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A R T I C L E  I N F O   

Index Terms: 
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Global grid 

A B S T R A C T   

Through the long-distance transmission of electric energy, global interconnected power grids have become 
promising for the decarbonization of the power systems nowadays. However, the implementation of an 
extremely large-scale system may be controversial because practical examples are rare. In this paper, the 
interconnected power system among Central Asia; Xinjiang, China; and Pakistan is used as a testbed to analyze 
the feasibility of the multinational interconnections. Based on the increased electricity generation in Central Asia 
and the increased power shortage in Pakistan, the complementation between generation and consumption in the 
two areas can be established. Then, the use of the classic Central Asian power grid (CAPG) in the former Soviet 
Union is analyzed. Following the extension of the local grids in Central Asia; the upgrade of the Xinjiang power 
grid; and the construction of the CASA-1000 HVDC project, a new CAPG (NCAPG) that connects the Central 
Asian countries; Xinjiang, China and Pakistan, with four HVDC lines is formed. The NCAPG is entirely different 
from the classic CAPG because it is fully based on the voluntary participation, operational independence, and the 
operation security of the member grids. The NCAPG shows potential in the multinational electric energy 
transmission among Central Asia; Xinjiang, China; and Pakistan in the foreseeable future.   

1. Introduction 

1.1. Feasibility of multinational interconnections 

In recent decades, the increasing renewable energy integration has 
reduced the dependency on fossil fuel worldwide [1–3]. The establish-
ment of a multinational interconnected power grid would make full use 
of integrated renewable energy among different countries, which may 
play a vital role in the decarbonization around the world. If we observe 
this multinational interconnection from a global perspective, comple-
mentation can also be found between generation and consumption 
among different countries [4,5]. This can be regarded as guidance for 
the transnational or even globally interconnected power grids. 

The global grid was first presented in 1969 when the investor 
Buckminster Fuller considered the potential benefits of a global grid, 
and this concept was initially accepted by the United Nations (UN) in 
recent years [6,7]. At the 2015 UN Sustainable Development Submit, 
China announced that it would take the lead in the establishing of a 
“global energy internet” to meet the global power demand with 

renewable energy [8]. The UN had also considered the benefits of a 
global grid in the 2030 Agenda for Sustainable Development and its 
objectives regarding climate change [9]. Although some clear argu-
ments support this novel concept of the global grid, it is worth pointing 
out that the implementations of intercontinental interconnectors to date 
have been limited to short-distance subsea AC links and land-based 
interconnectors with limited power flow [10]. The main reason is that 
global interconnectors naturally have some unexpected social, eco-
nomic, and technical risks, making the idea too theoretical under current 
situations [11]. 

Compared with the unrealized hypothesis of global-scale in-
terconnections, smaller-scale interconnections, i.e., intercontinental or 
multinational interconnectors, are supported by a more detailed quan-
tification [12–15]. In particular, Central Asia, which is formed by five 
former Soviet Union republic countries, i.e., Kazakhstan, Kyrgyzstan, 
Tajikistan, Turkmenistan, and Uzbekistan, has abundant comprehensive 
electric power resources such as wind power, hydropower, oil, and gas 
[16]. The natural energy resources in Central Asia are distribute in a 
scattered and imbalanced manner. For instance, Uzbekistan and 
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Turkmenistan are rich in gas while other countries have abundant hy-
dropower, wind power, photovoltaic, and biomass power [17–21]. 
Therefore, local seasonal power complementation can be found among 
Central Asian countries. For instance, Kyrgyzstan and Tajikistan, with 
abundant hydropower plants, would become power exporting countries 
in wet seasons, and they both turn into power importing countries in dry 
seasons [22]. Generally, as the integration of renewable power genera-
tion has increased in recent years, the electricity generation capacity of 
Central Asia, especially Kazakhstan, is much higher than the local con-
sumption [23]. This considerable wealth of energy resources plays a 
vital part in the international energy community, particularly sur-
rounding countries. Regionally political stability and social prosperity 
can benefit from stronger energy collaboration [24]. Under this back-
ground, Central Asia now shows great potential to export its excessive 
power to other countries. Because of the difference in the peak load and 
valley load and power generated by resources, the national intercon-
nection grids will introduce merits of improving energy efficiency, 
reducing operating costs and reusing reserve capacity [25]. Thus, 
countries with power shortages or consuming more in power generation 
can import electricity from Central Asia, which secures the sustainable 
supply and encourages the integration of low-cost renewable energy 
[26]. 

Interestingly, Pakistan in South Asia, with a large population, is 
currently developing with a high economic growth nowadays. The 
increasing demand for electric power consumption has already created 
an imbalance between electricity generation and consumption, causing 
the entire country to experience power shortages in recent years. 
Although Pakistan shows a solid will to import excessive power from 
other countries, it is infeasible to import a large amount of power from 
neighborhood countries because of the restrictions of geopolitics, reli-
gion and security [27]. Under this circumstance, the importation of a 
large amount of power from Central Asia already has shown its poten-
tial, and it is also a feasible choice for Pakistan to solve its current power 
shortage problem in the foreseeable future. 

Compared with the generation and consumption in Central Asia that 
operates locally, the complementation between Central Asia and 
Pakistan provides a broader angle because a large amount of power 
should be transmitted over long distances under this circumstance. 
However, compared with the relatively short electricity transmission 
between Pakistan and Kyrgyzstan, the electric transmission between 
Pakistan and Kazakhstan would become challenging because of the 
extremely high investment and maintenance costs for this very long- 
distance transmission. Fortunately, in recent years, the State Grid Cor-
poration of China has been upgrading of regional and intercontinental 
power grids [28]. As a Muslim autonomous region in China, Xinjiang is a 
natural geographical connection point between Central Asia and 
Pakistan. Currently, the Xinjiang power grid has upgraded the voltage 
level from 500 kV to 750 kV [29]. Since the beginning of the 21st cen-
tury, China has been searching for comparatively cheap electricity in 
Central Asia for Xinjiang. Therefore, with the help of the updated high 
voltage power grids and collaboration in renewable energy, not only can 
China guarantee social stability by the adequate power supply in the 
north-west but also serve as the hub to support high-capacity power 
transmission between Central Asia and Pakistan [30], thereby 
strengthening the regional influence [24]. In fact, the current situation 
reveals that the multinational interconnection between Central Asia and 
Pakistan has already become practical. 

