Final report on policy options and uncertainty assessment in
the deployment and production of CREs
Report D2.6

Date
Report Number

31.07.2016
D2.6

Version Number:

01

Report Number:

Report D2.6

Main Author:

Maria-Helena Ramos (IRSTEA)

DIFFUSION LEVEL – PU
PU

PUBLIC

RIP

RESTRICTED INTERNAL AND PARTNERS

RI

RESTRICTED INTERNAL

CO

CONFIDENTIAL

COORDINATOR:

NICK WINDER, UNIVERSITY OF NEWCASTLE

D2.6 Report

31.07.2016

1

INFORMATION ON THE DOCUMENT
Title

Report D2.6

Main Author

Maria-Helena Ramos (IRSTEA)

Co-authors

J-D. Creutin (CNRS), B. Renard (IRSTEA), B. Hingray (CNRS), J-P.
Vidal (IRSTEA)

DEVELOPMENT OF THE DOCUMENT
Date

Version

Prepared by

Institution

Approved by

20150917

0.0

JD. Creutin

CNRS

First draft version with main
research achievements

20151118

0.1

MH. Ramos

IRSTEA

Addition of review on EU
directive, EU communications,
and national plans

20160229

0.2

MH Ramos

IRSTEA

20160301

0.3

JD Creutin

CNRS

Version sent to stakeholders
and WP partners for revision

20160404

0.4

B. Renard

IRSTEA

Additions to uncertainty
assessment sessions

20160517

0.5

B. Hingray,

CNRS

Additions concerning
uncertainty sources
partitioning

JD Creutin (WP2
leader)

JP Vidal

Note

First version prepared for
revision by stakeholders and
partners

20160530

0.6

JD. Creutin

CNRS

First revision taking into
account review comments
from stakeholders and
partners

20160630

0.7

MH. Ramos

IRSTEA

Final revision taking into
account review comments
from stakeholders and
partners

20160731

0.8

MH Ramos

IRSTEA

D2.6 Report

2

31.07.2016

JD Creutin (WP2
leader)

Final version of the
deliverable (sent to
Coordinator)

