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ABSTRACT 

Supply/Demand coordination mechanisms (SDCM) are 

perceptibly gaining importance due to the increasing set 

of constraints being imposed on the operation of power 

system. However, the potential of such mechanisms 

have not been fully analyzed. Moreover, the regulatory 

restrictions on the Distribution Network Operators 

(DNO) restrict their practical implementation. In this 

paper, an assessment framework for SDCM is 

developed. To provide an unambiguous assessment 

framework, a systems engineering approach has been 

adopted. Further, the developed framework is used to 

assess PowerMatcher: a well discussed SDCM in 

literature. 

INTRODUCTION 

The inefficiencies in the traditional power network and 
the rising prices of electricity, regulated by state owned 
or state controlled utilities (monopolies), propelled the 
liberalization of electricity market. Generating power 
close to local load centres, often referred to as 
distributed generation (DG), helped to address the issues 
of power quality, power supply reliability and 
inefficiencies in power transmission and distribution 
[1].  Further advancements in technology paved a path 
for the development and establishment of liberalized 
electricity markets.  
The liberalized electricity markets, although successful, 
were soon challenged by the growing constraints on the 
operation of the power system. The proliferation of 
DG’s into the electricity network led to the emergence 
of “Prosumers” (Producer + Consumer) as a new class 
of actor within the energy market. Such participants 
increasingly add to the dynamics of the power system. 
The combined effect of many small scale prosumers 
with large numbers of intermittent renewable energy 
resources (RES) like wind and solar creates a more 
complicated power balancing scenario, where 
generators may not always be able or willing to absorb 
necessary dispatch variation.  
The operation of the ageing traditional distribution 
networks at or near their capacity limits adds significant 
and challenging constraints on the system. Regulatory 
and business drivers are at the same time demanding 
more efficient utilization of the power system 
infrastructure. To provide a solution to these challenges, 
new supply demand coordination mechanisms (SDCM) 
are attracting attention and are being trialled in the field 
[2]-[5]. These hold the potential to not only support 
extended energy market operation, but also to provide 
dynamic system services (DSS). However, their 
practical   implementation   at  scale  is  currently   quite  
 

 
 
limited owing to a number of issues including unproven 
solutions,   a   lack   of   performance   standards  and 
regulatory restrictions imposed on distribution network 
operators (DNO) [6]. Wide deployment of such 
mechanisms will require an assessment framework to 
rigorously ascertain their ability to support the grid’s 
integrity and greater renewables hosting. The lack of a 
standardized framework curtails adoption of such 
coordination solutions, and should be remedied. 
This paper aims to bridge the gap by providing a first 
attempt at developing a framework to assess SDCM. An 
important criterion for development of an assessment 
framework of any system is the identification of what 
the system is supposed to do. In this paper, first, the 
requirements of a SDCM from a systems engineering 
perspective are derived by development of a SDCM 
business model. An analysis of the SDCM business 
model is presented by identifying the main actors and 
processes in the domain. The interactions among the 
various entities of the system are modelled using 
Unified Modelling Language (UML) use case diagrams. 
Using the use case diagrams and the iterative 
requirements engineering process, the baseline 
requirements set for the SDCM is derived. Second, 
based on the requirements, performance metrics for 
SDCM have been defined. The third part of the paper 
presents a case study of a well discussed SDCM in 
literature, PowerMatcher [7]-[11]. The performance of 
PowerMatcher is analysed against the requirements and 
performance metrics developed in the paper. Such an 
assessment elicits the implications at different levels of 
implementation of SDCM. Further, it identifies the 
areas of future research to add on to their credibility 
towards successful development, management, and 
large scale deployment. 

SDCM BUSINESS MODEL 

Demand response (DR) refers to any program that 

encourages shifting of demand by consumers, actively 

by behavioural changes or passively by means of 

automation, in response to financial or environmental 

incentives [12]. On the other hand, SDCM refers to any 

program that encompasses the principle of DR while 

utilizing the flexibility offered by generations in the 

system. The main objective of current SDCMs is to 

ensure secure power supply by maintaining a balance 

between demand and supply in the network. However, 

SDCMs hold a much higher potential. It is essential to 

develop a business model of a SDCM, with an objective 

to address the problems faced by a modern day power 

system. In the following subsections, the actors and 

their goals, the work context model of a SDCM and the 

assumptions involved have been discussed in detail. 
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Actors and Goals Identification 

The electricity market is a complex system of systems. 

