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1 Introduction 

This deliverable discusses a number of potential suitable modelling approaches 
for establishing a business case for distributed generation (DG) of electricity. 

We first outline requirements and expectations with respect to modelling 
distributed generation cases (chapter 2). This discussion is based on a number 
of internal VUA workshops, and on a workshop held with all the project partners 
at UMIST. Additionally, partners have given feedback on the initial set of 
requirements and expectations. 

Chapter 3 presents a number of promising modelling approaches. They are 
intended to sketch the landscape of modelling. We do so from two different 
perspectives. First, we take the perspective of a business consultant, and 
outline approached like value chains and business webs. Second, we present 
approaches from the realm of conceptual modelling and requirements 
engineering. For all these approaches, key references are supplied. 

Finally, chapter 4 presents our conclusion on the most promising modelling 
approaches, given the requirements and expectations given in chapter 2. 
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2 Modelling goals 

The goal of the modelling activity is to provide insights into the business case 
for the various forms of distributed generation of electricity. Such a model needs 
to: 

• Enhance a common understanding of a business case, taking into account 
that a wide range of stakeholders from different companies is involved. 

• Demonstrate that each of the parties whose cooperation is necessary to 
achieve distributed generation finds the required cooperation to be a 
positive expected net present value. 

• Enable sensitivity analysis along significant decision-making dimensions or 
issues where the data is unclear. Issues likely to come up include different 
assumptions about consumer behaviour, financing mechanisms, different 
regulatory landscapes (e.g. tariff and access rules, government taxation or 
subsidy regimes), volatility of fuel and electricity prices, and the actual 
performance of the underlying technology.  

More specifically: 

• Specify the aspects and types of distributed generation that require 
analysis, and identify the business situations and rules needed to “run” a 
business environment with a high level of distributed generation  

• Achieving this by focussing on a series of plausible scenarios whose 
semantics are specific enough to clearly identify all the relevant cash flows  

• Gather enough data specified in those scenarios to be able to compute 
expected net present value to each of the actors whose cooperation is 
required 

• Build that computation 

• Build a means of doing sensitivity analysis on the above scenarios 

Let us go into this in some detail. 

Specify distributed generation. Distributed generation means different things 
to different people. The non-exclusive aspects involved in defining distributed 
generation include:  
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• Generation is a side-effect or a side-business In the micro-CHP1 case, for 
example, electricity is a by-product of generating heat. For many solar and 
wind scenarios, it is anticipated that farmers will put solar panels or wind mills 
on unfarmed land. This view implies that not interfering with the main 
business is a binding constraint on system design. However, there is no 
reason why a company could not base an electricity-generating business 
around smaller generators if the technology were economically attractive, just 
as many data centres have moved away from mainframes to server farms of 
PCs. 

• The generators are relatively small Others see the principle significance of 
distributed generation as a reduction in the average size of both the 
generating facilities and the companies doing the generation. However, there 
is no particular reason why a big power company couldn’t build a massive 
wind farm if it chose to do so. Furthermore, there’s no reason why a big-
enough consumer (a steel mill, for example) couldn’t co generate on a scale 
similar to that of a traditional turbine. 

• Distributed decision-making Implicit in the notion of smaller generators and 
generation being done as a side-effect is the idea that the sheer number of 
entities making decisions on buying capital equipment and selling power will 
go up. However, this is quite distinct from liberalization – it would be perfectly 
possible to increase participation yet be completely regulated. 

• Liberalized market Others see distributed generation as meaning that the 
price will be set by market forces in some way. Markets tend to function better 
when the number of participants goes up, so this is consistent with the 
technology discussed above. Meanwhile, government and EU regulation, for 
example in the form of “must-carry” rules, regulated connection fees, and 
rigorous enforcement, plays a significant role and will be necessary to prevent 
existing powerful actors from blocking competition. Certainly the US 
experience with telecommunications deregulation suggests that simply 
ordering monopoly providers to cooperate with linking to new competitors 
doesn’t work that well. 

• Renewable energy Some of the technologies we are analyzing are green 
(wind, solar) while others are not (co generating electricity via a natural gas 
turbine). Some of the non-green technologies are also likely to reduce CO2 
emissions, even though they are not renewable. However, some people have 
been acting as though renewable energy and distributed generation are 
synonyms. 

• Connected to the distribution grid A very general definition of distribution 
generation emphasizes that DG is about generators of electricity which are 
directly connected to the distribution grid, rather than to the transportation 
grid. 

                                                 

1 CHP = combined heat power. By default, micro CHP refers to household-sized gas-fired turbines intended to 
be replacement for the traditional gas-fired boilers. 
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Identify the business situations and rules needed to “run” distributed 
generation. We need to generate a series of sub-scenarios that add sufficient 
detail to start modelling cash flows. For example, within the general scenario of 
cogeneration via heat: 

• the equipment might be owned by the building owner or the electricity 
supplier 

• there could be several financing arrangements for that equipment 

• the electricity over the consumers’ own needs could be thrown away, given 
to a neighbour, given at no additional charge to the supplier (perhaps in 
exchange for a fixed reduction in the retail price), could be sold at a fixed 
price, or could be sold at some fraction of the then-current market price 

• the distribution company might be required to transport that power at no 
charge or according to some function to be specified 

For the initial model we will do only the cash flows intrinsic to the generating 
technology. In the context of a single project it will be impossible to achieve a 
thorough understanding of the business models for distributed generation in 
general. Therefore, we will focus on a series of plausible specific scenarios 
whose semantics are specific enough to clearly identify all the relevant cash 
flows.  

Gather enough data specified in those scenarios to be able to compute 
expected net present value to each of the actors whose cooperation is 
required 

In order to compute cash flows, we will need numerical information about how 
much power will be produced for how much input of the original source of 
energy, the availability of that original source, and other actual costs. These 
other costs would include required capital equipment, connection fees charged 
by the distribution network, and other items such as new meters and 
maintenance costs. There will also be a need to formulate functions that 
represent the prices the actors are facing. We have to cater for the fact that the 
prices and availability of both the inputs and the electricity generated will be 
highly variable, since you cannot predict weather, power prices are known to be 
volatile, and the outcome of the whole system depends on the simultaneous 
dynamics of physical as well as economic variables (e.g. sunshine, wind and 
current power prices at any time t). 

Build that computational model 

Once these scenarios have been generated, we need to conduct a numerical 
analysis of the underlying cash flows. This will have some level of complexity for 
the following reasons: 
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• Power sources and prices are highly variable. Whether we are talking 
about wind or solar or purchased natural gas, it is unavoidable that availability 
is unpredictable. In the cogeneration from heat scenario, for example, the 
driver is the external temperature – another uncontrollable variable. 

• The decision-making is distributed. In the basic distributed generation 
there are at least three actors whose cooperation is required for the new 
technology to deploy – the consumer (who could be a large office building), 
the electricity distribution network, and the electricity supplier/broker. In more 
complex scenarios there could be more actors, such as the electricity 
supplier/broker’s banker and office building tenants. Other actors could be 
repair services and subsequent building owners. For a scenario to be judged 
as feasible, it needs to be in the self-interest of everybody whose cooperation 
is required. 

• The decision-making is intertemporal. Because we are dealing with rather 
expensive capital equipment that equipment will need to be financed and the 
cash flows analyzed over the working lifetime of the equipment. 

Fortunately, there are a number of complexity-reducing assumptions we can 
make: 

• Electricity is a free by-product of the generation technology (obviously the 
case with wind, solar, and tidal generation. In the heat case, this assumption 
means that you would want the heat anyway) 

• We know the functional relationship between the input and the amount of 
electricity produced – if the temperature is X, Y gas will be burned and Z 
kilowatt hours will be produced.  