Executive Summary
This report is the Deliverable D2.6 of the FP7 COMPLEX project. It aims to summarize policy options
and uncertainty assessment issues in the deployment and production of climate-related renewable
energies. It is part of a broad exercise to assess research needs, stakeholders’ perspectives and multilevel policy options related to renewable energies in the European Union. The focus is placed on wind,
solar and hydropower production of electricity in a future European system that is massively based on
these three sources of energy; here named ‘Climate-Related Energies’ (CRE).
This report summarizes the main results obtained from the assessment of uncertainty and the review of
multi-level policy options (directives and communications of the European Commission impacting the
deployment and production of CRE). It is complemented by the summary of findings reported in
Deliverable D2.7 (Policy Briefing and Best Practice Statement on “Climate variability and the
integration of renewables in electricity systems), which specifically addresses the involvement of
stakeholders in the assessment of the influence of climate variability on the integration of CRE in
electricity systems.
The main product of the two reports is a Science-Policy Brief (SPB) that was specifically elaborated to
bring forward a climate variability viewpoint on renewable energy and electricity systems. The SPB
highlights research achievements in the best interest of policy-makers, stakeholders and society
through a set of six key issues. The SPB is fully presented in the Deliverable D2.7.
In this report D2.6, we summarize research activities on deciphering and quantifying uncertainty on
two main issues: disentangling sources of uncertainty in climate change projections and weighting
different global climate projections for better predictions of CRE sources. We also consider the main
directives and communications of the European Commission impacting the deployment and
production of CREs. These are reviewed with a focus on the way they consider (or not) climate
variability and uncertainty in CRE issues.
In our conclusions and recommendations, we highlight the way CRE variability has to be more deeply
considered in the new vision of energy management in Europe, especially if the current effort of CRE
harnessing is continued. This means considering variability and impacts on production and
consumption at different space and time scales, but also in policy and planning directives. Research on
CRE variability supports process understanding and enhances CRE resource analysis. It can reduce the
complexity of electricity systems to elementary indicators of the sensitivity of these systems to
climate. For this, notions of the multilevel penetration or the multilevel flexibility of CRE sources can
be combined to derive simple statistics of the supply/demand balance, which can be useful to
stakeholders and energy planners.
It becomes crucial to develop further interactions between climate and grid modellers in research and
operations. Several aspects could gain from further research, such as the many environmental and
water use issues that interact with the present role of hydropower reservoirs, the role of energy demand
as a game changer regarding CRE integration, the strong influence of the level of aggregation of
climate variability in space and time on the performance of CRE systems, and the setup of valuable
climate-for-energy services. These services would trigger new opportunities to explore the climate
variability in an efficient way, contribute to quantify uncertainty in climate projections from different
models and better assess the vulnerability of existing or planned systems.
Additionally, the establishment of links between global/continental policies and regional/local issues
prompts to an integrated multilevel policy framework, where climate co-fluctuations and space-time
correlations need to be taken into account. Climate-Water-Energy co-policy and co-governance could
be investigated to enhance the links among EC directives and policies in these three sectors and
facilitate their implementation. Challenges remain on how efficiently coordinate policies, while
maintaining the particularities of each sector.
July 2016.
COMPLEX was funded by the EU PF7 project No. 308601
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1. Introduction
In the framework of the FP7 COMPLEX project, work-package 2 (WP2), entitled “Climate
Related Energies” (CRE), has a specific deliverable D2.6 aimed at delivering a “Final report on
policy options and uncertainty assessment in the deployment and production of CREs.” This report
complements the deliverable D2.7, which contains a Science-Policy Brief (SPB) about CRE. The
CRE-SPB highlights research achievements in the best interest of policy-makers, stakeholders and
society, by setting out a range of key messages related to the deployment of CRE production from the
climate variability viewpoint.
The CRE-SPB basically integrates: the main scientific results of reports D2.1 to D2.7 (including the
achievements reported in this report, D2.6), the outputs of the regional stakeholder workshops held in
Italy and Norway (milestone report MS23) and a specific analysis of European directives and
communications on the promotion of the use of energy from renewable sources, including some
associated National Action Plans (included in this report, D2.6).
In the works of WP2, climate variability was the main entry point. The CRE sources considered are
wind, solar and hydropower production of electricity. Research focused on the variability of climatic
drivers of CRE resources at all space and time scales, and their impact on CRE integrability.
This report is organized in two main sections. The main scientific results on climate variability and
CRE production and deployment are presented in Section 2. Special attention is paid to the assessment
of uncertainty. Our research activities on deciphering and quantifying uncertainty focused on two main
issues: disentangling sources of uncertainty in climate change projections and weighting different
global climate projections for better predictions of CRE sources.
In Section 3, we introduce a multi-level policy analysis. It focuses on the key policy issues of the
directives and communications of the European Commission that impact the deployment and
production of CRE. These are reviewed with a focus on the way they consider (or not) climate
variability and uncertainty in CRE issues.
Final remarks and recommendations are provided in Section 4. Section 5 presents a set of Annexes, in
the form of tables and additional information.

2. Main scientific results on uncertainty assessment, deployment
and production of CRE
2.1

Overview of the research framework

Our results link climate variability at scales from hours to decades to investigate the development of a
European electricity generation system massively based on renewable energies. We consider:
-

-

CRE sources: wind, solar and hydropower. In the case of hydropower, our work separates the
availability of energy from the rivers (run-of-the-river hydropower) from the storage action of
hydropower reservoirs 1 . The existence of hydropower storage (reservoir regulation) is not
ignored, but, in order to analyse how hydropower integrates with other CRE sources with
regard to the natural variability of climatic and hydrologic drivers, attention is paid to the
amount of water that flows down through rivers.
CRE potential: it is computed by the conversion of the state variables of the CRE sources
(e.g., wind, solar radiation, precipitation, river flow) into power. It basically reflects the
natural fluctuations of climate at all scales.