The main actors involved in an electricity market are 

producer, transmission system operator (TSO), DNO, 

supplier, consumer and prosumer. 

A producer generates electricity from a variety of 

energy sources including nuclear, conventional and 

renewable.  

A TSO is responsible for the operation, maintenance 

and development of the transmission grid in a given 

area and its interconnections with other networks.  

A DNO is responsible for operation, maintenance and 

development of the distribution network in a given area 

and the interconnections with the transmission network. 

A Supplier sells electricity to its consumers. A 

producer and supplier can be same entity but it is not 

always the case. A supplier, more often, acts as a 

customer by buying electricity in the whole sale market 

and then as a supplier by selling it for a profit, as and 

when required. 

Consumer refers to any entity that purchases electricity 

for its own use. They are often sub classified as 

residential, commercial and industrial. 

Prosumer refers to any entity that has its own 

generation sources locally and feeds in (sells) excess 

power when available and purchases (consumes) when 

in deficit.  

The goals of each actor involved in an electricity market 

have been obtained by an extensive literature review. 

The top level goals for the development of a SDCM 

have been extracted and presented in Figure 1. 

Context Model 

A context model helps to identify the boundaries of a 

system (SDCM) by capturing its interactions with the 

adjacent systems. The context model of a SDCM is 

presented in Figure 2. The generation facilities, in the 

context model, have been modelled as controllable 

(diesel and thermal) and uncontrollable (wind turbines   
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Figure 2. SDCM context model.  

and PV plants) generators.  The loads at the consumers 

end have been modelled as fixed (must run) and flexible 

(modern day loads that provide a much better control 

and comfort, e.g., electric vehicles, buffered heating and 

cooling systems). Further, the consumer preference has 

also been included in the modelling. The TSO and DNO 

have been clubbed in as regulated bodies. Although they 

have been modelled as one regulated body, their 

interaction with the SDCM can be independent.  

SDCM is a complex system that involves several 

interactions with adjacent systems. The types of 

interactions may also depend upon the chosen 

technological approach (or concept) of SDCM. As the 

aim is to develop a universal assessment framework, the 

interactions identified are generic and not dependent 

upon the technology (or concept) chosen for SCDM. 

Three key use cases have been presented in detail.  

Use Case 1: The first use case identified for SDCM is 

to maintain the balance between demand and supply in a 

power system (as shown in Figure 3). The inputs 

required by SDCM are the status of demand and supply. 

The SDCM aggregates the total demand and supply in 

the system. The output from the SDCM is the response 

in order to achieve its goal, i.e. to maintain the balance. 

Depending upon the system, the SDCM can either 

request for an increase/decrease in consumption by the 
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Figure 3. SDCM use case 1: Demand/Supply Balance. 
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Figure 4. SDCM (a) use case 2:Active Network Management (ANM); (b) use case 3: Dynamic System Services (DSS).

loads or to ramp up/down the generation.  

Use Case 2: The second use case identified for SDCM 

is to provide active network management (ANM). ANM 

is important to avoid congestion of a network. For a 

better understanding, two scenarios have been 

developed and explained. First, consider a portion of a 

network with total load of 10 MVA being supplied by 

two lines rated at 8 MVA each. Due to a fault in one of 

the lines, the line has been isolated for maintenance. 

The regulated bodies request SDCM to provide ANM 

by supplying the constraints as input (as shown in 

Figure 4 (a)).  The goal of SDCM is to provide ANM by 

reducing the consumption of this portion of the network 

within the line capacity constraint. Second, with the 

deployment of modern loads in the network, of 

considerable capacity like electric vehicles (EV), the 

capacity limit of presently installed infrastructure (e.g. 

transformers) will be exceeded. The regulated bodies 

request SDCM to provide ANM. The goal of SDCM is 

to prioritize the charging of EV in a way as to maintain 

within the constraints submitted by the regulated bodies. 

