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Preface  
This case study is a part of the work package 4 "Distributed Generation Case Study 
Scenarios". 
The objective of this work package is the analysis of four distributed generation business 
scenarios based on the methodology designed in task D3.1. The simulation of the business 
scenarios will provide a validation of the methodology and a measurement of the feasibility of 
the analysed scenarios. The following four scenarios analysed in this work package are: 
 
ECN   4.1 Distributed Balancing Services 
UMIST   4.2 Active Management of Distribution Networks related to DG 
SINTEF  4.3 Consumers’ and Suppliers’ Alliances in a Deregulated Power Market 
LABEIN  4.4 Energy Services 
 
This document describes the results of the financial analysis of the case study 4.1 Distributed 
Balancing Services.  
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Executive Summary 

Since the start of the re-regulation in 1999 in The Netherlands investments in reserve 
capacity for power generations have decreased due to the 
• Mitigation of investment risks 
• Competition of cheap imported electricity 
• Free rider behaviour / strategic behaviour generators and consumers. 
• Competition of badly predictable renewable distributed generation. 
Stagnation of reserve capacity finally leads to high peak prices on the power markets. For 
example: In the summer of 2003 the electricity price of a 1 MWh at the Amsterdam Power 
Exchange (APX) was €1800,00/MWh.   
Applying day ahead power market driven Energy Management Services like the new service, 
Distributed Balancing Services for DG by means of automated control using new information 
and communication technology in peak price periods on the energy market reduces costs of 
electricity bought and increases benefits of sold electricity. Distributed Balancing Services use 
the possibilities to produce electricity and switch off/reduce the demand of electricity, 
partially or simultaneously. 
Having a flexible demand and supply side allows a day ahead power programme responsible 
trading company to operate additional "control power" to minimise imbalance between the 
day-ahead contracted amount of electricity and the real-time realisation. The new Distributed 
Balancing Service may result as well in lower peak prices, leading to a smaller installed base 
of peak reserve capacity required.  
The potential amount of balancing capacity is approximately 1840 MW in the market 
segments green houses, hospitals, large office buildings, art skating rinks, ICT telecom switch 
units and ICT data hotels.   
 
In this document ECN 's business idea Distributed Balancing Services is financially 
analysed using the BusMod Methodology. The business idea is to provide an ICT-enabled, 
day ahead power market driven Distributed Balancing Services for green house market 
gardeners using an (existing) CHP installation, which is owned and maintained by an Energy 
Supplier. For the gardeners the DBS implies switching off or shifting illumination processes in 
time in the green houses for 1 hour on a profitable APX moment as well as producing 
electricity that same hour in the illumination periods (Autumn, Winter, Spring) and in non-
illumination period (Summer).  The excess heat is stored or used in the local environment of 
the green house.  
 
By means of the BusMod methodology all value exchanges in the business idea between the 
actors have been analysed and expressed in a value model including the exchanges obliged 
by regulations (VAT and subsidies). After the financial analysis a simplified value exchange 
process could be extracted from the more complex value model. The value exchanges of the 
other actors did not seem to influence the value exchanges of the 'core' actors. The 'core' 
actors are the Energy Supplier, the Gardener (Customer) and the ICT-supplier (ESCO). From 
this point only the calculated revenues and profit of the most important 'core' actors is 
discussed.  
 
The annual profit for the energy supplier is defined as follows: The energy supplier subtracts 
the gardener's fee (33% of the energy supplier’s revenue), the CHP maintenance costs (0.01 
€/kW), the fuel costs (0.15 €/m3) and the software maintenance support from the ESCO from 
his revenue, earned by selling the produced electricity and receiving subsidy ‘Environmental 
Quality Energy Production Act’ (0.0057 €/kWh). In the first year the energy supplier has to 
invest the ICT hard and software (estimated at €30,000,-) which could be added to the 
revenue of the ESCO in the first year. The other part of the ESCO revenues is the support of 
the ICT part for the Energy Supplier, estimated at € 2000,-/month. The gardener receives 
33% from the energy supplier of the revenue of the sold electricity   
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Conclusion  
After the financial analysis and the sensitivity analysis it can be concluded that the business 
idea Distributed Balancing Services for greenhouse market gardeners using a (existing) CHP 
installation owned by the energy supplier is a very profitable one for the ‘core’ actors. 
Important factors of influence are the spot prices during the seasons and the gardener’s fee. 
The gas price, the CHP subsidy and the initial ICT investments exert relatively less influence.   
 
Recommendations for future research 
First of all follow-up projects about the practical application of DBS could be initiated. Now 
having determined (with the use of the BusMod methodology) that the business idea is 
profitable it could be explored in more detail. The new project should aim at the realisation of 
the needed software ICT infrastructure for the CHP installation and a test period for the DBS 
at the gardener's site.  
Recommendation is to develop an ICT environment for all kind of power market driven 
Distributed Balancing Services. This includes the development of intelligent metering, devices 
and communication protocols (e.g. semantic web technologies and rule-based agents). 
 
Another recommendation is to perform a financial analysis using the BusMod methodology 
for the other attractive market segments in the Netherlands (see chapter 2), mentioned in 
the beginning of this document, that are appropriate for DBS. The markets with emergency 
generators also have a large potential. An exploration of DBS potential in Europe is also 
recommended. A quick scan based on the quick start-up time of technologies through the 
BusMod deliverables already show potential in Norway, The United Kingdom and Spain. 
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1 Introduction 
 
Background 
Since the start of the re-regulation in 1999 in The Netherlands investments in reserve 
capacity for power generation have decreased. These infrastructures were designed and 
economically validated with accounting models of energy companies typically having a time 
horizon of 20 to 50 year. Currently, investment capital preferably has a much shorter 
investment time horizon. The reasons are: 
• Mitigate investment risks; 
• Competition of cheap imported electricity; 
• Free rider behaviour / strategic behaviour generators and consumers; 
• Competition of badly predictable renewable distributed generation. 
When companies decide to reduce the investments in generation capacity the risk of grid 
disturbances and demand and supply mismatch increases. It is estimated that in the 
Netherlands from 2005 the reserve capacity will be below 10%, whereas 20% is regarded as 
a safe level [20]. Similar developments are taking place in other European markets (e.g. 
Scandinavia) as well. Stagnation of reserve capacity finally lead to high peak prices on the 
power markets. For example: In the summer of 2003 the electricity price of a 1 MWh at the 
Amsterdam Power Exchange (APX) was €1800,00/MWh. Approximately 10 - 15 % of total 
electricity demand in The Netherlands is traded on the Amsterdam Power Exchange (APX) 
market [47] .  
 
Applying power market driven Energy Management Services like Demand Side Management, 
Demand Response Resource or Supply Side Management for DG by means of automated 
control using new information and communication technology in peak price periods on the 
APX reduces costs of electricity bought or increases benefits of sold electricity. Having a 
flexible demand and supply side allows a day ahead power programme responsible trading 
company to operate additional "control power" to minimize imbalance between the day-
ahead contracted amount of electricity and the real-time realisation. This type of Energy 
Management Services may result as well in lower peak prices, leading to a smaller installed 
base of peak reserve capacity required.  
 
In the case study of ECN the mentioned day ahead power market driven Energy 
Management Services are combined in a new service, Distributed Balancing Services.  
 
