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Project goal: contribute to the studies on j g
policy innovation for power decarbonization

CO2 emissions per sector

ObjectivesObjectives
Develop a tool to monitor power system transformation
Showcase the potential use of the proposed tool
Derive policy advice based on the insights from the tool

ContextContext

Derive policy advice based on the insights from the tool

Decarbonization imperative of the energy sector
P h lPower sector as the most relevant component

Contribute to policy adaptation for renewables scale‐up
MotivationMotivation

Contribute to policy adaptation for renewables scale up
Fill a gap in the literature: data‐driven and system‐wide

W d l t id d t d i t l t it

5

We develop a system‐wide data‐driven tool to monitor power 
system decarbonization and give policy recommendations

Source: Own elaboration based on IEA, IPCC
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Methodology: three steps to derive insightsMethodology: three steps to derive insights

Index definitionIndex definition Individual indicators studyIndividual indicators study Aggregated indicator analysisAggregated indicator analysis

Evolution of individual indicators Comparison across systemsChoice of categories

Key features of power systems Trend analysisDefinition of dimensions

Statistical analysis to identify correlations and performance driversSelection of indicators

Source: Own elaboration 7



The PSDM is divided in categories,  g
dimensions and indicators

Index definitionIndex definition PSDM • Composition of the index
• 3 categories
• 11 dimensions

41 i di t
Choice of categories System Market Policy

• 41 indicators
• Scoring and weighting to build the Index
• Similarity with World Energy Trilemma

Definition of dimensions Security of 
Supply Reliability Sustainability Cross‐sector 

integration

Selection of indicators Power 
generation costs

CO2 emissions 
from generation

Source: WEC; Own elaboration 8



Individual indicators: three levels of analysisIndividual indicators: three levels of analysis

Individual indicator analysisIndividual indicator analysis

Evolution of individual indicators

• CO2 emissions
f

Key features of power systems

• Time interval from 2006 to 2015

• Power grid performance
• Generation costs and wholesale prices
• Generators’ profits and retail prices
• Gap to policy targets

Statistical analysis to identify correlations and performance drivers

• Analyzed cases: Spain (ES), Germany 
(DE), Denmark (DK), California (CA) and 
New York (NY)

Source: Own elaboration 9



Aggregated indicators: three levels of analysisAggregated indicators: three levels of analysis

Aggregated indicator analysisAggregated indicator analysis

C t ti lt
Comparison across systems

• Contrasting results
• Scoring based on relative 

performance

Trend analysis
• 10ya: average 2006‐2015
• 3ya: average 2013‐2015
• Recent data: 2015

Statistical analysis to identify correlations and performance drivers

Note: Statistical analysis done using Canonical Correlation Analysis Source: Hair et al. (1998) and own elaboration 10
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Two sets of results from the PSDM:     
Strategic Insights and Country Profile

S i i i h f d b i i li C l i GStrategic insights for decarbonization policy Country evaluation: Germany

• CO2 emissions from power generation • Installed power
SystemSystem

CO2 emissions from power generation
• Power grid performance
• Power generation costs

• Wholesale electricity prices

ContextContext
Installed power

• Generated electricity
• Utilization factor

MarketMarket
Wholesale electricity prices

• Profitability of main generating companies
• Retail electricity prices

• Power consumption: per capita and GDP

DimensionsDimensions • 2015 performance
• Performance evolution

PolicyPolicy
Power consumption: per capita and GDP

• Gap to target: CO2 from power generation
• Gap to target: generation with renewables

W l th l ti f t f i di t t d i k

CategoriesCategories • 2015 performance
• Performance evolution

13Source: Own elaboration

We analyze the evolution of a set of indicators to derive key 
insights and evaluate the performance evolution of Germany
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15Source: Own elaboration



9 recommendations from indicator analysis9 recommendations from indicator analysis

S t i d b i ti ith RE
SystemSystem MarketMarket PolicyPolicy

• Sustain power decarbonization with RE
• Seamlessly integrate VREs
• Carefully address system costs