1.2. Aim and contribution of the paper 

This paper aims to evaluate the possibilities of global interconnection 
by analyzing the multinational interconnections among Central Asia, 
Pakistan, and Xinjiang, China. First, the situation of electricity genera-
tion and consumption situations in Central Asia and Pakistan are 
analyzed. The growth of renewable power and hydropower shows that 
Kazakhstan, Kyrgyzstan, and Tajikistan would become power 

redundant. Furthermore, Pakistan will experience a power shortage in 
coming years, and thus natural complementation between generation 
and consumption in the two areas can be formed. Then, a new Central 
Asian power grid (NCAPG) that aims to realize multinational electric 
energy transmission between Central Asia and Pakistan was created. The 
NCAPG is restructured based on the classic CAPG that was built in the 
former Soviet Union. Through the upgrade of the Xinjiang power grid 
and the CASA-1000 plan, multiple electric energy transmission routes 
can be formed between Central Asia and Pakistan. Unlike the classic 
CAPG based on the central dispatch mode, the NCAPG considers 
voluntary participation, operational independence, and the operation 
security of the member countries. At the end of the paper, a comparison 
between the NCAPG and the intercontinental grids is given. The estab-
lishment of this wide-area multinational interconnected NCAPG may 
help readers gain a deep insight into the feasibility of the global inter-
connection in the foreseeable future. 

Contributions of this paper are summarized below.  

(i) Great complementation of generation and consumption can form 
between Central Asia and Pakistan. This indicates the opportu-
nity to establish long-distance electric energy transmission be-
tween the two areas.  

(ii) The construction of HVDC transmission lines greatly support the 
restructuring of NCAPG. This indicates that the formation of a 
modern multinational grid should be based on HVDC, which 
guarantees the transmission capacity and operational indepen-
dence of the member countries.  

(iii) The NCAPG is based on the voluntary participation, DC isolation, 
and operational security of the member countries. This provides a 
practical testbed for the realization of intercontinental and global 
grids. 

The remainder of this paper is organized as follows. In Section 2, the 
electric energy complementation between Central Asia and Pakistan is 
analyzed. In Section 3, the formation of the NCAPG is explored through 
the extension of the classic CAPG, upgrading of the Xinjiang power grid, 
and the CASA-1000 plan. In Section 4, the electric energy transmission 
inside the NCAPG is analyzed, and the comparisons between the NCAPG 
and global power grids are given. Conclusions and discussions are pro-
vided in Section 5. 

A demonstration of the multinational interconnections in Central 
Asia is shown in Fig. 1. 

2. Electric energy complementation between Central Asia and 
Pakistan 

2.1. Situation of electricity generation and consumption 

As member countries of the former Soviet Union, the electric gen-
eration and consumption of the Central Asian countries experienced a 
long period of fluctuation because of the economic collapse after the 
disintegration of the Soviet Union. Fortunately, after years of recovery, 
the electricity demand of these countries already shows a certain extent 
of recovery. Compared with the complicated situations in Central Asia, 
the electricity demand of Pakistan shows a steady increase in recent 
decades because of the feasible political and economic environment. The 
generation capacities of Central Asia and Pakistan are shown in Fig. 2 
(a)–(f), respectively. The electric power consumption of these two areas 
in recent decades is shown in Fig. 3. 

From Fig. 2 and 3, features of the generation and consumption of 
Central Asia and Pakistan can be summarized as follows. 

2.1.1. Kazakhstan 
Fig. 2 (a) shows that the electricity generation of Kazakhstan has 

increased rapidly in recent decades, and is now even higher than that of 
the former Soviet Union. The majority of the electricity generation in 
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Kazakhstan is coal power. 
In addition, the electricity generation of Kazakhstan is the highest in 

Central Asia. This also fully agrees with the economic situation of 
Kazakhstan. 

2.1.2. Tajikistan and Kyrgyzstan 
Fig. 2(b) and (c) show that these two countries strongly rely on hy-

dropower, i.e., the legacy from the former Soviet Union. After the 
disintegration of the Soviet Union, the electricity generation and con-
sumption of the two countries maintained deficient levels in recent de-
cades. In addition, power shortages frequently occur in the low-water 
seasons in the two countries. However, this situation has changed as new 
hydropower plants have been under constructed in the two countries in 
recent years. 

2.1.3. Turkmenistan 
Fig. 2 (d) shows that Turkmenistan relies entirely on gas generation 

as the country is rich in gas. The electricity generation of the country 
rapidly increased after the disintegration of the Soviet Union. Further-
more, Turkmenistan currently exports its excessive power to export to 
Iran and other countries. It should be emphasized that Turkmenistan has 
fragile energy connections with the other Central Asian countries as it 
became a genuine neutral country after the independence. 

2.1.4. Uzbekistan 
Fig. 2 (e) shows that the electricity generation of Uzbekistan is 

almost the same as that in the former Soviet Union. The majority of the 
electricity generation is gas generation. Since Uzbekistan inherited most 
of the coal-fired and gas-fired generators from the former Soviet Union, 
the country can satisfy its own demand, and it also has some excessive 
power to export over a pretty long period after the disintegration of the 
Soviet Union. 

2.1.5. Pakistan 
Fig. 2 (f) shows that Pakistan’s electricity generation generally 

comprises fossil fuel power and hydropower. However, severe power 
shortages have already occurred in Pakistan in recent years. Comparing 
the generation of Kazakhstan as shown in Fig. 2 (a), the electricity 
generation of Pakistan is almost the same as that of Kazakhstan. How-
ever, it is worth noting that the population of Pakistan is nearly ten times 
that of Kazakhstan, and the electricity consumption of Pakistan has 
already become much higher than that in Kazakhstan in recent years, as 
shown in Fig. 3. 

Under this background, the characteristics of the generation and 
consumption of Central Asian countries are summarized as follows. 

(i) Electricity generation and consumption in Central Asia are un-
balanced. Tajikistan and Kyrgyzstan currently have power 
shortage problems. Comparatively, Kazakhstan can generally 
maintain a balance, and Uzbekistan and Turkmenistan have 
redundant power to export.  