• The retail price of electricity (the price facing the consumer) is always higher 
than the wholesale price of electricity (the price facing power suppliers). This 
implies that consumers will first apply co generated electricity to reduce their 
own purchases and will only sell electricity to the system when the amount 
generated exceeds their own consumption. 

• The price of electricity has a known probability distribution. This implies that 
there isn’t a time-dependent feedback effect between the total amount of DG 
electricity generated and the price. This assumption will stay reasonable as 
long as the amount of DG electricity is small relative to the total market. 
Please note that this would have to be several distributions in jurisdictions 
with time of day pricing 

• The marginal costs of selling electricity are known. This could include a 
number of costs and is likely to be a principal target of e3value (see Gordijn 
2002). For example, there might be transport, metering, management, quality, 
and other contract costs for moving the electricity from the customer who is 
generating to the company who is buying it. In general, these aspects will be 
covered in seller-buyer contracts, but in distributed generation it is likely that 
customer contracts will become much richer in terms of contract options.  
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Target variables 

The expected net present value to the actor that needs to buy the equipment is 
the motor from which everything else flows. If that is high enough, the 
profitability can be used to purchase the cooperation of the other required 
actors. 

A secondary issue is the amount of greenhouse gas produced. While reduction 
of CO2 emissions is secondary to demonstrating economic feasibility, the EU 
does have Kyoto obligations. One way to become feasible is receive direct 
subsidies from a government to achieve non-economic policy goals. 

Subsidiary variables 

What exactly we want to do varies mildly with the scenario we are dealing with. 
With the UK scenario is compute the value of foregone electricity purchases + 
the value of electricity sold to the grid, if the latter is explicit in the contract being 
simulated. 

• Quantity of fuel consumed (which could be a quantitative expression of the 
amount of sunlight) 

• The price of the fuel consumed (which could be stochastic in the case of 
natural gas or diesel and which would be free in the case of wind and sun) 

• The amount of electricity not consumed due to the cogeneration offset 

• The price of electricity facing the customer at the time of cogeneration 
(note this might vary by time of day) 

Build a means of doing sensitivity analysis on the computational model 

We want to make it easy to change such parameters as the cost of a new meter 
(if required to begin selling electricity) and to enable users to experiment with 
changing assumed consumer demand functions.  
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3 Potential modelling techniques 

In this chapter we discuss a number of modelling techniques for business 
modelling. As a common denominator for these techniques, we require that they 
contribute to a better understanding of enterprises acting in a multi-party 
network. Business modelling is addressed in multiple disciplines. Consequently, 
we discuss business modelling as known business consultancy/business 
schools (see Section 3.2) and as known in conceptual modelling and 
requirements engineering (see Section 3.3). 

3.1 Modelling characteristics 

The discussion of each modelling technique is structured as follows. First we 
start with an overview of the technique, consisting of an explanation of the 
concepts used in the technique and the construction of models. Thereafter, we 
exemplify the technique with one or more examples. Then we discuss the 
purpose of the methodology. Also we present the level of formality. Approaches 
taken from Computer Science tend to be formal/mathematical, whereas 
business school/consultancy approaches are often informal. This has for 
instance consequences for the intended audience of the models, and the skill 
level that is needed to interpret the model. We also discuss the level of 
granularity: is the model course grained touching the basics only, or can very 
fine, grained models be constructed. Finally, we give for each technique key 
references for the further reading. 

3.2 Business consultancy approaches 

To be able to integrate the business strategy and the IT strategy requires 
understanding of the business strategy. Business planning is the discipline 
dealing with formalizing and monitoring business strategies. We present here 
few of the models that are useful in business planning, called value chains 
[Porter 1985] and business webs [Tapscott 2000]. 
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3.2.1 Value chain  

Overview 

One of the widely used techniques to examine what and how a firm does is the 
value chain theory. The value chain theory was introduced by Michael Porter, a 
professor of Business Administration at the Harvard Business School. The focus 
of the value chain analysis is a firm. The primary goal of using the value chain 
analysis of a firm is to examine its competitive advantage in terms of cost 
leadership, differentiation, and focus.  

The term “value chain” refers to the full-scale production chain from the input of, 
for example, raw materials, labour, or capital, to the output of the final product or 
service purchased by the end user.  The chain is called “value chain” because 
each link in the chain adds some value to the original inputs. Through modelling 
a firm’s value chain it is possible to examine the value of what the company 
does as it completes a series of functions within its production cycle.  

 
The basic concept in Porter’s [Porter 1985] value chain analysis of a firm is a 
value activity. The effective execution of individual activities within a firm’s value 
chain determines how cost-effectively the firm performs with respect to its rivals. 
Michael Porter argues that an organisation can gain competitive advantage over 
its rivals by performing key internal activities in the value chain at a lower cost 
and superior quality compared to its competitors. 
 
Value activities are defined as technologically and physically distinct activities.  
The value chain approach identifies two major activities - primary and 
secondary (see Figure 1).  Primary activities include production, marketing, 
logistics and after-sales functions.  Secondary activities are identified as support 
processes to primary activities.  These include firm infrastructure, human 
resources management, technology deployment, and procurement. Every 
primary activity embodies purchased inputs (procurement), human resources, 
and technologies. Firm infrastructure, implying general management, legal 
work, and accounting, supports the entire value chain (see [Porter 1985]. 
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Figure 1: The Generic Value Chain, based on [Porter 1985] 

The value chain is a collection of value activities and a margin (see Figure 1). 
The margin is the difference between the value the firm creates by selling its 
product or service and the costs of performing the firm’s value activities. The 
margin is an indicator of the profitability of the firm.  
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Figure 2: The Value System, according to [Porter 1985] 
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The interdependent activities within a value chain are connected with linkages. 
A linkage reflects how the performance of some activity influences the 
effectiveness or cost produced by another activity. Linkages can exist both 
between activities performed within one value chain and between activities 
performed in value chains of different firms. 

The value chains of different firms and the linkages between their activities 
compose the value system. The simple value system, presented in Figure 2, 
consists of value chains of suppliers, channels, buyers and the firm.  The value 
system is a tool to analyse how a company positions itself relatively to other 
companies.  The goal of the value system is to make explicit the role of a 
company in the overall activity of providing the product to customers. The value 
system makes explicit who are the suppliers and what are the channels of the 
given company. It allows understanding if all the companies involved in the sale 
process are truly collaborating or if they have conflicts of interests. It also allows 
comparing a company with its competitors. 

Example 

The starting point of the competitive advantage analysis is to define a firm’s 
value chain. There are several constraints to be followed. First of all, the value 
chain of the company has to be mapped to the generic value chain (Figure 1).  
The generic value chain predefines nine types of activities. According to the 
Porter’s theory, every business is assumed to fit the generic value chain.   

The second constraint to be followed is a rule of defining firm’s value activities. 
The activities have to be isolated if they have “discrete technologies and 
economics”.  Porter defines the following rules to be meted while isolating and 
separating activities: (1) value activities have different economics, (2) have a big 
potential impact on differentiation, or (3) represent significant or growing 
proportion of cost. Value activities have to be assigned to the categories that 
represent their contribution to competitive advantage in the best way.  For 
example, the marketing and sale category of the value chain can contain the 
following discrete value activities: marketing management, advertising, sales 
force, and promotion. 

After the value chain is constructed each value activity has to be associated 
with assets and operating costs.  Operating costs are assigned to the activities 
in which they are incurred. Assets should be assigned to the activities in which 
they are employed and controlled. We should mention, that the assigning 
numbers to activities is the most complicated step in all the value chain 
analysis. It is labor-intensive, as it requires detailed knowledge and data 
acquisition. On the other hand, high probability to acquire wrong data at this 
step makes it the most vulnerable point of the value chain analysis. After the 
costs and assets are assigned to the value activities, the value chain represents 
the distribution of costs within a firm. 
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The next step is to identify linkages between value activities. The linkage exists 
if the costs in one activity are determined by the way in which other activities are 
performed. 