1

In our view, run-of-the-river energy designs the energy naturally available along rivers, including the energy passing
through dams, which can be stored or not.
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-

-

Variability: it is used to designate fluctuations in space and time at short (seconds to days)
and long (months to decades) time scales. The word intermittency is omnipresent when
assessing CRE power generation, often with a reference to short time scales. Volatility is also
used for fluctuations at short and long time ranges. Variability in space is considered through
the coexistence of various CE sources in the same region. Several analyses we carried out for
the evaluation of the matching between CRE production and consumption were based on 12
selected regions in Europe, each representing an area of about 200 x 200 km².
Uncertainty: it refers to two distinct types of uncertainty: (1) the epistemic uncertainty related
to our imperfect knowledge on natural processes, i.e., errors on models, and (2) the aleatory
uncertainty related to the internal variability of the ocean-atmosphere system from the monthly
to multi-decadal time scales, induced by its intrinsic chaotic nature. Particularly, we are
interested in quantifying uncertainty and disentangling these two different types of
uncertainty. We are also interested in assessing the different uncertainties stemming from the
different levels of modelling systems in the hydro-meteorological chain. We mostly focus on
the sources of uncertainty affecting projections of CRE sources under future climate change.

Contrary to several non-renewable energy sources, CRE is potentially available everywhere in space,
with their availability varying with the variability of their climatic drivers. Considering also the
compatibility of CRE exploitation with socio-economic and environmental issues, this ubiquitousness
multiplies the possible strategies of equipment configuration, hence multiplying also the possible
space segmentations and time aggregations to consider in the assessment of CRE production. This
basically translates into a matter of exploiting climate variability in varied and complex ways to
smooth it. With the “CRE rush”, electricity production and transport systems are like a gigantic
mining exploitation, moving from well explored orebody types, such as uranium, coal and oil fields, to
energy sources that are much more poorly known and perhaps less predictable.
In our analysis, we distinguish the various levels of CRE exploitation: production and consumption,
transport, storage and backup (i.e., power generation needed to complement CRE production), energy
market and policy. All these levels influence CRE exploitation in their own way and are impacted by
the transformation of climate, weather and hydrological fluctuations into energy. Many statistical
analyses on climatic factors governing CRE production aim at documenting the abundance of CRE.
Beyond this step, our results aim at reducing the complexity of electricity systems to elementary
indicators of the easiness of integration of renewable energies. We use notions like the multilevel
penetration or the multilevel backup/export flexibility, which are simple statistics of the
production/consumption balance. Some additional definitions are:
-

-

Residuals: the positive or negative difference between the CRE supply and the demand at a
given aggregation time level. The multi-level notion supposes that several aggregation times
are of interest. We consider that, over a given domain, positive residuals are potential
storage/exports and negative residuals are backup/import needs.
Penetration: the percentage of consumption satisfied by the production at the aggregation
time level considered.
CRE accessibility: refers to the easiness to access the CRE potential. It is characterized by the
penetration and the residual variability: e.g., access will be easier if the penetration is high and
the residual variability is low. Abundance and accessibility define the exploitability of CRE
sources.

Our results rely on various datasets covering specific European regions or Europe as a whole,
including: weather and hydrological observations at gauge stations, weather variables from
meteorological reanalysis, GCM projections for historical and future time periods, and electricity
consumption data. These datasets have different properties, space and time resolutions. A summary
description is provided in the Annex A.
Table 1 summarizes our findings according to different key issues to CRE assessment. Examples of
our main scientific achievements are presented in more details in the Annex B, with references to our
peer-reviewed scientific papers.
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2.2

Lessons learnt from the uncertainty assessment

The Intergovernmental Panel on Climate Change (IPCC) indicated in its Special Report on Renewable
Energy Sources and Climate Change Mitigation 2 (2012) that climate change might impact the
potential of renewable energies, both in terms of magnitude and geographical distribution. It also
recognized that the multiscale analysis of renewable energy (RE) resources is a nascent research field,
and called for more analyses on the local and regional RE potential and its evolution. Increasing the
share of climate-relate energy (CRE) in the energy mix requires long-term decisions and investments.
It is therefore necessary to evaluate how the climate variables that govern CRE production may evolve
in the next decades under climate change to assess the long-term reliability of CRE sources. This
evaluation comprises also the evaluation of the sources of uncertainty affecting the projected
evolutions, so that technological innovations and decision-making can be adequately informed.
Our strategy to explore this avenue is based on the use of multi-model ensembles, in which many
global climate models (GCMs) simulate climate variables under past historical forcings and future
conditions based on socio-economic scenarios. This multiplicity of GCM projections is an opportunity
to explore the uncertainty in the evolution of climate variables governing CRE. We followed two
distinct steps in our approach for uncertainty assessment:
1. Using GCM runs under historical forcing: we quantify the ability of GCMs to reproduce the
historical climate in the form of ‘performance weights’;
2. Using historical forcing and projected GCM runs: we use GCM projections as input to a
hydro-meteorological modelling chain. We then decompose the variability of these projections
into several sources of variability (e.g. emission/concentration scenario, GCM model runs,
large-scale internal variability, downscaling method and parameters, local-scale internal
variability, hydrological model structure and parameters uncertainty).
The lessons learnt from using GCM runs under historical forcing can be summarized as follows:

