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Abstract - Fossil energy depletion, environmental pollution and climate change are common problems of humankind. 
Therefore, to explore and utilize renewable energy sources, such as wind and solar energy and develop smart grid is 
becoming the consensus of the countries in the world. In this paper, the difference between renewable energy power and 
conventional power is analyzed and then the concept of the alternate electrical power system with renewable energy sources 
and its characteristics are proposed. The main problems of the alternate electrical power system are discussed as well. 
Furthermore, the whole solution for the alternate electrical power system is suggested based on the responses of power 
supply, grid and also load. Aiming at the state of the art of the resource distribution and also power system, the basic science 
problems are presented in order to provide theoretical and technical support for the utilization of large scale renewable 
powers with security and high efficiency in present world. 
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I. INTRODUCTION 
 
Recently, smart grid has emerged as a hot research 
topic offering a promisingly robust communication 
infrastructure toward an intelligent power grid where 
minimal human interaction is required. The smart 
grid presents flexible and reliable energy distribution 
be-tween the supplier control center and the smart 
meters on the user-side. In addition to the main power 
supplier, additional energy generation sources (that 
may also comprise green energy) are included in 
smart grid, such as batteries, backup devices, Plug-in 
Hybrid Electric Vehicles (PHEVs), solar cells, and so 
forth. This aspect of the smart grid is expected to 
contribute to a quite complicated real-time consumer 
power demand management. Fossil energy depletion, 
environmental pollution and climate change are 
common problems of humankind. Therefore, to 
explore and utilize renewable energy sources, such as 
wind and solar energy, and develop smart grid is 
becoming the consensus of the countries in the world 
[1-4]. 
A smart grid would help the utilities get information 
about the electricity use by the consumers and can 
potentially adapt its distribution process with respect 
to the time and quantum of power demand. The smart 
grid, which uses smart meters could potentially be 
used for detecting power theft. In addition, the 
information that the consumers would have access 
through the smart meters would possibly help them 
manage their energy use in a better and more efficient 
way. 
Such hyper growth will need unprecedented amount 
of energy that can only be met through efficient 
energy utilization through smart metering and smart 
grid technology. The substations, transformers, and 
energy meters which are important part of the energy 
infrastructure and real-time monitoring. 

Wind energy and solar energy are the most promising 
renewable energies for large-scale development [5], 
[6]. Over the past decade, the installation capacity for 
wind power and solar power has been increased by 47 
times and 21 times respectively in China. In the year 
of 2010, the new installation capacity of wind power 
was 16,000 MW and the total installation capacity 
reached 41,827 MW, which ranks first in the world 
[7]. It is estimated that, by the end of 2020, the 
installation capacity of wind power and solar power 
will reach at least 150,000 MW and 20,000 MW 
respectively [8]. By the year of 2030 to 2050, 
considering per capita generation capacity is 1.5 kW, 
the total generation capacity will reach 2,400,000 
MW. Among them, the equivalent installation 
capacity for wind and solar power is 720,000 MW, 
accounting for about 30%. Therefore, renewable 
energy sources play a role of supplementary energy, 
alternative energy and finally to main-stream energy 
in the future [9]. 
Coal fired power, hydropower and wind power 
distribute at the northwest and southwest part, while 
the load center locates at the east part [10]. There are 
needs to optimize the whole network structure and 
choose the suitable transmission mode in order to 
realize the efficient and safe use of large-scale 
renewable energy sources. At present, 7 wind power 
bases whose installed capacity over 10,000 MW are 
constructed at Jiuquan, Gansu Province, Hami, 
Xinjiang Province and so on. By 2020, the total 
installed capacity of those wind power bases will 
reach 90,170 MW, accounting for 78% of the total 
wind power installation capacity [11]. The distance 
between these large energy bases and the center of 
the load in the middle and east China is beyond 800 
km, or even 3,000 km, which makes it more complex 
and difficult for large-capacity and long-distance 
trans-mission. At the same time, the output power of 
large-scale wind power and solar photo-voltaic power 
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station is random fluctuant and difficult to be 
accurately forecasted, which further increase the 
difficulty of the power system dispatching and 
security control. Therefore, there is an urgent need in 
China to establish the theoretical system to guide the 
development and utilization of large-scale renewable 
powers, and to provide integrated solutions in the 
aspects of grid structure, the layout of energy base 
and the operation of the power system with security 
and high efficiency. 
 
