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1. A primer on (energy) economics

> What is the goal of a responsible (energy) public policy?

> Welfare
> Economics: maximize welfare with limited resources
> Welfare can be measured through utility

> But utility can only be ranked
> Solution: use a proxy!

> GDP

> Focusing on GDP risks ignoring intangible, relevant sources of welfare 
(e.g. environment)
> Creating GDP may have negative byproducts 

> We know one very well: Climate change
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2. Energy policy: climate and environment and economics, oh my

> Mitigation
“reduce GHG emissions and enhance sinks”

> ‘20-20-20’ goal. By 2020:
> 20% increase in energy efficiency
> 20% reduction of CO2 emissions
> and 20% renewables (national 
targets 2009/28/EC)

> Adaptation
“adjustment in natural or human systems to a 
new or changing environment”

> Climate variability and uncertain 
resource endowments
> ↑ Extreme events –focus on critical 
infrastructures
> Incidence on demand

> Europe 2020 strategy for smart, sustainable and
inclusive (green) growth

> 20% renewable energy => 417 000 jobs
> 20% increase in energy efficiency => 400 000 jobs

> It all depends on how we mitigate and adapt

Intertwined
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Climate change impacts on energy systems (Schaeffer et al., 2012
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3. The economic consequences of maladaptation

> We live in a complex socioecological system
> Resources have been put to the limit

> Tradeoffs are at the core
> Ex-ante, comprehensive economic (i.e. welfare) assessment 
necessary to prevent maladaptation 

> This has not been always the case

Maladaptation: adaptation initiatives that actually harm socio-ecological systems, 
e.g. promoting adaptation in the short-term but increasing long term vulnerability
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Variability in resource endowments & energy supply

> Renewables have in common an 
uncertain resource endowment

> sunshine hours; wind; water 
availability; etc.

> Conventional solution: diversify 
installed capacity

> But climate change is here to stay
> Permanent, systemic impact on resource endowments

> Temperature (affecting e.g. crops and biomass)
> Sunshine (through cloudiness)
> Wind (and wave formation)
> Melting permafrost (oil, gas)
> Rainfall

4.



Hydropower: the water-energy nexus

If average rainfall decreases -shall we increase hydropower 
capacity to ensure a stable energy supply?
> Pros: hydropower is renewable, carbon dioxide 
emission-free and easily exploitable
> Cons: modifies the structure of water courses and 
may need large water impoundments

> Hydropower may impair the integrity of water 
courses and river health

> Tradeoff: renewable energy (EC, 2009) vs. river 
restoration (EC, 2000)

Adaptation options
> Carefully assess the nexus (tradeoffs): market vs 
environmental income

> Hydropower Sustainability Assessment Protocol 
(Tollefson 2011);  “sustainability assessment 
framework for hydropower development and operation”

> Minimize tradeoffs (e.g. Pulse flows)



It’s all about smart engineering (or it isn’t?)
> Hydropower is one of the most affected sectors by 
climate change

> Reduced water flows
> Also in competition with other uses (e.g. agriculture)
> Solution? Increase supply! 
> And Spain did

> The most regulated rivers in the EU
> About the same producible hydro now and in the ‘20s 

Corollary: 
> Renewable does not 
mean infinite
> Acknowledge the 
limits of nature



Sea level rise
> Flooding and erosion => supply & 
transportation disruptions
> 158 major oil/gas/LNG/tanker terminals +  
71 operating nuclear reactors on the coast
> Adaptation options:

> Hard engineering (dikes, seawalls, 
breakwaters, raising port areas)
> Soft engineering (shore nourishment, 
dune building)

> And what if we neglect adaptation?
> The economy loses
> Asymmetric impact

> E.g. sea level rise impacts on Italy 
(Standardi et al., 2015)
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Incidence on demand
> Global warming impacts heating and cooling 
demand
> Northern and central EU: decrease in heating 
demand dominates 
> Southern EU: Increase in cooling demand 
dominates
> Adaptation is critical for mitigation 
(vicious/virtuous circle)

> Hard engineering (new investments, 
interconnections with other power systems, 
energy saving programmes, etc.)
> Economic instruments

5.
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Extreme events and critical infrastructure
> Climate change increases the likelihood of extreme events and demand peaks

> Heat waves and droughts will negatively affect the cooling of thermal power plants
> Floods, extreme winds, ice loads and other extreme events may shut down important 
components of the grid 
> Increasing summer peaks for cooling may disrupt energy supply

> Extreme events sometimes have long-lasting effects
> Most analysis focus on direct costs
> The indirect costs may be even more relevant

> White Paper on adapting to climate change (EC 2009b):
> ensure climate-proofing of existing and planned infrastructure TEN-E (EC, 2013)
> climate risk assessment conditional for public investments
> assess the practicality of assimilating climate impacts into construction standards.

6.

> This may be too narrow of an approach
> Disasters are going to occur
> Promoting resilience is not only about infrastructures

> Also: i) spread information; ii) complementary prevention (e.g. Land use codes); iii)
institutional quality
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5. Concluding remarks

> Climate change is expected to have considerable impacts 
> Energy systems often do not incorporate these impacts in their 
planning and operation

> Climate change is here to stay
> Even if mitigation succeeds above expectations

> Adaptation is necessary against:
> Variable resource endowments & demand
> Extreme events

> Adaptation strategies should be assessed on site
> No silver bullets

> Maladaptation/neglecting adaptation may have significant, negative 
impacts on Southern European countries
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Modelling a blackout in Italy
> Local failures may rapidly escalate in modern interconnected networks

> Catastrophic cascade of failures



Thanks for your attention



Annex



Biomass: the water-food-energy nexus
> Increasingly relevant

> Mobile; widespread; proper planning => 
resilient to climate change

> Possible negative feedbacks:
> land-use change (deforestation, invasive alien 
species) 
> Environmental impacts (↓ water availability; CO2?)
> Distortions in food production and prices (FAO 
hunger map)

EC recommendations
> ban biomass from land converted from 
forest, high carbon stock areas, highly 
biodiverse areas
> greenhouse gas emissions: 35% (50% in 
2017 and 60% in 2018) less than EU's 
fossil energy mix
> support high energy conversion 
efficiencies
> monitor biomass origin

  

  
Source: World Bank (2012) 
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