Distributed Balancing Services result in smoothening of the electricity tariff fluctuation, lower 
investments for the infrastructure and reserve capacity and promote the use of renewable 
and efficient electricity. It can become an alternative both for conventional balancing using 
central generation units and for energy storage. The competitive advantage of Distributed 
Balancing Services (DBS) consists in the fact that additional investments are needed only for 
control and not for production or storage. In this way it works as virtual energy storage. 
Energy suppliers could use this new service as a day ahead prediction tool at the power 
market.  
 
Several constraints must be answered to introduce the innovative Distributed Balancing 
Service to the deregulated energy market.  
 
The business opportunities for distributed balancing services depend on: 

• the need for balancing services, depending on the characteristics of electricity 
production and consumption opportunities for shifting electricity demand and supply 
in the market segments utility, agriculture and horticulture & industry. 

• competitiveness to alternatives (controllable central generation units, physical energy 
storage) 

• regulation regarding (variable) electricity tariffs and fees for controllable power 
• the development and massive introduction of a cheap control system using cheap 

communication channels. 
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A wide range of technologies is involved in enabling distributed balancing services: 
• a control system that performs balancing services taking into account customer 

preferences;  
• communication systems that link the control system to the balancing market and to 

the generation and consumption applications; 
• various forms of controllable distributed generation (CHP, emergency generators) 

and controllable consumption (cooling, heating applications) and their interfaces to 
the control system. 

 

1.1 Case Study Objectives 

The Case Study on Distributed Balancing Services has the following objectives: 
• Exploring potential business opportunities for Distributed Balancing Services in the 

market segments utility, agriculture and horticulture & industry and associated price 
levels 

• Evaluation of the regulatory environment and cost levels, 
• Description of possible scenarios and actors involved, 
• Selection of the most promising scenarios,  
• Development of financial analysis/spreadsheets to determine conditions on which 

scenarios are economically sustainable. 
 

1.2 Scope 

The business model will be developed and analysed for the Dutch market and as much as 
possible be suited for a general European market.  
 

1.3 Data Collection and Method  

In developing the case study data on the following items will be collected: 
• the need for balancing services of medium sized customers, depending on the 

characteristics of electricity production and consumption and associated price levels 
• regulation regarding (variable) electricity tariffs and fees for controllable power 
• price levels of a cheap control system using cheap communication channels suitable 

for massive introduction.  
• Competitiveness to alternatives (controllable central generation units, physical energy 

storage) 
• Price-levels and history of fluctuations from the Market Operator (MO), 
• Costs, production and resources from DG Producers, 
• Demand patterns of consumers in order to seek possibilities for shifting and/or 

reducing the electricity demand of the consumers, 
 
Based on the inventory results an attractive scenario with Distributed Balancing services will 
be financial analysed by means of the BusMod methodology. 
During the use of the methodology feedback from a test group (representive actors) on the 
business model developed will be asked. 
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1.4 Target Audience 

Results from the case study will be disseminated in the test group (customers, energy 
suppliers, distribution system operators, distributed generators and the actors of the business 
idea, which consider their participation in applied experiments or development of the 
Distributed Service. Also DG owners and actors in other potential market segments will be 
approached. 
 

1.5 Report Structure 

In the next chapter Distribution Balancing Services are further commented. Also a potential 
of this service in The Netherlands is described. From this potential a scenario distillate, which 
is financially analysed with the BUSMOD methodology.  The results per methodology step are 
described in the following chapters. 
Chapter 3 Step 1 Case Description  
Chapter 4 Step 2 & 3 Goal and technology selection 
Chapter 5 Step 4 till 8 Value model 
Chapter 6 Step 9 Development of the Information System Model 
Chapter 7 Step 10 & 11 Financial analysis & Sensitivity analysis 
 
Finally in chapter 8 the conclusions and recommendations for future research are described. 
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2 Distributed Balancing Services  
 
In this chapter Distribution Balancing Services are further commented. The potential of this 
service in The Netherlands is also described. 

2.1 Introduction 

Distributed Balancing Services (DBS) are power market driven and based on a combination of 
the following network management services:  

• Demand Side Management; 
• Demand Response Resource and  
• Supply Side Management. 

 
Approximately 10-15 % of electricity is traded on the Amsterdam Power Exchange (APX) 
market. The rest is delivered according to longer-term contracts. At present, brokerage, 
wholesale and retail companies are becoming active on the energy market. The market share 
they trade is in terms becoming larger. 
Distributed Balancing Services shift demand, increase supply or switch off load, partially or 
simultaneously in peak price periods using ICT tools. 
In the EU-project CRISP [56] the trend of the Amsterdam Power eXchange in 2002 was 
analysed. An impression of the peaks in the APX-market is shown in Figure 1. The short axis 
refers to the price development over a day; the long axis to days in 2002. It can be 
concluded that the price development of the APX-prices over a year has substantial time-of-
day and seasonal varying differences. For example: In the summer of 2003 the peak 
electricity price of a 1 MWh at the Amsterdam Power Exchange (APX) was €1800,00/MWh.  
The APX is mainly used to bring market parties together.  When prices are low; volumes at 
high price peaks are low. It is also remarkable, that the total volume can be seen to increase 
during 2002. Figure 2 emphasizes the variability of the prices more fully by imposing a cut-off 
for too large peaks. The market prices are dependent on the time-of-day and the time-of-
year as shown in Figure 3 and Figure 4 in more detail. 
It can be seen, that in the winter, peaks occur around 5-6 PM. In summer the demand for 
cooling is becoming apparent in the first weak after summer holidays have ended. When 
cutting off the highest peaks a picture as shown in Figure 2 can be seen. The price landscape 
contains very characteristic seasonal and time-of-day dependent details. Apart from seasonal 
variations, the variability over days is large. The picture shows, that very large price 
variations may occur. This is further shown on Figure 3 and Figure 4. The individual 
variability per day is also noteworthy. 
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Figure 1 Peak price periods in the APX-market price development in 2002 
 
 

 
Figure 2 APX-market prices in 2002; prices above 100 Euro/MWh have been cut off; 
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Figure 3 Average and maximum (dotted) APX-price pattern of January 2002 
 

 
Figure 4 Average and maximum (dotted) APX-price pattern of August 2002  
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Looking at the APX-contribution to the prices (Figure 3) it can be seen, that in January (due 
to the variability in load), when people arrive at home at 17-18 hours, there is a definite 
peak. The variability in the value of the peak over several days in January is considerable as 
well. The height of the peak on the APX-import market indicates, that only a small shift in the 
demand pattern or supply pattern might have tremendous consequences on the price, at 
which the last MWh have to be bought. In the utility sector, therefore, it is a rule of the 
dumb, that 20 percent of the generation capacity generates 80 percent of profit. Utilities 
having the ability to shift the loads of some of their large consumers would have a same 
opportunity [56]. 
Especially for Distributed Balancing Services this would be profitable.  
 
The question that arises is "What is the potential of DBS in The Netherlands?".  
 

2.2 Potential of Distributed Balancing Services in The 
Netherlands 

The potential for DBS in The Netherlands depends on:  
• a control system that performs balancing services within customer preferences  
• communication systems that link the control system to the balancing market and to 

the generation and consumption applications 
• various forms of controllable distributed generation (CHP, emergency generators) 

and controllable consumption (cooling, heating applications) and their interfaces to 
the control. 