2

-

Evaluating the performance of GCMs entails comparing the climate they simulate to the
observed historical climate. However, the latter is imperfectly known, due to, among other
factors, the limited amount of observations used in the reanalyses currently available to
describe historical climate. Our results suggest that a reliable quantification of this
‘observation uncertainty’ is a prerequisite for a meaningful quantification of the performance
of the different GCMs. Sensitivity analyses demonstrate that the weights assigned to GCMs
strongly vary with the amount of observation uncertainty quantified: some GCMs may be
judged totally inadequate under small observation uncertainty, but become plausible
candidates to model the global climate when the observation uncertainty is high.

-

The scientific community has made significant efforts to quantify observation uncertainty in
the reanalyses of global climate. For instance, the NOAA 20th Century Reanalysis (20CR)
provides several replications that can be considered as equiprobable realizations of the
historical climate. However, we found that the variability in these replications is very small, at
least for the particular setup we were investigating (i.e., the 1950-2004 period and the values
of sea level pressure over the North Atlantic region). Comparisons with other reanalyses
provided hints that this may correspond to an under-estimation of observation uncertainty.
Challenges remain in effectively assessing observation uncertainty in GCMs historical
simulations.

-

The performance of GCMs is very variable from one climate model to another. Some GCMs
can misrepresent important properties of the historical climate, while others will provide a
much more realistic description of it. This supports the idea that all GCMs are not equal, and
that establishing weights for their projections based on their ability to reproduce the historical
climate is legitimate and relevant.

Available here: http://www.ipcc.ch/pdf/special-reports/srren/SRREN_Full_Report.pdf
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-

It is a difficult task to assign a global measure of performance to a GCM. A GCM that
performs well for a given climate variable, in a given region, may perform poorly for another
variable and/or in another region. The weight assigned to a GCM, based on its performance to
reproduce the historical climate, is thus mostly a local measure of performance. GCM
performance weights cannot aim at ranking GCMs in absolute terms, but rather at quantifying
their ability to reproduce the historical climate for one given variable in one particular region.

-

In one of our case studies, we evaluated the ability of GCMs to reproduce the daily variability
of sea level pressure over the North Atlantic region. This variable is typically used in CRE
modelling, since it is a major source of climate variability in the Northern Hemisphere, with
impacts on temperature and precipitation. We also focused on 12 European regions of about
200 x 200 km² (see Box no.2, Annex B). At the European scale, our results indicate that a
single GCM (HadGEM-CC) dominates all the others (out of 23 distinct GCMs studied). At the
scale of the 12 European regions, however, more than one GCM show good performance to
reproduce the smaller-scale historical climate. In particular, we found a longitudinal gradient
in GCM performance throughout the studied regions. This raises a question on the propagation
of GCM weights in the CRE modelling chain: should different GCMs be used throughout
Europe, depending on the region under study, or should a unique GCM be used consistently
through the whole European scale? This is a question that remains for future research.

Concerning the uncertainty of GCM projections and its decomposition into different uncertainty
sources, the main lessons learnt are:
-

The total uncertainty in GCM projections of future climate can be decomposed in: scenario
uncertainty, model uncertainty, and internal variability of the climate system (as a result of its
chaotic nature). For the coming decades, the part of uncertainty due to the internal climate
variability is potentially large. Multi-decadal variations of a given climate variable remain
substantially above or below the long-term climate trend. For precipitation or streamflow,
uncertainties due to internal variability can surpass uncertainties due to CGMs.

-

Empirical estimates of model uncertainty variance systematically overestimate the true model
uncertainty variance. The contribution of model uncertainty to the total uncertainty is thus
systematically overestimated. The largest biases are obtained for the cases with a small
number of members (runs of GCMs) or when large contributions of the internal variability
variance to the total uncertainty are observed. The bias of empirical estimates of model
uncertainty variance can be considerably reduced when using a large number of time steps in
the analysis.

