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This note reviews academic research models and reports the selection of an appropriate 
model that can quantify the benefits of regional power connectivity in the region of 
China’s Belt and Road Energy Partnership. A top-down macro model is more suitable for 
assessing the influence of power connectivity. In contract, a bottom-up model reflecting 
technical characteristics is recommended for measuring the impact of national 
investment in power facilities on energy structure transformation. 

I. Introduction 

Energy cooperation is one of the most significant aspects 
of China’s Belt and Road Initiative, as demonstrated by the 
establishment of the Belt and Road Energy Partnership 
(BREP). Electricity demand is growing rapidly in the region 
of the BREP, and its growth will continue in the future, im-
plying a need for rapid expansion of the electricity supply 
(Timilsina & Toman, 2016). However, the region has expe-
rienced high energy inequality (Hafeez et al., 2019). This 
energy inequality not only will continue to adversely affect 
economic and social development, but also will negatively 
affect the environment and, thus, sustainable development. 

The BREP focuses on energy transformation and green 
development. Several studies have explored the impact of 
power energy interconnection in the region. The China Pak-
istan Economic Corridor, a mutually beneficial and win–win 
pilot project between China and Pakistan, has led to huge 
projects for the generation of electricity to solve the severe 
electricity shortage. Seven power generation projects are 
coal-based power plants, which cause greenhouse gas emis-
sions; advanced technology is thus advised to control these 
emissions (Solangi et al., 2018). China–Myanmar energy 
projects have achieved positive results, and the two sides 
are committed to renewable energy cooperation. Both sides 
are technologically and economically complementary to 
each other in the transition toward a clean, economic, and 
reliable energy system (Yang et al., 2021). However, analyt-
ical models are lacking in renewable energy cooperation re-
garding multilateral energy interconnections in the context 
of the BREP. Besides, Bashir et al. (2020) note that countries 
with lower regulatory constraints or a smaller institutional 
distance are more appealing to foreign investment. How-
ever, measurement of the extent to which investment in 

power resources has contributed to the transition to green 
energy is still an unavoidable problem. 

A total of 30 countries are involved in the BREP, each 
economy with a different level of development. To support 
power system connectivity and attract investments to pro-
mote the energy transition, we need a suitable model to 
estimate the potential benefits of regional power system 
connectivity. A significant amount of theoretical work has 
been conducted to confirm the potential benefits of regional 
power system connectivity. Studies target different regions 
and use various modeling tools to quantify the benefits. To 
provide model assessments in the future, a better under-
standing of how these benefits have been or could be quan-
tified is necessary (Van Beeck, 2000). Therefore, this note 
aims to select an appropriate analytical model to quantify 
the benefits of power interconnection in this region. 

II. Methodology 

This note reviews the models in academic research and 
reports that quantify the benefits of regional power con-
nectivity. Since it is difficult for bilateral connectivity to 
reflect regional characteristics, only models covering more 
than three countries are included. In addition, considering 
the diversity of energy cooperation benefits, this note only 
analyzes models whose output involves at least two of the 
aspects of the economy, society, resources, and the envi-
ronment. Based on Van Beeck’s (2000) division of energy 
models, this note analyzes the main characteristics of these 
models, including their geographical coverage, analytical 
approach, underlying methodology, and time horizon. 
Then, the models are matched in terms of their need to 
evaluate the benefits of power connectivity in countries 
along the Belt and Road region. The implications of the 
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Table 1. Characteristics of model 

Model Name Reference 
Geographical 
Coverage 

Analytical 
Approach 

The 
Underlying 
Methodology 

Time 
Horizon 

Output 
Category 

1 

Multi-country 
Multi-sector 
General 
Equilibrium 
Model 

(Abrell & 
Rausch, 2016) 

Europe Top-down 
General 
equilibrium 

Single time, 
yearly 
average 

Economic, 
Environment 

2 
Economic 
Dispatch Model 

(Adeoye & 
Spataru, 2020) 

West Africa 
Bottom-
up 

Simulation, 
Optimization 

Short, 
Medium, 
and longer 
terms for 
2030 

Economic, 
Environment, 
Resource 

3 MENA Model 
(Aghahosseini 
et al., 2016) 

Middle East 
and North 
Africa 

Bottom-
up 

Optimization Annual 
Economic, 
Resource 

4 
NATGRID 
Model 

(Chattopadhyay, 
2013) 

India, 
Bhutan, 
Nepal, Sri 
Lanka 

Bottom-
up 

Optimization 

Long term, 
Single year 
scenario 
comparison 

Economic, 
Environment 

5 

Regional 
Energy 
Interconnection 
Model 

(Jiang et al., 
2019) 

ASEAN 10 Top-down Simulation Year 2050 

Economic, 
Environment, 
Social, 
Resource 

6 
Multi-region 
Power System 
Model 

(Otsuki et al., 
2016) 

China, Japan, 
Korea, Russia 

Bottom-
up 

Optimization 

Minimize a 
single-year 
overall 
system 
cost 

Economic, 
Environment 

7 

Day-ahead 
Market Model 
& Intraday 
Market Model 

(Purvins et al., 
2020) 

Europe and 
Central Asia 

Top-down Optimization 

Medium, 
day-ahead 
for the 
entire 
2040 

Economic, 
Environment 

8 

Inter-temporal 
or Dynamic 
Optimization 
Model 

(Timilsina & 
Toman, 2016) 

South Asia 
Bottom-
up 

Optimization 
Long-term, 
2015-2040 

Economic, 
Environment, 
Resource 

9 
Europe and 
China Model 

(Wu & Zhang, 
2018) 

Europe and 
China 

Bottom-
up 

Optimization Seasonal 
Economic, 
Resource 

model characteristics are explained below. 
Geographical coverage refers to the area covered by the 

model, which reflects the level of the model’s analysis. Ge-
ographical coverage usually affects the model structure and 
data usage. Models that focus on regional and country levels 
typically require aggregated data, whereas local and project 
models use disaggregated data. 