 
The above criteria lead to several market segments, in which DBS could be applied. DBS use 
the possibilities to produce electricity and switch off/reduce the demand of electricity, 
partially or simultaneously. In this paragraph an inventory is presented of the potential of 
DBS in several market segments. The domestic buildings segment is left out because in case 
scenario 4.4 "Energy Services" the segment is analysed. 

2.2.1 Green Houses 

 
Traditionally, owners of a distributed generation power plant have a fixed two-zone, time-
dependent, tariff-scheme. In the Netherlands for instance, a relatively large percentage of 
power is generated by combined heat and power (CHP) installations in the agricultural and 
utility building sector. These installations are driven by the heat demand, which depends on 
the primary process (realizing a certain temperature in a greenhouse or a building section). If 
a CHP has a capacity for buffering heat available, then apart from heat demand, control pre-
empting expected price developments and changes in the operational context of the 
installation is possible. The electricity produced is used for assimilation illumination. 
Depending on the type of vegetables or flowers the illumination could be used intermittent.  
For gardeners the DBS implies switching off or shifting illumination processes in time in the 
green houses for 1 hour on a profitable APX moment as well as producing electricity that 
same hour in the illumination periods (Autumn, Winter, Spring). In non-illumination periods 
(Summer) electricity is also produced on profitable moments and the excess heat is stored or 
used in the local environment of the green house 
 
The installed capacity of CHP in 2001 was approximately 1250 MWel. Half of the capacity 
installed is owned by energy companies and used for market driven supply side 
management. Individual companies and heat distribution grids own the other half. The last 
two years the CHP field was lively due to fuel prices and electricity prices and a lot has 
changed. Therefore, the presented potential contains an uncertainty. 
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2.2.2 ICT 

The 400 MWe installed electrical capacity in the ICT sector is mostly used for data hotels and 
telecom switches. Data hotels provide the internet data transfer and telecom switch houses 
support the telecommunication. In this sector a large part of the installed power is covered 
with emergency ancillary generators. These generates have to run periodic to test their 
reliability. Shifting of this tests to periods of high electricity demand could be profitable. A 
possible constraint could be the environmental measures for the emission amount of an 
generator. Frequent metering is necessary as well. 
 

2.2.3 Office Buildings 

Large office buildings (> 5,000 m2) mostly have installed a form of comfort management 
system such as air treatment units (ventilators, cooling/warming devices) consuming one 
third to one half of all energy consumption. Large office building have a large thermal mass 
and can act as a thermal buffer if the cooling is switched off without affecting the internal 
comfort or in the Summer for instance buildings can be pre-cooled in low-energy price hours. 
Switching off the cooling machines requires an intelligent management device, which can 
interact with aspects as real time tariffs, meteorological aspects, internal heat and requested 
space temperature. These systems are in development. 
 
The office floor space in Amsterdam only is estimated conservatively at 6 million square 
meters, corresponding with approximately 10% of the total office floor spaces in the 
Netherlands. Roughly 30% of the total floor space in The Netherlands is represents by large 
office buildings ~ 20 million m2. A large office in Amsterdam needs 300kW cooling capacity 
for 40,000 m2. The potential for DBS is 500* 300 kW = 150MW. 

2.2.4  Large Cooling Storages  

Perishable goods are stored at a temperature of minus 35°C in large freezers or cooling 
houses. The cooling houses also have like offices building a big thermal mass, which can be 
applied as thermal buffer in the compressors, are switch off. The installed cooling power for 
a large freezer is ca 500 kW. The amount of cooling houses in The Netherlands is estimated 
at 10. This corresponds with a total capacity of 5 MW.  

2.2.5 Hospitals 

All big hospitals have emergency generators. For example an average hospital has 2 big 
generators of 400 kW standby. Approximately 50 hospitals operate in The Netherlands. The 
potential is circa 40 MW. The same requirements and arguments to use these aggregates in 
the ICT sector apply for this market segment.     

2.2.6 Radio Broad Cast Transmitters 

Large transmitters of radio stations are 100% covered with emergency generators. The 
estimated installed power is 20MW. The same requirements and arguments to use these 
generators in the ICT sector and hospitals apply for this market segment.     

2.2.7 Art Skating Rinks 

It is also possible to switch of the cooling machines of art skating rinks and produce 
electricity in stead.   
The Art Skating Rink in Utrecht (1 of 20) has a compressor capacity of 750 kW. This 
corresponds to a total capacity of 15 MW. 
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2.2.8 Summary 

The potential of usable power by DBS is shown in Table 1. In this case study the potential of 
DBS in the market segment green houses is financially analysed by means of the BUSMOD 
methodology. 
 
Table 1 Potential DBS in several market segments 
 
Application Technology Potential 

(MW) 
Driving Force 

Green houses CHP  
50% owned by Energy 
Suppliers 

1200 
 

Switch off E demand. 

ICT data hotels / 
telecom switches 

Emergency generators 400 periodic test 

Large office 
buildings 

CHP/  
Engines 

150 Thermal buffer 
capacity building mass 

Broad Cast 
Transmitters 

Emergency generators 20 Periodic test 

Hospitals Emergency generators 40 Periodic test 
Art skating rinks Engine 15 Thermal buffer 

capacity ice mass 
Large cold storages Engine 5 Thermal buffer 

capacity building mass 
Total  1820  
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3 Case Study Description (Step 1)  
 
In this chapter the results of step 1 of the methodology is described. 

3.1 Business Idea 

The business idea of ECN is to provide an ICT-enabled, day ahead power market driven 
Distributed Balancing Services for green house market gardeners using an (existing) CHP 
installation, which is owned and maintained by an Energy Supplier. The energy supplier uses 
the DBS as day ahead prediction tool. 
 
The benefits from these services are: 
• Minimising of the costs of bought energy in peak hours;  
• Maximising revenues of sold electricity by avoiding low tariffs; 
• Additional benefits from supplying controllable power to trading parties.  
 

3.2 Business Process 

For gardeners the DBS implies switching off or shifting illumination processes in time in the 
green houses for 1 hour on a profitable APX moment as well as producing electricity that 
same hour in the illumination periods (Autumn, Winter, Spring). In non-illumination periods 
(Summer) electricity is also produced on profitable moments and the excess heat is stored or 
used in the local environment of the green house. The gardener receives a fee from the 
energy supplier for his crops losses due to reduction of light by switching off the illumination.  
 
Assumptions 
Distributed balancing services involve for gardeners switching off illumination processes in 
the green houses or producing electricity in periods when it is profitable in illumination 
periods or non-illumination periods (e.g. summer) and storing the excess heat. 
In all cases heat and CO2 are important parameters. When generating electricity, heat will 
also be produced. In the case study we assume that the heat will be used or stored in the 
local environment of the green house.  
The other assumption is that the gardener receives a fee for his crops losses due to reduction 
of light for the crops by switching off the illumination. 