(ii) Kazakhstan and Uzbekistan, the two largest countries in Central 
Asia, currently mainly rely on fossil fuel power in electricity 
generation.  

(iii) Renewable power integration is rare in Central Asia and Pakistan.  
(iv) The power shortage in Pakistan becomes severe at present. 

Following (i) to (iv), the generation and consumption of the Central 
Asian countries generally stay the same as those in the stage of the 
former Soviet Union. Furthermore, Pakistan currently suffers from a 
power shortage. At first glance, Central Asia and Pakistan show rela-
tively weak correlations as the two areas are geographically far from 
each other. However, this situation is changing rapidly. First, 
Kazakhstan [31], Kyrgyzstan [21], and Tajikistan [32] show great in-
tentions to develop hydropower and renewable power. Thus, the three 
countries may change from experiencing power shortages to power 

Fig. 1. Multinational electric energy transmission in NCAPG.  
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surplus. Second, although Pakistan is suffering from a severe 
power-shortage problem, it has given up attempting to import power 
from neighboring countries due to political and security reasons. Under 
this circumstance, Central Asian countries become potential electricity 
import partners. However, among the five countries, Pakistan only fo-
cuses on cooperation with Kazakhstan, Kyrgyzstan and Tajikistan that 
have great intentions to export hydropower and renewable power. In 

comparison, Uzbekistan and Turkmenistan are excluded because the 
two countries lack the will to corporate by transmitting electricity to 
Tajikistan, Kyrgyzstan, and even China (which will be elaborated on in 
Section 3), although they still currently have power surpluses. Essen-
tially speaking, a new era of electric energy complementation between 
Central Asia and Pakistan is forming. 

Fig. 2. Electricity generation capacities in recent decades. (a) Kazakhstan (b) Kyrgyzstan (c) Tajikistan (d) Turkmenistan (e) Uzbekistan and (f) Pakistan.  

Fig. 3. The electric power consumption in recent decades.  
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2.2. Growth of renewable power and hydropower in Central Asia 

As a potential power exporting area, Central Asia is rich in wind, 
solar, and hydropower, although most countries still rely on conven-
tional fossil generations. In particular, the natural wind and solar re-
sources in Kazakhstan are more prosperous than those in Kyrgyzstan and 
Tajikistan. Comparatively, the distinct advantage of Kyrgyzstan and 
Tajikistan is that the two countries have abundant hydropower re-
sources even though some hydropower plants were already built during 
the time of the former Soviet Union. The newly built hydropower plants 
in Kyrgyzstan and Tajikistan are shown in Fig. 4. The wind and solar 
sources of Central Asia and Pakistan are shown in Figs. 5 and 6, 
respectively. 

Fig. 4 shows that Kyrgyzstan and Tajikistan are building the Sary-Jaz 
and Rogun hydropower stations with very high capacities, respectively 
[33–35]. Once the two hydropower projects are completed, the elec-
tricity generations of the two countries could meet the local demand; 
and thus the power shortage problems would be completely solved. In 
particular, the cascade of Sary-Jaz hydro program, with a capacity of 
237 MW, will generate 942.4 million kWh of electricity annually. 
Furthermore, the Rogun dam was designed with six hydroelectricity 
generation units with a capacity of 3600 MW. The construction of the 
two hydropower plants would essentially change the two countries from 
experiencing power shortages to power surpluses. Yet, the “side effect” 
of the redundancy of hydropower is that the two countries also reduce 
their wills to develop renewable power. 

Comparatively, since Kazakhstan lacks hydro resources, it possesses 
the ambition to develop wind and photovoltaic power generation. The 
estimated wind energy in Kazakhstan is 1.8 × 106 TWh, which is much 
higher than the country’s electricity demand (approximately 100 GWh 
annually). 

Kazakhstan was ranked 16th by the International Energy Agency in 
2007 for the per capita carbon dioxide emissions, owing to its heavy 
dependence on coal for electricity generation, with coal accounts for 
approximately 85% of Kazakhstan’s total electricity generation [36]. 
Thus, the motivation to moderate the contribution of coal and transition 
to a low-carbon development drives the reliance on renewable energy 

production. In 2009, the government of Kazakhstan promulgated “The 
Law About Support the Use of Renewable Energy Sources” [37]. The law 
plays a crucial role in clarifying the governments’ function and regu-
lating international investments to promote renewable energy in 
Kazakhstan. Furthermore, in 2013, the amended version of the law 
specified tariffs and other investment preferences for renewable energy. 
Inspired by the government’s reinforcement, Kazakhstan has now 
finished 36 renewable energy-related projects. In the same year, 
Kazakhstan approved a plan for transitioning to a green economy that 
denotes that the share of solar and wind power in total electricity pro-
duction should be not less than 3% by 2020. As this concept suggests, the 
generation capacity of alternative energy (wind, solar, hydro, and nu-
clear) should account for no less than 30% by 2030 and 50% by 2050 
[38]. 

Thus, following a package of legal amendments, 2013 to 2017 wit-
nessed a significant change in developing renewable energy in Kazak. 
Following the decree of 2013, the Financial Settlement Center was 
assigned to support renewable energy resources [39]. According to the 
operating mechanism, this center conducts centralized purchase and 
sale of renewable energy-based electric power and delivers it to the 
national grids with a guaranteed feed-in tariff for 15 years. In addition, 
renewable energy projects were placed on a list of investment projects 
that are exempt from custom duties and import VATs and receive state 
in-kind grants. Auctions for more efficient renewable technologies 
began in 2018, ensuring that the project selection process is more 
transparent and competitive and minimizing the impact on the tariffs for 
end consumers [40]. In 2020, renewable energy projects were added to 
the list of priority activities exempt from property taxes, land taxes, and 
corporate income taxes [41]. With the help of the U.S. Agency of In-
ternational Development (USAID), Kazakhstan enjoys the ability to 
safeguard the environment while modernizing the energy sector. Ac-
cording to the goals of USAID environmental programs, Kazakhstan is 
expected to strengthen its ability to manage water and other environ-
mental resources, especially the water issue with Kyrgyzstan along the 
boundaries [42]. 

The installed wind and solar generation capacity of Kazakhstan is 
shown in Fig. 7. In 2020, there were already 97 renewable energy 

Fig. 4. The newly built Sary-Jaz and Rogun hydropower plants.  
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facilities operating in the country, with a total capacity of 1260 MW, 
approximately 25% of which was wind power and 55% of which was 
solar power [43]. After implementing renewable generation, 
Kazakhstan will possess a tremendous capability to export its renewable 
power to other countries. 