-

The robustness of the estimates of the uncertainty variance (internal variability, model
uncertainty and total uncertainty) is higher when more GCM runs are available and/or when
the contribution of the internal variability to the total variance is low. In the most critical
configurations (less than four runs and/or internal variability larger than 80% of the total
uncertainty variance), large over- or under-estimations of the uncertainty components are very
likely to be observed when using a single-time approach for partitioning uncertainty sources in
climate projections (i.e., when using an approach based on the only data available for the
considered projection horizon). Estimates with a time-series approach (i.e., an approach based
on all data available from long-term transient climate experiments) are much more robust in
such contexts.

-

The assumptions required for the application of a time-series approach (e.g. a constant internal
variability over time and other assumptions on the shape of the long-term trend) are
sometimes difficult to validate. This can be partially solved with a local-time series approach,
where the analyses are applied to all the predictions available in a given temporal
neighbourhood of the target prediction horizon.
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2.3

Lessons learnt from investigating CRE deployment and production

The lessons we learnt can be summarized in six points:
-

Intermittency is not only a rhetorical excuse of traditional producers and grid operators for not
harnessing renewable energies. The variability of electricity demand has attracted most of the
attention in the production-consumption balance, but the variability of CRE production is
almost one order of magnitude higher than the variability of the demand.

-

A different situation of CRE variability can be found when we consider time scales greater
than one day and space scales beyond 200-300 km. Small scale variability is well explored and
has received much attention over the last years. However, large scale variability is less known
and is often masked by the use of spatial averages over countries, which clearly oversimplifies the variability of CRE sources.

-

The easiness of CRE integration and the role of hydropower in the production mix are unequal
over Europe, increasing from Northern to Southern European regions. This inequality
challenges technology and policy issues related to energy transport and storage at the
European scale.

-

The low frequency of natural climate variability (i.e., oscillations governing annual to decadal
fluctuations) indicates that wind and solar power resources are more stable than hydropower at
such scales. Hydropower exhibits, from one year to another, differences in annual and decadal
penetration levels of over 10%. In some regions, hydropower and wind power have the most
significant probabilities of failure to meet electricity demand over long sequences of days.

-

Following state-of-the-art climate change modelling, the current predicted changes in climate,
such as changes in temperature, wind and precipitation, are likely to change CRE potential,
especially in snow-dominated areas.

-

The transition trajectories to 100% renewables are marked by different conditions of easiness
of CRE integration. Up to 50% renewables, any mix of CRE production is absorbed by the
consumption (full penetration), and has the same moderate influence on the stability of the
electricity system. Between 50% and 100% renewables, part of the CRE production cannot be
consumed and time sequences of CRE supply greater than the demand appear. The easiness of
integration decreases and clearly diverges for different strategies of production: it is more
efficient when a mix of sources is considered comparatively to a strategy based only on a
single CRE source.

Table 1 – Some key scientific results
Key issues

Main results

Atmospheric and
hydrologic
variability
governing CRE

Atmospheric and hydrologic variability governs CRE sources fluctuations in time and
space (Box no.1). Atmospheric CRE sources (solar and wind) present 2D horizontal
patterns and time variations down to seconds. Hydrologic CRE sources (run-of-theriver) are marked by the branching structure of river networks and the integration
resulting from the transformation of rainfall into runoff in the river catchments.
Atmospheric water, in the form of clouds or rain, makes solar and rainfall fields more
variable at small scales than wind fields.
Most of the diversity in the variability patterns of individual atmospheric CRE sources
concentrates at infra-daily levels and at sizes below 200-300 km.
The non-linearity of the link between weather/hydrologic variables and potential
available energy call for the study of converted variables when evaluating CRE
production.
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Potential CRE
production and
demand

The seasonal co-evolution of CRE sources and the cartography of their average
potential production highlight three main production regimes in Europe, basically linked
to the dominant roles of snow-melt, wind and solar energy (Box no.2).
The daily variability of electricity demand, as explained by atmospheric temperature, is
high and marked by seasonality. However, the daily variability of CRE production,
averaged over a region, can be much higher and impact energy balance in a mixed
production (Box no.3).

Transport, storage
and mix

Transport grids can be seen as space integrators, and energy storage facilities, as time
integrators of the potential CRE production. The CRE mix can smooth the potential CRE
production, as it acts on the space and time correlations between sources that are scale
dependent. Integrating in time (under assumptions on the storage capacity) or in space
(under assumptions on the elemental grid size) modifies the volatility of the balance
residuals for a given mix (Box no.5).