3.3 Actors Involved 

Other involved actors are the Distribution System Operator, the Market Operator and the 
Energy Service COmpany (provider of the needed ICT hardware and software). In the case 
study the gardener has an electricity demand of 8800 kW (~ 110.000 m2 illumination 
surface), which is generated with the CHP installation of the Energy Supplier.Central actor is 
the Energy Service COmpany/Energy Supplier. Other actors involved are: 
• Customers (RC) 
• Generators (DG) 
• Distribution System Operator (DSO),  
• Electricity Supplier  (ES) 
• ICT-provider  
• Market operator (MO)  
• Regulatory authorities 
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3.4 Regulatory Incentives Involved 

The following regulations are involved: 
• Regulation regarding energy taxes 
• Regulation regarding certificates needed for generating sustainable and 

environmental electricity,  
• Regulation regarding premiums for sustainable and environmental friendly electricity. 
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4 Results Goal and Technology Selection (Step 
2 & 3) 

 

4.1 Goal Selection 

Step 2 of the methodology is meant to specify and analyse the business idea in more detail 
by selecting the strategic goals and operational goals of the actors involved (see 3.3). The 
results of these steps are presented in Appendix A1 Table 11 and Table 12.  

4.2 Technology Selection 

Step 3 of the methodology is to select the appropriate DG technology. For this purpose the 
methodology provides classification tables related to the strategic and operational goals.   
In Appendix A2 the goals matched with the technology characteristics are presented.  
Using this selection (Appendix A2 Table 13) it seemed, a 'very quick' start-up time is an 
important technology characteristic for this business case.  
Matching all our technology characteristics and ranges with existing technologies shows that 
Combined Heat and Power (CHP) using Gas Turbines is the technology that suits our goals 
and technology characteristics and ranges (see table 2).  
 
Table 2: Overview selected technology 
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Not renewable 

 Reciprocating 
engines  

High  Very High Very quick Yes Low High Low High 

 Fuel cells Good 
 Low Quick -Slow Yes High 

 Low  High High 

* Steam turbines 
(CHP) Good      Low  

* Gas turbines (CHP)   Very quick      

* Combined Cycle Gas 
Turbines (CHP)         

 MicroCHP Good High Quick Yes Low Low Low High 

Renewable 

 Wind turbines  Null - No High Low High Low 

 Solar  Null - No High  Low Low Low 
 Micro hydro  Low      High 

 Biomass  Low      High 

 Geothermal, wave, 
tidal  Low      High 

 Waste reduction  Low      High 
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4.3 Regulation  

Regulations influence the creation of the value model since certain value exchanges are 
obliged depending on the existing regulations.  
In this case study an extra step "Regulation" was added to inventory the regulations 
involved. The inventory is presented in this paragraph. 
 

4.3.1 Regulations Involving The Value Model 

There are three main types of energy sources for which the regulations vary most:  
• Renewable energy, e.g. solar power and wind power; 
• Conventional energy ('gray' energy), e.g. nuclear power; 
• Controllable environmental generation of energy, e.g. CHP using gas as fuel. 
 
Regulations apply to a specific technology for both generation and the use of electricity. 
Regulation is also actor specific and can be classified into three different groups [5] 

[42][45][48][47][49][50][51][52]: 
1. Subsidy: Subsidy consists of a fee for the generation of electricity using renewable 

electricity sources and CHP. Subsidy can apply to the three types of energy sources 
though subsidy is more interesting for the use of generation of electricity using 
renewable energy sources (e.g. Biomass) or CHP (e.g. Environmental Quality Energy 
Production Act MEP). 

2. Legislation: Legislation consists of procedures, rules for the creation of certificates (e.g. 
by the CertiQ) and rules regarding the electricity distribution through various actors (e.g. 
TENNET, DSO). 

3. Levy: A levy may consist of different kind of payments for supplies required to generate 
electricity and for the generated electricity itself. The levy is in most cases collected by 
the Government but may also be collected by actors, depending on the legislation. 
Common forms of levy are: 

o Income VAT 
  

 
In Table 3 the main regulations that apply for the actors in the business idea are 
presented[5]. The corresponding regulation with the numbers in Table 3 is categorised in 
Table 4. 
 
Table 3: Regulations for CHP. 
Actor Subsidy Legislation Levy 
Producers 1 3,5,7,9 2,4 
Consumers 15 6,10,14 13 
ESCO - 11 - 
Energy supplier - - 12 
DSO - 8 - 
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Table 4: Descriptions of regulations for CHP 

No. Regulations Involved actors Procedures Viewpoint Value constraint in Value constraint out 
1. Environmental Quality Energy 

Production Act (MEP) subsidy 
for generation energy for CHP, 
fixed fee per kWh: € 0,0057. 

RA (EnerQ), TSO (TENNET), 
Producers 

Producer generates CHP and applies for a 
subsidy at EnerQ. TENNET pays the 
subsidy on behalf EnerQ to the producer. 

Producers TSO for payment of the subsidy 
(MEP) to the producers. 

CHP generated electricity to 
the RA. 

2. VAT (6%) for each produced 
kWh 

RA (Tax Administration 
Office), Producers 

The Tax Administration Office charges the 
producer, based on their income, for the 
generated electricity per kWh. 

Producers Regulations from RA (For 
general use by Government). 

VAT Payment for each 
produced kWh to the RA 
(Tax Adminstration Office). 

3. Required certificates for MEP 
subsidy 

RA (CertiQ), Producers Producers apply and pay for requesting a 
certificate by CertiQ. When approved, the 
certificate can be used to receive the MEP 
subsidy. 

Producers Approved certificate. Payment for certificates to 
RA (CertiQ). 

4. VAT  RA (Tax Administration 
Office),  Fuel supplier, 
Producers 

The Tax Administration Office charges the 
fuel supplier for delivered fuel to the 
producer  

Producers Regulations (prevent further 
pollution and reduce electricity 
consumption). 

VAT Payment to fuel supplier 
for each unit of delivered 
fuel (differs on the type of 
fuel). 

5. Maintain monopoly position 
among actors, required 
separation TSO and DSO 

RA (MINFIN, MINEZ, 
MINVROM, EU), TSO, DSO, 
Producer 

TSO and the DSOs are regulated by the 
government and therefore producers 
cannot choose a specific DSO or the TSO 
as a contractor. 

Producers Regulations (stable price, 
certainty of market operations). 

VAT Payments: VAT. 

6. Maintain monopoly position 
among actors, required 
separation TSO and DSO 

RA (MINFIN, MINEZ, 
MINVROM, EU), TSO, DSO, 
Consumer 

TSO and the DSO’s are regulated by the 
government and therefore consumers 
cannot choose a specific DSO or the TSO 
as a contractor. 

Consumers Regulations (stable price, 
certainty of market operations). 

VAT Payments MEP 
premium. 

7. TSO is required to operate the 
main grid as one actor.  

TSO, Producers A producer who want to put electricity on 
the high voltage net (main grid) is 
required to use the TSO 

Producers Access to the main grid. Transmission fee for the 
transport of the electricity 
on the high voltage net. 

8. TSO is required to operate the 
main grid as one actor.  

TSO, DSO The DSO is required to use the TSO as 
transport company when the transport of 
electricity is crossed with the main grid, 
owned by the TSO. 

DSO Access to the main grid. Transmission fee for the 
transport of the electricity 
on the high voltage net. 

9. Distribution of electricity from 
producers 

DSO, Producers The producer in the regional area of the 
DSO is obliged to use the grid of this 
region DSO. 

Producers Access to the distribution grid. Distribution fee. 

10. Distribution of electricity to the 
consumers 

DSO, Consumers The consumer in the regional area of the 
DSO is obliged to use the grid service 
offered by the DSO in the region. 

