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ABSTRACT

During the reform process of the power sector in China, mergers and acquisitions have gradually become one of the most used approaches for expansion. What are the typical characteristics of the power related merger and acquisition since the launch of the reform of the electricity industry in China? How do the merger and acquisition events influence the electricity market in China? Most studies which previously addressed these questions in the area of corporate finance and management are based on the assumption of merger and acquisition as independent events. 
In this paper we adopted a social network oriented cluster analyses approach to study mergers and acquisitions in the electricity industry in China during the period 1997-2004. We selected the electricity industry for study because of its prime importance in virtually all modern industrial economies. The point of departure of our research is the observation that these capital flows are constructed at the local (company) level, while it is structured at the sector level. The network structure is treated as ‘emergent’ since its global properties cannot be reduced to the purposeful action or “strategies” of any individual network participant.        
The results indicate that the merger and acquisition structure from 1997 to 2004 in Chinese electricity industry is quite hierarchy and are characterized by a mix of backward integration in the supply chain as well as substantial inflow from the non-energy companies. 
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1.  Introduction

In the past three decades, the Chinese economy has on average grown annually by 9.7%  based on the national comparable prices. The national GDP has increased from 364.52 billion Chinese Yuan in 1978 to 20’940.7 billion Yuan in 2006, in which the industry GDP contributes more than 50%. This makes China one of the world’s largest and fastest growing markets for electric power generating, where the total generation increased from 256.6 Gigawatt hours to 2’834.4 Gigawatt hours in the same time period (China Statistic Yearbook). Despite this significant expansion in production the gap between the electricity demand and supply has further increased. In some regions, the local government has been forced to adopt restrictive policies such as work time switching for industries and setting up electricity consumption limits during peak time for electricity demand. There has been limited competition due to the insufficient power generation capacity and the state-owned electricity industry that controlled both the power generation facilities and the distribution network. 

Faced with the increasing problems of fulfilling the demand, the Chinese government decided to reform the state-owned electricity industry by introducing competition in the electricity sector. The reform has a number of objectives including the intension of reducing generation cost, improve the generation efficiency, increase generation capacity and diversify the financing schemes available for new power plants (China business web).
The electric sector reform in China started in 1985 and the power industry has gone through a series of changes since then. The evolution of the Chinese power sector can roughly be divided into the following periods: 
Period I: Power industry as state monopoly: the unification of government and business functions (1949–1985). 
Period II: state-run and gradual opening of the power generation market (1985–1997).
Period III: Separating the functions and responsibilities of the government from corporate functions, and establishing market mechanisms for the power industry in some pilot provinces and cities (1997–2002). 
Period IV: breakup of the state monopoly on generation, and separation of generation from transmission  2002 - (Yeoh and Rajaraman 2004).
The reform created a new investment policy in the Chinese power sector to allow private investment and even significant foreign contribution into the industry. By 1997, the long-standing State monopoly has gradually been forced to dissolve, being gradually replaced by a new market structure composed of smaller companies from the former state own company as well as new companies. The new investors have entered into the power sector through a series of merger and acquisition activities since 1997, at the same time the existed power corporations has been trying to increase their size and influence through merger and acquisitions.  However, by 2002, State Power Corporation still owned  46% of the country’s total electricity generation and 90% of the electricity supply assets (Xu and Chen 2006).
In 2002, the State Power Corporation was decomposed to 11 new companies in a move to end the corporation’s monopoly of the power industry. The newly created companies include two power grid operators, five electricity generation companies and four consultant and construction companies. Each of the five electricity generation companies has less than 20% market share in the Chinese market (Chinanews). They will compete with each other for signing contracts with the power grid operators; however transition from a vertically integrated industry to a competitive and deregulated industry will be a long and complicated process. The process is divided into three phases, which is shown in figure 1:
Phase 1: Separate power plants from transmission grids. 
Phase 2: Separate distribution from transmission. 
Phase 3: Separate retail sales from distribution, and permit all end-users to choose any retailer or power supplier in the market.
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Figure 1. The electric industry reform phases in China
Currently, the electricity reform in China is going through the first phase, and a further 3–5 years will be required to build up a competitive electricity generating market. First when this initial phase is working can the next two phases be implemented (Xu and Chen 2006).
The firms’ merger and acquisition wave in the power sector in China has started from 1997 and reached the peak in 2003. These merger and acquisition activities are characterized by the specific historical period. The objective of this study is to find out the characters of the merger and acquisition in the power sector within the global background of Chinese electricity industry reform, via adopting a social network oriented cluster analyses approach, based on the historical merger and acquisition data in electricity related industries from 1997 to 2004. We focus on the time periods III and IV of the reform as the real market-oriented reform in the power sector was performed gradually since 1997. 
2. Methodology
Different from many other studies which addressed the firms’ merger and acquisitions based on the assumption of merger and acquisitions as independent events, a social network oriented cluster analyses approach was adopted in this work. Social network approach treats the events (relations) in the whole system (network) all dependent. The network cluster analyses are performed by taking into account the entire network structure other than the attributes of the individual actors in the network.

