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ABOUT THE INTERNATIONAL ENERGY AGENCY
The International Energy Agency (IEA) is an intergovernmental organisation that serves as
energy policy advisor to 28 member countries in their effort to ensure reliable, affordable and
clean energy for their citizens. Founded during the oil crisis of 1973-1974, the IEA was initially
established to coordinate measures in times of oil supply emergencies.
As energy markets have changed, so has the IEA. Its mandate has broadened to incorporate
the “Three E’s” of balanced energy policy making: energy security, economic development and
environmental protection. Current work focuses on climate change policies, market reform,
energy technology collaboration and outreach to the rest of the world, especially major
consumers and producers of energy like China, India, Russia and the OPEC countries.
With a staff of nearly 200 who are mainly energy experts and statisticians from its 28 member
countries, the IEA conducts a broad program of energy research, data compilation, publications
and public dissemination of the latest energy policy analysis and recommendations on good
practices.
ABOUT IEA DHC
The Energy Technology Initiative on District Heating and Cooling including Combined Heat and
Power was founded in 1983. It organizes and funds international research which deals with
the design, performance, operation and deployment of district heating and cooling systems.
The initiative is dedicated to helping to make district heating and cooling and combined heat
and power effective tools for energy conservation and the reduction of environmental impacts
caused by supplying heating and cooling.
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Memory of the past, observation of the present, foresight
of the future are indispensable. But they are indispensable
to a present liberation, an enriching growth of action.
– John Dewey
Human Nature and Conduct (1922 ed., p. 265)
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1.1 About scenario planning
Planners are “future shapers” who are focused on making and influencing choices in order to achieve certain
actions. Information and ideas are essential to help planners and their constituencies understand, imagine, and
devise combinations of actions that can achieve intentions in the face of partially understood futures.1 Planners
use a number of tools and methods when making plans, including forecasting and scenarios, often using what
is known in the present in order to anticipate what may occur in the future.
Scenario planning has emerged as an influential professional technique in urban planning and related fields. In
the urban planning context, scenario planning is about portraying future alternatives, usually a change in land
use, and contrasting the likely outcome of the status quo against other options.
Scenario planning is best described as a way of thinking about the future without trying to predict it.2 The goal
of scenario planning is ultimately to make better plans and decisions by challenging assumptions and current
practices. It assumes that if decision makers consider multiple futures, they are more likely to make better
decisions.3

1.2 What are scenarios?
Scenarios are alternative descriptions of different possible futures that help decision makers consider the
implications of these future possibilities for planning and decision making today.4 Scenarios are not predictions.
Rather, they are stories about how the world will or may change at some future time. A scenario is a state at a
future time as imagined in the present.
A scenario is distinguishable from a vision and forecast in two ways: 5

1

Hopkins, L. D., & Zapata, M. A. (2007). Engaging the future: Tools for effective planning practices. Engaging the future: Forecasts, scenarios, plans, and
projects, 1-17.
Hopkins & Zapata (2007).
Chakraborty, A., Kaza, N., Knaap, G. J., & Deal, B. (2011). Robust plans and contingent plans: scenario planning for an uncertain world. Journal of the
American Planning Association, 77(3), 251-266.
Brest, P., & Krieger, L. H. (2010). Problem Solving, Decision Making, and Professional Judgment: A Guide for Lawyers and Policymakers. Oxford University
Press.
Hopkins & Zapata (2007).
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A scenario is a possible future – it need not be desirable, thus it is not a vision, and, it need
not be likely, thus it is not a forecast.
A scenario emphasizes a process of change, not just a point in the future.

1.3 What is scenario planning?
Scenario planning helps decision makers expand their conceptions of what is possible and allows for a broader
range of futures than might otherwise be considered.6 Scenario planning is about generating plausible options
(“scenarios”) of the state of the world at a future time. The approach is intended to increase the range of ideas
considered by decision makers in the plan making process. It is also often used to structure an argument in
favour of choosing one as a preferred future. Scenario planning emphasizes processes of change and relies on
a set of scenarios as a way of thinking about futures.
Scenario planning is a creative tool rather than a forecasting instrument. Forecasts are techniques that derive
possible futures by predicting change in some variables, and are based on what is expected to happen under
some set of conditions.7 The important distinction between forecasting and scenario generation is that the
focus is on generating different, plausible futures, not envisioning a desirable future (through visioning) or
forecasting a likely future.8

6
7
8

Brest & Krieger (2010).
Hopkins & Zapata (2007).
Ibid.
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Scenario planning is a tool that can be used as: 9