Consumers Supply of electricity. Supply fee. 
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No. Regulations Involved actors Procedures Viewpoint Value constraint in Value constraint out 
11. Metering certificates RA (EZ), ESCO When supplying balancing services (e.g. 

metering/monitoring), a certificate is 
required. 

ESCO Certificate. Certificate fee. 

12. Regulating Energy Tax (REB) 
must be paid for consuming 
electricity from consumers 

RA (Tax Administration 
Office), ES 

The RA (Tax Administration Office) 
charges (REB) for consuming electricity 
from the electricity supplier. 

ES Regulation. Regulating Energy Tax 
charged from consumers - 
handling costs. 

13. Payment of Regulating Energy 
Tax fee for consumed 
electricity to Electricity 
Supplier 

ES, Consumers The ES is obliged by to charge a fee 
(depending on the amount of consumed 
electricity) from the consumers.  

Consumers Electricity contract. Regulating Energy Tax fee. 

14. Regulating Energy Tax 
reduced 

RA (MINFEW), ES, 
Consumers 

If the consumer is consuming renewable 
or CHP electricity, the ES calculates a 
reduced REB tariff. The RA (MINFEW) 
determines the tariffs. 

Consumers Reduced Regulating Energy Tax 
tariff. 

Use of renewable or CHP 
electricity. 

15. Regulating Energy Tax return RA (Tax Administration 
Office), Consumers 

The RA (Tax Administration Office) 
reduces the income VAT according to the 
paid Regulating Energy Tax 

Consumers Reduced VAT. Payment for Regulating 
Energy Tax. 
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5 Results Value Model (Steps 4 - 8) 
 
The steps 4 till 8 are part of an iterative process, which finally results in a value model. In this chapter the 
constructed value model is presented. The value model has evolved during this process due to continuing 
developing insight. It was chosen to describe only the final value model and end this chapter with an 
overview of the most important reasons why the value model changed in this process. 
 

5.1 Introduction 

Step 4 of the methodology includes the selection of the value activities based on the goals and technology 
(see Appendix A4) selected in step 2 and 3 followed by the selection of all value interfaces (step 5) 
necessary for the business case using the methodology libraries. The selected value interfaces are connected 
in Step 6. After connecting the whole model, some adjustments were needed like renaming some exchanges 
and adding some activities and interfaces to fit the business idea. In step 7 the actors are assigned to the 
modelled activities. Each actor should perform an activity. This is not a strict one-to-one relation. Some 
actors perform more than one activity and in some cases an activity should be divided over two actors. 
Before step 8 the exchanges and activities were grouped for an overview of the value model. 
In step 8 the scenario path of the value model is identified. The concept of a scenario path is to explicate 
cause-effect relationships by travelling over paths through the model. The value model is complete after 
step 8 the according to the methodology [28].  
 

5.2 Value Model of Distributed Balancing Services 

The value model from Figure 5 represents the situation in The Netherlands. In the Netherlands there is one 
MO, one TSO and several DSO regions. The TSO controls the high voltage transmission of electricity and the 
balance of all DSO regions. A DSO region is maintained and controlled by one DSO. The big box in the model 
represents the market segments DSO region. Within this DSO region the ES owns the CHP installation and 
provides the consumer (green house gardener) with electricity, heat directly and distributed balancing 
services. The consumer pays the energy supplier for these services. The ESCO provides the ES with all the 
supplies needed for the DBS to work properly (e.g. hardware and software). 
The DG producer is the CHP installation owned by the energy supplier. The CHP capacity is in this scenario is 
qualified to gain subsidy from the Regulation Authority (RA) (exchange 19,20) since CHP generation is seen 
as an environmental friendly generation technique. The DG producer delivers electricity to the DSO 
according to the Market driven Distributed Balancing Service. In this case of a profitable period the Energy 
Supplier offers the electricity/capacity to the Market Operator. In case prices the energy supplier could buy 
from the MO.  
 
Metering is not included and is considered as a DSO activity.  However the model works only in case time 
dependable metering is available. 
 
All numbered financial exchanges plus formulas between actors are explained in Appendix A.5 
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Figure 5: Value Model Distributed Balancing Services 
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5.3 Reasons of Value Model Adjustments 

To validate the business idea and the value model feedback from the test group was asked.  
It seemed that the researchers have a long-term vision of the business idea while the test group only has a 
short-term vision. This contradiction results in comments and refinements of the model.  

 
Due to the short-term vision of the test group it is even harder to gain information concerning future 
financial contracts. With the introduction of DBS new contracts should be made. At the moment of the 
modelling process a lot of uncertainties exist with respect to these aspects. This resulted in the development 
of several business cases and value models based on possible financial agreements and exchanges.  
For example it was not possible that the DSO is the initiator of DBS due to DSO independent position in the 
de-regulated market. This resulted in that the business idea of local balancing in a DSO region by the DSO 
was not an option. However, local balancing by the DSO is a radical and innovating idea. After this gained 
experience a new value model was development until a 'working' model was developed. The executor of the 
DBS shifted between the ESCO, the energy supplier and the DSO. Finally the energy supplier was the best 
solution in this scenario.     
Apart from the uncertainty of future financial agreements, future regulations are far more difficult to predict. 
This resulted therefore that the future scenario was validated against present regulations. On one hand this 
leads to a more realistic business model for the short term but on the other hand to less creative innovative 
business models. 
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6 Information System Model (Step 9) 
 
The user of Distributed Balancing Services has to invest in new hard- and software. In step 9 of the 
methodology an Information System Model is constructed which describes the physical allocation, ownership 
and communication of hardware systems and software systems. Based on this model we can roughly 
estimate the expenses related to the ICT system for each factor.  
In figure 7 the Information System Model for Distributed Balancing Services is presented. 
The boxes with a thick border represent hardware and the dotted boxes inside them represents software. 
Lines between software systems represent communication (connections) between these systems mostly in 
the form of an Internet connection. 
 
The DBS client software interacts between the software of the 

• Consumer (Consumption pattern and balancing opportunities)  
• Energy supplier (financial decision patterns) 
• Market operator (real time APX information),  
• Weather Information Service  (real time meteo data for green house climate control). 
• ESCO (DBS software updates)  

  

 
Figure 6: Information System Model for DBS 
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7 Financial Analysis (Step 10 & 11) 
 
Step 10 and 11 of the BusMod methodology involve the financial feasibility of the business scenario for each 
actor. To assess financial feasibility, profitability sheets are created; economic values are assigned and 
expected changes in the future are determined using evolutionary scenarios. In this chapter the financial 
analysis performed and sensitivity analysis performed are described. 

7.1 Introduction 

Actors who are directly related to the business case (actors who need to be examined for the case to answer 
the question whenever they are economic sustainable or not) are called core actors. Actors having a strong 
connection to the core actors of the business case are characterised as direct environmental actors.  
Actors who have a weak connection to the core actors are those actors that are only necessary for the 
direct-environmental actors to operate or exist. This third type of actors is characterised as indirect 
environmental actors. 
 
