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China Electric Power Planning & Engineering Institute (EPPEI) is a national-level high-end consulting institute
with a history of 70 years. EPPEI creates values for its industry partners by innovating technical solutions and
drawing up forward-looking strategies, and also assists government to navigate clean energy transition by
translating long-term energy targets into actionable plans.

of Proven Track Record70 years
Government
Authorities

Financial 
Institutions

Energy 
Enterprises

Industrial Policy

Development Strategy

Development Planning

New Technology

Project Evaluation

Consulting & Technical Services

Profile of EPPEI



Copyright @ EPPEI 2024. Confidential & Proprietary.

ü Planning studies for nation- and regional-level renewable energy
development and integration optimization.

ü Planning studies for WEST-EAST clean energy corridors in China (Multi-GW
clean energy bases transmitted to the east based on HVDC/HVAC technologies ).

ü Technical and policy research for improving power system flexibility,
including thermal power plants retrofit, optimization of transmission and dispatch, and
demand side management, etc.

ü Research on innovative solutions for integrated energy systems with high-
penetration of VRE.

ü Establish a comprehensive monitoring and evaluating system for VRE
consumption and utilization in national, provincial and local level, respectively.
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“A Leading Taskforce Supporting 
Energy and Power Green Transition”



Copyright @ EPPEI 2024. Confidential & Proprietary.

C o n t e n t s
01

02

03

Technical Solutions for VRE Planning & Integration Study

Overview of VRE Development in China

Application Experiences



Copyright @ EPPEI 2024. Confidential & Proprietary.

2920
GW

China's Power Generation Mix by 2023 China's Renewable Power Capacity in 2018-2023

2018 2019 2020 2021 2022 2023
Po

w
er

 C
ap

ac
ity

风电 Wind 光伏 PV 水电 Hydro 抽蓄 Pumped Storage

煤电
Coal

水电
Hydro

风电
Wind

光伏
Solar

I. Overview of VRE Development in China

Renewable energy (wind, solar and hydro) has become an important part of China’s generation mix. China’s
renewable energy has been on the fast track for the past few years, with average annual growth rate exceeding 10%. The
total installed capacity of renewable energy reached nearly 50% of the overall generation fleet.
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China has become an important engine for the green transformation of global energy sector. The installed capacity of
wind power, solar power and hydropower accounted for 42%, 44% and 29% of the world respectively, ranking first in the world.
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I. Overview of VRE Development in China
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Non-synchronousUncertaintyVariability Location constrained

System stability Issues• Demands for high reserves
• Peak load regulation needs

• System flexibility inadequacy
• Reduce system firm capacity

Transmission Capacity 
inadequacy

Fast change of power 
production 

Impossible to perfectly 
forecast the VRE 
production

More power electronics 
devices decouple the power 
source from grid dynamics.

VRE resources are not always 
geographically aligned with 
the power consumption

Long distance

Challenges Faced by VRE Integration

Unlike traditional power generations, VRE have distinct characteristics and large-scale development of renewable energy
will reshape the power system in multiple dimensions. It is necessary to pinpoint potential risks, identify challenges, and
propose solutions to ensure the stable and economic operation of the power system.

I. Overview of VRE Development in China
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GENERATION

Reinforcement of grid structure

Inertia measurement and 
enhancement

Re-rating hydro plants

Dynamic reactive power 
compensation

TRANSMISSION

Control strategies and system 
parameters optimization

Pumped hydro storage

Flexibility retrofit of thermal units

Economic 
evaluation

Recursive 
optimization

Battery storage 

I. Overview of VRE Development in China

Multiple Measures to Enhance Power Flexibility
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Systematic Approach for VRE Study

The VRE study refers to resource evaluation and demand analysis, power and grid expansion, and comprehensive solutions
for VRE integration and benefit evaluation. It is necessary to uphold systematic thought, comprehensively consider multiple
factors, coordinate planning research, and promote harmonious development of source, grid, load and storage.

II. Technical Solutions of VRE Planning & Integration Study
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Green Power System Modeling and Simulation Toolbox

According to the characteristics of power system of developing countries and experiences accumulated in China's power
planning research, EPPEI has developed green power system modeling and simulation toolbox, which includes renewable
energy resources evaluation, production simulation & economic evaluation, power system stability analysis and integrated
energy system analysis.

II. Technical Solutions of VRE Planning & Integration Study
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Transportation/Grid 

Wind/solar resources

Land use

Altitude

Protected areas

Population density

Resource assessment and evaluation

Component I: Evaluation of VRE resources and site selection

Resources evaluation is based on a multi-factor GIS-based approach, which synthesizes the meteorological data,
infrastructure data and land data to find potential lands for VRE deployment and the maximum potential of VRE development.

II. Technical Solutions of VRE Planning & Integration Study
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Component I: Evaluation of VRE resources and site selection

Binary 
Factors Combination Admissible 

Coordinates

Complete 
mapOptimizationContinuous

Factors

SelectionPreselection of 
VRE sites

Analysis of grid 
infrastructure

Outcomes of 
VRE site 
selection

• Land use
• Altitude
• Protected areas
• Environmental factors
• …

• VRE potentials
• Meteorological data
• …

GIS-based approach

• High-voltage transmission line
• Substations and the equipment
• Safety distance
• …

Site selection

• Data for site selection comprises various inputs,
including binary and continuous factors.

