
Sustainable Resilient
Infrastructure

Land of the MUSCOs

BRIEFING NOTE 4

http://SuRe-Infrastructure.leeds.ac.uk

Page 1 of 7

March 2012

WP3 – Agent Based Model typology

Liz Varga, Cranfield University, liz.varga@cranfield.ac.uk

Introduction
This briefing note sets out the initial thinking for work
package 3 of the ‘Musco’s project. Work package three
will create a framework of agent based components (a
model) which accurately represents the user demand
for utility services, delivered through technological
systems, and the operational business models which
meet the delivery needs of these services. This papers
sets out a typology for agent-based models which can
be applied and developed for the purposes of the
Musco’s model. It also provides a project briefing of an
almost complete research project on smart grids (the
CASCADE project) to demonstrate the application of
agent based modeling to an infrastructure system.

A transition agent-based model
typology
It is helpful to build upon an existing typology of agent
based models which has been developed in the context
of transition of utility systems. This will help to think
about what typology of model would be suited to the
Musco’s questions. One such perspective is described
by Chappin and Dijkema (2010). Another perspective is
Foxon (2011) which is described and compared to
Chappin and Dijkema in a future Musco’s briefing note.
The argument used in their paper is that energy
transitions requires not only innovation of technical
systems, but also of policies, regulations, R&D and
investment. Transition of a complex system requires an
assemblage of such changes. And energy, and other,
infrastructure systems are complex systems since they
contain many interacting physical and social

components through which system structure, content
and performance emerges. Transitions in Chappin and
Dijkema’s framework occur as a consequence of policy
change which affects actor decision making and thus
behaviour. Chappin and Dijkema state that changes in
technical components come about as a result of
changes in decision making and behaviour. Preferences
are realised by adopting new strategies which
themselves may result in further changes to policy as
shown in Figure 1.

Figure 1: From policy design to improvement (Chappin
& Dijkema, 2010, 109)

Chappin and Dijkema (2010) perceive five components
to an agent based model for energy transition: 1.
system representation, 2. exogenous scenarios, 3.
design of transition assemblage, 4. system evolution
and 5. impact assessment. This is shown
diagrammatically in Figure 2.
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Figure 2: Framework for assessing system transitions
with ABMs (Chappin & Dijkema, 2010, p112)(Chappin

& Dijkema, 2010, p111)

The system representation must include all the agents,
components and sub-systems which represent that part
of the infrastructure system which is to be modelled.
The system representation is conceptual. Each element
is implemented into the model formalizing the identity
and rules of each agent and the properties and
performances of each object, such as a distribution
network. Communications protocols are also defined
and permit social and physical networks to be
described.

Exogenous scenarios are necessary to exclude those
parts of the system which are unaffected by the model.
These parts of the system are still relevant to the model
and are formalized through variables which are
supplied to the model. The model itself uses the
variables. The variables constitute the scenario. Three
types of approach are possible. First, is that the model
is run as often as required varying the values of the
variables, usually giving each variable a high, low and
interim value. Each new variable increases the number
of runs needed exponentially. Second, is to have an
initial value for each variable and a trend distribution
with a probability. This means that variables are
changed within the model and the interaction of these
changes can be examined. A third alternative is to use
systems dynamics models as a component of the agent
based model to change the variables over time.

The design of transition assemblages can be modelled
at four levels of increasing sophistication. A basic level
1 design means that the transition assemblage is a fixed
set of variables and implicit in the model. The model
will demonstrate the system’s evolution but is severely
limited because the model itself cannot select from
transition assemblage alternatives which is itself part of
the transition. A level 2 design allows the transition
assemblage to be a fixed set of parameters. Agents use
the policy setting but it is not related to other system
parameters. An assessment of the transition impact is
possible using this approach. A level 3 design treats
transition assemblages as part of exogenous scenarios.
This level allows the model to compare the effects of
different transition assemblages. This is the
recommended approach. A level 4 design treats
transition assemblages endogenously. The boundary of
the model encompasses government. The government
agent’s behaviour is a result of the perceived
performance of the system which was itself caused by
the government’s behaviour (policy setting). Policy
setting emerges throughout the model as the
government agent experiments. Note that the
dimensions of the experimentation are still fixed, and
might include taxation, subsidies, caps, etc. A level 4
model provides an assessment of regulatory
adaptability.