II. THE ALTERNATE ELECTRICAL POWER 
SYSTEM AND ITS CHARACTERISTICS 
 
The nature of the power system is to ensure the 
balance of energy supply and demand in real time. In 
traditional power system, the coal, water and other 
primary resources can be stored in abundance. As a 
result, the output power of traditional power supplies 
is con-troll able, which makes it possible to adjust the 
output power in generation side in re-spouse to 
random uncertain power demand to achieve the 
normal operation of power systems. However, the 
renewable powers, especially wind and photovoltaic 
power, is completely different from traditional power 
in nature [12], [13]. The energy density of wind and 
solar sources is low, which results in the dispersed 
nature of the renewable power and thus the adoption 
of power electronic based integration technology. On 
the other hand, the random fluctuations of wind 
energy and solar energy lead to the random 
fluctuations of renewable power. The development 
and utilization of large-scale renewable powers will 
make fundamental changes of power systems in its 
structure, operating characteristics and control modes. 
Integrating large capacity renewable power including 
wind power, solar power and etc., the traditional 
powergeneration, transmission, distribution and 
utilization system will become the new generation 
electrical power systems and its essential 
characteristic is that the power grid need to achieve a 
balance between the random fluctuant load de-mand 
and the random fluctuant power supply. 
For alternate electrical power system with renewable 
energy sources, the main problems and technical 
needs we face include: 
 
ADVANCED RENEWABLE ENERGY 
GENERATION TECHNOLOGY: 
 
Since wind, solar and other renewable energy sources 
have dispersed nature in space scale and random 
fluctuations on the time scale, there is fundamental 
differences between its generation principle and the 
existing thermal- or hydro- power generation units. 
The target of advanced renewable energy generation 
technology is to increase the energy conversion 
efficiency of the renewable power generation units. 
On the other hand, by improving the control of 
renewable power generation unit, farm and farms, the 

degree of fluctuation of the renewable power can be 
mitigated and the response capability to the 
disturbance in the grid can be enhanced, which is 
helpful for integration of renewable powers. 
 
COMPLEMENTARY PRINCIPLE OF 
DIFFERENT KINDS OF RENEWABLE 
ENERGY SOURCES: 
 
Different kinds of renewable energy sources are 
complementary to some extent in nature. It is helpful 
for optimal utilization of renewable energy sources to 
reveal and make use of their complementary 
characteristics. However, the fluctuation of the 
renewable powers cannot be vanished completely. 
Therefore, the key point to integrate the large scale 
renewable powers is to enhance the fast regulation 
capability of the output power of traditional 
generation units. It is a natural choice to improve the 
fast peaking capability in large extent of thermal-
power unit. 
 
OPTIMIZATION APPROACH OF THE POWER 
GRID & ADVANCED TRANSMISSION 
TECHNOLOGY: 
 
The integration modes of the large-scale renewable 
powers include centralized or distributed integration, 
which makes fundamental changes in the grid 
structure and operating mode. According to the 
spatial and fluctuation characteristics of the 
renewable powers and the features of the 
transmission modes, the suitable transmission mode 
is chosen and the optimal distributed and hierarchical 
grid structure is established, which is essential for the 
security and efficient operation of the alternate 
electrical power system. 
 
ADVANCEDCONTROLTECHNOLOGY: 
 
The integration of large-scale renewable powers 
makes the issues of the dynamic stability of power 
system and the transient voltage stability of large load 
center more serious. Moreover, an accident of a local 
network is apt to cause cascading failures and then 
blackout. At the same time, as compared with the 
traditional power equipment, the operating 
environment of the renewable power generation and 
transmission equipment is worse, which might lead to 
a higher failure rate. This might deteriorate the 
system reliability. Therefore, the existing security 
control strategy is hard to be used in the alternate 
power systems. This is another challenging problem. 
 
ENERGY STORAGE TECHNOLOGY: 
 
The integration of large scale wind and solar powers 
makes the transmission and peaking problems quite 
difficult. Developing large capacity energy storage 
technique is of great importance to increase the local 
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consumption capacity of wind, photovoltaic and other 
intermittent power. 
 
ELECTRICITYCONSUMPTION MODE AND 
SHIFT ABLE LOAD: 
 
The distributed generation close to the load side is an 
important part of the alternate electrical power 
system. The distributed generation can be user-owned 
power generation systems and may make users 
become power suppliers [14]. Meanwhile, a great 
deal of shift able loads and the charging stations for 
electric vehicle will become one kind of the loads in 
grids. Besides, the charging stations can also serve as 
an alternate energy storage system [15]. They make 
the load characteristics different from the existing 
ones. How to achieve the interaction between various 
loads and grids, and maximize the system efficiency 
and effectiveness, is also an important issue. 

 
Fig.1: Utilizing of Renewable Powers 

 
 
III. THE SOLUTION BASED ON THREE 
RESPONSES 
 
To realize the utilization of large scale renewable 
powers with security and high efficiency, we give the 
solution based on power supply response, grid 
response and load response (See Fig.1). In the aspect 
of power supply response, we need to develop the 
advanced renewable energy generation technology 
which makes wind or solar power generation unit 
operate at the optimal point and integrate to the grids 
with better disturbance responding capability. On the 
other hand, the control theories for improving the fast 
peaking capability in large extent of thermal power 
unit need to be studied. Based on the above two 
points, by complementary control of different kinds 
of energy sources and hierarchical optimization 
technique, the integrated capacity of renewable 
powers can be in the aspect of grid response, it is 
necessary to explore the suitable transmission modes 
and the grid structure adapting to the integration, 
transmission and consumption of renewable powers. 
By the optimal grid structure and transmission mode, 
the complementary characteristics in Large spatial 
and time scales between the conventional thermal 
power and other kinds of energy powers can be 

