The problem

Climate change mitigation

Climate change adaptation
Energy infrastructures must be adapted to deal with the probable effects of
climate change.
These effects have the potential to impact energy
infrastructures in a variety of ways:
• Rising sea levels have the potential to generate severe floods in coastal
areas where a large proportion of infrastructure components are situated.
• More severe droughts have the potential to sporadically restrict the
navigability of inland waterways, disrupting important supply lines for power
generating facilities.
• Higher summertime temperatures may result in increased space cooling
demand and cooling water issues at power plants.

The question
How can we support the development of energy systems that effectively
balance the demands of climate change mitigation and adaptation?

As the largest emitter of greenhouse gases, the energy sector must play a significant role in
climate change mitigation – actions to reduce the atmospheric accumulation of greenhouse
gases and the intensity of radiative forcing. The transition to a low-carbon energy system
necessitates large-scale investments in renewable energy technologies, smart electricity grids
and a range of other infrastructure components.
If implemented, these infrastructure
investments will fundamentally transform the structural characteristics and functional operation
of the energy system for decades to come.

Complexity and uncertainty
Today's energy infrastructures are complex sociotechnical systems - dynamic assemblages of highly
interconnected technical and social elements - consisting
of power plants, pipelines and multiple liberalized
markets.
The climate system is composed of an
enormous number of components whose interactions
have the potential to generate nonlinear behaviors that
are difficult, if not impossible, to predict. How do we deal
with this complexity and uncertainty?

How might rising sea
levels affect our power
infrastructure?

What if we invest in large
offshore wind farms, and
wind patterns change?

Climate change and energy infrastructure

Balancing adaptation and mitigation
A modeling framework

Key techniques

Aims of the framework

Agent-based modeling
Agent-based modeling (ABM) is a simulation modeling technique centered
around the concept of agents – autonomous software entities with the
fundamental ability to make independent decisions. In the process of
developing an agent-based model, agents are conceptualized to represent
actors in a real-world system, such as individuals, organizations or nations. A
key advantage of ABM is that it enables us to capture the evolution of
technical infrastructures as a consequence of actor decisions.

Exploratory modeling
Exploratory modeling is a modeling technique in which results are viewed as
indications of possible futures rather than as predictions of a single definite future.
Multiple hypotheses are explored by way of numerous computational experiments
– simulation runs corresponding to different sets of assumptions about how the
world works. Through the testing of different policy strategies, exploratory
modeling can aid the identification of robust policies – policies that generate
desirable outcomes across a range of possible futures.

1. To enable the evaluation of policy measures and other strategies with
respect to: (1) their effect on the resilience of energy infrastructures to
climate change, and (2) their capacity to reduce energy sector greenhouse
gas emissions.
2. To enable the identification of robust policies - policies that generate
desirable outcomes across a range of possible climate futures.

Structure of the framework
The framework captures 3 different timescales – from minutes to years – and 4
different societal domains. The intersections of these timescales and domains
divide the framework into 12 components, with each component containing a set of
elements and relationships pertaining to the specific domain and timescale.

A “proof-of-concept” model
As a preliminary test of the framework, we have developed a simple "proof-of-concept" model.
The model focuses on the 380kV electricity grid in the Netherlands, including the technical
components and actors associated with it. Climate change is represented in a highly
abstracted way as a combination of temperature rise and extreme weather events. The model
is used to explore the robustness of the infrastructure under a variety of investment strategies
and climate scenarios.

Agents
Agents own energy technologies and make decisions
about how to use them…
Decisions

Agents

Technologies

How much electricity to use

Consumers

Load

How much electricity to produce

Power companies

Generators

When/where to repair/add capacity

Grid operator

Transmission grid

How much electricity to produce/use

Neighboring countries

Loads & generators

Simulation

Preliminary results

Experiments
• 5 climate change scenarios: No climate change,
mild, moderate, severe, very severe
• 4 investment strategies: No investment, build new
links, increase capacity, both
The best strategy across the tested climate
scenarios is strategy 2 - building new power lines.
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