Level 4 modeling introduces the notion of the
coevolution of policy and business model. Time
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becomes an essential component of the government
agent’s behaviour because changing the selection
criteria cannot happen too quickly. In all co-
evolutionary systems, there are three fundamental
needs (Murmann, 2003):

1. to introduce novelty into the system, a mechanism
must exist to create variants of existing structures

2. selection pressures need to be consistent, so new
variants need to be created more frequently than new
selection criteria otherwise the evolutionary process
would not bring about new trial and error structures
that are better adapted

3. a retention mechanism must be present that
transmits structures from the present to the future,
otherwise new developments could not build on
previous adaptive achievements.

System evolution (Chappin & Dijkema, 2010) is a
consequence of the behaviour of the agents to both
exogenous and endogenous parts of the system.
Changes to parameter settings usually result in
different system level properties. It is through the
comparison of many simulations or iterations of the
model that system level properties can be matched to
parameter settings and a level of confidence in the
simulations can be expressed. Macro validation should
also be carried out by comparison of system values with
those experienced in real life situations, perhaps in
other countries who have tried similar policy settings
(Varga, Greening, & Fletcher, 2011)

Impact assessment (Chappin & Dijkema, 2010) is the
decision-making which prefers one set of outcomes to
another. It is the criteria for assessing what is a good
outcome and must be based on well-designed
experiments and on robust analysis of their results.
Impact assessment requires a statement of the system
level properties that are to be measured.

The Musco’s model
Using the typology from Chappin and Dijkema we set
out the five components to an agent based model for
utility system transition: 1. system representation, 2.
exogenous scenarios, 3. design of transition
assemblage, 4. system evolution and 5. impact
assessment.

The system representation of the Musco’s model
requires the agents and objects (physical assets) to be
identified. Agents will include utilities, service
companies, consumers, and others. Each agent type
has a role or purpose, and behaves in the model in a
way consistent with their role, subject to some
stochastic randomness to allow for error making and
deviation from practice. Agents in the model will have
capacity to change their behaviours in response to the
action of other agents in the model or to externalities
such as regulatory or technological change. Agent-
agent interfaces control not only contractual
relationships but also the adoption of another agent’s
successful behaviour, thus the model will be a learning
model. Agents in the system have different scope and
scale. Traditional consumers can become prosumers
(consumers who may also be producers) through the
generation of electricity. However, the Musco focus is
on high service levels but lower resource consumption.
Table 1 lists potential agents and roles in the Musco’s
model.

Table 1: Utility Agents (incomplete)

Objects will include utility devices (technologies
through which services are delivered), etc.
Communication between agents and agent types will
be defined. The agent-technology interface which is
the ability of the agent to obtain and utilize the
technology is an important interface. Agents will be
constrained by the availability of resources and fixed
environmental systems, such as infrastructure systems,
and device and utility availability and performance.

Exogenous variables describe the scenario or
environment for each run for the model. The scenario
could include resource constraints, technological
scenarios, population and other aspects which initialize

Agent Scope Discipline Primary role Scale
6 x large
energy
utilities

Electricity
and Gas

Commercial Gas and/or
electricity supply

National
competition

Large water
providers

Water and
sewerage

Commercial Water supply Regional – no
competition

Micro All utilities Prosumer Domestic
consumption

Domestic/local
community

Industrial Single
utility

Prosumer Industrial Sectoral

Commercial All utilities Prosumer Office/business Business
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the model through any single run of the model,
although as described the variables could change
through the course of the model. Hughes et al (2009)
suggest that consideration of socio-technical systems as
‘co-evolving’ and the identification and delineation of
actors and their motivations would improve scenario
development.

Infrastructure is part of the environment and is slow
moving relative to behaviour and technology
innovation. For this reason the description of the
infrastructure system will be exogenous. This means
that the infrastructure can be set to different
configurations for different runs of the model. For
example, specific technologies could be made available
to end-users that could change their consumption
patterns. The drawback with making the infrastructure
system exogenous is that the components of
infrastructure will not change, although the quantity
and diffusion may change in different runs of the model
depending on the trends supplied as parameters.