Due to the tremendous renewable energy resources and also policy 
support from the government, the renewable generation in Kazakhstan 
has lower cost compared with China. Note that other Central Asian 
countries also have the potential to explore renewable energy. The cost 
of electricity generated by wind and solar in these two countries is 

Fig. 5. Wind resources of Central Asia and Pakistan.  

Fig. 6. Solar resources of Central Asia and Pakistan.  
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shown in Table 1 [44,45]. 

2.3. The obstacle of Pakistan in developing renewable generations 

Compared with the bloom of the hydropower and renewable elec-
tricity generation in Central Asia, Pakistan is facing problems in devel-
oping renewable power and even conventional fossil fuel power, and the 
country is suffering severe power shortages. These problems can be 
concluded as poor planning, management, and policy-making that lasts 
decades [46]. These problems are summarized as follows.  

(i) Challenges in developing fossil fuel power generations 

In recent decades, the electric power generation in Pakistan has 
generally relied on natural gas. However, after years of exploitation, 
Pakistan is now lacking of gas resources. It is predicted that the existing 
resources will be exhausted in 17 years [47]. In order to solve this 
problem, Pakistan has attempted to import gas from foreign countries 
through the construction of gas pipelines. However, this plan has 
already failed due to geopolitical and security risks [48]. Furthermore, 
oil, which accounts for more than one-third of all electricity generation 
in Pakistan, has to be imported due to limited domestic production. In 
2016, the local production was only 88 thousand barrels, and the local 
crude oil consumption already reached 556 thousand barrels per day 
[49]. Under this circumstance, the exceptionally high expense for im-
ports has become an economic burden for the country. In addition, it is 
worth noting that the quality of the coal mines in Pakistan is quite low, 
which restricts Pakistan from developing coal power plants [50].  

(ii) Challenges in developing renewable power generation 

Compared with conventional fossil fuel power generation, renewable 
power generation in Pakistan also faces troublesome environments. 
These problems are summarized as follows.  

(a) The lack of financial support 

Due to the lack of natural fossil resources, the Pakistan government 
offers high subsidization for crude oil and other fossil resources [51]. 
This policy dramatically lowers the generation cost of fossil fuel power 
plants and directly impedes the development of renewable energy since 
the cost of generating renewable electricity is relatively high without 
subsidization.  

(b) The lack of manufacturing capability 

The industrial manufacturing capability of renewable generators in 
Pakistan is quite low. The electrical devices of renewable generators 
must be imported, which further incurs the maintenance problems for 
newly built power plants [51–53]. This also raises the cost of the 
renewable generation.  

(c) The lack of marketing strategies 

Currently, the development of renewable generation in Pakistan is 
greatly restricted by marketing strategies, the commercial environment, 
and fair competition. The people living in rural areas show no awareness 
about the renewable energy policy [54,55]. This also weakens the 
growth of renewable power around the country.  

(d) The lack of basic infrastructures 

Limited by meteorological data, insufficient infrastructure (such as 
transmission lines in undeveloped areas), an absence of a skilled work-
force and training facilities, and organizations and cooperation, the 
construction of the renewable generations in Pakistan has already 
become challenging [56]. 

From the analysis above, renewable power generation in Pakistan is 
facing obstacles because Pakistan’s political, economic, and technical 
environments cannot provide immediate and sufficient support at 
present. 

2.4. Electric energy complementation between Central Asia and Pakistan 

Sections 2.1 to 2.3 systematically demonstrate electricity generation 
and consumption in Central Asia and Pakistan. In this area, various 
regional economic and strategic electricity transmission routes (western 
Europe-western China transport corridor, Europe-Caucasus-Central Asia 
Corridor, and One-Belt-One-Road of China) strengthen the cooperation 
among Europe, China, and Central Asia (especially Kazakhstan) [57]. 
The One-Belt-One-Road of China brings Central Asian countries oppor-
tunities to conduct bilateral and trilateral cooperation with China in the 
energy field. Inspired by this strategy, the Global Energy Interconnec-
tion Development and Cooperation Organization (GEIDCO) was estab-
lished by China in 2016 to accelerate the construction of trans-national 
and intercontinental backbone grids under green, low-carbon, and sus-
tainable developing processes [58]. The planned projects incorporating 
Central Asia and Pakistan can be witnessed in the organization’s strat-
egy. In the Central Asia region, Kazakhstan is introduced first to 
construct an 800 kV transmission project with China and then to 
Western Europe, which will finally connect Asian and European power 
grids. Furthermore, Kyrgyzstan is also incorporated to build a 500 kV 
transmission project with China, thereby excelling the complementation 
of renewable energies. As for Pakistan, the Xinjiang-Pakistan 660 kV 
transmission project is proposed to promote the development of 
Pakistan and establish Pakistan as an energy hub for renewable energy 
allocation and a base to connect China, Central Asia, and West Asia [59, 
60]. In addition, Development Bank partners (the World Bank, the Asian 
Development Bank, and the Eurasian Development Bank) have been 
supporting Kyrgyzstan and Tajikistan to construct a robust energy sys-
tem that can export their surplus hydroelectricity to the neighborhood 

Fig. 7. Renewable generation capacities in Kazakhstan.  

Table 1 
Generation cost of wind, solar and coal-fired.  

Energy type Kazakhstan ($/kWh) China ($/kWh) 

Wind 0.047 0.0819 
Solar 0.035 0.0584  
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countries, mainly Afghanistan and Pakistan via CASA-1000 project [61]. 
Under this circumstance, the complementation of electricity gener-

ation and consumption between Central Asia and Pakistan is gradually 
becoming necessary and promising, as summarized below.  

(i) Kazakhstan has ample fossil fuel power, and a large capacity of 
renewable power plants is planned in the recent future. The 
country has a firm intention and also a remarkable capability to 
export its electric power to Pakistan.  

(ii) Kyrgyzstan and Tajikistan are rich in hydropower, and the two 
countries possess power surpluses after installing new hydro-
power plants. The two countries also show their ambitions to 
export electric power.  