Finally, after the steps mentioned above are taken, the analysis of the obtained 
value chain can be made. The following scenario can facilitate the analysis of 
the value chain: 

• Increase the volume of activities where the scale economy is important 

• Reduce wage costs by either direct or indirect relocation of production 

• Try to contract out or buy services for activities, which are performed 
ineffectively 

 Purpose 

Understanding the value chain is all about analysing the strengths and 
weaknesses of a company, along the stages of its product flow from raw 
material stage to delivery.  The activity-based view of the firm allows:  

• Managing, coordinating, developing, and optimising the whole chain of 
overall activities from raw material suppliers to end customers of firms 
working together to create bundles of goods and services 

• Creating the solution having the lowest total costs of product or service 
both for the end customer and the manufacturer.  

• Developing strategies of competitive advantage. A strategy for competitive 
advantage considers that one set of producers (manufacturers) searches 
for the solution to create more value in terms of high-quality and lower-cost 
products than sets of their rivals.  

• Improving the whole chain of participants. The value chains are focused on 
maximizing the interests of the whole chain of participants from supplier to 
the end customer, rather on improving the performance of one player.  

The value chain analysis can answer the questions: how is each activity 
important in compromising total cost? How do costs in one activity influence 
costs in others? Why is the firm relatively efficient or inefficient in individual 
activities? In value chain the profit is determined as difference between what a 
buyer is willing to pay for a final product and costs that are to be spend for 
creating the product. The determination of activities, and, therefore, costs, 
involved in creation of the product gives understanding of the sources of the 
final price.  
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Furthermore, the value chain theory also provides a common framework for 
strategic decisions about activities involved in any business process. With 
activity–based structure of the value chain the strategy becomes the process of 
manipulating activities performed on the firm. The value chain not only gives a 
vision of a firm as a set of manageable activities, but also serves as a bridge 
between strategy and implementation.  

Finally, the value chain is a powerful tool for strategic analysis of a firm as a 
collaborator with other companies. As explained above, competitive advantage 
lies in the efficiency of each value activity. Porter [Porter 1985] states that 
efficiency of value activities is also dependent on the way activities relate to 
each other, to supplier activities and to customer activities.  To explore this, the 
value chain from this perspective the value system (see Figure 2) and linkages 
concepts are used. 

Porter’s value-chain model claims to identify the sequence of key generic 
activities that businesses perform in order to generate value for customers. 
Since its introduction in 1985, this model has dominated the thinking of 
business executives. Yet a growing number of businesses, including banks, 
hospitals, insurance companies, and telecommunications companies have 
found that the value-chain model does not fit the reality of their industry sectors. 
Therefore, the main determinant to apply the value chain analysis is to answer 
the question: does the value chain exist in the business?  

 Intended audience 

The value chain and the value system are strikingly efficient models when 
business people need to think about their business strategies. The value chain 
framework is directed equally at decision makers or strategic planners who seek 
to understand firms and their performance better. The transparent graphical 
representation of a firm allows understanding the business with the only few-
minutes glance. Porter defines his target audience as “practitioners who are 
responsible for a firm’s strategy and must decide how to gain competitive 
advantage“ in terms of cost leadership, differentiation, and focus.  The intended 
audience for the exploitation of value chains are middle and upper level 
managers involved in business strategy development, students of business 
management, and others interested in understanding competitive positioning 
and how to improve an organization's effectiveness.  

 Level of formality 

The value chain generates a common understanding of activities that occur in 
the company. It is a visual, highly informal model aimed at creating a common 
understanding of the value activities of a firm and their interdependences.  
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The terminology restriction and the modeling constraints are vague. The value 
chain framework defines nine categories of value activities. Any value chain is 
required to be built on top of the generic value chain (see Figure 1). As for the 
rest, there are no other formal requirements the model has to comply with.   

The value activities definition does not supply any vocabulary of terms or 
grammatical restrictions, as, for example, it can be found in Computer Science 
modeling techniques. On the one hand, the value chain picture is very 
transparent; on the other hand, it is very informal.  

The mechanism to define relations between activities is shallow. The value 
activities are depicted as unordered lists within the corresponding generic value 
activity categories. If modeled separately, value activities could be related to 
each other at the lower level, however, we can only define relations between 
categories of value activities. Furthermore, the modeling of linkages is also not 
defined strictly. A linkage between two value activities can be specified as an 
arrow, starting from one activity and ending at another one.  But there is no 
formalized meaning connected to a linkage.  For example, in one case the 
linkage can denote the influence of one activity that causes the reduction of 
costs in another activity. However it can also mean the increasing of the costs. 
There is no way to indicate the various effects of linkages between activities. 

There are no specified computation methods for assigning assets and costs to 
the value activities. [Porter 1985] proposes to recast accounting records to 
match costs to value activities. However, the specific way of doing that lies 
beyond the scope of the methodology. The way of assigning assets and costs 
to activities varies across different firms and often becomes the time-consuming 
and non-trivial task that requires a unique expertise.  The author claims to 
employ estimates, which is enough to highlight strategic points in the value 
chain. Since quantifying costs and assets is not always feasible in practice, 
sometimes only ratios are shown or this part of the analysis is skipped 
altogether.  

All the issues mentioned above are the direct output of value chain intention. 
The value chain seeks to give a general overview of firm’s activities and costs in 
order to facilitate strategic decisions, rather than to serve as a basis for precise 
communication or value sensitivity analysis. Therefore, a significant amount of 
information about the firm’s activities is left out from value chain models.  

 Skill level for building models 

To start with, building a value chain model requires certain modelling skills. This 
implies patience and the ability to align one’s knowledge about a firm’s 
functioning to the graphical interpretation demanded by the methodology (in this 
case value chain).  
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Furthermore, the knowledge of a company’s functioning is essential for creating 
the correct model. The model designer has to possess the following expertise: 

• Knowledge of a firm’s activities in a particular industry 

• In-depth knowledge of firm functioning including all the categories of value 
activities. 

• Ability to define linkages among activities, i.e. knowledge of how the value 
activity influences the performance of other activities in terms of output 
costs. 

• Ability to estimate assets and operational costs assigned to value activities 

If the designer does not have the above-mentioned knowledge, he/she has to 
access other experts who can provide the appropriate information. In this case 
the knowledge acquisition and analytical skills are essential. 

Finally, the knowledge of a value chain methodology is a must. The designer 
has to be aware of the details of the value chain theory. The important point is 
the extraction of the value activities, assigning the value activities to different 
categories within the generic value chain, and assigning the costs and assets. 
Many details concerning the value chain constriction are described in [Porter 
1985], and it is desirable for a designer to study the methodology in-depth. 

 Skill level for interpreting models 

The person who interprets a value chain should have a basic understanding of 
the value chain framework and, in particular, the generic value chain structure. It 
is not necessary to possess detailed knowledge of the value chain theory, but it 
is essential to know the meaning of all the categories of value activities and be 
able to interpret the generic value chain.  

The interpretation of the value chain designed for a particular firm also requires 
the knowledge of the industry and the industry-specific language. Since the 
value chain is a highly informal model, the understanding of the domain is the 
additional requisite to comprehend the value chain picture.  Ultimately, the more 
important strategic decision is taken, the deeper insight becomes essential; 
and, therefore, the better knowledge about the domain and value chain theory is 
required. 
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 Level of granularity 

The score of applications of the value chain is bounded from two sides. On the 
one hand, the value chain models value activities on the level of a firm or a 
partnership of firms. The relevant level of constructing a value chain is a firm’s 
activities in particular industry (see [Porter 1985]).  Constructing a value chain 
for an industry or sector is too broad since it may not be able to focus important 
sources of competitive advantage. 

