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Evolving climate change resilient electricity infrastructures

Electricity infrastructures and climate change

The electricity infrastructure is a fundamental backbone of modern society. From the light above
our heads to the computers on which we work, a steady supply of electricity is essential for
nearly every aspect of our lives. By affecting the range of environmental conditions under which
electricity infrastructures must operate, and the frequency with which extreme conditions may
occur, climate change poses a potential threat to these systems - from degrading their integrity
and performance to causing major blackouts.

| Increased average temperature (4)

[ Increased winter precipitation (4) |

| Increased cooling demand for buildings (1) |
| Increased residential and commercial refrigeration demand (2) |
[ | Increased industrial process cooling demand (2)

| 1 Increased market penetration of residential air conditioning (2)
| Increased use of automobile air conditioning (2)
| Decreased residential, commercial and industrial water heating demand (2) |
| Reduced gas turbine efficiency (2)

| Reduced PV and solar thermal efficiency (2)
| | Deteriorated pipeline performance (2)

| -{ Reduced efficiency of C02-enhanced oil and gas recovery (2)
|_Higher temperatures of power plant intake water (1) |
| Enhanced possibilities for biomass cultivation (1)

| Higher temperature extremes (4) |

Increased drainage management costs at power plants (2)

| Required changes in coal handling due to increased moisture content (2)

| Increased frequency of extreme rain events (4)

| Greater variability in wind patterns* (2) |

{ Rising sea levels (4) 1 Increased frequency of coastal flooding Infrastructure loss at coastal refineries and power plants (2) |

- Complication of generation and dispatch planning for wind arrays (2)

{ Increased or decreased efficiency of existing wind turbines (1)

{ Long-term changes in wind patterns (1)

How can we ensure that our electricity system is resilient to these effects?

Evolving resilient electricity infrastructures

Developing an electricity infrastructure that is resilient to the effects of climate change will not
occur overnight. The growth and evolution of an electricity infrastructure Is slow and Is
Influenced by a variety of factors unrelated to climate change adaptation — the development of
electricity demand, NIMBY-ism, changes in the (geo-)political landscape, innovation In
generation and transmission technologies, etc.

Given these constraints, how can we support the evolution of a climate change-resilient
electricity infrastructure?
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| Altered planning for future wind farm development (2) |
{ Decreased space heating demand (1)

. Climate change in the Netherlands b

{ Warmer winters (4) |
{ Reduced ice formation on wind turbines (1)

Increased water pumping for irrigated agricultural and municipal uses (2)
1 _Cooling water shortages for power plants (3)

{ More severe summer droughts (4) — Disruption of barge coal delivery (2)
{ Reduced water availability for coal-to-liquid operations (2)
{ Reduced capacity to achieve stable energy supplies from hydroelectric plants (2)

| Greater variability in river discharges (4)

| Increased damage to wind turbines and solar arrays (2) |
| Occurence of "super storms® (4) <—| Reduced access to deepwater drilling facilities (2)
| Damage to overhead electricity networks (1)
1 Reduced efficiency of PV and solar thermal arrays (2)

[ Greater variability in direct solar radiation* (2) |

{ Altered planning for future PV and solar thermal projects (2)
| Increased perceived risk of cooling water shortages at power plants
| Greater energy technology R&D investments (2)

, _ |{ Increased capital costs of energy projects in storm and flood prone areas (2) |
| Increased risk perception K . ——— . .
| -1 Altered risk management and investment behavior by energy institutions (2)

| Greater investment in renewable energy by large energy firms (2) |
| Greater cooperation and collaboration amongst utilities to deal with risk (2)

Overview of the anticipated impacts of climate change on electricity infrastructures

The model

Technique: agent-based modeling

The development of an electricity infrastructure is not determined by any single entity.
It occurs as a combined consequence of a multitude of decisions made by a variety of
boundedly rational actors over time. To capture this reality, we use a technique called
agent-based modeling, in which real-world actors are represented as "agents" in a
simulation. Using this technique, we capture the growth of an electricity network as a
conseguence of the decisions made by various actors over time.

Model setup

We represent 3 types of actors in our model - electricity consumers, electricity
producers and a grid operator. Each of these agents has a defined set of decision
making rules, which causes him to take certain actions.

« Electricity consumers invest in new loads (electricity consuming devices) at a user
defined rate.

« Electricity producers invest in sufficient generation capacity (new generators) to
provide for future demand (based on a projection of future demand)

« The grid operator has 3 main responsibilities:
1. Invest in new lines and substations to connect (projected) loads and generators.

2. Upgrade the capacity and voltage levels of network components to ensure sufficient
transmission capacity in the future.

3. Add redundancy to the network to enhance resilience.

As a conseduence of the decisions made by these agents, an electricity infrastructure
grows and evolves over time.

Resilience

A resilient infrastructure Is one that continues to function and provide a service even
as some of its components fail. In this model, resilience is defined as the degree to
which consumers’ demand for electricity is met despite the random failure of some
grid components.

Next steps

In the next steps, we will:

1. Bring this model closer to reality by implementing more detailed technology
representations and real-world land-use data for the Netherlands. We will seed the
model with a representation of the current Dutch grid and explore the effectiveness
of various policies for supporting the evolution of an electricity grid that is resilient
to the effects of climate change.

2. Explore the resilience of the Dutch electricity infrastructure under various climate
scenarios by exposing our “digitally evolved” electricity networks to various types of
extreme weather events and evaluating their performance.
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