There exists several ways with different algorithms to cluster a network. The blockmodeling has been chosen as the main tool to perform the analyses in this paper. Blockmodeling can be seen as a special case of clustering, however, the goal of blockmodeling is to reduce a large, potentially incoherent network to a smaller comprehensible structure that can be interpreted more readily (Doreian, 2005).  Therefore, blockmodeling aims at determining not only the classes (clusters) that form the vertices in a model but also the links between the classes (clusters) in the model.
We need to explain two concepts “structure equivalence” and “block” in blockmodeling firstly. Units are equivalent if they are connected to the rest of the network in identical ways (Lorrain and White, 1971). Such units are said to be structurally equivalent. A block consist of units belonging to clusters Ci and Cj and all arcs leading from cluster Ci to cluster Cj . The blocks for structural equivalence are null (all 0) or complete (all 1) with variations on diagonal in diagonal blocks (Batagelj, 1997).

we applied pre-specified blockmodeling in the social network analysis program Pajek to make these analyses (Batagelj, 1997). Pre-specified blockmodeling in Pajek calculates a global error, which is the sum of the error (differences) between each block and its ideal perfect relations block to measure the goodness of fit of clusters of the network according to the considered equivalence. 
In this case study, we followed the basic blockmodeling steps: firstly found out the acceptable clusters for the units in the network and then identified the relations among the clusters. we started the analysis from the individual corporation level and then aggregated the relations up to the sector level, in order to conclude the general characteristics of the power sector reform in China.
3. Sample and Data 

We obtained the merger and acquisition data from the Worldwide M&A section of the SDC Platinum Database. All of the merger and acquisition transactions from and to electricity industry in China affiliated domestic M&A that took place in the time period from 1997 to 2004 were collected. The information on these transactions contain 1) the effective date of the transaction, 2) the identity of the firms involved in the mergers or acquisitions, 3) the region of both acquirers and targets firms 4) the status of the transactions, 5) the primary four digit SIC codes for both acquirers and targets, 6) the name of industry sector for both acquirers and targets. 
It provides 273 transaction records. Each transaction had to meet the following criteria to be included in the data set to be used for the analysis: 
1) The regions of both acquirers and targets firms are from mainland of China. (Transactions with Taiwan, Hong Kong and Macao are not included in this study.) 
2) The status of the transactions must be “completed”. Given these criteria, we ended  up with 53 transactions, and 35 acquirers and 48 targets firms are identified. Table 1 gives the basic descriptive statistic information of the sample by the studied years.
Table 1. Sample description
	Year
	Transaction times
	Average transaction value ($mil)
	Number of acquirers
	Number of targets
	Number of Sector of Acquirers
	Number of Sector of Targets

	1997
	5
	354.31
	5
	5
	1
	3

	1998
	4
	113.41
	3
	4
	2
	2

	1999
	5
	109.31
	5
	5
	3
	2

	2000
	4
	8.68
	2
	4
	1
	3

	2001
	3
	380.93
	3
	3
	2
	2

	2002
	7
	128.61
	4
	6
	2
	3

	2003
	17
	54.81
	14
	16
	4
	3

	2004
	8
	11.85
	8
	5
	5
	2


There are a total of 11 different sectors involved in the merger and acquisition activities in the electricity sector in China from 1997 to 2004, which are 
1) Banks, 
2) Coal mining, 
3) Coal-fired power plants, 
4) Cogeneration plants, 
5) Construction companies, 
6) Power Corporations, 
7) Investment companies, 
8) Business service firms,