The analytical approach can be classified as either top-
down or bottom-up. The bottom-up model mainly describes 
the technology by using technology-related data, to reflect 
the potential of the technology in engineering research. 
The top-down model is effectively an economic model that 
can be used to forecast revenue, using aggregated data but 
not including the details of energy technologies. 

The underlying methodology includes the economic 
equilibrium, optimization, and simulations. The economic 
equilibrium considers energy as one sector of the overall 
economy and analyzes its linkages with other sectors. Opti-
mization obtains the optimal solutions of related problems 
through input constraint variables. Simulations are based 

on the system’s logic to reproduce the actual situation. 
The time horizon is either short, medium, or long term. 

The single-year model is set in a current or future year, em-
bedding considerable temporal and technical details. It as-
sumes no change in the capital structure and focuses on the 
operation of the system. On the other hand, a long-range 
model has a long timeframe and analyzes the evolution of 
the system’s structure. It is used to study issues such as en-
ergy system transformation. 

This note also analyzes the input and output categories 
of the model. The different output results are an important 
basis for the model selection of decision makers. 

III. Results 

This note analyzes nine models, which cover parts of 
the Belt and Road Initiative, mainly including countries in 
Asia, Europe, and Africa. The analysis results the model 
are shown in Table 1. The key inputs of the model are not 
shown in the table. 
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Six models (2 to 4, 6, 8, and 9) are analyzed in a bottom-
up approach, encompassing many characteristics of the 
technologies involved, including energy demand, renew-
able energy generation, energy storage, and energy trans-
portation. Seven models (2 to 4 and 6 to 9) adopted an op-
timization whose analytical results are directly determined 
by the inputs. In addition, as a result of the various goals 
set, each model had a different time horizon. In terms of 
output, each model reports various economic indicators, in-
cluding costs and trade. Most models (1, 2, and 4 to 8) re-
port environmental indicators that are mainly reductions in 
emissions. Some models (2, 3, 5, 8, and 9) report resource 
indicators, such as energy capacity. However, only Model 5 
reports the social impact of power connectivity, including 
employment and access to energy. 

According to the above analysis, the evaluation of the 
benefits of power connectivity in the BREP should include 
the following aspects. First, the model should be capable 
of measuring the economic and environmental benefits 
brought about by power connectivity to the cooperative 
countries. Second, the model should be able to evaluate 
whether power connectivity can improve people’s liveli-
hood. Third, the model should measure the impact of na-
tional investment in power facilities on energy structure 
transformation. The first point can be achieved through a 
general model. The second point requires a top-down 
model to assess the social benefits of connectivity. The third 
point requires a bottom-up model to assess the impact of 
investment-induced technological progress on economic 
indicators. 

In terms of model construction, to assess the economic 
benefits of technological change, Model 4 uses unit-level 
details to examine changes in generating capacity, distinct 
from the peak generating capacity generator assumptions 
of most models. The key inputs to Model 4 include addi-
tional hydropower output, avoided fuel costs, the cost of 
operating reserves, the marginal costs of generation, the 
expected unserved energy level, grid reinforcement costs, 
and coal capacity. Outputs include economization (fuel cost 
savings, potential reduction in unserved energy, the facili-
tation of power trading) and environmental indicators (e.g., 
in terms of CO2 reduction). The model is based on a single 
linear programming model that is easy to operate and can 
be used to analyze cross-border power connectivity in other 

regions. 
To evaluate social benefits, Model 5 adopts a top-down 

analytical approach to reflect the relation between the 
power system and other economic sectors. It evaluates con-
nectivity-driven employment through input indicators re-
lated to the population and the economy. The operation 
process of this model is also transparent, and the data can 
be directly replaced for use. 

IV. Recommendations 

We suggest the following, based on the analysis above. 
Since the redevelopment of models requires significant time 
and financial resources, we recommend that countries 
within the BREP improve upon existing mature models to 
quantify the benefits of regional power connectivity. Be-
cause top-down models are more suitable for predictive ap-
plications, a top-down macro model can be used to study 
the social impact of interconnection and to evaluate 
whether power connectivity can improve people’s liveli-
hood. Simultaneously, to measure the impact of national 
investment in power facilities on energy structure transfor-
mation, a bottom-up model reflecting technical character-
istics can be used for the analysis. Therefore, the analysis of 
the benefits of power connectivity in the Belt and Road re-
gion should not be limited to one model. We suggest that 
analysts select models appropriate to the research needs of 
each economy. 

The limitations of this note are mentioned to spur fur-
ther research. This note did not consider the operating costs 
of the model or the availability of data. In addition, a con-
sideration of institutional factors in analyzing the benefits 
of power connection is beyond the scope of this note. 
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