The definitions of the three types of actors are as follow: 
1. Core actors: these actors need to be examined in the business case in order to say whether these actors 
are profitable or not.  
2. Direct environmental actors: These actors are profitable, so for the business case we do not analyse 
the question whether these actors are profitable or not, but we do fill in the existing value exchanges in the 
value model and within the profitability sheets. 
3. Indirect environmental actors: These actors are neither core actors nor direct environmental actors. 
These actors are needed for the direct-environmental actors only in order for these direct-environmental 
actors to exist or operate. We may recognize these actors when modelling a value model, but we do not 
draw them in the value model. In addition, these indirect environmental actors do not have a direct 
connection to a core actor. In all cases the indirect environmental actors are linked to direct environmental 
actors. 
 
By means of the BUSMOD methodology all value exchanges in the business idea between the actors have 
been analysed and expressed in a value model including the exchanges obliged by regulations (VAT and 
subsidies). The value model is shown in figure 5.  
After the financial analysis, a simplified value exchange process could be extracted from the more complex 
value model. The value exchanges of the other actors did not seem to influence the value exchanges of the 
'core' actors. The 'core' actors are the Energy Supplier, the Gardener (Customer) and the ICT-supplier 
(ESCO). From this point only the calculated revenues and profit of the most important 'core' actors is 
discussed.  
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7.2 Profitability Sheets Base Scenario 

 
The business idea of ECN is to provide an ICT-enabled, power market driven Distributed Balancing 
Services for green house market gardeners using an existing CHP installation, which is owned and 
maintained by an Energy Supplier. The energy supplier uses the DBS as day ahead prediction tool. 
 
For gardeners the DBS implies switching off or shifting illumination processes in time in the green houses for 
1 hour on a profitable APX moment as well as producing electricity that same hour in the illumination periods 
(Autumn, Winter, Spring). In non-illumination periods (Summer) electricity is also produced on profitable 
moments and the excess heat is stored or used in the local environment of the green house. The 
illumination periods are presented in table 5. The gardener receives a fee from the energy supplier for his 
crops losses due to reduction of light by switching off the illumination. Other involved actors are the 
Distribution System Operator, the Market Operator and the Energy Service COmpany (provider of the 
needed ICT hardware and software). In the case study the gardener has an electricity demand of 8800 kW 
(~ 110.000 m2 illumination surface), which is generated with the CHP installation of the Energy Supplier. 
 
Table 5: Illumination periods for a green house market gardener 
Seasons Starts Ends Quarter Illumination period 
Summer June 22 September 21 3rd 0 hours per day 
Autumn September 22 December 21 4th 8 hours per day (06:00 – 13:00) 
Winter December 22 March 21 1st 15 hours per (03:00 – 17:00) 
Spring March 22 June 21 2nd 8 hours per day (06:00 – 13:00) 
  
The annual profit for the energy supplier is defined as follows: The energy supplier subtracts the gardener's 
fee (33% of the energy supplier’s revenue), the CHP maintenance costs (0.01 €/kW), the fuel costs (see 
table 6) and the software maintenance support from the ESCO from his revenue, earned by selling the 
produced electricity and receiving subsidy ‘Environmental Quality Energy Production Act’ (0.0057 €/kWh). In 
the first year the energy supplier has to invest the ICT hard and software (estimated at €30,000,-), which 
could be added to the revenue of the ESCO in the first year. The other part of the ESCO revenues is the 
support of the ICT part for the Energy Supplier, estimated at € 2000,-/month. The gardener's revenue is the 
received fee from the energy supplier. 
 
The energy supplier applies DBS each day for 1h during the year. It has to be taken into account for the 
annual revenue of the energy supplier that the spot price and the gas price vary during the different 
seasons. In figure 7 the average spot price on the APX is shown and table 6 shows the different gas prices 
during a year. 
 
Table 6 average gas prices during the seasons 
 Summer Autumn Winter Spring 
Gas price (€/m3) 0.14698 0.13709 0.15122 0.16001 
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Average APX Prices Per Season
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Figure 7 Average APX spot price in the seasons 
 
In the summer the Energy Supplier could produce 24 hours a day and sell it to the APX but this would not 
deliver an optimal profit (see figure 8). The optimum production period lies between 9:00 and 19:00. Not all 
heat produced could be stored or used in the local surroundings of the gardener in this period. In this 
scenario the production in the summer will also be 1 hour like in the other seasons. 
 

Revenue per hour of the Energy Supplier selling to APX in the 
Summer (capacity 8800 kW)
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Figure 8 Revenue per hour of the energy supplier selling to APX in the summer 
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In table 7 the revenues for the energy supplier in case of one-hour production per day in the illumination 
periods (Autumn; Winter and Spring) and 1h hour in the non-illumination periods (Summer) on peak 
moments are presented. 
 
 
Table 7 Annual revenue Energy Supplier in case 1h production/day 
Season Peak hour (Figure  Spot price (€/MWh) Revenue per day 

(€) 
Revenue per season 
(€) 

Summer* 12:00 130    808 72720 
Autumn 11:00 110 637 57330 
Winter 12:00 64    398 35820 
Spring 12:00 85 418 37620 
Annual    203490 
* In case of 10h production the revenue in the summer would be € 452,700.00 
 

7.3 Sensitivity Analysis 

 
Several factors affect the revenue of the energy supplier like the gas price, the spot price itself and the CHP 
subsidy. In the sensitivity scenario these three parameters were changed. In the next table the profitability 
for all core actors is presented. In the first row the base scenario ‘one hour production’. In the second row 
the alternative scenario ‘30% increasing of the gas price’ followed by 30% lower spot prices and finally in 
the last row the scenario ‘the cut-off of the subsidy’.  
 
Table 8 Sensitivity Analysis of the profit ‘core’ actors by external factors  
 
  Turn over Profit Profit Profit 
Scenario Energy Supplier Energy 

Supplier 
Gardener 
(33%) 

ESCO  

Base Scenario (1h production/day) 203490 82338 67152 54000 
30% increase of gas price 166860 57796 55064 54000 
30% decrease of APX price 142443 41437 47006 54000 
No CHP subsidy 183141 68704 60437 54000 
 
After the annual sensibility analysis the Net Present Value (NPV) over 7 years (interest 7%) was calculated 
for the base scenario and three extra sensitivity scenarios. The extra scenarios concern the variation of the 
gardener fee and the ICT investment and ICT support to determine the acceptable range of these costs. 
In table 5 the calculated net present value (NPV) for the base scenario. In Table 6 the NPV’s of the extra 
scenarios. Capital costs for the CHP installation itself are not included in the calculation, since it is assumed 
that the choice for a CHP installation is already made. In this case these capital costs are a constant factor. 
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Table 9 Net Present Value base scenario (*1000)  

  2004 2005 2006 2007 2008 2009 2010 
Turnover 204 204 204 204 204 204 204 
Costs -91 -91 -91 -91 -91 -91 -91 
Net Cash Flow 113 113 113 113 113 113 113 
Present value of flows 608             
Investment -30             
Net Present value 578             
 
The NPV of the business case is positive. The initial investment has hardly effect on the NPV. 
   
 
 
Table 10 Influence of Net Present Value by the variation in costs and investments 

  Base scenario Extra 1 extra 2 extra 3 extra 4 Extra 5 
% ES to gardener 0,33 0,86 0,33 0,6 0,33 0,44 
Investment ES / ESCO 30 30 250 250 100 100 
Software Support ESCO 24 24 24 24 100 100 
NPV 578 -5 357 60 98 -23 
 
 
It seems the gardener fee has more influence on the NPV in comparison to the initial investment and the 
ESCO software support fee.   
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8 Conclusions and Future Research 
 
In this chapter the conclusions and future research is described. 
 