9) Real estate, 
10) Machinery and equipment firms and 
11) Hotels industry. 
Figure 2 shows the 53 merger and acquisition transactions based on the sectors group.
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Figure 2. The merger and acquisition events between the firms grouped in the sectors in China from 1997 to 2004
The data collected on the sector level consisted of eleven by eleven square matrix and is shown in Table 2. Each cell in the matrix contains the merger and acquisition investment relations between the corresponding pair of sectors in China from 1997 to 2004. The matrix is binary, where, 1 indicates that there is at least once merger and acquisition event between any two firms that are from these two sectors; 0 indicates that there is no merger and acquisition investment event between any two firms that are from these two sectors. The sectors in the first column of the table are of the acquirer sectors and the sectors in first row are of the target sectors.
Table 2. The merger and acquisition relations matrix on sector level
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Sectors
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	3
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	5
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	6
	1
	1
	1
	1
	0
	1
	1
	0
	0
	1
	0

	7
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0

	8
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	9
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	10
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	11
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0


4. Results and Analyses

The blockmodelling random start function in Pajek was adopted in this analysis. Block-modelling can generate enormous number of solutions by defining different structure type in blocks and different number of clusters in the solution. Several analyses with defining blocks’ type as structural equivalence, in which all relations in the same block are structural equivalence and with cluster number as 3, 4, 5 and 6 individually were performed (Batagelj 1997). Table 3 lists out these solutions.
Table 3. Clustering results of structural equivalent (null, com). Data was binary (1 = there is at least once merger and acquisition event). Ci,j indicates the jth blockmodeling solution under i clusters
	
	 
	 
	 
	 
	

	 
	 
	Repitition
	Partition
	Error
	

	 
	C3,1
	1000
	{ 5 9 11 8 } { 1 7 2 4 3 10 } { 6 } 
	5
	

	 
	C3,2
	1000
	{ 5 9 11 8 1 } { 7 2 4 3 10 } { 6 }
	5
	

	 
	C3,3
	1000
	{ 5 9 11 8 7 } { 1 2 4 3 10 } { 6 }
	5
	

	 
	C3,4
	1000
	{ 5 9 11 8 1 7 } { 2 4 3 10 } { 6 } 
	5
	

	 
	C4,1
	1000
	{ 5 9 11 8 } { 1 7 } { 2 4 3 10 } { 6 } 
	3
	

	 
	C4,2
	1000
	{ 5 9 11 8 } { 1 7 2 } { 4 3 10 } { 6 } 
	3
	

	 
	C4,3
	1000
	{ 5 9 11 8 } { 1 7 2 4 } { 3 10 } { 6 } 
	3
	

	 
	C5,1
	1000
	{ 5 9 11 8 } { 1 7 } { 2 4 } { 3 10 } { 6 }
	1
	

	 
	C6,1
	1000
	{ 5 9 11 8 } { 1 7 } { 2 4 } { 3 } { 10 } { 6 } 
	1
	

	 
	C6,2
	1000
	{ 5 9 11 } { 8 } { 1 7 } { 2 4 } { 3 10 } { 6 } 
	1
	

	 
	C6,3
	1000
	{ 5 } { 9 11 8 } { 1 7 } { 2 4 } { 3 10 } { 6 }
	1
	

	 
	C6,4
	1000
	{ 5 9 11 } { 8 } { 1 7 } { 2 4 } { 3 10 } { 6 }
	1
	

	 
	C6,5
	1000
	{ 5 8 11 } { 9 } { 1 7 } { 2 4 } { 3 10 } { 6 }
	1
	

	
	
	
	
	
	


The error number indicates how many relations need to be changed to opposite status (from 1 to 0 or from 0 to 1 in binary matrix) in order to satisfy the defined structure type in blocks. The error number is the unique statistical indicator in blockmodeling to test if the cluster solution fits the criteria well. However, the conclusion from only considering the error number is arbitrary. Taking the interpretability of the solutions also into consideration is important and necessary for finding the reasonable clusters for the data set. We suggested a series of results with different number of clusters from the above possible solutions, which are presented in Table 4.
Table 4. Splitting the cluster structure from three to more clusters proceeds as follows
	Sectors
	3 Clusters
	4 Clusters
	5 Clusters
	6 Clusters