• Binary inputs are combined to select admissible
coordinates, while continuous inputs are used to
optimize suitable sites.

• The whole GIS process will lead to a complete
map which covers all regions with relevant
parameters for selection.

II. Technical Solutions of VRE Planning & Integration Study
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Component II: Framework for VRE Integration and Transmission Study

Scenarios construction

System expansion analysis

Identification of risks and challenges

①

②

③

A four-step approach for the study

Economic evaluation 

A three-step approach has been developed to establish the framework for VRE integration and transmission study:

II. Technical Solutions of VRE Planning & Integration Study
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• Production Simulation to understand the economic consequences of different generation mixes, grid transmission
capacities, and dispatching methods.

• Stability Analysis to verify the feasibility of proposed integration plan and to check the effects of stability enhancement
measures.

Production Simulation 

Stability Analysis 

① The maximum/minimum 
transmission capacity 
between different regions 

……Scenario 
1 

Scenario 
2 

Scenario 
N 

② Calculate curtailment rate 
of RE power generation 
under different installed 
capacity  

③ Check the 
scenarios which 
meet the 
requirement of   
curtailment rate 

④ Maximum Capacity 
• Meet the curtailment 

rate
• Meet the system 

stability requirement

Work Stream 
Methodology and Approaches

Component II: Framework for VRE Integration and Transmission Study

II. Technical Solutions of VRE Planning & Integration Study
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Component III: High-Fidelity Modeling and Simulation

Software/Tools

DigSilent/Powerfactory

PSS/E

PSCAD

Dymola/Modelica

PlexOS
Market simulation
Long-term planning/grid expansion

Load flow calculation
EMT simulations
EMS/electromechanical simulations
Contingency analysis
Harmonics analysis
Small-signal analysis

Multi-physics modeling of energy 
system

II. Technical Solutions of VRE Planning & Integration Study
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National Power System Planning & Modelling

EPPEI serves Chinese governments in research for National Energy and Power Development Plans, effectively respond to
rapid growth and imbalanced geographic distribution of VRE and power load, enhance VRE integration and power system
flexibility to ensure safety and stability of power grid.

III. Application Experiences

• 14th Five-Year Plan for Energy Development

• 14th Five-Year Plan for Electric Power Development

• National Grid Networking Planning Research

• West-East Power Transmission Planning Research

• Institutional and Market reform of China’s Power Sector

• medium and long-term energy flow and distribution

• Mechanism for Clean Energy Development, Accommodation and Storage

in China

• Smart Grid Development Planning in China

• 14th Five-Year Plan for Networking Planning System for China Southern

Power Grid
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ü Stable and Secure Power Supply System

ü Renewable Energy Development and Utilization System

ü Large-scale Energy Storage Application System

ü Intelligent Power System Operation

ü Technical Research and Standard Innovation

ü Policy, Market Mechanism and Regulation System

“Formulated the Guideline of Establishing 
Green Power System in China”

Prepared BLUEBOOK ON NEW POWER SYSTEM
DEVELOPMENT Entrusted by Chinese government

——develops a roadmap for transitioning to a new power system
that integrates large-scale VRE, with a staged implementation plan
through 2060.
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Oversea Power System Planning & Modelling

EPPEI has assisted governments and enterprises in countries including Laos PDR, Uzbekistan, Malaysia and Philippine to
develop their National / Regional Power System Planning & Modeling Research. We offer tailor-made, feasible and forward-
looking solutions to facilitate development of renewable energy and power system transition.

Power System Planning Study , 
Uzbekistan

Solar Power Integration and Planning 
Study in Sarawak, Malaysia

National Power  Development Planning, 
Laos PDR 

III. Application Experiences
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The overseas power system planning research we conducted has been highly praised by government agencies and
enterprises in various countries.

MEM of LAOS PDR: “…
would like to express its
appreciation to EPPEI for
on-going cooperation…..
The final draft of Laos
electric power planning is
completed with high
quality in a limited time…
This research work has
been highly recognized and
appreciated by the leaders
of MEM…”

MINISTRY ОF ENERGY ОF
ТНЕ REPUBLIC ОF
UZBEKISTAN:“…
express our profound
appreciation for the
outstanding completion of
the Power System
Planning study by EPPEI,
as well as the remarkable
expertise and dedication
demonstrated Ьу your team
headed Ьу Deputy General
Manager…”

III. Application Experiences

Oversea Power System Planning & Modelling
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Philippines NGCP:
EPPEI secured the bid
for the Technical
Planning Study Service
for the Conduct of
System Impact Studies.
The SIS includes 10
renewable energy
projects, with a total
installed capacity
exceeding 1 million
kilowatts.

SEB of Malaysia: “.. express our
upmost appreciation on
commendable work delivered by
EPPEI on Sarawak Solar Power
Integration Study. We are
impressed with the quality and
agility of EPPEI on delivering the
study's scope and milestones.
EPPEI's responsiveness and strong
technical competency is admirable.
Our team at SEB greatly benefited
from the insights and experience
working with EPPEI throughout the
study period.”

III. Application Experiences

Oversea Power System Planning & Modelling
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Thank you！
Contacts:
Dr. Liu Chen 
chenliu@eppei.com +86 10 58385127  +86 182 1017 8278
Dr. Wang Shunchao
scwang@eppei.com +86 10 58385117  +86 138 1027 4779

Website：
www.eppei.com