•

A decision tool — “future proofing” a portfolio of activities and proposed actions;

•

A prioritization tool — determining where and how to allocate finites resource;

•

A testing tool — using multiple “settings” to strengthen an existing strategy, innovation initiative or
priority;

•

An oversight tool — adding perspective and insight to other planning processes;

•

An integrative tool — applying judgment to complexity for making sense of the world

•

A generative tool — producing innovative ideas, programs, products, and services;

•

A timing tool — reacting appropriately (i.e. neither overreacting nor under-reacting);

•

A scanning tool — monitoring for deeper shifts in the external environment;

•

A proactive tool — combating reactive demands; taking affirmative steps to prepare for the future;

•

A conversation tool — talking about difficulties in a safe (hypothetical) way.

Scenario planning produces a set of scenarios used for future decision-making and to develop possible action.
A set of scenarios includes structurally different, but plausible ways that futures may unfold, and together, the
scenarios may demonstrate the multiplicity, complexity, and unpredictability of forces shaping the future,10
particularly as it relates to cities and land use.
By comparing scenarios, one might discover that one scenario is preferred over others. This preference does
not, however, imply that one can choose one scenario and ignore others, as scenarios are generally not
completely within our control.11
9
10
11

4

Smith, E. (2007). Using a scenario approach: From business to regional futures. Engaging the future: Forecasts, scenarios, plans, and projects, 79-101.
Hopkins & Zapata (2007).
Ibid.
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The use of scenarios in current planning practice might be summarized as follows: in current practice we
pretend we can choose with certainty and control a future and work toward it (the preferred scenario); in
fully adopting scenario planning ideas we acknowledge that the future cannot be selected with certainty, and
through considering multiple scenarios, we can plan and act in the face of multiple futures.12

1.4 Why use scenarios?
Many decision makers assume that the future will closely resemble the present; however, scenarios are not
grounded principally in a continuation of past tends or data. Rather, they involve plausible visions of the ways
that relevant uncertainties might evolve in the future—uncertainties that are often driven by forces beyond
the control of the decision maker.
Expanding the use of scenarios allows planners to employ scenarios as a way of discovering unknown or poorly
understood interrelationships or use scenarios to engage broader public input into planning processes.

12

Hopkins & Zapata (2007).
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As a method for assessing differing long-term strategies, scenario planning has numerous benefits, including: 13

Creating a basis for an analytical framework and process for understanding complex issues
and responding to change;
Building consensus by giving communities the capacity to participate actively in planning;
Developing tools and techniques to assess the impact of public policy choices on a
community;
Creating an opportunity to recognize the impact of tradeoffs among competing goals;
Providing an enhanced decision-making framework; and
Helping ensure improved management of increasingly limited resources.

13

6

The Delaware Valley Regional Planning Commission (2014). The Future of Scenario Planning. Accessed at http://www.dvrpc.org/reports/WP14038.pdf.
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2.1 How will scenario planning be used within Plan4DE?
The Plan4DE model is intended to act as a tool to help planners optimize the built environment for district
energy (DE). It is intended to work in two ways:

Approach 1
To allow planners to input certain built form data characteristics into the model (generated from GIS),
and, along with other inputs related to DE technologies and costs, be able to determine whether a
district energy system is feasible under certain built form conditions.

Approach 2
To allow planners to consider a feasible district energy system as a minimum requirement, and to
develop scenarios in GIS (with their associated built form variables) that meet the criteria of the
predetermined district energy thresholds.

In both these approaches, built form data characteristics refer to variables such as density, number of units,
total developed area etc. These characteristics are those that are considered to be the most controlled or
influenced by the planner. From a planner’s perspective, these variables will be the main focus of the Plan4DE
model.
Inputs related to DE technologies and cost variables will be adjustable within the model. These variables
however, will most often be outside the planner’s control. The model will nonetheless be able to be used
by planners to show how changes in DE technologies and costs (along with built form characteristics) can
influence the feasibility of district energy.
In Approach 1, built form inputs for the model are generated through developing build-out scenarios using GIS.
In Approach 2, the model will produce built form variables (based on a feasible district energy threshold) that
can then be used to develop scenarios in GIS.
8
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Each approach has within it a number of scenarios that will be explored:

Approach 1
•

Business-as-usual (BAU) — 1 scenario: this approach will involve the planner using GIS to create a buildout scenario based on available BAU information (eg. estimated population growth, existing land use,
zoning bylaws, densities etc.). The built form outputs of this BAU build-out will be used as inputs into
the model. Along with district energy technologies and cost variables (which will also be adjustable to
reflect BAU conditions), the model will determine overall energy demand, and whether district energy is
feasible or not.