	5
	A
	A1
	A1
	A11

	9
	A
	A1
	A1
	A11

	11
	A
	A1
	A1
	A11

	8
	A
	A1
	A1
	A12

	1
	A
	A2
	A2
	A2

	7
	A
	A2
	A2
	A2

	2
	B
	B
	B1
	B1

	4
	B
	B
	B1
	B1

	3
	B
	B
	B2
	B2

	10
	B
	B
	B2
	B2

	6
	C
	C
	C
	C


As with all cluster analyses, an important question is how many clusters should be reported for a data set. We take the 4 clusters solution as a start point to display how the relations among the sectors are aggregated to the relations among the clusters (classes) in Figure 3, later on we will also show the aggregated relations for the other blockmodeling solutions of different number of cluster.
In Figure 3, some characters of the relations among the clusters can be found. The cluster which is composed of the sector 5 (Construction companies), 9 (Real Estate), 11 (Hotels industry) and 8 (business service corporations) can be summarized as services providing corporations. It merged or acquired firms in sector 6 - power corporations sector.  But in the opposite way, none of the power corporations merged or acquired firms from the services providing corporations cluster. The similar relation exists between the services providing corporations cluster and the cluster which can be summarized as power plants and machinery equipment firms because it contains the sector 2 (Coal mining), 4 (Cogeneration plants), 3 (Coal-fired power plants), and 10 (Machinery and equipment firms). Except the two one-direct relation in the network, there exists also a reciprocity relation between the power corporations and the investment companies and banks cluster, which we can call it as investment companies. 
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Figure 3. the clusters’ relations in the 4 cluster blockmodeling solution
From the above analyses, A rather hierarchy structure was seen in the 4 clusters network. Hierarchy structure was defined as the relation that is sent from the upstream side actor to downstream side actor, but no existing reciprocity relation, and the reciprocity relations only exist between the same level actors. ( De Nooy 2005) 
The aggregated relations among the clusters, for the 3, 4, 5 and 6 clusters’ solutions, are shown in the Figure 4 separately. In the 5 and 6 clusters network, the resource cluster  containing sector coal mining and cogeneration and the business service cluster containing business service corporations were added, which are taken out from the services providing cluster and upstream supplier cluster. But both of these two newly added clusters have the same directed merger and acquisition relation with power corporations cluster as the services providing cluster and upstream supplier cluster have with power corporations. That implies these two new clusters are not necessary to be apart from the former clusters. They could be put back to the clusters where they were. On the other hand, it is necessary to keep the investment corporations cluster from non-energy corporations because it has different relation (reciprocity relation) with the power corporation cluster compared with what the service providing cluster has.
It can be seen that the basic structure is the same even when different cluster’s solutions are adopted, and emerges a strong hierarchy structure in all of these four charts. 
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Figure 4. The relations among the clusters under different cluster number

In this hierarchy structure, from power corporations to the power plants, coal mining and electrical equipment firms is a kind of backward to supplier merger and acquisition. Normally backward to supplier merger and acquisition happened in the case that the demand of the resource to produce the products increased so much that the price of the resource raised a lot. The corporations merged their suppliers in order to have a rather stable cost of production and competitive price for the future.

The power generation in China is dominated by coal-fired.  The average commercial coal price in China from 1997 to 2004 has increased 44.6% and the price of the coal for power generation raised 34.6% (Wang 2007). Since the central government adopted the low price policy to protect the power generation industry, the coal sold to power plants was cheaper than for commercial use. It can be predicted that when the power generation corporations start to compete fairly in the market, the low price policy to power generation coal will not exist anymore. This becomes a major reason for power corporations to acquire coal mining companies, so that they would have competitive generation cost in the future.
When looking at the electrical equipment importation value in the same time period, we find a steep increasing curve. Figure 5 shows the trade value of electrical equipment import to China. It can be seen that in 2004, the total imported value has increased more than 6 times comparing with the value in 1997 (United Nation Comtrade Database). Although the Chinese resource market is one of the low cost markets, the power corporations still chose to import electrical equipment to reach the demand requirement. This implies that the demand of high efficiency electrical machinery and equipment in China increased dramatically, and the domestic supply cannot satisfy the demand, therefore the power corporations had to import in order to reach the fast development speed. It is therefore not hard to understand why the power corporations in China merged or acquired also the machinery and equipment firms during this period.
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Figure 5. Trade value of electrical equipment import to China from 1997 to 2004.
In Peterson’s paper (Peterson and McDermott 2007), he summarized several types of merger and acquisition in electric power industry through qualitatively analyzing the mergers and acquisitions in the U.S. electric industry in the past few decades. The first type is contiguous mergers. He argued that the contiguous mergers have traditionally been expected to provide cost savings from staff reductions, joint dispatch of plants and avoidance of capacity addition, and, when a more efficient firm acquires a less well managed or simply less fortunate firm, imposition of cost controls. The initial wave of mergers in the mid-1980s in US was an attempt to this goal. The merger and acquisition in Chinese power sector from 1997 to 2004 was also strongly characterized by contiguous backwards to suppliers mergers, with similar driving forces: cost reduction and competitiveness improvement. 
In the clusters relations chart, we did not find obvious sign to indicate forwards mergers – merging energy service types, such as acquiring power distribution or retail companies. Considering the three phases of the electricity industry reform in China, we can predict that the merger and acquisition will go to a new peak and might be dominated by forward mergers in the next a few years when the reform goes further to the second and third phases. 
The merger and acquisition flow from services providing cluster to the power plants can be understood as non-utility portfolio mergers. Non-utility portfolio mergers is the purchase of a utility by a non-energy firm, in most cases an equity firm, as part of its overall portfolio. When the competition mechanism is introduced to the power industry, the power corporations will set up profit-making as their essential goal. The services providing industry is among the trailblazers during the market economy reform in China, which is highly market sensitive. They have seen the great chance that power corporations are going to make profit, therefore they invested in it. The mergers, which are marked by this character first appeared in the 1999–2000 period in U. S. Electric Industry, used highly leveraged financing techniques to acquire utilities.
The only reciprocity relation exists between power corporations and investment corporations and banks. The merger and acquisition from the investment corporations and banks to power corporations can be understood as pure investment, which the investment firms and banks did also in many other industries. But the opposite direction from power corporations to banks and investment firms is a bit hard to be understood. The only explanation on it is that power corporations want to keep a kind of benefit interlock relation with banks and investment companies.
5. Conclusions 