On the other hand, the modelling is limited with the low level of detail. The value 
chain gives nothing more, but a generic view on the activities that are performed 
by the firm and associated costs of these activities. There are several limitations 
in the value chain methodology impeding to apply it for more detailed 
investigations of a firm.  It is impossible to monitor the evolution of economic 
value that occurs when performing value activities. Discrete value activities are 
drawn as parts of a generic activity and the linkages are installed only on the 
level of generic activities. This results in only a general overview of activities 
interrelations. Moreover, it is impossible to obtain the details about the evolution 
of economic value on its way from one activity to another. There is no way to 
specify who is doing what, i.e. the activities are not assigned with concrete 
person or company unit. Finally, the value objects exchanges are not specified 
directly.   

The value chain is widely used for the strategic analysis and determination of 
company’s behaviour. It performs effectively on the firm’s level (see [Porter, 
1985]). However, it may become clumsy on the level of industry. The in-detail 
perspective of value acceleration is also impossible, since the value chain 
provides only partial perspective on the determinants of the economic value.  

 Variations 

Recently Porter’s work have fallen under criticism for applying the value chain 
theory too rigidly at times when the new forces of digitalisation, globalisation 
and deregulation are breaking traditional value chains apart.  

In his recent article “Strategy and the Internet” [Porter 2001], Porter depicts the 
Internet as an altogether negative force on the profitability of firms, mainly due 
to the reduced barriers to entry, the increased threat of substitution and the 
larger bargaining of the ever more informed consumers and suppliers. He sees 
the internet as an evolutionary information technology and advises companies 
not to engage in extensive partnerships or outsourcing that would level the field 
and wipe out profitability, but rather to use the internet as a support of their 
strategy. 
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For his critics, the internet is not simply a continuation of development in IT, but 
rather a radically new enabling technology. “Destroy your value chain, before 
someone else does”, they say [Downes 1998]. While Porter advocates vertical 
integration and tightly sealed value chains, his critics expose networks of 
partnerships or “business webs” in which companies focus only on what they do 
best and rely on their business web to provide the rest. In a similar vein, they 
call for increased collaboration and reliance on the consumers instead of trying 
to constrain them. 

As a direct outcome, a new type of business model emerged from value chain 
theory, the so called network business model [Hacki 2001]. In the network 
business model companies “unbundle” themselves into components, some of 
which they sell or outsource, while at the same time engage in extensive, strong 
partnerships with (components of) other companies. The link that binds the 
components is the information system that they use to transmit business 
information about customers, products, schedules, inventories etc. (Unlike in 
value chain theory, the customers are also integral parts of networks as primary 
source of market information.) The goal of the network business is to achieve 
the level of integration and transparency of the large vertical enterprises of the 
past, while preserving the responsiveness and flexibility of small, agile 
businesses.       

In a network business model some companies act as orchestrators that provide 
the infrastructure and technology for the network and invite other companies to 
join based on their size, maturity, cultural and performance traits. The 
companies that are likely to serve as orchestrators are the ones that have close 
and strong relationships with the consumers of the network’s product or service. 
Some examples of orchestrators of network businesses include eBay, Cisco 
and Charles Schwab. However, not all businesses fit the role of an orchestrator 
and companies can prosper as partners in a successful network business.  

According to McKinsey, well-run network businesses are characterized by 

• an equal sharing of benefits among partners,  

• uniform standards that govern information exchange, 

• rigorous performance standards engineered into the network through 
customer evaluation and partner incentives,  

• an online presence for all key business processes,  

• cooperation in the development and dynamic testing of new ideas.  

On the other hand, the threats to a network business result from its very nature: 
connectedness makes businesses reliant on their partners’ well being and the 
transparency of the network can make participants overreact, e.g. in response 
to temporary drops in consumer demand. 
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3.2.2 Business webs 

Overview 

An often heard criticism on Porter’s value chain theory is that it is designed for 
businesses which can be seen as chains. An example of such an industry is the 
automobile industry: there are a number of sequential steps involved in 
producing a car that can be performed by a number of companies, each with 
their own inbound and outbound logistics and manufacturing. In contrast, many 
businesses now have more the structure of a web of companies, each using 
each other for specific business functions. Many attempts have been made to 
model such webs, including Normann’s theory on value constellations [Normann 
1994] and Tapscott’s business webs. In this section we discuss the latter in 
somewhat more detail.  

From a structural point of view, Tapscott’s business webs consist of actors who 
are enterprises or other economically acting parties. These actors exchange 
goods, services, revenues, knowledge and intangible benefits. Graphically 
actors are shown using ovals with their name depicted. The various exchanges 
are shown as arrows between actors, indicating the direction things are 
exchanged. 

In addition to concepts (and a graphical representation of these), Tapscott 
distinguishes various types of business webs. These types differ in two 
dimensions: 

• The way actors in the web are controlled: there can be a hierarchy of 
actors, which implies a control relation (an actor in the hierarchy controls 
the actor underneath him). Or else, actors can be more self-organizing; 

• The extent to which value integration occurs: to what extent is a value 
offering of multiple actors integrated into one offering for someone else. 

Based on these dimensions, Tapscott identifies five different types of business 
webs: 

Aggregation: the hierarchical and low value integration. Consider, for instance, 
Yahoo that aggregates interesting content for its users. 

Augora: the self-organizing, but low value integration. Typical examples are 
market places (e.g. eBay) that do price formation. 

Value chains: the hierarchical and high value integration. In many cases, one 
party controls the value chain, and the end-consumer gets one highly integrated 
product that consists of components delivered by various parties in the chain. 
Cisco and Dell are the frequently referred examples. 
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Alliances: the self-organizing and high value integration. Peer-to-peer networks 
like Gnutella and Musiccity can be seen as examples of Alliances 

Distributive networks: these are facilitating webs for other webs. They offer 
fulfilment services or Internet service provisioning services that required to let 
the before mentioned webs work. 

Finally, Table 1 concisely presents the characteristics of Tapscott’s webs. 

Table 1: Tapscott’s business webs 

Example 

In his book Tapscott presents various examples of real-life business webs. One 
of these is shown in Figure 3. It shows that Cisco Systems, an organizer of the 
network devices industry, is working in a web of suppliers, manufacturers, sales 
channels and customers. The exchanges of goods, services, money, and 
knowledge are also depicted. 

  Agora Aggregation Value chain Alliance Distributive 
networks 

Main theme Dynamic 
pricing 

Selection & 
convenience 

Process 
integration 

Creativity Allocation& 
distribution 

Value 
proposition 

Liquidity Optimization 
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selection,… 
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delivery of 
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product 
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in aid of a 
goal shared 
across a 
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delivery of 
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recipient 
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supplier 
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supply-chain 
manage-
ment 
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standards & 
roles 

Network 
optimization, 
visibility & 
transparancy 

Key 
process 

Price 
discovery 

Needs 
matching 

Product 
design, 
supply-chain 
manage-
ment 

Innovation Distribution 
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Figure 3: Cisco Systems and its environment according to Tapscott 
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Purpose 

The purpose of Tapscott’s business webs is to make high-level pictures of an 
industry and to enable the understanding of this business from value 
perspective. Tapscott also provides ideas to reconstruct such a know business, 
e.g. by breaking down existing goods en services into smaller ones, which can 
be delivered by other purposes. This serves the purpose of industry 
deconstruction and reconstruction caused by, for instance, the adoption of 
technological innovations such as the Internet. 

