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ABSTRACT 

Based on the concept of electricity demand elasticity and 

adjustable load, a design of hierarchical demand-side 

integration (HDSI) is discussed. The concept of demand 

elasticity and adjustable load is applied in each level of 

power grid, embedded into the operation and control of 

the power system in order to improve the efficiency and 

effective of the system. The higher level of power grid 

achieves its demand-side integration through its sub-grid，
to improve the economy, security and reliability of the 

grid. The main applications fields and implementation 

approaches， the estimation of demand elasticity and 

adjustable load at each levels of power grid are 

discussed. The design of hierarchical demand-side 

integration， suitable to Chinese power grid，which is 

under the mode of unified dispatching and control，
hierarchical management for grid operation mechanism,  

and can accommodate various types of demand-side 

management and demand-side response. Therefore the 

demand-side integration can become an important，
active and friendly part of the grid. 

INTRODUCTION 

The development of smart grid has become an important 

part of energy strategy in many countries and regions 
[1-2]

. 

For energy/power market, it’s important for smart grid to 

improve the participation of power demand, which aims 

to resolve problems of the shortage of energy, the large-

scale integration of renewable energy and distributed 

power supply, the efficiency of power grid operation. On 

one hand, energy consumption can be influenced by 

power demand responding to the price in electricity 

market; On the other hand, the improvement of the 

monitor and control of power grid and power consuming 

can also make power supply more efficient and reliable. 

 

Power demand is the essential part of a power system. In 

the traditional power system, demand is met by the 

electric energy from power grid, without knowing of the 

energy market and power grid situations. While in the 

smart grid, power demand will actively interact with 

energy environment and power grid operation. Demand 

will play an important role in power balance
 [3]

. Power 

demand in different time scales will be influenced to 

improve the balance capacity of power system, through 

the market elasticity of power demand, the advanced 

sensor technology and ICT 
[4]

. China carried out a large 

amount of research and projects about the participation of 

power demand. For example, many regions have 

achieved peak reduction and improved the efficiency of 

energy consumption by implementing time-of-use price 

and peak price
 [5]

. However discussions about the demand 

participation are mostly restricted to distribution systems 

and mainly about the technology of implementation and 

the way of its application. 

 

For the fluctuation and long-distance transmission of 

renewable energy, EU has invested a lot of research 

budget on the grid and its coordination with distribution 

network since 2013
[6]

. There exist the similar problems 

for Chinese renewable energy 
[7]

. In addition, large 

amount integration of distributed energy resource (DER) 

in distribution network is also a big challenge. Intelligent 

control and coordination of transmission and distribution 

grid could be a good solution. Based on the advanced 

technology of active distribution and active demand, 

demand elasticity may friendly be made use of and new 

relationships between grid and its user can be built up 

while maintaining or even improving the supply 

reliability. In China, the operation of power grids is in a 

hierarchical mode where the integration of active demand 

into transmission grid can improve the whole grid’s 

ability of regulation and control. Combined with China’s 

electricity market mechanism and the power grid 

operation mode, with the basic concept of demand 

elasticity and adjustable load, this paper concentrates on 

finding a new type of operation mode based on top-down 

DSI strategy. The operation mode may achieve the 

improvement of energy efficiency and orderly electricity 

utilization while guaranteeing economic efficiency, 

security and reliability of power grid in effective ways. 

 

This paper is arranged as following: electricity demand 

elasticity and adjustable load are discussed; then the 

concept of layered DSI, the applications, characteristics 

benefits and main challenges of integration demand side 

at various levels of the grid are discussed. Finally 

summarize for this article. The abbreviation used in this 

paper are listed in Table 1. 
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Table 1 Abbreviation list 

China Electric Power Research Institute CEPRI 

District Dispatching Center DDC 

Province Dispatching Center PDC 

City Dispatching Center CiDC 

Country Dispatching Center CoDC 

Convertor Station CS 

Ultra-high Voltage UHV 

Extra-high Voltage EHV 

Power Plant PP 

Large End-User LEU 

Small End-User SEU 

Information & Communication Technology ICT 

Intelligent Terminal Management System ITMS 

POWER DEMAND ELASTICITY AND 

ADJUSTABLE LOAD 

Power demand elasticity 

Power demand elasticity is defined as the percentage 

change of electricity consumption divided by the 

percentage change in price. Power demand elasticity is 

important for setting electricity price mechanism and 

adjusting electricity price. In China, power demand 

elasticity helps the government to set electricity price 

intervals and billing schemes, so that to make the pricing 

schemes reasonable and the power consumption of the 

whole society in order. 