• Increasing RE sustains power 
generation decarbonization

Discussion

generation decarbonization

• Importance of rest of generation
mix and other factors

• Relevant to take into account 
electricity imports

16Note: RE – Renewable Energy; VRE – Variable Renewable Energy Source: Own elaboration



9 recommendations from indicator analysis9 recommendations from indicator analysis

S t i d b i ti ith RE
SystemSystem MarketMarket PolicyPolicy

• Sustain power decarbonization with RE
• Seamlessly integrate VREs
• Carefully address system costs

• Increasing VRE are not harming 
the SAIDI

Discussion

the SAIDI

• Different strategies are adopted 
depending on resources

• New mechanisms can be 
considered (X‐system integration)

17Source: Own elaborationNote: SAIDI: System Average Interruption Duration Index



9 recommendations from indicator analysis9 recommendations from indicator analysis

S t i d b i ti ith RE
SystemSystem MarketMarket PolicyPolicy

• Sustain power decarbonization with RE
• Seamlessly integrate VREs
• Carefully address system costs

• VRE scale‐up is increasing power 
generation costs

Discussion

generation costs

• Shift of the cost structure of the 
industry (OPEX/CAPEX)

• Other aspects to be considered 
for full cost calculation

18Source: Own elaborationNote: OPEX – Operational Expenditure; CAPEX – Capital Expenditure



9 recommendations from indicator analysis9 recommendations from indicator analysis

Reconsiderin the merit order
SystemSystem MarketMarket PolicyPolicy

• Reconsidering the merit order
• Fostering competition in power industry
• Reallocating power transformation costs

• Increasing VRE are lowering 
electricity wholesale prices

Discussion

electricity wholesale prices

• This may be reversed: VRE to 
provide reliability services

• Other factors and markets are 
relevant: futures, intraday

19Source: Own elaboration



9 recommendations from indicator analysis9 recommendations from indicator analysis

R id i th it d
SystemSystem MarketMarket PolicyPolicy

• Reconsidering the merit order
• Fostering competition in power industry
• Reallocating power transformation costs

• VRE is tightening profits from 
incumbent generators

Discussion

incumbent generators

• Profits of contributors to grid
reliability are relevant

• Anticipate negative consequences 
of lower investment

20Source: Own elaborationNote: Profitability measured as EBITDA/MWh



9 recommendations from indicator analysis9 recommendations from indicator analysis

R id i th it d
SystemSystem MarketMarket PolicyPolicy

• Reconsidering the merit order
• Fostering competition in power industry
• Reallocating power transformation costs

• Retail prices have increased with 
the VRE scale‐up

Discussion

the VRE scale up

• Some systems are observing an 
asymptotic trend

• Relevant to put them in 
perspective with income level

21Source: Own elaborationNote: Retail price is only residential retail price



9 recommendations from indicator analysis9 recommendations from indicator analysis

Consider cons mption in transformation
SystemSystem MarketMarket PolicyPolicy

• Consider consumption in transformation
• Adapt targets for sustainable RE scale‐up
• Adjust targets for ambitious CO2 reduction

• CO2 depends mainly on 
imports/exports and power mix

Discussion

imports/exports and power mix

• Consumption per capita shows 
regional differences

• Consumption per GDP depends 
on economic sectors

22Source: Own elaborationNote: CO2 emissions are only for power generation; Consumption is for electricity



9 recommendations from indicator analysis9 recommendations from indicator analysis

C id ti i t f ti
SystemSystem MarketMarket PolicyPolicy

• Consider consumption in transformation
• Adapt targets for sustainable RE scale‐up
• Adjust targets for ambitious CO2 reduction

• European countries are on target 
for 2020 goals

Discussion

for 2020 goals

• RE targets need frequent update
and ambitious goals

• CO2 emissions in perspective with 
other energy sectors

23Source: Own elaborationNote: Targets in front of the EU for 2020



9 recommendations from indicator analysis9 recommendations from indicator analysis

S i i i h f d b i i liStrategic insights for decarbonization policy

• Sustain power decarbonization with RE
SystemSystem

Sustain power decarbonization with RE
• Seamlessly integrate VREs
• Carefully address system costs