In this paper, we discussed the clusters of the merger and acquisition relations in electric industry in China based on the sector level in order to find out the main economic characters in the specific reform phase.

The main findings in the study are: 

1) there exists a hierarchy structure on merger and acquisition in Chinese power industry from 1997 to 2004. It is from service providing companies to power corporations and from power corporations to power generation supplier.

2) the merger and acquisition in the time period are characterized by backward to supplier and non-energy portfolio mixing type.

3) there exists a reciprocity relation between investment firms and banks and power corporations. The direction from investment firms and bank to power corporations is obviously a pure investment type of merger and acquisition, however, the opposite direction of merger and acquisition from power corporations to banks and investment firms is a bit hard to be understood. The only explanation we can give is the benefit interlock between investment units and power corporations. Further investigations are needed in order to have a much deeper and clearer understanding on it.
6. Discussions and future work
6.1.  A stochastic blockmodels in SIENA

The paper analyzed the characters of merger and acquisition in Chinese power sector from 1997 to 2004 with blockmodeling method. As it is known, blockmodeling is a type of cluster analyses of social network, but without good statistical indicators. Which blockmodeling solution shall be taken for the target network depends completely on the understanding and interpretation to the target network. Therefore some other reasonable and acceptable cluster solutions in our case study may exist, and might be worth to look at too.
How could we give more quantitatively analyses on this issue is a question needed to be addressed. A stochastic blockmodels in the other network statistic analysis software STOCNET may be considered for the further investigation on this issue. (Nowicki and Snijders 2001; Schweinberger and Snijders 2003)
6.2.  Blockmodels of valued network

The approach to code the merger and acquisition matrix from the data used in this paper is to dichotomize all transactions and make matrix binary. It made the big value transaction and the small value one equally. The structure can be seen better in a binary matrix than the valued network, however, the binary matrix lost the value information and sometimes may overestimate or underestimate the roles of some transactions in the entire network.

Functions to analyze the valued network matrix is also under developing in STOCNET recently. It is necessary to move to blockmodeling analyses of the valued network for next step.
6.3.  Blockmodels to longitudinal networks

As presented in introduction part, China reformed the electricity industry from governmental organization (one of the ministries) to state-owned corporation in 1997. However, from 1997 to 2004, the state power corporation was monopoly in the electricity industry in China especially in the electricity transmission and distribution sectors. The state power corporation was dismantled and 11 new power corporations were set up in 2002 in order to break the power energy market monopoly completely. It can seen from the historical data that the merger and acquisition had also its peak time in 2003 because of these facts. The merger and acquisitions in these two time periods: 1997-2002 and post-2002 should have somehow different characters. 
So, the other possible future development for this work is to separate these two time periods and build up longitudinal networks and analyze them simultaneously. The  software tool that has this capability should be investigated or developed.
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