 

Power demand elasticity can be obtained through a 

variety of ways. In China, most of the provinces have 

several of electricity pricing schemes, such as multi-step 

tariff, time-of-use price, peak price, which can induce the 

demand elasticity after the active participation of demand 

in electricity market. The pricing schemes can relieve the 

tension of power supply, improve the economic operation 

of power grid, reduce the power reserve capacity, raise 

the service efficiency of generator. Another common way 

to realize the demand elasticity is by the interruptible 

load, contracted between power grid and power 

consumers. In fact, it is large commercials and industrial 

loads in distribution network that make up the 

interruptible load. The above two ways is also important 

parts of realizing orderly power consumption of the 

whole society in China 
[8]

. 

 

Electricity sales in China mainly divided into three 

categories:  commercial and industrial, residential and 

agricultural electricity users. Commercial and industrial 

consumption accounts for a large proportion of power 

consumption, and is very sensitive to the market and 

electricity price. Its demand elasticity can be improved by 

reasonable power demand participation projects. The 

proportion of residents' consumption among social 

electricity consumption is not high, but very important. It 

usually gains low attention because of its low electricity 

cost. Since the change the way of electricity consumption, 

may bring the users some inconvenience, thus the 

enthusiasm of power demand participation is very low. 

When the inconvenience is far less than the benefit, users 

are expected to make a change. In general, compared to 

the industrial and commercial users, resident is less 

sensitive to price changes, their power demand elasticity 

is relatively lower. Agricultural electricity consumption is 

mainly for agricultural production, influenced by climate, 

weather and production cycle, almost insensitive to 

electricity price. 

 

Adjustable load 

With the development of smart grid, advanced sensor 

measurement system, information and communication 

system, smart meters can be used to realize the two-way 

flow of power and electricity information, the smart 

home to promote friendly interaction between power grid 

and users, and the ITMS of intelligent buildings and 

intelligent enterprises. ITMS can realize the management, 

control and regulation of intelligent electrical equipment 

in households, buildings and enterprises. Tthrough ITMS 

therefore, most of load can change into controllable load. 

For power grid, load can be divided into uncontrollable 

load and controllable load. Traditional interruptible load 

can be regarded as special adjustable load. Of course, 

new adjustable load can be taken as an expansion of 

interruptible load. 

 

In general, when adjustable load is under control 

electricity users will feel less comfortable and less 

convenient. On the premise of minimum comfortless, 

power grid load can adjust the load. The status and 

working environment of electric appliance in home, 

building and enterprise are monitored through the ITMS, 

the adjustable load in power grid is analysed. Power grid 

may activate adjustable load and balance power in the 

grid accordingly.  

 

According to the national policy, power grid and power 

users should sign the agreement on related adjustable 

load, to realize power demand elasticity. The load 

adjustment by power grid should meet with the national 

policy as well as the user agreement. Grid must record 

the amount, time and regulating process of adjustment 

and later report to relevant institutions and power users. 

Power grid also needs to offer the relevant users a certain 

amount of compensation according to the predetermined 

way. For example, users who have signed the agreements 

can get more preferential prices while those who have 

signed high reliability electricity agreement need to pay a 

higher price, or, to compensate the users according to the 

actual control situation. 

 

Comparison of demand elasticity 

Both adjustable load and traditional interruptible load 

provide the demand elasticity, thus they are of similarity. 
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In principle, adjustable load mainly cuts part power of a 

single load to realize demand elasticity; and not greatly 

influence consuming behaviour of the user and the power 

supply reliability. Interruptible load means to realize 

power demand elasticity by sacrifice the reliability of 

power supply, thus cause bottleneck to the improvement 

of supply reliability in modern power grid. Measures of 

interruptible load will be initiated when the system is 

faced with threats and the grid security is influenced, 

while measures of adjustable load is more flexible and 

can be safe, reliable and economical at the same time. 

 

In addition, although the disposable investment of 

adjustable load is very large, the adjustable load will 

cause much lesser damage to power supply. On the 

contrary, the disposable investment of interruptible load 

is lesser, but it will cause more power loss and power 

users’ economic loss. 

 

Estimation of power demand elasticity 

In fact, it is very complicate to estimate the power 

demand elasticity. Estimation of power demand elasticity 

also means huge amount of calculation under the 

constraint of user comfort. For estimation analysis, 

historical data of different user category, price 

mechanism and price, economic development level, 

alternative energy and many other factors must be taken 

into account. 