•

Alternative Build-Out — 2-3 scenarios: this approach will again use GIS to create one or more
alternative build-out scenarios. These scenarios will be based on changes in built form characteristics
that could occur through changes in land use, zoning policy or other planning strategies. Each scenario
will produce specific built form input for the model. The model will show the resulting impact on energy
demand, and whether district energy is feasible or not for each scenario. In these scenarios, the district
energy technologies and cost variables will also be adjustable.

Approach 2
•

DE threshold — 2-3 scenarios: this approach will allow the planner to use GIS to create scenarios that
satisfy criteria required to achieve feasible district energy thresholds. The model will initially determine
these threshold criteria. The scenarios in GIS will be used to show which combination of built form
variables are required to meet the DE threshold—that is, to make a district energy system feasible.

Approach 1 is focused more around optimizing scenarios, whereas Approach 2 centres on backcasting
– understanding what actions need to be taken to get to a certain future. From a user’s perspective, an
important difference between backcasting and optimizing scenarios is that optimizing scenarios serve to find
efficient solutions, whereas backcasting scenarios focus on finding options that satisfy long-term targets.1

1

Börjeson, L., Höjer, M., Dreborg, K. H., Ekvall, T., & Finnveden, G. (2006). Scenario types and techniques: towards a user’s guide. Futures, 38(7), 723-739.
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In both approaches, planners can use the model as a scenario planning tool to support numerous planning
efforts. Its main intent is to assist planners in understanding the relationship between built form, energy
demand, and the feasibility of district energy, and subsequently to influence policy and decision making (as it
relates to built form) to support district energy.
The use of scenarios within the Plan4DE model will not only provide a framework for understanding the
complex issues related to built form and district energy, it will also provide an opportunity for planners and
decision makers to recognize the impact of tradeoffs among the competing goals that come with plan making.
It will also allow planners to assess the impact of policy choices on the feasibility of district energy.

10
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3.1 Introduction
There is no consensus on scenario typologies; however, several typologies reflect the view that “futures
studies” explore possible, probable and/or preferable futures.1 Many practitioners using scenarios for “futures
studies” (as it relates to urban planning) do not know that there are more than two dozen techniques for
developing scenarios.2
A number of researchers have sought to resolve the confusion over the many definitions and methods
of scenarios (Bishop), and in many cases propose new typologies. According to Bishop et al. (2007), who
completed a review of current literature on scenario development has noted van Notten et al. (2003) and
Börjeson et al. (2006) as having made notable contributions thus far.
Plan4DE does not seek to specifically follow or imitate any particular typology directly; however, it is important
that the model be grounded within and acknowledges the current literature on scenario development and
scenario planning. This section briefly reviews van Notten et al. and Börjeson et al.’s research, and discusses
how Plan4DE relates to each typology.

3.2 Scenario Typology Literature
3.2.1 Van Notten et al. (2003)
Van Notten and colleagues propose 3 major categories for scenario types:3
•

Those that answer the “why” (project goal);

•

Those that answer the “how” (process design); and,

•

Those that answer the “what” (scenario content).

Table 1 outlines van Notten et al.’s scenario typology characteristics.
1
2
3

12

Van Notten, P. W., Rotmans, J., Van Asselt, M. B., & Rothman, D. S. (2003). An updated scenario typology. Futures, 35(5), 423-443.
Bishop, P., Hines, A., & Collins, T. (2007). The current state of scenario development: an overview of techniques. foresight, 9(1), 5-25.
Van Notten et al. (2003).
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P.W.F. van Notten et al. / Futures 35 (2003) 423–443

Table
Table1.
1 Detailed scenario typology (van Notten et al., 2003).
The scenario typology in detail
Overarching themes

Scenario

characteristics

A

Project goal:
exploration vs decision
support

I.
II.

Inclusion of norms? : descriptive vs normative
Vantage point: forecasting vs backcasting

III.
IV.
V.

Subject: issue-based, area-based, institution-based
Time scale: long term vs short term
Spatial scale: global/supranational vs national/local

B

Process design:
intuitive vs formal

VI.
VII.
VIII.
IX.

Data: qualitative vs quantitative
Method of data collection: participatory vs desk research
Resources: extensive vs limited
Institutional conditions: open vs constrained

C

Scenario content:
complex vs simple

X.
XI.
XII.
XIII.
XIV.

Temporal nature: claim vs snapshot
Variables: heterogeneous vs homogenous
Dynamics: peripheral vs trend
Level of deviation: alternative vs conventional
Level of integration: high vs low