Transition assemblages are initially recommended as
part of exogenous scenarios or level 3 Chappin and
Dijkema’s typology. After initial modeling, a level 4
approach could be adopted. Transition assemblages
should include the current legislative and regulatory
frameworks and currently planned dimensions of
transition. A particular challenge for the Musco’s
model is that current modes of governance are not
homogenous across utility systems. This is largely due
to differences in ownership structures resulting from
previous privatizations, but is also the consequence of
statutes and regulations which themselves create new
agents (such as regulators) in their attempt to control
utility markets and monopoly situations. Governance is
made more complex by our status as an EU member
state. On the 1st December 2009 the Treaty of Lisbon

entered into force. It amends previous treaties without
replacing them. A new policy on energy is added and
although it is relatively short, its effect is to severely
limit the capacity of any EU member state to exercise
sovereignty over its energy system (Skea, Ekins,
Winskel, & (eds), 2011, p3). The article reads as
followsi:

"1.In the context of the establishment and
functioning of the internal market and with
regard for the need to preserve and improve
the environment, Union policy on energy shall
aim, in a spirit of solidarity between Member
States, to:
(a) ensure the functioning of the energy
market;
(b) ensure security of energy supply in the
Union;
(c) promote energy efficiency and energy saving
and the development of new and renewable
forms of energy; and
(d) promote the interconnection of energy
networks.

This new article is extremely helpful for the UK’s energy
system sustainability. The decline of the UK’s coal
industry and later of North Sea oil and gas means that
the UK will become a sustainable importer of energy
(Skea et al., 2011, p3).

Multiple actors regulate utility systems, each with
primary motivations, and each acting at a different
scale, with overlapping responsibilities. Governance
acts as a constraint and if liberated can result in
unexpected outcomes. Agents such as those set out in
Table 2 influence and are influenced by end-users and
utility companies.
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System evolution. Each run of the model will continue
until a relatively stable pattern emerges. The ‘time’

taken to achieve a stable pattern will be measured as
the number of ‘ticks’ in the model. Other system level

measures of the final state of the model run will include

 Measure of end-user centric contracts

 Commercial profitability (MUSCO/ESCO,
success of alternative measures)

 Resource efficiency (reduction in consumption)

 Degree of integration of multi-utility outcomes
via end-user devices

Impact Assessment. The measure of impact is closely
related to the research questions for the project.
Preliminary questions are:



 Can demand for resources, both renewable and
non-renewable, be reduced through the
introduction of new business models?

 Can profitability and long-term sustainability of
the utility sector be stimulated through the
introduction of new business models?

The impact of any particular scenario (together with a
robust suite of test runs) will be assessed through a
combination of regulatory compliance and economics.
Regulatory compliance is essentially qualitative and
may be achieve through stakeholder/expert validation.
These will include measures of well-being which are a
consequence of compliance with environmental
emissions regulations and safety regulations for
example. Economics evaluation will be based on costs
of technology and discount rates which can be varied.

Agent Scope Discipline Primary role Scale
DECC Energy and

climate
change

Legislat ion? Reduce energy
emissions energy
markets; demand
reduction; energy
security

National and
international

DEFRA Environment
and rural
affairs

Environment National and
international

Local
Government

Community
and business

Multi Land use planning -
preservation of
natural resources
whilst meeting the
needs of the
community

District (around
400 in the UK)

BIS Business and
skills
innovation

Economic support business
development

National and
international

LEP Enterprise Economic support business
development

Regional

OFGEM Energy Regulator Protecting
consumers by
promoting
competition,
wherever
appropriate, and
regulating the
monopoly
companies which
run the gas and
electricity networks.

National

OFWAT Water Regulator Ensure that your
water company
provides you with a
good quality service
at a fair price.

National

Table 2: Governance Agents (incomplete)
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In order to stimulate further discussions on the Musco’s
model an example of a near-complete project is given
below.

Smart grid – the CASCADE project1

The Complex Adaptive Systems, Cognitive Agents &
Distributed Energy (CASCADE) project is a complexity
science investigation into the effects, at various scales,
of a range of mechanisms that can be modelled to
simulate smarter grids than those in current operation.

The smart grid concept is one in which impact on end-
user services is minimized despite the use of less energy
and whilst maintaining reliability of supply (or no
brown-outs). Further this minimization of energy must
be achieved at minimal cost which means minimizing
expensive technical upgrades to physical networks
whilst at the same time accommodating increasingly
challenging supply and demand patterns and volumes.