  

The estimation of demand elasticity of adjustable load 

and interruptible load requests ITMS to analysis based on 

electricity consuming situation and environment of home, 

building and enterprise, and the result is reported to 

distribution network. Distribution network will get the 

demand elasticity by collecting data from all the field 

ITMS. Users can limit grid’s control on users’ electricity 

consumption by the agreement with grid in advance or 

ITMS. By analysing the data of each ITMS, power grid 

can get the power demand elasticity curve related to the 

costs of grid regulation. Through reports, summaries, 

analysis and calculations, each level of grid can get 

complete estimation of its own power demand elasticity.  

 

DISPATCHING SYSTEM 

China's power grid adopts the mode of unified control 

and hierarchical management. The dispatching system is 

divided into five levels: national, regional, provincial, 

city and country dispatching centres, as in Figure 1. The 

main task of the dispatching centres includes making the 

annual plan and daily arrangement. For the operation and 

control of the grid, the lower dispatching centres must 

follows the instructions from higher level. This kind of 

unified regulation mode is the basic guarantee of safety 

of power grid in China. 
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Fig.1 Schematic diagram of power dispatching system 

 

With the electricity market reform, electricity price 

mechanism is mainly divided into three types: unifined 

price, two-step price and time-of-use price. Current 

pricing scheme mainly bases on long-term costs of power 

generation, transmission and distribution and relevant 

national policy. The market-oriented price has made 

important contributions to making the electricity 

consumption in China become economical. 

 

Along with the development of the national economy and 

electrification of society, proportion of electric energy in 

the energy consumption will increase; the social value of 

power demand elasticity will also be enhanced. Raising 

the changes of electricity price will make users pay more 

attention to their energy consumption. When knowing the 

way of electricity utilization will cause a considerable 

profit or loss, users will initiate the change of electricity 

consumption.  

 

HDSI 

DSI refers to the efficient and effective use of electrical 

energy to support power system and user demand. it 

mainly includes end-use efficiency and effective power 

supply. Here it mainly relates to implement demand 

participation to realize effective power supply. Based the 

operation mode of China's power grid, hierarchical DSI is 

proposed. Its feasibility and requirement for dispatching 

centres at each level clearly will be discussed to make the 

demand elasticity play a important  role in the power grid. 

 

In HDSI scheme, the lower-level power grid or terminal 

side is considered to be demand side of higher-level grid, 

and its power demand elasticity is considered as negative 

load resources with a certain price, and can be used by 

upper grid to meet with upper grid’s operation 

requirements. Power grid at each level can optimize the 

benefits and results of demand participation in the whole 
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network with taking demand elasticity into consideration 

and coordination with the lower grid. 

  

Adjustable load increases the resources of power demand 

elasticity. It can also participate in power grid control, 

ensure the power supply reliability and reduce 

interruption loss under the condition of neglectable 

impact on the user. When power grid needs demand 

participation, the grid can set priority to adjustable load. 

In the case there is no enough adjustable load, grid will 

further consider the interruptible load. Adjustable load 

schemes can be involved in annual and daily dispatching 

plan, or initiated under emergency situations. 

 

Features 

ITMT is the final operating unit of HDSI. When 

receiving the control signal, ITMT have to regulate the 

load in time. Before and during the initiative of demand 

participation measures, users should be informed in an 

appropriate way. Actions such as deliberate violation of 

regulations, failure to response to demand participation 

measures and malicious electricity consumption will all 

be punished. 

 

In addition, ITMT can also make reasonable energy 

optimization, to reduce electricity costs and maintain a 

certain comfort and convenience with the grid electricity 

price and control command.  

 

Higher-level dispatching centres implement demand 

participation measures by giving orders to its sub-centres. 

Sub-centres must follow the control instruction of its 

mater-centre and can complete the task according to the 

operation situations of its own power grid. Regulations of 

terminal intelligent management system will finally 

realize demand participation by taking orders from upper-

level institutions. This way can also enhance different 

levels of dispatching centres’ ability to control in a all-

round way. In principle, DSI needs to be achieved by 

grid’s automation management. 

 

Our country's current electricity price mechanism is still 

very effective for the annual way of load shifting, but it is 

not very suitable for energy environment and emergency 

of power grid status. Compared with the interruptible 

load, adjustable load not only promotes the demand 

elasticity of power grid, but also has the advantage that 

the reliability of electricity consumption is not affected. 

In our country, the electricity price mechanism will not 

be greatly changed for the time being, it is the most 

important way to promote and guarantee the demand 

elasticity of grid that using adjustable load of smart grid 

to regulate the power system. 