Intended audience 

The intended audience of Tapscott’s business webs and associated theory are 
business people responsible for the involvement of value propositions and 
(re)positioning of their company in an industry. Also consultancy parties will 
have to be involved in constructing, analysing and reconstruction of business 
webs. 

Level of formality 

Business webs are very informal. They can be easily sketched in a white-board. 
There are no clear semantics associated with value-webs and the elements, 
which should be present at a business web. This is, on the one hand, an 
advantage, because stakeholders can rather easily contribute to drawing 
business webs, but, on the other hand, it is a disadvantage, because it’s not 
clear how to interpret business webs precisely, thus not contributing to a clear 
understanding of business webs. 

Skill level for building models 

Someone building business webs need to be familiar with Tapscott’s 
terminology. Additionally, a thorough understanding of the industry, for which a 
business web is to be constructed, is needed. 

Skill level for interpreting models 

Because an important role of business webs is to show graphically how an 
industry looks like from an economic value creation, distribution and 
consumption perspective, an interpreter of a business web needs to be at least 
familiar with Tapscott’s terminology. Since this terminology contains only a 
limited number of concepts, this is not a very hard requirement to satisfy. 
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Level of granularity 

Business webs are course-grained. They are intended to capture the overall 
picture of an industry. Enterprises are identified, but not detailed any further. 
Models can be better grained, if more enterprises are identified. It is up to the 
agent constructing a web to decide which level of granularity is sufficient. 

Variations 

Business webs are the reaction on Porter’s value chain theory. Other 
approaches have been proposed to change Porter’s linear vision on an industry 
towards a more web-based version (see e.g. [Normann 1994]), but Tapscott’s 
work distinguishes itself from others, because it offers modelling capabilities in 
the form of business webs. 
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3.3 Conceptual modelling and requirements engineering approaches 

One the of the dominant approaches to elicit, analyse and validate knowledge 
about a specific application domain in information technology is Requirements 
Engineering and Conceptual Modelling. Understanding a business domain 
(such as distributed generation) is crucial for information scientists because only 
then it is possbile to build suitable supporting and enabling information systems 
for such a domain. Consequently, we discuss approaches in the realm of 
requirements engineering and conceptual modelling as way to understand 
distribution generation better. 

Requirements engineering stands for an approach, often used by information 
technologists, to develop information system requirements, which can be used 
as a starting point for system design and implementation. [Loucopoulos 1995] 
defines requirements engineering as follows:  

Requirements engineering is the process of developing requirements through 
an iterative co-operative process of analyzing the problem, documenting the 
resulting observations in a variety of representation formats, and checking the 
accuracy of the understanding gained.  

A conceptual modelling approach comprises the activity of formally defining 
aspects of the physical and social world around us for the purpose of 
understanding and communication [Mylopoulos 1992]. Formal in this context 
means the abstraction, structure, and representation of knowledge in a way that 
makes it possible to reason about this knowledge [Loucopoulos 1995]. A 
conceptual model can be seen as a documentation of the requirements elicted 
during a requirements engineering track. 

Although many known requirement engineering and conceptual modelling 
approaches focus on requirements for information systems (software and 
required infrastructure), it has been understood that the way they work 
contributes to the understanding of businesses, their social environment, and 
the relation between a business and its information systems.  

Examples of such an approach are (1) e3value [Gordijn 2002], focussing on 
understanding a multi-actor e-commerce idea, (2) goal oriented requirements 
engineering, and (3) the UML [Rumbaugh 1999], which offers a broad range of 
techniques. In the next sections we discuss the forementioned techniques in 
more detail. 

References on requirements engineering and conceptual modelling in general: 
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3.3.1 e3value 

Overview 

The e3value methodology [Gordijn 2002] aims at exploring, representing, 
analyzing and evaluating innovative e-commerce ideas. Such ideas are typically 
one-liners, denoting new ways of doing business, which are hardly understood 
and not known to a market yet.  

The methodology focuses on clarifying these ideas from a number of viewpoints 
(see Figure 4). These include viewpoints considering the inter- and intra 
organizational business processes, the software and enabling technological 
infrastructure, but also the value proposition of the e-commerce idea.  

Viewpoints address the different foci of stakeholders, who play a role during 
exploration of an e-commerce idea. Typically, stakeholders range from CxO 
(where x=E,O,F,T) to IT specialists. These stakeholders range in interest, 
expertise, and responsibilities. Concerns of these different groups are 
represented by different viewpoints, to avoid time-consuming discussions and to 
enhance clarity of models made. The notion of multiple viewpoints to deal with 
broad stakeholder groups has been suggested by the multi-viewpoint 
requirements engineering community (see [Sommerville 1998]). 

Viewpoints need to be represented using some (preferably graphical) modelling 
technique. For organizational business processes existing techniques are used 
(such as the UML or High Level Petri-Nets). The same holds for modelling 
software components and infrastructure. However, no suitable techniques are 
available for describing the value proposition. Therefore, e3value proposes a 
technique for doing so. The technique is called e3value value modelling. 
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Figure 4: e3value distinguishes various viewpoints to be explored. The 
value viewpoint captures the value proposition(s), the business process 
viewpoint shows how propositions are put into operation from an inter- 
and intra-organizational business process perspective, and the system 
architecture viewpoint shows important software and hardware 
components. All these three viewpoints should be explored to understand 
an e-commerce more thoroughly and to assess its potential. 
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Essentially, e3value conceptualizes a value proposition by modelling the objects 
of value exchanged in a multi-actor network (see Figure 5). The model does not 
contain any information on how these values are actually exchanges, only that 
they are exchanged. To reach an agreement between a number of 
stakeholders, to represent companies who try to develop an innovative value 
proposition, and to create a common understanding – these are the major goals 
of an e3value value model. 
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Figure 5: A shopper obtains goods from a store and pays a fee in return. 
The store must also buy the same good and pays a fee for this. The (red) 
scenario path (in red) shows which objects of value are exchanged 
between actors in reaction to a start stimulus: the need for a good. 
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The e3value methodology consists of a number of steps to explore an e-
commerce idea: 

• Create a baseline value model capturing the e-commerce idea. Workshops 
are used to elicit a first value model, similar to Figure 5. As a side-effect, 
workshop attendees find new ideas, or variations on existing ones. If 
promising, these ideas can also be formalized in a baseline model. 

• Develop other viewpoints. The e3value methodology emphasizes that an e-
commerce idea should not only be explored from an economic value 
perspective.  Other viewpoints are not less important to understand the 
idea and to be able to assess it. However, the e3value methodology itself 
does not provide many handles on how to explore other viewpoints (except 
the value viewpoint). 

• Deconstruct and reconstruct value model. In process of creating a baseline 
model the stakeholders find other ideas, because they are forced to think 
over and to articulate their current idea. Whereas other ideas may also be 
found in a more structural way by applying value model deconstruction and 
reconstruction. Essentially, elements of a value model are broken down 
into smaller parts. Using these parts, new value models are reconstructed. 
An example of deconstruction is shown in Figure 6. 

Wholesaler

good money

good money

Wholesaler

good money

good' money

Transporter
transportation

money

(a) (b)
 

Figure 6: A good is constructed in a good' and its delivery. Whereas in (a) 
the wholesaler delivers the good him/herself, the good is now delivered by 
a transportation company. 