(iii) Pakistan is suffering a power shortage, which cannot be 
addressed in the foreseeable future. Pakistan is willing to import 
excessive power from Central Asia. 

Considering economic issues, Central Asia will benefit from export-
ing electricity to neighborhood countries. The electricity prices in Cen-
tral Asian countries and China in 2020 are shown in Table 2 [62]. From 
the table, it’s clear that the Central Asian countries provide cheaper 
electricity compared with that of Pakistan and China. Note that the 
electricity generation and consumption were already given in Section 1. 
The construction costs for the transmission line are approximately 
described in Table 3 and Table 4 [63,64].The estimated cost for HVDC 
substations is 220 million dollars [65]. 

From Tables 3 and 4, the construction cost of 660 kV HVDC Xinjiang- 
Pakistan line is the highest among all the projects due to its extremely 
long distance. 

Assume all surplus electricity (generation minus consumption) is 
exported to Pakistan and China by every Central Asia country. The 
possible benefit of every Central Asian country is shown in Table 5. The 
detailed transmission patterns will be elaborated in Section 4. 

From Table 5, Pakistan can import electricity from Kazakhstan and 
Kyrgyzstan through either China or Tajikistan. In addition, Pakistan can 
also import electricity directly from Tajikistan by CASA-1000 project. 
Further, Pakistan can also establish this import from Tajikistan by using 
China as an interchange. Against this background, China already plays a 
key role in this multi-national electricity transmission. Pakistan will 
solve its power shortage problem, and China and Central Asia will get 
benefit from electricity export. This is a “win-win” breakthrough. 

From the analysis above, the three Central Asian countries, i.e., 
Kazakhstan, Kyrgyzstan, and Tajikistan, are willing to export their 
excess power to Pakistan. Furthermore, Pakistan also shows the inten-
tion to import power from them. This can be seen as the foundation of 
the electric energy complementation between Central Asia and Pakistan. 
Under this circumstance, a key question emerges: how could such a high 
amount of electric energy be transmitted from Central Asia to Pakistan 
successfully? 

This question seems challenging at first glance as it needs in-
terconnections among power grids with high transmission capacities 
among multiple countries. Since Uzbekistan and Turkmenistan gave up 
cooperation with Pakistan, the multinational electricity transmission 
can occur among four countries, i.e., Kazakhstan, Kyrgyzstan, 
Tajikistan, and Pakistan. Furthermore, the long-distance and high- 
capacity transmission among these countries would also become chal-
lenging. In particular, electricity transmission between Kazakhstan and 
Pakistan would face the challenge of long-distance transmission, and 

electricity transmission inside the three Central Asian countries would 
also become necessary. Fortunately, these challenges can be “partially” 
solved because a multinational interconnected power grid has already 
existed in Central Asia since the period of the Soviet Union. In addition, 
the upgrade of the Xinjiang power grid; the establishment of the CASA- 
1000 project; and the expansion of the local power grid in Central Asia 
would also promote the multinational interconnection between Central 
Asia and Pakistan. These issues will be illustrated in the following 
sections. 

3. Expected multinational interconnection between Central Asia 
and Pakistan 

3.1. The collapse of the Central Asia power grid after the disintegration of 
the Soviet Union 

Central Asia is an important agricultural production area in the 
former Soviet Union. In order to make agricultural production flexible, 
the Soviet Union established the Central Asia Power Grid (CAPG), which 
connects all five countries. The geographical layout of the CAPG in the 
former Soviet Union is shown in Fig. 8. The classic CAPG is marked in a 
blue line. 

Fig. 8 shows the CAPG that was once designed as a high voltage AC 
transmission grid with coal power and hydropower plants. In order to 
fully serve agricultural production, the central dispatch model was 
applied in the CAPG. The dispatch center of the CAPG was Tashkent, i.e., 
the capital of Uzbekistan. In addition, most coal power plants in the 
CAPG are located in Uzbekistan while only two hydropower plants were 
built in Kyrgyzstan and Tajikistan. It is worth noting that the CAPG 
covers southern Central Asia because this area is the leading agricultural 
producer in the former Soviet Union. Notice that the CAPG supplies only 
a minimal area of Kazakhstan. 

Although the CAPG once played an important role in agricultural 
production, it gradually showed unavoidable problems after the disin-
tegration of the Soviet Union. These problems are shown below.  

(i) The independence of the Central Asian countries 

The former CAPG was based on an AC interconnection, which in-
dicates that strong electricity connections exist inside the countries in 

Table 2 
Electricity price for business use in five countries in 2020 (U S. Dollar per kWh).   

Kazakhstan 
($/kWh) 

Kyrgyzstan 
($/kWh) 

Tajikistan 
($/kWh) 

Pakistan 
($/kWh) 

China 
($/kWh) 

Electricity 
Price 

0.054 0.03 0.0561 0.151 0.098  

Table 3 
The construction cost of transmission lines in different voltage levels.  

Voltage level 500 kV 660 kV 800 kV DC [66] 
Cost (106 $/km) 0.95 1.91 0.65  

Table 4 
Projects and construction costs.  

Projects Length (km) Cost (109 $) 

CASA-1000 1227 1.17 
Kazakhstan-Xinjiang 371 0.46 
Kyrgyzstan-Xinjiang 495 0.47 
Xinjiang-Pakistan 891 1.67  

Table 5 
Electricity transmission patterns and benefits.  

Exporter Importer Transmitted electricity (TWh) Benefits (109 $) 

Kazakhstan China 
Pakistan 

3 
3 

0.132 
0.291 

Kyrgyzstan China 
Pakistan 

1 
1 

0.680 
0.121 

Tajikistan China 
Pakistan 

2 
2 

0.084 
1.898  
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Central Asia. However, after the disintegration of the Soviet Union, such 
strong interconnections and the central dispatch modes collapse due to 
political conflicts among these countries. The CAPG also split into 
several parts under this background. 