• Reconsidering the merit order
MarketMarket

Reconsidering the merit order
• Fostering competition in power industry
• Reallocating power transformation costs

• Consider consumption in transformation
PolicyPolicy

Consider consumption in transformation
• Adapt targets for sustainable RE scale‐up
• Adjust targets for ambitious CO2 reduction

24Source: Own elaboration



Two sets of results from the PSDM:     
Strategic Insights and Country Profile

C l i GCountry evaluation: Germany

• Installed power
ContextContext

Installed power
• Generated electricity
• Utilization factor

DimensionsDimensions • 2015 performance
• Performance evolution

CategoriesCategories • 2015 performance
• Performance evolution

25Source: Own elaboration
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26Source: Own elaboration



Overview: German power system with PSDMOverview: German power system with PSDM

C l i GCountry evaluation: Germany

• Installed power
ContextContext

Installed power
• Generated electricity
• Utilization factor

DimensionsDimensions • 2015 performance
• Performance evolution

CategoriesCategories • 2015 performance
• Performance evolution• Increase in installations for wind and specially PV

• Nuclear phase out decreases nuclear installed power

27Source: Own elaboration

• Similar capacity of hard coal, lignite and combined cycle



Overview: German power system with PSDMOverview: German power system with PSDM

C l i GCountry evaluation: Germany

• Installed power
ContextContext

Installed power
• Generated electricity
• Utilization factor

DimensionsDimensions • 2015 performance
• Performance evolution

CategoriesCategories • 2015 performance
• Performance evolution• Increase in generation from VREs, but still low share

• Nuclear phase out decreases nuclear generation

28Source: Own elaboration

• Main producers are hard coal and lignite



Overview: German power system with PSDMOverview: German power system with PSDM

C l i GCountry evaluation: Germany

• Installed power
ContextContext

Installed power
• Generated electricity
• Utilization factor

DimensionsDimensions • 2015 performance
• Performance evolution

CategoriesCategories • 2015 performance
• Performance evolution• Slight decrease in hard coal and lignite stays constant 

• Nuclear keeps high UF while it is being phased‐out

29Source: Own elaboration

• Natural gas power generation with very low UF

Note: UF – Utilization Factor



Overview: German power system with PSDMOverview: German power system with PSDM

C l i GCountry evaluation: Germany

• Installed power
ContextContext

Installed power
• Generated electricity
• Utilization factor
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30Source: Own elaborationNote: Size of the balls represents variability of the dimension between 2006 and 2015
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31Source: Own elaborationNote: Size of the balls represents variability of the category between 2006 and 2015



Overview: German power system with PSDMOverview: German power system with PSDM

C l i GCountry evaluation: Germany

• Installed power
Country profile summaryCountry profile summary

• It has a strong and secure power system

• Its power generation is highly CO2 intensive

ContextContext
Installed power

• Generated electricity
• Utilization factor

• Evolving wholesale power markets

• Lagging retail electricity markets

DimensionsDimensions • 2015 performance
• Performance evolution

• Attaining goals: RE and CO2 from generation

• Innovative and exploratory policy approach
CategoriesCategories • 2015 performance

• Performance evolution

32Source: Own elaboration
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Key takeaways and next steps for this studyKey takeaways and next steps for this study

Study 
contributions

Study 
contributions

Development of a data‐driven, system‐wide methodology for power system monitoring 
Delivery of strategic insights for power system decarbonization and RE scale‐up
Benchmarking tool applied to the German power sector: comparison and trends

Implications for 
policy makers
Implications for 
policy makers

PSMD provides additional data‐driven insights from power sector performance
Adapting the strategic insights to relevant system featurespolicy makerspolicy makers

Limitations andLimitations and

Make data and standardized metrics available for trend analysis and comparison

Scarcity of available data for some indicators – Choose indicators as per study goals
Limitations and 
future work

Limitations and 
future work Low number of cases analyzed makes challenging the scoring – Analyze more cases

Time and spatial resolution conceals interesting dynamics – Adapt to study goals

P d b i ti i t li h ld t k f t

Source: Own elaboration 34

Power decarbonization is a must; policy should take fact‐
based decisions to maximize benefits of sector transformation
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