D 1.1 Analysis of Business Modelling Methodologies EESD Project NNE5/2001/256 BUSMOD 
 

BUSMOD: Business Models in a World Characterised by Distributed Generation 

Page 33 

 

• Evaluate an e-commerce idea. In order to evaluate the e-commerce idea, 
the methodology offers to create profitability sheets for each actor involved. 
The profitability sheet shows which objects of value are leaving and 
entering an actor as a result of scenario path execution. These objects are 
assigned with economic value (in terms of a monetary unit), so that the 
expected revenue per actor can be calculated. In calculations we are 
assumed to know the number of scenario path executions per timeframe. 
Finally, evolutionary scenarios are elicited. The latter try to foresee future 
changes (e.g. a change in the structure of the value model, a change in the 
way actors assign value objects, or a change in the number of scenario 
path executions). Using these variations, new profitability sheets are 
constructed. By doing this iterative evaluation, we can conduct a sensitivity 
analysis of the value model and achieve the better understanding of the 
model and the e-commerce idea. 

Example 

The e3value methodology has been developed and used in a series of projects. 
In this section we report on a project about online news provisioning. The e-
commerce idea is about offering regular newspaper subscribers online news 
articles (in the form of an article archive). Additionally, the idea is to offer 
subscribers web services, such as surfing on the Internet, e-mail and alike. In 
this paper we focus on the idea to offer subscribers an online news article 
archive only.  

From the financial point of view, the idea is to use a termination fee to finance 
the online article service. Termination means that if someone tries to set up a 
telephone connection by dialing a telephone number, another actor must pick 
up the phone, that is, terminate the connection. If someone is willing to cause 
termination of a large quantity of telephone calls, most telecommunication 
operators are willing to pay such an actor for that (the termination fee). Because 
the newspaper has a large subscriber base, s/he is capable to generate a large 
number of terminations for an online article service.  

A first step in e-business model exploration is to make a more formal 
representation of the e-business idea. For the e-business idea at hand, Figure 7 
shows a possible business model based on the call termination. By following 
the scenario path, we can see what actors have to exchange value objects as  a 
responde to a start stimulus.  
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Figure 7: The online article service offered by Amsterdam Times is funded 
by termination fees to be paid by the telecommunication consortium. 
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• Readers. A start stimulus is caused by a reader if s/he wants to read an 
online article. Readers are subscribers on a newspaper, the Amsterdam 
Times, and come in thousands. Because of this, and for the assumption 
that readers value online articles equally, readers are grouped into a 
market segment. What makes this model special, is that a reader has to 
exchange value objects with two actors to read an online article: (1) the 
Amsterdam Times, and (2) the Last Mile.  

• Amsterdam Times. The reader receives an article from the Amsterdam 
Times, and offers a termination possibility in return. The latter is key to this 
business model. By aggregating these possibilities, and because of his/her 
large subscriber base, Amsterdam Times has the potential to generate a 
large number of terminations.  

• Last Mile. The reader pays the local operator Last Mile a fee for a 
telephone connection. A local operator is a telecommunication operator 
who exploits the local loop: the last mile of copper or fiber between a 
telephone switch and a reader’s house. By doing so, the local operator 
owns the part of the infrastructure needed to offer a reader a telephone 
connection. This telephone connection is needed by the reader as a 
physical connection to access the online article archive using the Internet 
Protocol (IP). At the time this exploration track was carried out, only one 
local operator existed in the Netherlands, so only one such actor has been 
modeled.  

• Telecommunication consortium. As a result of the aforementioned 
exchanges both the Amsterdam Times and the Last Mile need to exchange 
value objects with a telecommunication consortium to deliver the online 
article experience to the reader, as can be seen by following the remaining 
part of the scenario path. These exchanges are about: (1) interconnecting 
traffic, (2) internet service provisioning, and (3) terminating traffic.  

• Interconnecting traffic. The Last Mile, as the name suggests, exploits only a 
part of the telephone infrastructure needed to offer the reader a telephone 
connection for data traffic: the last mile between the reader’s house and the 
nearest telephone switch. To use the telephone infrastructure, the 
telephone connection has to be established between the reader and a 
party exploiting IP access servers. These access servers offer IP 
connectivity and allow the reader, in conjunction with the underlying 
telephone connection as a physical carrier, to retrieve articles from 
server(s) hosting the article archive. The reader and these IP access 
servers can be located hundreds of miles away from each other. Now note 
that the Last Mile offers the reader a connection to an access server, but in 
reality only operates the last mile copper needed for such a connection. So, 
Last Mile needs to buy him/herself connectivity to bridge the remaining 
miles. In this case, another party, called a telecommunication consortium, 
offers this kind of interconnection. Last Mile pays the telecommunication 
consortium for doing so; this fee is called the interconnection fee. It is a 
fraction of the telephone connection fee paid by the reader.  
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• Internet service provisioning. The core business of the Amsterdam Times is 
to produce news articles and newspapers. They are not so much interested 
in all technical activities, such IP access provisioning and content hosting, 
which are needed to make articles online available from a technical 
perspective. Therefore, they outsource these activities to the 
aforementioned telecommunication consortium.  

• Terminating traffic. For each scenario occurrence, the Amsterdam Times 
obtains a termination fee. This is paid by the telecommunication 
consortium, because the Amsterdam Times generates huge amounts of 
data traffic, thereby utilizing the infrastructure of the telecommunication 
consortium.  

• Two telecommunication consortia. As Figure 7 shows, there are two 
telecommunication consortia which deliver comparable services. The 
Amsterdam Times can choose on a per scenario occurrence basis which 
consortium will handle the request of the consumer. This is denoted by the 
OR fork in Figure 7. This enlarges the power of Amsterdam Times over the 
telecommunication consortia, because Amsterdam Times decides which 
consortium gets business. In the project hand at hand this mechanism was 
used to control the quality of the service delivery: more quality yields more 
business.  

• The telecommunication consortium: a partnership. At least one 
telecommunication consortium (see Figure 7) is a partnership, consisting of 
the actors Data Runner, a telecommunication company and Hoster, an 
Internet service provider. Both these companies decide to offer 
telecommunication facilities for long distance traffic, hosting and IP access 
jointly as a bundle, under certain special conditions. A special condition can 
be the price, which might be cheaper for Amsterdam Times than an 
alternative, such as obtaining the objects of value from other actors 
separately. In this specific case, Data Runner and Hoster can offer services 
jointly cheaper, because they co-locate technical equipment such as a 
telephone switch, IP access servers, and web servers at one physical site, 
thus saving costly wide area connections to interconnect all these 
components.  

Purpose 

The e3value methodology is intended for the exploration of an innovative e-
commerce idea. More specifically, the purpose is twofold: 

• To create a common understanding of the idea. Typically, e-commerce 
ideas are initially articulated only vaguely. Moreover, many stakeholders 
with different foci are involved, and they can also represent different 
enterprises. Very often stakeholders do not speak “the same” language 
and this causes misunderstandings. The e3value methodology offers a 
shared terminology that can be used by stakeholders to express the e-
commerce idea. 
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• To assess the potential profitability of the idea for all actors involved. In the 
recent past many e-commerce ideas were developed, but they were not 
commercially successful. Consequently, there is a need to assess potential 
profitability of the idea in a rather early stage. Because such an idea often 
involves the work of multiple enterprises, all these enterprises need to be 
able to create profit with the idea. 

Intended audience 

The intended audience for the e3value methodology are all stakeholders who 
play a role during exploration of an e-commerce idea.  These are CxO’s, but 
also persons responsible for inter- and intra-organizational business process 
design, and IT-responsible persons. The latter are important, because IT in 
many cases enable new e-commerce ideas, so a sound understanding of the 
role technology plays in such an idea is important. Additionally, business 
process responsibles are important because many ideas require a change in 
business processes. Assessment of the feasibility of such processes (both from 
an economic and operational point of view) is important to evaluate the idea as 
a whole. 