Van Notten et al. focus more on scenario development from a “project” perspective, rather than providing
3. Themes for classifying scenarios
specific techniques.4 That is to say that they analyze scenario planning projects using their scenario typology
criteria,
andtheme
provide
general
of techniques
used.
The ﬁrst
addresses
theideas
scenario
analysis’ project
goal. This theme describes

a scenario analysis’ objectives as well as the subsequent demands on the design of
the scenario development process. On the one end of the theme’ s spectrum is the
project reflects
goal of exploration.
goalofmight
include awareness
raising,by
thevan
stimuPlan4DE
many (but This
not all)
the characteristics
outlined
Notten et al., and in many cases,
lation of
creative
thinking, andingaining
insight into the
societalPlan4DE
processeswill
inﬂureflects
both
characteristics
each sub-theme.
Forway
example,
use both descriptive scenarios
ence
one
another
[2,3,16–19].
In
an
exploratory
scenario
exercise,
the
process
(those that explore possible futures—in the BAU scenario), and normative isscenarios (those that describe
often as important as the product. In certain cases the product—the scenario or set
probable
or preferable
futures—in
BuildThe
Outaptly
scenarios).
The model will also act as both a
of scenarios—is
even discarded
at thethe
endAlternative
of the process.
entitled study
st as a starting point—in Approach 1), and a backcasting tool (starting with a
forecasting
tool
(taking
the
present
Which World?: scenarios for the 21 century [20] is one of many examples of an
exploratory
project
specific
future
state2. and exploring paths that need to be taken to achieve that desirable future—Approach 2).
At the other end of the spectrum is the project goal of decision support. Here
scenarios are used to examine paths to futures that vary according to their desirability.
The scenarios
might even
proposePlan4DE
concrete strategic
options.
Decision-support
scen-and Decision Supportive; Formal;
Through
van Notten’s
typology,
is expected
to be:
both Explorative
arios
often
contain
value-laden
combinations
of
scenarios
that
are
described
as
preferand, Complex.
able, optimistic, high road, or utopic; conventional or middle-of-the-road; and disagreeable, pessimistic, low road, dystopic, or doom scenarios. For example, high and
low road scenarios were developed in the Scenarios for Scotland project [21–23] and
they are implied in the Mont Fleur [24,25] and the Destino Colombia scenarios [26].
In practice the two types of project goals can be combined [6,19]. In a ﬁrst phase,
scenarios are developed in an exploration of certain topics. The resulting scenarios
4

2

Bishop
et al.
(2007).scenarios were not discarded but were published to much acclaim.
The
Which
World?
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cenario typology

ral of the nine typologies presented above build on variants of the categories
ble, possible and preferable. We essentially join this tradition because we believe
ategories reﬂect three basically different modes of thinking about the future [5].
er, we adjust the typology in order to emphasise our basis as to how the scenarios
d.
distinguish between three main categories of scenario studies. The classiﬁcation is
on the principal questions we believe a user may want to pose about the future.
are What will happen?, What can happen? and How can a specific target be reached?.
solution is then increased by letting each category contain two different scenario
3.2.2
Börjeson
et al. (2006)by different angles of approach to the questions
see Fig.
1. These
are distinguished
g the categories.
Börjeson et al. distinguish between three main categories of scenario studies based on the principal
dditionquestions:
to the 5principal questions above, there are two more aspects of the system
study that we consider to be particularly important when characterising scenarios.
• What will happen?
st of these is the concept of system structure, by which we mean the connections and
• What the
can happen?
and,
nships between
different
parts of the system, and also the boundary conditions,
govern a• system’s
it is possible to build a mathematical model
How can adevelopment.
specific target beWhen
reached?
stem under study, the equations are an interpretation of the system’s structure (it
e.g. beThelinear
or non-linear). The second important aspect of the system is the
resolution is then increased by letting each category contain two different scenario types (Figure 1) which
6
tion between
internalbyand
external
factors.
By
factors
wethemean
factors
that
are distinguished
different
angles of
approach
to internal
the questions
defining
categories.
Scenarios