Since Turkmen disconnected from the CAPG in 2003, its power grid 
gradually started working in parallel with Iran. In 2009, Uzbekistan and 
Kazakhstan both declared that they were quitting the CAPG [67], and 
Tajikistan’s power system was also operating in isolation from Central 
Asia [68]. Thus, the CAPG on longer existed. In addition, Turkmen and 
Uzbekistan showed more interest in electricity cooperation with 
Afghanistan. The Asia Development Bank proposed the “Turkmenista-
n-Uzbekistan-Tajikistan-Afghanistan-Pakistan” (TUTAP) interconnec-
tion concept, which directly connects Turkmen, Uzbekistan, and 
Tajikistan to Afghan [69]. Uzbekistan and Afghanistan intended to 
construct a new a 500 kV Surhan – Pul-e Khomri overhead transmission 
line to ensure the stable connection of the Afghan grid to the Uzbekistan 
grid [70]. In 2018, based on the TUTAP concept, a framework regarding 
the proposed Turkmenistan-Afghanistan-Pakistan (TAP) interconnec-
tion project was agreed upon and signed [71]. Turkmenistan and 
Afghanistan are already trading power through the 500 kV line from the 
Atamyrat substation (Turkmenistan) to the Andkhoy substation 
(Afghanistan) [72]. Thus, these two countries, Uzbekistan and 
Turkmenistan, can transmit electricity to Afghanistan and even Pakistan 
directly rather than via longer transmission paths through Tajikistan, 
Kyrgyzstan, and China.  

(ii) The aging of the electricity equipment in the CAPG 

Due to the lack of maintenance after the disintegration of the Soviet 
Union, the aging of electricity equipment is also becoming a threat to the 
safe operation of the CAPG. For instance, the electric energy loss of the 

high voltage transmission grid in some countries may even reach 20% 
[73], which incurs great transmission loss in daily grid operation. 

From the analysis above, the collapse of the CAPG essentially ter-
minates the ability to transmit electricity between Central Asia and 
Pakistan. The classic CAPG can only connect Kazakhstan, Kyrgyzstan, 
and Tajikistan at the current stage. Since the three countries possess 
power surplus due to the newly built renewable and hydropower plants 
in recent years, the long-distance and high-capacity transmission from 
the three countries to Pakistan has already become urgent at present. 
Therefore, the classic CAPG should be restructured and extended to 
realize the complementation between the two areas. In fact, the exten-
sion of the local grids inside Kazakhstan, Kyrgyzstan, and Tajikistan 
already provides support for the multinational interconnections. In 
addition, the upgrade of the Xinjiang power grid and the HVDC pro-
gram, i.e., the CASA-1000 between Kyrgyzstan and Tajikistan, would 
play an essential role in this multinational electricity transmission. 

3.2. Restructuring of the CAPG 

3.2.1. The extension of the local grids in Central Asia 
Kazakhstan, Kyrgyzstan, and Tajikistan focus on satisfying their local 

demands after the disintegration of the Soviet Union. The three coun-
tries reduced their reliance on the CAPG through the upgrade and 
extension of their local grids. The changes in the local grids in the three 
countries are given as follows.  

(i) A 500 kV main grid that connects the north and south (as in 
Fig. 8) was built in Kazakhstan. The local power grid of 
Kazakhstan is already independent as it does not rely on the 
electricity import from Russia. 

Fig. 8. The CAPG in the former Soviet Union.  
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(ii) Additionally, a 500 kV loop power grid (Tajikistan-Kyrgyzstan 
grid, as in Fig. 8) was built in Tajikistan and Kyrgyzstan. This 
makes the power grids in the two countries more closely con-
nected than those in the former Soviet Union.  

(iii) The Tajikistan-Kyrgyzstan grid is already connected with 
Kazakhstan, making the power transmission among the three 
countries more flexible than that in the former Soviet Union. 

The extension of the local grids in the three countries can be seen as a 
foundation of the multinational transmissions between Central Asia and 
Pakistan because these local grids essentially provide flexible electricity 
transmission inside these countries. In fact, except for the infrastructure 
in recent decades, the local power grids also have “interfaces” with the 
neighborhood grid, i.e., the Xinjiang power grid. These two planned 
multinational transmission lines [74] are shown in Fig. 8. The detailed 
parameters are shown in Table 6. The local power grids in the three 
countries will connect with the Xinjiang power grid when the two 
multinational transmission lines are put in use. The connection between 
Central Asian countries and Xinjiang, China can be seen as an “alter-
native” electric energy transmission route to Pakistan. 

3.2.2. The upgrade of the Xinjiang power grid 
Xinjiang, China can be seen as a natural economic and political 

connecter among Kazakhstan, Tajikistan, Kyrgyzstan, and Pakistan as it 
is adjacent to the four countries. Therefore, the Xinjiang power grid has 
the potential to transmit power from Central Asia to Pakistan. However, 
since Xinjiang has suffered a power shortage in recent decades, the 
Xinjiang power grid was once treated as a regional power grid that only 
satisfies the local demand. In the 1990s, power grid connections were 
generally located around Urumqi, i.e., the capital of Xinjiang, and the 
grid voltage level remained at 110 kV. 

In order to satisfy the increasing demand, three transmission projects 
were accomplished, and the Xinjiang power grid was upgraded to 220 
kV at the beginning of this century [75], as shown in Fig. 9. After the 
upgrade, electric power can be transmitted from north to south suc-
cessfully, and thus the isolation problems of the power grid in Xinjiang 
were completely solved. In 2010, with the increase in the demand for 
electricity, the bottleneck of transmission occurred again as the previous 
220 kV transmission grid already reached its capacity limit. Based on the 
policy and financial support to the Muslim regions from the Chinese 
government, the Xinjiang power grid was upgraded again by the State 
Grid Corporation of China. During this upgrade, the 750 kV AC trans-
mission grid was finally established. The geographical layout of the 750 
kV transmission grid is shown in Fig. 9. 

As shown in Fig. 9, the Xinjiang power grid plays a role in connecting 
Central Asia and Pakistan. As the analysis in Section 3.2.1 shows, the 
local grid in Kazakhstan and Kyrgyzstan will be associated with the 
Xinjiang grid through high voltage DC transmission lines, as shown in 
Fig. 8. Under this circumstance, Kazakhstan intends to export its excess 
power to Pakistan through the Xinjiang power grid by using the 
Kyrgyzstan-Xinjiang HVDC line. Moreover, a 660 kV HVDC transmission 
line between Xinjiang, China and Pakistan is already being planned, as 
shown in Fig. 8. This will significantly support electric energy trans-
mission between Central Asia and Pakistan. In addition, redundant 
electric energy in Xinjiang could also be transmitted to Pakistan. 