 

If we take power demand elasticity as another kind of 

power output into consideration of the wide range 

allocation of electrical resources, demand participation 

will not only be used to adapt to problems of electricity 

shortages or grid security, but also can participate in the 

economic operation of power grid and improve the 

balance of power grid. For example, when the costs of 

using power demand elasticity to reduce the load is lesser 

than costs of increasing power generation in the grid, we 

can cut the demand to  meet the economic operation by 

compensating power users. 

 

In original regulating system of the grid, we can increase 

the demand elasticity of adjustable load, make it 

participate in the application modules of grid’s 

economical and secure operation, and realize the demand 

participation in which the grid and its users is friendly to 

each other by coordinated control between each level of 

the grid and between power grids and terminal. 

 

The in-charge power department of all regions should 

supervise and inspect the implementation and costs of 

schemes. Actions such as deliberate violation of 

regulations, failure to responde to demand participation 

measures and malicious electricity consumption meaning 

to gain profits will all be punished. 

 

We can greatly increase the elasticity of power system 

and make contribution to sustainable energy development 

in the future society through adjustable load and HDSI. 

 

CHALLENGES OF HDSI 

Technical challenges 

To realize HDSI, reform and development of dispatching 

system at all levels is necessary. Effective and top-down 

regulation ability with the aspects of hardware and 

software is needed. 

 

Smart devices of distribution network and end-use side 

include a large number of information communication 

equipment and sensors. An alternative scheme of ITMS is 

a special third party agent. 

 

Estimation of elastic coefficient 

The accurate estimation of elastic coefficient is the 

decisive factor for demand participation measures. The 

estimation by analysing device operating status of 

electricity users involves a large amount of calculation, 

and must be supported by sophisticated algorithms and 

software. Only in this way can it ensure the data is accrue 

and in real-time. Although the research on power demand 

elasticity has increased in recent years, there is a certain 

distance from meeting the needs of HDSI. The accurate 

estimation of elastic coefficient is requested in different 

periods of the development of power system. 
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Coordination of  ITMS and terminal equipment 

At present most of the household appliances and 

equipment haven’t reserved ports for control and 

connection. Further research is needed to make 

equipment of existing home, building and enterprise 

compatible with the system. 

 

Distribution Energy Management System  

At present, the degree of energy management system in 

China’s distribution network is not popular. Equipment 

quality and performance is poor. Rural distribution 

network is very wide; the network in many regions has 

weak structures. Thus it is a big challenge to realize DSI 

based on present situations. 

 

Influence of demand participation 

During the decision-making process of demand 

participation, any operations which may threaten the grid 

must be avoided. For example, at the beginning or end of 

price change or demand response, large amount of load’s 

operating status is changed, thus it may induce a great 

impact on the grid and make the grid unsafe.  

 

Coordination control  

To strengthen the coordination between grids at all levels. 

Applying compound decision in certain level must avoid 

operations which can bring impact on the grid. The 

feasibility of the control command being executed by 

lower power grid must be ensured, about  the response 

time and accuracy of coordination and control to prevent 

insufficiency and excessive regulation. 

 

Evaluation of cost-effectiveness 

Adjustable load need more grid construction investment 

and equipment investment. It also aggravates the grid 

task and complexity of dispatching and control. It is 

necessary to optimize the amount and proportion of 

adjustable load and interruptible load and the design of 

DSI by taking cost-benefit analysis. 

 

Policy and regulatory 

Related department of the government has made the 

effective laws and regulations for power system. In the 

case of HDSI, revision on relevant laws and regulations, 

and supervise actions of dispatching centres at all levels 

and power users are needed.  

 

CONCLUSION 

Active and in-depth demand participation is an important 

 

 

 way for the future power grid to deal with the challenges 

of sustainable energy resource and power grid efficiency. 

This paper discusses the traditional demand management 

mode, the electric market mode. Based on the power grid 

operation mechanism in China, then a scheme of 

hierarchical DSI is proposed, in which the concept of 

demand participation will be included in not only 

distribution network but also transmission network. In 

regulations of all levels of the grid, different forms of 

demand elasticity is discussed in order to improve the 

efficiency safety and reliability of scheduling control at 

each level of grid. The estimation of demand elasticity, 

practical applications of demand participation and 

regulation mode at all levels of power grid are also 

discussed. HDSI will be beneficial to not only the power 

grid operation, but also the orderly power consumption of 

the society. In addition, it will make the power supply of 

power grid become more economical, secure and reliable. 
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