Use Case 3: The third use case identified for SDCM is 

to provide DSS. DSS refers to any service that is 

necessary to support the transmission of power to 

maintain reliable operation of the interconnected grid. In 

case of a large disturbance in a system, e.g. a generator 

trip, the regulated bodies request the SDCM to provide 

DSS support (as shown in Figure 4 (b)). The goal of 

SDCM in this case is to reduce the consumption to 

prevent the system from a cascading failure. DSS 

include, but are not limited to, providing voltage 

control, frequency control, black start capabilities, and 

emergency control actions.  

Assumptions 

The development of the SDCM business model is based 

on two assumptions [12]. First, there will always be 

sufficient capacity of flexible load or the ability to vary 

the generation in the system. Second, there will be a 

smart metering infrastructure in place that would allow 

deployment of SDCM.  

SDCM REQUIREMENTS SPECIFICATION 

AND METRIC DEVELOPMENT  

Each interaction identified in a context model can be 

further developed into a number of use cases. Analysis 

of the individual use cases leads to the derivation of a 

requirements set. The SDCM functional and non-

functional requirements, after a thorough analysis of 

presented use cases and iterative requirements 

engineering process, have been derived and presented in 

Table 1. As mentioned earlier, the requirements 

presented are generic and not dependent upon the 

technology (or concept) chosen for SDCM. It should be 

noted that “the system” in Table 1 refers to SDCM. 

In simple words, requirements present what the system 

shall be able to do (or what capabilities the system shall 

have). However, no suggestions are offered on how or 

to what extent the capabilities can be realized. By 

combining a rationale with a requirement, considering 

the environment of the system under development, a 

metric is defined.  Due to limitation in space, a few 

metrics have been explained in detail. It is worthy to 

mention that the metrics developed are for the model 

under study. 

Supply/demand balance: SDCM should maintain a 

balance between demand and supply by mitigating the 

imbalances in the portfolio caused due to error in 

forecasting demand or generation.   

DSS support: SDCM should provide ancillary system 

services, e.g. frequency control, voltage regulation and 

large scale disturbance management.  

ANM support: SDCM should prevent network 

congestion and defer investments required for 

reinforcement of the grid. 
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Table 1: SDCM Requirements Specification 

No Description 

 Functional Requirements 

R1 The system shall maintain demand/supply balance. 

R2 The system shall provide dynamic system services. 

R3 The system shall provide active network management. 

R4 The system shall provide financial benefits to the customers. 

R5 The system shall increase utilization of renewable energy resources. 

 Non-Functional Requirements: Operational 

R6 The system shall be market ready (plug and play).  

R7 The system shall be adaptable.   

R8 The system shall be interoperable. 

 Non-Functional Requirements: Performance 

R9 The system shall be reliable. 

R10 The system shall be robust. 

R11 The system shall flexible. 

R12 The system shall be scalable. 

R13 The system shall be fast. 

R14 The system shall be precise. 

 Non-Functional Requirements: Maintainability and Support 

R15 The system shall have sufficient maintenance and support to cover all the customers. 

 Non-Functional Requirements: Security 

R16 The system shall provide adequate privacy protection to its customers, i.e., no infringement of the 

privacy of customers. 

R17 The system shall have adequate protection to prevent malicious intrusions and abuse. 

 Non-Functional Requirements: Usability 

R18 The system shall be simple and easy to understand by all customers. 

R19 The system shall take customer preference in to account. 

 

RES integration: SDCM should increase the utilization 

of RES and reduce grey energy usage. 

Adaptability:  SDCM is adaptable if it can adapt in 

accordance with the regulatory restrictions of the 

markets around the world. 

Interoperability: A particular SDCM is interoperable if 

it can participate and function in a market with other 

SDCMs. 

Reliability: SDCM is reliable if it can function as and 

when required. In other words, functioning in a power 

network with a reliability of 99.99%, SDCM shall have 

an up time of 99.99%.  

Robustness: SDCM is robust if it can continue to 

provide some or all of its services under abnormal 

circumstance, e.g. communication failure.  