Predictive

Forecasts

What-if

Explorative

External

Normative

Strategic Preserving Transforming

Figure 1. Scenario
typology typology
with threewith
categories
and 6 types
(Börjeson
et al., 2006).
Fig. 1. Scenario
three categories
and
six types.
Predictive Scenarios
The first question, What will happen?, is responded to by predictive scenarios, which consist of two different
types, distinguished by the conditions they place on what will happen. Forecasts respond to the question:
What will happen, on the condition that the likely development unfolds? What-if scenarios respond to the
question: What will happen, on the condition of some specified events?7
5
6
7
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Börjeson et al. (2006)..
Ibid.
Ibid.
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In this context, the Plan4DE model responds to What will happen? through Approach 1: the BAU scenario
acting as a forecast and understanding the likely development; and, the Alternative Build Out scenarios,
responding to what will (or could) happen under certain varied and different circumstances.
Explorative Scenarios
Explorative scenarios respond to the question What can happen? and is distinguished between two types,
external scenarios and strategic scenarios. External scenarios respond to the user’s question: What can happen
to the development of external factors? Strategic scenarios respond to the question: What can happen if we
act in a certain way?8
Explorative scenarios aim to explore situations or developments that are regarded as possible to happen,
usually from a variety of perspectives, in order to span a wide scope of possible developments. In this way,
explorative scenarios resemble what-if scenarios, but are elaborated with a long time-horizon to explicitly
allow for structural, and hence more profound, changes.9
External scenarios focus only on factors beyond the control of the relevant actors and are typically used to
inform strategy development of a planning entity. Policies are not part of the scenarios but the scenarios
provide a framework for the development and assessment of policies and strategies. The external scenarios
can then help the user to develop robust strategies, i.e. strategies that will survive several kinds of external
development.10
In this context, Plan4DE is not specifically intended to be used for external scenarios, that is, exploring factors
beyond the control of the planner (such as DE technologies and costs). However, it has the potential to
function as an external scenario, helping planners to develop robust planning strategies to deal with changes
outside of their control.
Strategic scenarios are better reflected in Plan4DE through the Alternative Build Out scenarios, where planners
can explore what is possible, or what the impact will be for district energy if they (or decision makers) choose
to act in a certain way, or implement certain policies.
8
9
10

Börjeson et al. (2006)
Ibid.
Ibid.
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Normative Scenarios
The final question, How can a specific target be reached? is responded to by normative scenarios, consisting of
two different types, distinguished by how the system structure is treated. Preserving scenarios respond to the
question: How can the target be reached, by adjustments to current situation? Transforming scenarios respond
to the question: How can the target be reached, when the prevailing structure blocks necessary changes?11
In this context, the DE threshold scenarios in Approach 2 act as normative scenarios, and could be applied
as both preserving scenarios and transforming scenarios. In the form of a preserving scenario, planners will
determine what adjustments (in built form) need to be made to reach the target of feasible district energy. It
could also take the form of a transformational scenario. In this case, the target may seem to be unreachable.
A marginal adjustment of current development is not sufficient, and a trend break is necessary to reach
the target.12 The “trend break” may involve major changes in policy, or demonstrate significant increases in
technological efficiency, which may often be out of the control of the planner. However, these transformational
scenarios may demonstrate the need, and provide the basis of engagement, for major policy or technological
changes.

11
12

16

Börjeson et al. (2006)
Ibid.
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Although developed for lawyers and policy makers, Brest and Krieger (2010) provide considerations when
selecting scenarios that are applicable to planners and the Plan4DE model. They suggest that planners should
seek out scenarios that are: 1
•

Plausible. The scenario must be believable;

•

Relevant to the key strategic issues and decisions at hand. If the scenario would not cause a decision
maker to act differently compared to another scenario, there is little use in considering it;

•

Challenging to today’s conventional wisdom. It should make one think about different possibilities and
options;

•

Divergent from each other. Together, the scenarios should “stretch” the thinking about the future
environment, so that the decisions take account of a wider range of issues;

•

Balanced. It is useful to ensure that a group of scenarios strike a good psychological balance between
challenges and opportunities, risks, and upside potential.

A White Paper on the future of scenario planning published by the Delaware Valley Regional Planning
Commission lists a few desired attributes that commonly come up in researching scenarios. It suggests to: 2
•

Incorporate two to four scenarios;

•

Challenge conventional wisdom;

•

Use highly differentiated futures;

•

Contain alternatives – there should not be a ‘preferred’ future scenario. Scenarios that replicate an
established vision for the future should be avoided— this tends to attract interested parties and defeats
the purpose of the task;

•

Scenarios should focus on specific issues related to an organization’s near-term decision-making, but
should not directly answer the focal question;

•

Scenarios should be plausible, given the current world situation. A scenario that assumes that
technology will solve all the world’s problems is not realistic because it relies on a highly improbable
outcome; and,

•

Scenario names should be catchy, so they can easily be evoked after the fact.

1
2
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Brest & Krieger (2010).
The Delaware Valley Regional Planning Commission (2014).
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