The framework of agent based models used to answer
the CASCADE project objectives is described below.
There are four discrete interconnected models in which
feedback from each model is passed to the others
influencing the behaviour of the agents in each sub-
model. The ‘tick’ is every half hour, so there are 48
ticks per day. At each ‘tick’ supply and demand for
energy is balanced. Diurnal and nocturnal differences
are managed, as are seasonal differences. The model
runs for a period of one year. Scenarios are established
at the outset of each model run. They establish fixed
information such as energy policy (such as emission
reduction targets, energy trading mechanisms);
weather data; energy markets (such as fuel costs, tariff
models); technological parameters (such as generation
and load dispatch, appliance constraints); and social
factors (such as population demographics, housing
stock). These are shown in Figure 3.

1
See EPSRC project EP/G059969/1; thanks to the other

members of the team for their contributions

Figure 3: Inputs to CASCADE which define user
scenarios

The scale of the model is UK wide. The four discrete
models are known as follows: a trading model of the
wholesale market, a transmission network model, a
distribution network model including the retail market
and a physical (engineering) model. There is one
instance of the trading model and the transmission
network model which are UK wide. The transmission
network model is disaggregate to local supply-demand
balances at Grid Supply Points. GSPs are the points at
which the physical transmission network connects to
different distribution networks (14 in total).

There are two broad types of agent. The Aggregator is
defined for the purposes of CASCADE as a trading entity
that brings together a number of electrical generators
and/or consumers in a way which allows their
aggregation to have a role in the trading model (of the
wholesale market). The Prosumer is either or both a
consumer and a producer. Small scale prosumers
include, for example, households with their own
capacity for energy generation. Large scale prosumers
include generating plants and energy storage facilities.

Aggregators trade in the Trading Model. Some
aggregators are inflexible generators who bid for base
load supply. These include nuclear generators for
example. Other aggregators are ‘mid-merit’ plants who
bid for relatively short term contracts up to gate
closure. Highly dispatchable plants are the last type of
aggregator; these can supply need in real-time and
meet any short-fall in supply. The nature of this mix of
aggregators has an influence on the wholesale price
and on penalties. The profitability of one aggregator is

User-
Defined
Scenario

Energy
Markets

Technology

Policy

Weather

Social
Factors
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closely connected to the predictions of demand by
others. Smart grid alters the balance of profitability of
aggregators. Price signals from the trading model are
thus passed via the Transmission Network Model to
Prosumers in the Distribution Networks.

The Physical Network Model is linked to both the
Transmission Network Model and the Distribution
Network models, realising engineering constraints to
the physical network. In this way, demand beyond the
capacity of the physical network is not supplied.

The Distribution Network model embraces the notion
of demand side response (DSR) functionality. It is
assumed for the purposes of the model that at
household level demand is managed by non-intrusive
control systems. In this way demand can be time-
shifted for particular classes of appliance such as
washing machines to a time which will not encroach on
peak demand. Energy tariffs can be implemented into
retail pricing to incentivize responsive classes of
consumer. Micro generation, for example from small-
scale wind, micro-CHP, will largely reduce the
prosumer’s demand but can create a feed-in to the
distribution network. These feeds are counter to the
large-scale centralized flows and do present challenges
for the management of power networks.

For industrial and commercial consumers there are
commercial opportunities for example through storage
capacity or time-shifting of production. The methods
available to prosumers are set out in technological
scenario parameters; several iterations of the model
can be run to demonstrate the effects of different
technologies.

The models create quantitative results based on the
agency of the actors in the system. The following are
reported by the Transmission model: Supply (power,
cost and CO2) by generator type (wind, coal, etc);
Demand at each Grid Supply Point and by major
transmission level load; and balancing market load
corrections. From Distribution model we see: Supply
(power, cost and CO2) by generator type (wind, PV, CHP
etc); Demand at meso and micro level; reactions of
dispatchable load generators in response to price and
other signals. The following are reported by the

Trading Model: prices paid; profitability of different
Aggregators; generation mix changes as a result of
commercial drivers. The physical network model
reports on areas of the network experiencing demand
close to capacity.

This case study has demonstrated a method to solve
the problem of understanding a dynamic energy supply
and demand system, which embraces socio-technical
and economic aspects. It provides a basis for
consideration of the Musco’s model design, purpose
and outputs.
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