||||||||||||||||||
nngn
sSEprRRRERE
'] ||lllllllll||||IIIIIIIIIIIIIIIII||||||||||
o~ o~ o~ on (42} o™ < < < n wn n (Vo] (] Y] ~ M~ ~ (o] 0 (o] [e)] [e)] ()]
U B S B S S S U U S S U S B
c > o c > [o N c > (o [ > [o% c > o c > [o N c > (o [ > [o%
© © [ © © [ © © ) © © [ © © [ © © [ © © ) © © [

M Tariff and additions changes

W network cost changes for the regulated power

Figure 22 illustrates the sources of price reductions in Guangdong and Zhejiang. This result is

calculated simply by subtracting the price in the end month by the beginning month for each component

respectively. The contribution pattern is almost the same for two provinces. The network reduction is

the major contributor to the total price reduction for both regulated and market customers, though

generation cost reduction is more significant for market customers.
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Figure 21: Sources of price changes for 35KV industrial customers in Zhejiang from 2012 to
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Figure 22 The contributions to price reduction over the period 2012-2019 in Guangdong and

Zhejiang for market, regulated and average 35kV customers
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The significant reduction of network cost can be attributed to two aspects. The first is the formal

price control for network charge. Before the market-oriented reform of 2015, the grid companies earn
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benefits from the gap between generation and retail prices. Under the market-oriented reform, Since 2016,
price control is imposed on grid company. The grid company can only increase network revenues on the
basis of electricity transmitted, which may reduce their revenue compared to the previous mechanism.
The second part comes from the National Development and Reform Commission’s effort to finish the task
to reduce electricity bills by 10% for small and medium industrial and commercial customers who are not
in the market from 2018 to 2019. This task is proposed by the Premier Li’s government annual work plan
to National People’s Congress. The specific measure includes the cost saving from the price control
imposed on inter-provincial and inter-regional interconnectors which transmit renewable energy from
western China to eastern China. The government temporarily reduce the intra-province T&D charge by
reducing the proportion of network investment included in Regulatory Asset Values from 75% to 70%¢1,

and by lowering the average depreciation rate of the grid company by 0.5 percent.62

5.3 Have Chinese power prices converged with the US, following the 2015 reform?

Chinese industrial power prices have fallen substantially since 2014. Meanwhile industrial electricity
prices in the US have fluctuated but remained largely constant (see Figure 23). We compare prices for
35KkV general industrial sector in Guangdong and Zhejiang with the price for industrial sector in the US,
Texas and Florida®3. We choose Texas and Florida, because Texas is one of the most competitive markets

in the US, while Florida has a largely vertically integrated — unreformed - power system.

Fiscal policy is different between America and China. In America, there is no VAT or sale tax in the
final price paid by electricity customers, while VAT is included in both customer and generator prices in
China. Thus we assume that to make prices comparable between the US and China VAT should be removed

from the Chinese prices.

61 The proportion of new investment included into Regulatory Asset Value is set to no more than 75%. As the Department
of Pricing of National Development and Reform Commission does not have the authority to grant consent of investment
plan to grid company, it is a counter measure to curb the excess investment of grid company. See National Development
and Reform Commission (2016) .

62 See National Development and Reform Commission (2018a), National Development and Reform Commission (2018b),
National Development and Reform Commission (2019).

63 The data for Texas and Florida comes from survey FORM EIA-861 of Energy Information of Administration (EIA).
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Furthermore, we can see that the electricity price of the two nations converge in the summer of 2019
when the power demand increased significantly in Texas due to hot weather. The smallest gap happened
in July of 2019, the monthly final average price for industrial sectors in Texas was around 7.5 $cents/kWh
when the average electricity price traded in the market in Guangdong and Zhejiang was about
8.0$cents/kWheé4 for the general 35KV industrial customers. According to the price supervision report of
the National Energy Administration®s, the average price of industrial and commercial customers began to
be lower than that of the average price of households from 2017. Given that in the US (and other OECD
countries) household power prices are always higher than industrial power prices, this can be seen as

another signal for the success of the power market reform in China.

Compared to the trend of electricity prices in Texas and Florida, the electricity price in Guangdong
and Zhejiang has obviously fallen over the study period. In 2012, the price in Guangdong is 2.1 times as
high as that of Texas, or 1.5 times as high as that of Florida, but in 2019, the price of Guangdong is 1.4
times of that of Texas, or 1.1 times that of Florida. Zhejiang shows a similar level of convergence. The retail
prices of Guangdong and Zhejiang are fundamentally determined by the benchmark prices set by the
government as only a fraction of power was traded in the power market. This is consistent with the
previous result that most of the price changes are driven by the regulatory government rather than the
power market. We should note the prices fluctuate in the US across the year in a way they do not in
Guangdong and Zhejiang, this suggests that there is some way to go before power prices in China reflect

the underlying power supply and demand situation.

The industrial electricity price in Europe is higher than that in the USA as fuel prices are higher
(Pollitt, 2019). A similar situation is observed in China. Along with the decrease of the electricity price,
there is less room to reduce the retail price than before in China as the sharp decrease of regulated

electricity price has led to many generation enterprises to shut down.

64 We have considered the influence of exchange rate.
65 See National Energy Administration (2018)
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Figure 23: The Monthly final average retail price of electricity in Texas and Florida and the 35kV

general industrial customers in Guangdong and Zhejiangott
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6. Conclusions

This paper presents an analysis of the impact of the 2015 power market reform process in China on
the industrial price of electricity. We do this by picking a typical power market price for a medium sized

industrial customer in two of China’s leading reform provinces: Guangdong and Zhejiang.

We find that power market reform has substantially reduced prices. The regulated price falls by
26.4% in Guangdong and by 26.9% in Zhejiang. The market price falls even further by 27.7% in

Guangdong and 30.4% in Zhejiang. These are falls in the nominal price of electricity.

These price reductions are very large compared to the US, and China has substantially reduced the
gap between its industrial electricity prices and those of the US. There has also been an impressive

rebalancing of electricity prices from industrial to residential consumers. For the first time the average

66 Data Source: https://www.eia.gov/electricity/data/browser/
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household price in the two provinces we look at is above that for our benchmarked industrial

customers.

We examined the proximate causes of these large changes in the industrial price. The price falls have
come from a number of different sources: falls in the prices paid to generators, reductions in grid

charges and falls in government taxes and additional charges.

While this has been billed as a ‘market’ reform, it is clearly better characterised as a ‘regulatory’
reform as the market discounts offered by generators in the power markets have only constituted a

small share of the total price reductions experienced by the industrial customers we looked at.

Overall, the Chinese power market reform highlights two important lessons worth emphasising
more widely. First, getting power prices down for final consumers depends significantly on controlling
network charges and additional government policy costs. Second, that one of the substantial benefits of
markets is not that market prices are much lower than regulated prices, but that market reforms are a

vehicle for improving regulation and shaking up previously poorly regulated industries.
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