Flexibility: SDCM is flexible if it can incorporate 

generation units and loads of all sizes and types.  

Scalability: SDCM is scalable if it can support all 

customers of a projected market with the capability of 

expansion without further or minimal re-engineering. 

Latency: As SDCM is expected to provide dynamic 

system service support, a fast response time is crucial.  

Customer satisfaction: A SDCM gains customer 

satisfaction if it is simple and understandable by all 

customers and takes their preference into consideration. 

Further, SDCM should provide financial benefits to the 

customers. 

CASE STUDY: POWERMATCHER 

PowerMatcher (PM) is a multi-agent based system 

coordinating a cluster of devices producing or 

consuming electricity. The interest of each device in a 

cluster is represented by a device agent. Multi-agent 

system framework enables implementation of complex, 

distributed, scalable and open ICT systems where 

multiple software agents interact and negotiate to reach 

a system goal. 

An auctioneering agent in the multi-agent system allows 

the agents to trade electricity. The agent communicates 

its bid, the degree to which an agent is willing to pay or 

be paid for a certain amount of electricity, to the 

auctioneer agent. In other words, bids are the priority or 

willingness of a device to turn itself on or off. To keep 

the communication between the agents to a minimum, 

the bids are event-based, i.e. only if local device state 

changes resulting in a new bid. The auctioneer collects 

the bids and calculates the market clearing price. The 

market clearing price is communicated back to the 

device agents, which react appropriately by either 

starting to produce or consume electricity, or wait until 

the market price or device priority (state) changes.  

The assessment of PM has been presented in Table 2. A 

metric is only considered to be satisfied (√) if it has 

been tested for, by simulation and/or field trial. As can 

be observed from the table, DSS, reliability and 
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robustness have been identified as areas of further 

development and research for PM. Satisfying a single 

metric might involve a series of tests. The identification 

and development of tests to satisfy a metric is out of the 

scope of this paper and has not been discussed further.  

Table 2: PowerMatcher Assessment 

No Metric Assessment 

1 Supply/demand balance √ *^[8] 

2 DSS support X  

3 ANM support √ *^ [9] 

4 RES integration √ *   [10] 

5 Adaptability √ *^ [11] 

6 Interoperability √ ^  [13] 

7 Reliability X  

8 Robustness X  

9 Flexibility √ *^[5,11] 

10 Scalability √   ^[5,11] 

11 Latency √   ^[5,11] 

12 Customer Satisfaction √ ^ [9] 

*validated by simulation, ^validated by field trial 

An explanation for selected entries from table 2 has 

been presented. 

DSS Support: Only limited experience with 

PowerMatcher delivering dynamic system services are 

available. Some laboratory work on frequency 

stabilization has been done [14].  

Adaptability: PM has been designed as a generic 

SDCM and field operated in different countries and in 

different use cases each having specific regulatory 

restrictions. 

Reliability: PM reliably operated in a number of field 

situations. However, its reliability has not been 

thoroughly investigated in a full-scale setting. 

Robustness: Most experiences with PM have been 

gained under normal operational circumstances. The 

system is robust for minor communication problems one 

can expect. However, robustness has not been tested 

under severe circumstances. 

Customer Satisfaction: In a number of field trials, 

heating systems were operated as part of a response, 

without infringing the thermal comfort of the users. 

CONCLUSION AND FUTURE WORK 

In this paper, a SDCM business model has been 

presented. By iterative requirements engineering 

process a set of requirements has been derived and 

metrics have been developed. Further, the developed 

framework has been used to assess PM, an existing 

SDCM.  The contribution of this paper is to open up a 

series of stepping stones towards the wide scale 

deployment of SDCM. Such an analysis helps to 

explore the potential of each SDCM available in the 

market and to identify areas of future development. 

Furthermore, such an assessment framework lays a basis 

for the development of standardized tests/test-beds for 

practical implementation and assessment of SDCM.  

The future work involves the refinement of the 

presented metrics by developing fit-criterion tests for 

SDCM. The end result sought is the seamless 

integration and deployment of SDCM towards 

realization of a more reliable and secure power grid. 
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