enhanced. And thus, the capability of integrating the 
renewable powers can be improved. Aiming at the 
security problems caused by the integration of the 
renewable powers, the fault evolution process needs 
to be revealed and the security assessment theories 
for electrical power equipment can be proposed. The 
security control technology adapting to the 
integration of renewable powers need to be studied as 
well to assure the stable operation of the power 
system. 
In the aspect of load response, it is necessary to study 
the large-capacity energy storage technology, by 
which we can stabilize the intermittent output of the 
renewable powers and then solve the transmission 
and peaking problem. In addition, the shift able load 
and new electricity consuming modes are 
encouraged. By analyzing the time, frequency and 
voltage characteristics of different types of loads, the 
grid-friendly electricity consuming modes can be 
suggested to improve the energy balancing capability 
of the grid and the shift able load control strategy 
under emergency can be made to realize the rapid 
restoration of power system frequency and voltage 
stability. 
Based on power supply response, grid response and 
load response, the solution is given for the utilization 
of large scale renewable powers with security and 
high efficiency. 
 
IV. BASIC SCIENTIFIC PROBLEMS 
 
According to the characteristics of resources 
distribution and power systems of China, the 
technical problems urgent to be solved includes the 
complementary maximized with assuring the security 
and high efficiency of the system. principle of 
different kinds of renewable energy sources and the 
in-depth peaking technique of thermal-power unit; the 
structure optimization approach of the power grid and 
advanced transmission technique and the advanced 
control technology of the power system. The 
scientific problems be-hind them are analyzed below. 
Scientific problem 1: The dynamics of the renewable 
power generation units in the spatial and time multi-
scales and its coupling mechanics with the alternate 
electrical power systems. 
The integration of large-scale renewable powers will 
significantly affect the power flow, frequency, 
voltage and transient stability level. A variety of 
system oscillation modes might be stimulated. 
Therefore, the integration of large-scale renewable 
powers has a profound impact on the security and 
economic operation of power systems. For the 
alternate electrical power system, the nonlinear 
system modeling theory considering uncertainty and 
the analysis approaches of its dynamics need to be 
studied. As a result, the nonlinear model with 
considering uncertainty will be established in spatial 
and time multi-scale to reveal its dynamics. On the 
basis of this, the response characteristics of the 
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alternate electrical power system under the random 
fluctuation excitations will be revealed and the 
coupling mechanics between the renewable power 
generation units and the grid will be analyzed, which 
is the theoretical foundation for economic dispatch 
and security control of the alternate electrical power 
system. 
Scientific problem 2: The complementary 
mechanisms and the coordinated control theories of 
the alternate electrical power system. The alternate 
electrical power system with renewable energy 
sources is a giant complex system with diverse power 
supplies, multi-layer grid structures and multi-type 
loads. Firstly, we need explore the suitable grid 
structure and the optimal placement approaches of 
different kinds of power supplies, loads, energy 
storage equipment and FACTS devices. Secondly, the 
control theory for fast peeking in large extent of 
thermal power units need to be established to serve as 
a complementary power supply of the renewable 
powers. Finally, based on the complementary 
characteristics of different kinds of power supplies, 
the optimal dispatching theory at the system level 
need to be studied. 
Scientific problem 3: The fault evolution mechanism 
of renewable power generation equipment and the 
security defense strategy of the alternate electrical 
power system. 
As compared with general power equipment, the 
failure rate of renewable power generation equipment 
is higher due to the distribution in geography, worse 
operating environment, more complex structure of the 
grid and more flexible operating mode, which 
deteriorate the security of the system. Therefore, we 
need to reveal the fault evolution mechanism of the 
renewable power equipment with the impact of 
multiple factors including voltage, current, vibration, 
and etc. On the basis of this, the security assessment 
theories of the equipment and the system are 
developed. The adaptive protection and control 
strategy suitable for the alternate electrical power 
system will be suggested as well. These theories and 
approaches can provide theoretical support for the 
security operation of the alternate electrical power 
system. 
 
CONCLUSIONS 
 
The utilization of large scale renewable energy 
powers with security and high efficiency is the 
essential content and basic target of the smart grids. 
In this paper, the difference between renewable 
energy power and conventional power is analyzed 
and then the concept of the alternate electrical power 
system with renewable energy sources and its 
characteristics are proposed. The main problems and 
the technical needs of the alternate electrical power 

system are discussed as well. Furthermore, the whole 
solution for the alternate electrical power system is 
suggested based on the responses of power supply, 
grid and also load. Three scientific problems behind 
the solution are presented, including the dynamics of 
the renewable power generation units in the spatial 
and time multi-scales and its coupling mechanics 
with the alternate electrical power systems; the 
complementary mechanisms and the coordinated 
control theories of the alternate electrical power 
system; the fault evolution mechanism of renewable 
power equipment and the security defense strategy of 
the alternate electrical power system. They will 
provide the theoretical and technical support for the 
utilization of large scale renewable powers with 
security and high efficiency. 
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