3.2.3. The CASA-1000 project 
In 2006, Tajikistan, Kyrgyzstan, Afghanistan, and Pakistan agreed to 

establish a cross-border electricity transmission grid designed to be a 
1400 km high voltage DC project. The project was funded by several 
investors, i.e., the World Bank, the European Investment Bank, and the 
Islamic Development Bank. The CASA-1000 connects Tajikistan and 
Kyrgyzstan with Pakistan [76]. The benefits of the CASA-1000 project 
can be summarized as follows.  

(i) The electricity generated by the Rogun hydropower plant with a 
3.6 GW capacity in Tajikistan could be exported to Pakistan 
through CASA-1000.  

(ii) The electricity generated by Sary-Jaz and other hydropower 
plants in Kyrgyzstan can be exported to Pakistan through CASA- 
1000.  

(iii) The excess electric energy from Kazakhstan can be transmitted to 
Tajikistan by using the Tajikistan-Kyrgyzstan grid and then 
further exported to Pakistan through CASA-1000. 

The electric energy transmission from Tajikistan and Kyrgyzstan to 
Pakistan is shown in Fig. 10. Note that electric power can be transmitted 
to Pakistan through the Kyrgyzstan-Xinjiang HVDC line, as shown in the 
figure. 

From Fig. 10, CASA-1000 plays a very important role in transmitting 
electric energy from Tajikistan and Kyrgyzstan to Pakistan. Although the 
transmission capacity of CASA-1000 (1300 MW) is quite similar to that 
between Kyrgyzstan and Xinjiang (1000 MW) as shown in Table 6, the 
length of CASA-1000 is much shorter. This would be more flexible for 
electricity transmission. Therefore, CASA-1000 can be seen as the main 
corridor to transmit a large amount of excess hydropower from 
Tajikistan and Kyrgyzstan to Pakistan rather than the Kyrgyzstan- 
Xinjiang HVDC line. 

From the analysis above, inheriting the former CAPG, the extension 
of the local power grids in Kazakhstan, Tajikistan, and Kyrgyzstan makes 
the multinational electric energy transmission feasible. Furthermore, 
based on the upgrade of the Xinjiang power grid and CASA-1000, the 
excess electric energy in the three countries can find the main routines to 
transmit a large amount of power to Pakistan. Under this background, a 
completely new CAPG (NCAPG) that connects the three Central Asian 
countries; Xinjiang, China and Pakistan is forming, greatly promoting 
the economic growth of the three areas in the foreseeable future. 

4. New CAPG (NCAPG) with multinational interconnections 

4.1. Electric energy transmission inside the NCAPG 

Based on the analysis in Section 3, the geographic layout of the 
NCAPG is shown in Fig. 8. 

The NCAPG connects three Central Asian countries; Xinjiang, China 
and Pakistan via four transmission lines (i.e., the Kazakhstan-Xinjiang 
800 kV DC line, the Kyrgyzstan-Xinjiang 500 kV DC lines, the 
Xinjiang-Pakistan 660 kV DC lines, and CASA-1000 connecting 
Kyrgyzstan, Tajikistan, and Pakistan). 

China and Pakistan have signed a long-term plan for the China- 
Pakistan Economic Corridor (2017–2030), where the energy part ad-
vocates for the strengthened cooperation of energy resources and power 
grids. In addition, promoting the construction of power generation 
projects and power transmission networks should also be given suffi-
cient attention [77]. 

Associated with the ±660 kV China-Pakistan high-voltage direct 
current (HVDC) transmission line, the Matiari-Lahore project started 
construction in December 2018 and is expected to be put into com-
mercial operation in 2021 with the capacity to transmit 4000 MW of 
electricity [78]. This transmission line will then be the backbone 
channel of the new power grid connecting southern and northern 
Pakistan, bringing stability to the country’s power system [79]. The 
brown line without shading denotes this Matiari-Lahore project of the 
entire China-Pakistan project in Fig. 10. 

Table 6 
Interconnections between central Asia and Xinjiang.  

Country (region) 
sending elec. 

Country (region) 
receiving elec. 

Voltage 
level (kV) 

Transmission 
capacity (MW) 

Kazakhstan Xinjiang 800 3000 
Kyrgyzstan Xinjiang 500 1000  
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Kyrgyzstan is now moving fast, pursuing independence from the 
adjacent grids with other Central Asia countries. In August 2015, the 
construction of the 500/220/35 kV Dakta substation and Kemin sub-
stations in the southwest and northeast, respectively, was completed. 
The 500 kV transmission line between these two regions was also 
established simultaneously, benefiting Kyrgyzstan in transmitting elec-
tricity from the southwestern part to the northeastern part of the 
country, independent of routing through Uzbekistan [80]. Moreover, 
according to the Asia Development Bank’s report, issued in September 

2016, Kyrgyzstan is also expediting the construction of 500 kV 
high-voltage transmission lines, including Kemin-Almaty, Kyrgyzstan--
China (the black line linking Kyrgyzstan and China in Fig. 10), and 
Datka-Khujand lines (one part of the CASA-1000 project). 

Another 500 kV HVDC transmission line under the CASA-1000 
project, which is mainly routed through Afghanistan, initializing at 
Tajikistan and ending at Pakistan, entered the construction phase in 
December 2017 [81]. Because the project consists of the AC line mainly 
in Tajikistan and the DC line in the other two countries, three convertor 

Fig. 9. Extension of the transmission lines in Xinjiang.  

Fig. 10. Electric energy transmission through CASA-1000.  
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stations, shown as white dots in Fig. 10, will also be involved. The 
projected target date of the completion of this project is estimated in 
March 2023 [82]. 

As shown in Fig. 10, the lines of the CASA-1000 project with red 
shading and blue shading are the HVAC and HVDC transmission lines 
under construction, respectively, while the line without shading depicts 
the completed Datka-Kemin project. 

The routine of the electric energy transmission is shown in Table 7. 
From Table 7, multiple transmission routes can be planned between 

Central Asia and Pakistan through the NCAPG. The four DC transmission 
lines play critical roles in these multinational electric energy 
transmissions. 

Based on the analysis above, the differences between the NCAPG and 
the classic CAPG are summarized as follows. 