Level of formality 

The e3value methodology is a semi-formal approach. Models to be constructed 
are well structured, but cannot be compared to strict mathematical or logical 
formal methods. Moreover, the methodology offers a graphical syntax to 
express models, thereby lowering the barrier for users of the methodology with 
limited mathematical skills. Additionally, the method is lightweight in a sense 
that it exploits a limited number of concepts to express the models. 

Skill level for building models 

In order to build e3value models, thorough knowledge on requirements 
engineering and conceptual modelling is needed. Specifically, conceptual 
modelling in general is a skill that requires education and training. Additionally, 
one should be trained on the e3value modelling technique specifically. For 
already experienced modelling staff this can be reached in a couple of days. 
Experience shows that e3value tracks require at least one consultant who is 
trained on the e3value methodology. 
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Skill level for interpreting models 

The e3value methodology delivers two main results: the models themselves and 
the profitability sheets for each actor involved. The models need to be explained 
to stakeholders, but the used scenario technique can be of help here. Simply by 
following the scenario path, the value model can be presented and discussed. 
Also, it is not difficult to generate a story from scenario paths. Experiences show 
that stakeholders themselves have used value models to explain an e-
commerce idea to each other. The profitability sheets are easy to interpret (they 
yield a profitability number), but it should be explained which financials play a 
role in the sheet and which do not. 

Level of granularity 

Value models can be seen as rather fine-grained. They identify the actors 
playing a role in the e-commerce idea, the value adding activities they perform, 
and the value objects they exchange. After constructing a value model, all 
stakeholders should really know how value streams are flowing between actors. 

Variations 

In [Osterwalder 2002], an ontology for e-business modelling has also been 
proposed. It uses concepts of e3value (and makes explicit references to these), 
and consequently exploits the notion of economic value as a central theme. In 
addition to e3value, the work of Osterwalder provides concepts for customer 
relationship management and enterprise capabilities (e.g. for product 
innovation). The ontology is rather complex (consisting of many concepts and 
relationships) and therefore is not lightweight. Also, Osterwalder’s ontology 
does not come yet with practical guidelines how to use the ontology. 

The Resource-Event-Agent (REA) [Geerts 1999] technique models the 
exchange of resources and recognizes the notion of economic reciprocity. REA 
is based on the field of accounting and assumes that one is motivated to give 
up resources in return for others. REA models the events that cause exchanges 
of resources, the resources themselves and the actors who are exchanging 
resources. 
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3.3.2 Goal oriented requirements engineering 

Overview 

Goal oriented requirements engineering is a sub discipline of the broader 
discipline called system requirements engineering [Loucopoulos 1995]. It 
recognizes that, for various reasons, it is worthwhile to understand the goals a 
(information) system should satisfy. A goal is an objective that the system under 
consideration should achieve. Goals are important to be understood for a 
number of reasons: [Lamsweerde 2001] (1) they provide a criterion for reaching 
a sufficient completeness of requirements, they explain and motivate 
requirements to stakeholders, they can be refined (into sub goals or 
requirements), alternative (and even conflicting) goals can be found which has 
been proven to be right abstraction to deal with system requirement alternatives 
or conflicts, goals tend to be more stable than requirements themselves and 
most importantly, a sound understanding of the goals a system should 
contribute to drive the further development of such a system. 

There are a variety of methodologies for goal oriented requirements 
engineering. We mention a number of these, based on [Kavakli 2002]. ISAC 
change analysis focuses on identification of existing business problems and the 
diagnoses of these. It analyses the mission of goals of an enterprise and the 
problems hindering to fulfil this mission. Then, alternative solutions are 
identified, organized in solution packages, and choices for solutions are made. 
One of the advantages of ISAC is that it heavily involves stakeholders, thus 
increasing the likelihood that solutions will be accepted. The i* methodology 
also focuses on organizational change, and raises and resolves strategic issues 
regarding the appropriateness of work processes in the existing organizational 
setting. These issues refer to the ability of agents to achieve their goals through 
their involvement in organizational processes. Finally, KAOS is a well known 
goal-oriented requirements engineering technique. 

Example 

The useful technique, which many goal-requirements engineering tools exploit, 
is a goal tree. Such a tree can be used to represent goals and sub-goals of 
stakeholders, to show various relationships between goals (such as positive or 
negative contributions to other goals, alternative (sub) goals and conflicts). An 
example of such a tree can be found in Figure 8. It is a goal tree for the 
example discussed in Section 3.3.1. 
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Essentially, on the left side Figure 8 shows a goal tree with e.g. financial goals, 
goals customers have, goals with respect to time to market, etc. These goals 
can be related using various relationships. For instance, a relationship may 
show that a goal can be splitted up in alternative sub goals, and that some of 
these sub goals also can be conflicting. Figure 8 also shows possible solutions 
that may contribute to achieving goals. Some solutions may be required to 
satisfy a goal, other solutions may not be chosen to reach a certain goal. Also, 
somewhat weaker, particular solutions may influence positively or negatively on 
reaching a goal. Showing these relations between goals and solutions allows to 
reason about goal-solution trees (e.g. conflicts, potential solutions sets), and 
makes decisions regarding particular solutions traceable. 
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Figure 8: Goal - Solution tree for the example in section 3.3.1. 
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Purpose 

Goal oriented requirements engineering techniques purpose to understand why 
a (information) system should exist, rather then how such a system is 
implemented and put into operation. The overview section provides an in-depth 
list of motivations for goal oriented requirements engineering. 

Intended audience 

The audience varies, depending on the specific goal oriented requirements 
technique chosen. Simple AND/OR goal trees can be understood by high-level 
people like CxO’s. In contrast, goal representations with complex trade-offs and 
rules, which allow to reason and trace goals, are difficult to understand. Such 
methodologies are primarily targeted to analysts with a strong mathematical 
background. 

Level of formality 

Recapturing the previous section, goal oriented requirements engineering 
techniques have different levels of formality, ranging from informally listed goals, 
to very formal goal representations, including complex interrelationships and 
rules to allow for reasoning about goal representations. 

Skill level for building models 

For formal goal representation vehicles, skills in formal modelling are needed. 
However, in order to find goals in an organization or a in a network of 
organizations, more social skills are also important.  

Skill level for interpreting models 

The role of an interpreter is to study goal representations carefully, and to 
analyse these (e.g. for contradictions, trade-offs, alternatives, and consistency). 
Many of these results can be summarized verbally or textually in such a way 
that stakeholders can understand them. This is needed to get meaningful 
feedback from stakeholders.  
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Level of granularity 

It can be concluded, and we showed it in the example, that goal oriented 
requirements engineering can be done on a very fine-grained level. For 
instance, a goal elicitation process may yield very detailed goal trees containing 
goals and sub-goals. Consequently, the model designer has to control the 
granularity of such trees and has to decide to which extent such a tree is 
meaningful. 

Variations 

Many approaches for goal-oriented requirements engineering exist, including 
GDC [Kavakli 1999], ISAC oal-Scenario coupling [Achour 1998] and KAOS 
[Dardenne 1993]. A detailed discussion and comparison of these prototypical 
approaches can found in [Kavakli 2002]. 
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3.3.3 UML 

Overview 

The previous discussed modelling techniques focus on economic (value) 
aspects or goals actors have. Techniques for economic value and goal 
modelling are not mainstream approaches in the information science. In 
contrast, many techniques focus on the understanding and modelling of intra- 
and inter-organization business processes and interrelated physical and 
information objects, which play a role in these processes. Although we believe 
that for exploration of an innovative service (as a Distributed Generation case 
is) an economic value or goal perspective is a first starting point to start with, 
many information science approaches start with the business process 
modelling. There are many approaches to do that, amongst others are the 
Unified Modelling Language (UML) [Rumbaugh  1999a/b], high level Petri Nets 
[Hee  1994], and role-based modelling [Ould 1995].  Further in this section we 
concentrate on the UML. 