8.1 Conclusions 

The objectives of the case Study on Distributed Balancing Services are reached.  
It can be concluded that the business idea Distributed Balancing Services for greenhouse market gardeners 
using a (existing) CHP installation owned by the energy supplier is a very profitable one for the ‘core’ actors. 
Important factors of influence are the spot prices during the seasons and the gardener’s fee. The gas price, 
the CHP subsidy and the initial ICT investments exert relatively less influence.   
 
The exploration of potential business opportunities for Distributed Balancing Services in the market 
segments utility, agriculture and horticulture & industry and associated price levels is completed. The 
regulatory environment and cost levels are evaluated. Promising scenarios and actors involved are 
inventoried, and analysed. The financial analysis/spreadsheets development to determine conditions on 
which scenarios are economically sustainable is executed by means of the BUSMOD methodology. 
 
 

8.2 Future Research 

First of all follow-up projects about the practical application of DBS could be initiated. Now having 
determined (with the use of the BusMod methodology) that the business idea is profitable it could be 
explored in more detail. The new project should aim at the realisation of the needed software ICT 
infrastructure for the CHP installation and a test period for the DBS at the gardener's site.  
Recommendation is to develop an ICT environment for all kind of power market driven Distributed Balancing 
Services. This includes the development of intelligent metering, devices and communication protocols (e.g. 
semantic web technologies and rule-based agents). 
 
Another recommendation is to perform a financial analysis using the BusMod methodology for the other 
attractive market segments in the Netherlands (see chapter 2), mentioned in the beginning of this 
document, that are appropriate for DBS. The markets with emergency generators also have a large 
potential. An exploration of DBS potential in Europe is also recommended. A quick scan based on the quick 
start-up time of technologies through the BUSMOD deliverables already show potential in Norway, The 
United Kingdom and Spain. 
 
Market gardeners have no data about illumination strategies for their crops. Every crop needs a different 
strategy in order for the gardener to perform good cultivation. Less study about crops and light absorption is 
known to be done. For the DBS to gain more efficiency, more demand reducing and demand shifting 
opportunities specific for a crop should be studied.  Possible questions to be answered are: What happens to 
a specific crop if the lights are switched off after one hour of illumination or switched off randomly? What 
happens to a specific crop if the light intensity is decreased (lux)? With this new data the gardener could 
anticipate on the strategy program of the DBS in order to be more profitable. 
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A.1. Goals 
Table 11: Strategic goal hierarchy 

Goal hierarchy  Type Stakeholder(s) 

Market development  M  S1 

S1.1 Enter new business. M ESCO, ES 
 S1.2 Increase Market Share. M ES 
S2. Quality and efficiency  QE  
 S2.1 To improve security of supply. QE TSO, DSO 

 

Table 12: Operational goal hierarchy 

Goal hierarchy  Type Value Activity Stakeholder 
O1. Make profit M   

S. Supply electricity   
 

S1 Sell energy M 
Supply 

ES 

D. Transmit/Distribute electricity   
 

Improve transmission/distribution service  QE DSO, TSO 
D1 D1.1 To reduce the need for peak reserved capacity. QE 

Transmission/ Distribution 

DSO, TSO 

 
 
T. Trade electricity 

  
 

T1 Sell virtually bought energy to third party M 

Supply 

Trader 

ES. Supply DG equipment  Supply  
 

ES1 (new) Provide ICT equipment (hard- and software) for managing DG QE Manufacturing ICT 
O2. Efficient system functioning QE   
NM. Provide network management services QE   

Provide active management  QE   
NM1.1 Provide demand side management (DSM). QE Balancing ESCO/ES 

NM1 

NM1.2 Provide supply side management (SSM). QE Balancing ESCO/ES 
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Goal hierarchy  Type Value Activity Stakeholder 
 NM1.3 Balancing services (Controllable power). M Balancing ESCO/ES 
NM2.1 (new) Provide DG with Fuel M Fuel Supply Fuel Supplier 
M. Provide metering services M Metering ESCO 
O3. Consume electricity    
C. Reduce costs   

C1 Reduce consumption in peaking hours QE C (RA) 

Q. Improve electricity service quality QE  

Q1 Provide continuous reliable power. QE 

Consumption 

TSO / DSO 
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A.2. Goal-Technology Analysis 

Goals (selected on Step 2) 
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S1 Sell energy 
- - - - - - - ♦ ♦ ♦ 3 

S1.1 Enter new business 
- - - - - - - ♦ ♦ ♦ 3 

S1.2 Increase market share 
- - - - - - - ◊ ◊ ◊ 1,5 

S2.1   To improve the security of supply 
♦ - ♦ - - - - - - - 2 

D1 Improve distribution service quality 
- - - - - - - - - - 0 

D1.1 To reduce the need for peak reserved capacity 
♦ - ♦ - - ♦ ♦ ♦ ◊ ♦ 6,5 

T1 Trade (virtually bought) energy 
- - - - - - - - - - 0 

Es1 (new) Provide ICT equipment (hard- and software) for 
managing DG            

NM1.1 Provide demand side management (DSM) 
♦ - ♦ ♦ - - ♦ - - ◊ 4,5 
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Goals (selected on Step 2) 
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NM1.2 Provide supply side management (SSM) 
♦ - ♦ ♦ - - ♦ - - ◊ 4,5 

NM1.3 Balancing services (Controllable power) 
♦ - ♦ ♦ - - ♦ - - ◊ 4,5 

NM 2.1 
(new) Provide DG with Fuel            

C 1 
Reduce consumption in peaking hours - - ♦ - - - - ◊ ♦ ◊ 3 

Q 1.1 
Provide continuous reliable power ♦ - - ♦ - - - ◊ ◊ ♦ 4 

Total points 6 0 6 4 0 1 4 4,5 4,5 6,5 39,5 
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A.3. Performance and Technology Characteristics 

A.3.1 Performance  

Table 13: Performance Characteristics 

# Characteristics Possible Range Required 
Range 

Importance 

1 Performance characteristics    

1.1 
Efficiency 

High (> 60%) 

Good (40%-60%) 

Low (< 40%) 

X 6.0 

1.2 CO2 Emissions (lb/MWh) High (> 1000) 

Middle (About 1000) 

Null  (0) 

N.A. 0 

1.3 Start-up Time Very Quick (< 10 sec) 

Quick (10-60 sec) 

Slow (Hours) 

X 

 

6 

1.4 Thermal Output Possible / Not Possible Makes no 
difference 

 

2. Economic characteristics    

2.1 Capital Expenses Low / Middle / High Middle 4.5 

2.2 Installation Expenses Low / Middle / High Middle ? 

2.3 Fixed O&M Expenses  Low / Middle / High Middle 4.5 

2.4 Variable O&M Expenses  
Low / Middle / High 
 Middle 6.5 

3 Size and availability characteristics    

3.1 Grid connection Required / Not required Required 4.5 

3.2 Predictability High / Low High 4 
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A.4. Value Activities and Actors (not) to be modelled 
Table 14: Value activities (not) to be modelled 
Value activity  
Regulation to be modelled 
Policy making Not present in the goal-activity list 
Market management Not present in the goal-activity list 
Network management Left out, this has been taking together with the value activity Balancing 
Generation to be modelled 
Transmission left out 
Distribution to be modelled 
Trade to be modelled 
Supply to be modelled 
Consumption to be modelled 
Manufacturing left out and combined with ICT Supplier 
Leasing Not present in the goal-activity list 
Energy Efficiency Not present in the goal-activity list 
Aggregation Not present in the goal-activity list 
Metering Left out, no direct profit for the actor doing it. It has to be done when the 

service is installed. 
Fuel Supply to be modelled 
Heat Supply Not present in the goal-activity list 
Balancing to be modelled 
New: ICT supply to be modelled 