(i) The NCAPG is formed by the three Central Asian countries; Xin-
jiang, China and Pakistan, without the participation of 
Turkmenistan and Uzbekistan. The electricity supply area of the 
NCAPG is much larger than that of the classic CAPG, and the 
NCAPG is a genuine multinational transmission grid.  

(ii) The NCAPG is based on HVDC connections, and the energy 
transmission entirely relies on commercial contracts. Therefore, 
the electric connections among member countries are quite weak. 
This is altogether different from the centralized dispatch mode in 
the classic CAPG.  

(iii) The NCAPG aims to solve the power shortage in Pakistan through 
long-distance electric energy import from Central Asia. This is 
essentially different from the classic CAPG that simply serves 
local agricultural production in Central Asia. 

Essentially, the NCAPG is an improvement due to its higher voltage 
level, larger transmission capacity, and longer transmission distance. 
Furthermore, the NCAPG covers a much larger area than the classic 
CAPG. Considering the voluntary participation, operation independence 
and operational security of the member grids, the profits of each 
member country in the NCAPG can be guaranteed. The NCAPG can be 
seen as the first multinational-level interconnected grid worldwide that 
would be put in use. 

4.2. Comparison between the NCAPG and global grid 

On a continental scale, Europe is at the forefront in terms of power 
system integration through transmission interconnection. Except for the 
intercontinental interconnectors in Europe, most existing interconti-
nental projects or planned projects also face challenges and obstacles, as 
shown in Table 8. The geographical layouts of these intercontinental 

projects are shown in Fig. 11. 
Table 8 and Fig. 11 show that compared with the existing intercon-

tinental projects and the projects being planned, the NCAPG has 
distinctive advantages, and they are given as follows.  

(i) Fair participation: The formation of the NCAPG is based on the 
voluntary nature and independence of the participants. This 
guarantees a fair and safe political environment of the NCAPG.  

(ii) Strong intentions of the electric energy transmission: The NCAPG 
is used as the platform to realize a large amount of electric energy 
transmission between Central Asia and Pakistan. The natural 
complementation between the two areas makes electric energy 
transmission flexible.  

(iii) Sufficient infrastructure investments: The NCAPG is invested in 
by not only local government but also the World Bank and Islamic 
Development Bank. The promising profits from the NCAPG make 
the infrastructure of the NCAPG practical.  

(iv) Multiple transmission routes: Electric energy transmission may 
occur through multiple transmission routes. This fully ensures the 
transmission security and operational safety of the NCAPG. 

From the analysis above, based on these distinctive advantages, the 
NCAPG has become the most practical multinational interconnection 
grid in the world at present. Compared with existing intercontinental 
grids, the NCAPG has multiple electric energy transmission routes with 
high transmission capacities between Central Asia and Pakistan, 
although it is a “multinational” interconnection. The geographical lay-
outs of the interconnected grids are shown in Fig. 11. The figure shows 
that the size of the NCAPG is even larger than some intercontinental 
grids [11]. Therefore, the NCAPG is a representative testbed to validate 
the feasibility of the concept of a global power grid that is planned for 
the foreseeable future. 

5. Conclusion 

This paper evaluates the feasibility of the multinational in-
terconnections among Central Asia; Xinjiang, China; and Pakistan. This 
shows that complementation of generation and consumption can be 
found between Central Asia and Pakistan. Restricted by the obstacle of 
developing renewable power generation, Pakistan naturally becomes a 
power importing country that receives excessive renewable power and 
hydropower from Central Asia. This study shows that the updated 

Table 7 
Routines of electric energy transmission inside the NCAPG.  

Starting point Ending point Routine 

Kazakhstan Pakistan >Kazakhstan-Xinjiang HVDC line 
>Xinjiang power grid 
>Xinjiang-Pakistan HVDC line 

Kazakhstan Pakistan >Kazakhstan grid 
> Tajikistan-Kyrgyzstan 500 kV AC grid 
>CASA-1000 

Kazakhstan Pakistan >Kazakhstan grid 
> Tajikistan-Kyrgyzstan 500 kV AC grid 
>Kyrgyzstan-Xinjiang HVDC line 
>Xinjiang grid 
>Xinjiang-Pakistan HVDC line 

Kyrgyzstan Pakistan >CASA-1000 
Kyrgyzstan Pakistan >Kyrgyzstan-Xinjiang HVDC line 

>Xinjiang grid 
>Xinjiang-Pakistan HVDC line 

Tajikistan Pakistan >CASA-1000 
Tajikistan Pakistan >Tajikistan-Kyrgyzstan 500 kV AC grid 

>CASA-1000  

Table 8 
Existing intercontinental projects and the projects being planned.  

Project Participants Situations 

EuroAsia 
interconnector 

Greece 
Cyprus 
Israel 

Operate normally 

MENA Middle East and 
North Africa 

Fail due to political reasons (Arab 
spring revolution) 

Egypt-Saudi Arabia 
interconnector 

Egypt 
Saudi Arabia 

Under consideration 

Iceland-Great Britain 
interconnector 

Iceland 
Great Britain 

Fail due to the increasing electricity 
price in Iceland 

SIEPAC Central American 
countries 

Operate normally 

ASEAN China 
Japan 
Mongolia 
North and South 
Korea 
India 

Fail due to geographical challenges 
(mountains and large bodies of 
water), market conflicts, and power 
sector regulations 

NCAPG Kazakhstan 
Kyrgyzstan 
Tajikistan 
China Xinjiang 
Pakistan 

Under consideration  
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Xinjiang power grid would play a vital role in connecting Central Asia 
and Pakistan. In addition, CASA-1000 would become quite essential to 
transmit the redundant hydropower from Kyrgyzstan and Tajikistan to 
Pakistan. Based on the recently constructed HVDC lines, multiple elec-
tric energy transmission routes can be found in the NCAPG, which are 
partly inherited from the classic CAPG. Unlike the classic CAPG that 
relies on central dispatch mode, the NCAPG is based on the voluntary 
participation, operation independence, and operation security of the 
member grids. Compared with existing intercontinental grids, the 
NCAPG has multiple electric energy transmission routes with high 
transmission capacities between Central Asia and Pakistan. The NCAPG 
may provide a practical testbed and help system engineers gains deeper 
insights into the feasibility of the intercontinental or even global grid in 
the foreseeable future. 
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