The UML is a methodology to represent a number of aspects relevant to 
information systems. There are techniques for representing business process 
(activity diagrams), object and their interrelations (class diagrams), sequences 
of communication/exchanges of objects between processes (sequence and 
interaction diagrams), behaviour (state transition diagrams), deployment of 
software components (deployment diagrams). In this section we discuss activity 
diagrams, because the intention of these is to represent (inter-organisational) 
business processes. 

Activity diagrams model the sequential and potential concurrent steps in a 
(computational) process. The main elements of the activity diagram are 
activity/action states, state transitions and objects. An activity state represents a 
piece of work to be done. Activity states are non-atomic, meaning that they may 
be interrupted and may take some time to complete. Activity states can be 
decomposed in other activity states and finally into action states. The latter are 
similar to activity states, but are non-interruptible atomic operations. Also, action 
states are considered to take insignificant execution time. When an activity or 
action completes, the flow of control passes to a next activity or action. A 
transition shows the path from one activity/action to another activity/action. 
These transitions are between activities. Special activities exist for branching 
(selecting a next activity from a number of activities), and forking (starting off 
two or more activities as a result of the completion of another activity). Activity 
diagrams can also show object flows (e.g. representing goods or information). 
By using object flows we represent which activity produces, modifies, or 
destroys an object. Finally, activity diagrams may contain swimlanes. These 
show who (e.g. person, organization) is responsible for carrying out an activity. 

 



D 1.1 Analysis of Business Modelling Methodologies EESD Project NNE5/2001/256 BUSMOD 
 

BUSMOD: Business Models in a World Characterised by Distributed Generation 

Page 46 

 

Example 

Figure 9 shows an example UML activity diagram, taken form [Rumbaugh  
1999a]. It shows a customer ordering a product, a sales department handling 
the order, and a warehouse responsible for shipping the good ordered. The 
activity model shows the control flow as well as the object flow. 
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Figure 9: An example of a UML activity model (taken from Rumbough 1999a) 
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Purpose 

In general, activity diagrams are used to model dynamics aspects, e.g. of an 
organization or even of a software component.  Activity diagrams are frequently 
used to model (inter-organizational) workflows.  A diagram then shows the 
sequence and concurrency of activities, actors responsible for performing these 
and the flow of objects. 

Intended audience 

The intended audience of activity models are business analysts, and 
responsibles for organizational processes. The latter stakeholders often have a 
clear business focus and are responsible for efficient and effective execution of 
business processes. More formal alternatives for activity diagrams (e.g. high 
level Petri Nets) can be used to simulate business process, and analyse metrics 
like average time needed to process a case, waiting times and alike. 
Consultants optimising business processes are then the intended audience. 

Level of formality 

Information scientists see UML activity diagrams as semi-formal models only. 
The technique can be used for informal sketches, but if the rules and 
constraints of the UML are put into practice, more formal models can be 
constructed. A Petri Net is a far more formal way to specify a business process. 

Skill level for building models 

UML activity diagrams need to be built by parties experienced in conceptual 
modelling. It takes substantial training before someone has the skills to build a 
serious activity model. 

Skill level for interpreting models 

Although models can be explained, by telling the story (just start at the start 
state and walk to the stop state), it is not easy to interpret the model. To 
understand the subtle distinctions in a model, the interpreter needs to know the 
semantics of UML activity models in detail. If using Petri Nets for simulations, 
the results of the simulations are easier to understand. 
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Level of granularity 

UML activity diagrams can be fine-grained. Each atomic step in a business 
process should be seen as an action. Actions can be composed in activities to 
build more course-grained diagrams. 

Variations 

Activity diagrams in the UML have a history in other techniques. A Petri Net is 
seen as the more formal alternative for an activity diagram. Similar to an activity 
diagram is the role modelling technique from Ould [Ould 1995] 
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4 Conclusion 

This chapter discusses the direction the business modelling activity takes, given 
the modelling goals (see chapter 2) and potential modelling approaches (see 
chapter 3). 

In chapter 2, the goal of modelling was stated as follows. 

The goal of the modelling activity is to provide insights into the business case 
for the various forms of distributed generation of electricity.  

Specifically, such an approach should: 

• Enhance a common understanding of a business case, taking into account 
that a wide range of stakeholders from different companies is involved. 

• To create a common understanding, we will offer a terminology based 
on the e3value ontology. Additionally, we will specialise this terminology 
into terminology relevant for distributed generation. The guideline [DIR 
96/92/EC] will be used to develop this terminology. 

• A drawback of conceptual modelling and requirements engineering is 
that the modelling activity requires modelling experience and expertise. 
Many stakeholders have a background in energy & electricity and not so 
much in modelling. Consequently, conceptual modelling approaches 
such as e3value and the UML are only of use if they can be understood 
by non conceptual modelling experts. We want to address this issue in 
two ways. First, we intend to specialise conceptual modelling 
terminology and a way of working into concepts known in the realm of 
energy. Second, we propose more easily to understand description 
techniques. In a recent paper, such a description technique has been 
proposed [Gordijn 2002].  Such techniques may be inspired on 
consultancy approaches such as Porter’s value chain and Tapscott’s 
business web. 
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• To understand and evaluate the business case (e.g. for profitability) it is 
key to understand the revenue streams and investments to generate 
these streams.  Such revenue streams often indicating fees for a specific 
good or service. This closely relates to pricing issues. Although pricing 
has certainly marketing elements (how much are customer segments 
willing to pay), does pricing also relate to a sound understanding of the 
costs in relation to production and delivery of a product. Consequently, it 
may be necessary to model other viewpoints, besides revenue streams, 
such as inter-organization business processes, ICT-architecture, and 
technical infrastructure, to develop a better understanding of cost. The 
UML (for business processes), and high level (graphical) models of e.g. 
the electricity grid and the physical location of DG-equipment may help 
to better understand these costs. If so, we will propose easy to use 
description techniques and ways of working with these techniques. 

• Demonstrate that each of the parties whose cooperation is necessary to 
achieve distributed generation finds the required cooperation to be a 
positive expected net present value. 

• Once the revenue streams and investments for a specific DG-scenario is 
known, a next question is whether such a scenario offers a Net Present 
Value (NPV) for each actor involved. We will use standard NPV 
assessment techniques [Horngren 1997] to answer this question. 

• To use NPV techniques, revenue streams for a number of time periods 
should be known (in practice this is always an estimation). We use the 
profitability sheet mechanism present in the e3value for modelling the 
data needed for NPV analysis. These sheets need to be extended with a 
possibility to specify investments needed to generate the revenue 
streams. 

• Enable sensitivity analysis along significant decision-making dimensions or 
issues where the data is unclear. Issues likely to come up include different 
assumptions about consumer behaviour, financing mechanisms, different 
regulatory landscapes (e.g. tariff and access rules, government taxation or 
subsidy regimes), volatility of fuel and electricity prices, and the actual 
performance of the underlying technology.  

• A specific DG-application for which the revenue streams are known, as 
well as the investments in subject to uncertainties. For instance, the 
streams themselves can be uncertain or subject to change (e.g. less use 
of a specific DG-facility than anticipated). We deal with this with so-
called evolutionary scenario assessment, know from the realm of 
strategic decision making [Heijden 1996] and software engineering 
[Kazman 2002]. Such scenarios express uncertainties in the form of 
events which are likely to happen in the future, and quantify these 
events for instance as changes in revenue streams or use. Then, for 
such an evolutionary scenario, the impact is assessed for each actor 
participating in a specific DG-case. 
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• Additionally to the fore mentioned scenario approach, we will propose a 
number of prototypical evolutionary scenarios which are likely to happen 
in the realm of DG. 
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