Actors 
 
Table 15: Activities performed by actor(s) 
Activity Actor 
Consumption (Final) Consumer 
Distribtution DSO  

DG Generating Distributed Generator (DG) 
Trade APX 
Supply Energy Supplier 
Balancing Energy Supplier 
ICT ESCO 
Fuel Supply Fuel Supplier (FS) 
Regulation RA 
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A.5. Description of Value exchanges 
 
Table 16: Value exchanges Value model 

 
Value exchange 1 Electricity Transport 

Description The DSO Charges the Consumer for the transport of energy to the consumers' 
location. 

Formula Electricity_Transport_Fee * Electricity (kW) 
Actor DSO 
Value object offered Electricity Transport 
Value object 
requested 

Transport Fee 

Value activity Distribution 

Value exchange 2 Electrcity Transport Fee 

Description A Transport Fee for the electricity transported to the consumers'location 
Formula Electricity_Transport_Fee * Electricity (kW) 
Actor Consumer 
Value object offered Transport Fee 
Value object 
requested 

Electricity  

Value activity Distribution 

Value exchange 3 Electricity  

Description The Energy supplier offers electricity from the DG producers to the Market Operator. 
Formula Electricity_Trade_Fee * Electricity (kW) 
Actor ES 
Value object offered Electricity  
Value object 
requested 

Trade Fee 

Value activity Trade 

Value exchange 4 Electricity Trade Fee 

Description The Market operator buys electricity from the ES and pays a Trade Fee 
Formula Electricity_Trade_Fee * Electricity (kW) 
Actor MO 
Value object offered Trade Fee 
Value object 
requested Electricity  

Value activity Trade 

Value exchange 5 DBS Fee 

Description DBS Fee what the consumer receives for compensation of crop losses 
Formula Percentage of revenue of ES for the delivery to the grid in peak hours 
Actor ES 
Value object offered DBS Fee 
Value object 
requested DBS Savings 
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Value exchange 6 DBS  

Description Possibility (Willingness) to execute DBS 
Formula Percentage of revenue for delivery to the grid in peak hours 
Actor Final Consumer 
Value object offered DBS Savings 
Value object 
requested 

DBS Fee 

Value activity Balancing 

Value exchange 7 Electricity 

Description The ES supplies electricity to the final consumer 
Formula Electricity_Retail_Fee * Electricity (kW) 
Actor ES 
Value object offered Electricity 
Value object 
requested 

Electricity Retail Fee 

Value activity Supply 

Value exchange 8 Electricity Retail Fee 

Description A Fee in return of the Electricity supplied by the ES 
Formula Electricity_Retail_Fee * Electricity (kW) 
Actor Final Consumer 
Value object offered Electricity Retail Fee 
Value object 
requested Electricity  

Value activity Supply 
  

Value exchange 9 Electricity Program 

Description the Electricity supplier makes contracts in which Electricity is to be delivered to the 
consumer 

Formula Electricity_Program_Fee * Electricity (kW) 
Actor DSO 
Value object offered Electricity Program 
Value object 
requested Program Responsibility Fee 

Value activity Supply 
  

Value exchange 10 Program Responsibility Fee 

Description A fee for the electricity programs 
Formula Electricity_Program_Fee * Electricity (kW) 
Actor ES 
Value object offered Program Responsibility Fee 
Value object 
requested 

Electricity Program 

Value activity Supply 
  

Value exchange 11 Distribution  

Description The DSO provides the DG Producer with access to the Distribution Grid 
Formula Distribution_Fee* Electricity (kW) 
Actor DSO 
Value object offered Distribution  
Value object 
requested 

Distribution Fee 

Value activity Distribution 
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Value exchange 12 Distribution Fee 

Description Fee for putting electricity on the distribution grid. 
Formula Distribution_Fee* Electricity (kW) 
Actor DG Producer 
Value object offered Distribution Fee 
Value object 
requested 

Access to the Distribution Grid 

Value activity Distribution 
  

Value exchange 13 Electricity 

Description The MO sells electricity to the ES 
Formula Electricity_Trade_Fee * Electricity (kW) 
Actor MO 
Value object offered Electricity 
Value object 
requested Electricity Fee 

Value activity Trade 
  

Value exchange 14 Electricity Trade Fee 

Description A Fee for the electricity the MO has sold to the ES 
Formula Electricity_Trade_Fee * Electricity (kW) 
Actor MO 
Value object offered Electricity Trade Fee 
Value object 
requested 

Electricity 

Value activity Trade 
  

Value exchange 15 Fuel Supply 

Description The Fuel Supplier supplies the DG Producer with Fuel 
Formula Fuel_Supply_Fee * Fuel (m3) 
Actor Fuel Supplier 
Value object offered Fuel  
Value object 
requested 

Fuel Fee 

Value activity Fuel Supply 
  

Value exchange 16 Fuel Fee 

Description The DG must pay a Fee using the Fuel supplied by the Supplier 
Formula Fuel_Supply_Fee * Fuel (m3) 
Actor DG Producer. 
Value object offered Fuel Fee 
Value object 
requested Fuel  

Value activity Fuel Supply 

Value exchange 17 Electricity  

Description Provide ES with Electricity 
Formula Electricity_Fee * Electricity (kW) 
Actor DG Producer 
Value object offered Electricity  
Value object 
requested 

Electricity Fee 

Value activity Supply 
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Value exchange 18 Electricity Fee 

Description A fee that has to be paid for the electricity. 
Formula Electricity_Fee * Electricity (kW) 
Actor DG Producer 
Value object offered Electricity Fee 
Value object 
requested Electicity  

Value activity Generation 
  

Value exchange 19 CHP Generation 

Description The Producer offers the TSO CHP (renewable) Generation 
Formula CHP_Subsidy_Fee * Electricity_Produced_CHP (kW) 
Actor DG Producer 
Value object offered CHP Generation 
Value object 
requested 

CHP Subsidy 

Value activity Regulation 
  

Value exchange 20 CHP Subsidy 

Description CHP subsidy per kWh CHP generated electricity 
Formula CHP_Subsidy_Fee * Electricity_Produced_CHP (kW) 
Actor RA 
Value object offered CHP Subsidy 
Value object 
requested CHP Generation 

Value activity Regulation 
  

Value exchange 21 DBS Supplies 

Description The ESCO sells the DBS to the ES 
Formula DBS_Support_Fee 
Actor ESCO 
Value object offered DBS Supplies and Support 
Value object 
requested 

DBS Supplies Fee 

Value activity ICT Supply 
  

Value exchange 22 DBS Supplies Fee  

Description A Fee for the DBS 
Formula DBS_Support_Fee 
Actor ES 
Value object offered DBS Fee 
Value object 
requested 

DBS 

Value activity ICT Supply 
  
 
 