Accessibility to
renewables

Penetration and residual variability can be good indicators of the easiness of access to
CRE, as it depends on the natural balance between CRE availability and demand (Box
no.3). Daily CRE easiness of access increases across Europe, from North to South:
- Higher penetration rates can be seen in the Mediterranean area (Box no.4)
- Higher residual volatility, in Southern Europe (Box no.5)
- Lower storage capacity needs, in Southern Europe (Box no.6)
Accessibility to renewables may be considered at different aggregation time levels
(assuming that storage issues are solved below each considered time level). It helps to
define the optimal mix (i.e., the “easiest” one for an optimal CRE integration).
The optimal mix drastically changes with the level of aggregation in time, notably when
moving from daily to monthly aggregation levels. Different CRE sources have different
features at different levels – for instance, hydropower is rather stable at the diurnal
level, while solar is not (Box no. 5).
Hydropower improves CRE penetration at all scales (Box no.4).

Transition to
“100%
renewables”

In a transition to a full coverage of the electricity demand from renewables, one can
distinguish phases of distinct CRE accessibility (Box no.11):
- Up to 50% renewables, any mix of CRE production is absorbed by the consumption
(full penetration), and has the same moderate influence on the stability of the
electricity system.
- Between 50% and 100% renewables, part of the CRE production cannot be
consumed and time sequences of CRE supply greater than the demand appear. The
easiness of integration decreases and clearly diverges for different strategies of
production: it is more efficient when a mix of sources is considered comparatively to
a strategy based only on a single CRE source.
- Overproduction, beyond 100% renewables, further improves penetration and
reduces backup and storage needs. However, such achievement largely depends on
new technological solutions (e.g., export and curtailment) and economic constraints.

Climate variability

Penetration of wind and solar power at the daily time step is stable from decade to
decade. For hydropower, the daily penetration of run-of-the-river power can vary by up
to 10% over decades (Box no.7).
Large scale oscillations of climate drivers may control CRE penetration (ex., during
winter in Norway, 52% of the penetration variability from year to year is governed by
NAO and SCAN oscillations) (Box no.7).
Solar power seems to be the most secure CRE source with regard to low-frequency
climate variability. River hydropower (considering its natural fluctuations) and wind
power may fail to supply demand or complement each other in regions such as Norway,
Germany and Italy (Box no.8).
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Climate change

Expected changes in temperature and precipitation regimes may cause reductions of
daily and hourly penetration (e.g., in Italy, reductions can achieve up to 30%). Climate
change is also expected to deeply modify CRE complementarity in snow-dominated
areas (Box no.11).
The quantification of the contribution of all sources of uncertainty in climate impact
projections is crucial. In the projections from different GCMs, the internal variability
appears to bring a non-negligible source of uncertainty. Different impact models may
give different responses to the same climate projection due to this variability.
GCMs have very different abilities to simulate the historical climate for the key variables
governing CRE variability and production. This ability may strongly vary with the
variable considered and with the geographical area under consideration. Quantifying
this ability to simulate historical climate in the form of performance weights can only be
achieved if a reliable quantification of observation uncertainty is available. (Box no. 12)

Water use

The development of hydropower is challenged by its intrinsic characteristics, but also by
environmental issues and other uses of the water stored in its reservoirs. Energy
production and storage is only one particular use of water. In water stressed regions,
other water usages may conflict with hydropower production. Conflicts can be
exacerbated in areas where hydropower penetration is high. (Box no.4)

3. Multilevel policy analysis
At the European level, the transition to a low-carbon society appears as a smooth path paved by
symbolic milestones (for instance, 20% renewables in 2020). Nevertheless, intermediate “reasonable
targets” cannot be the message delivered when moving down to states and regions. The multilevel
problem posed by CRE integration is recognized and efforts at all levels are recommended.
This section summarizes the analysis of some main directives 3 and communications 4 (as well as
related working documents5) of the European Commission on Renewable Energy Sources (RES). We
have also considered the National renewable energy action plans (NREAP) for Italy, Norway and
France, corresponding to the countries involved in our work-package in the COMPLEX project. The
available documents were reviewed under the angle of the main climate-related issues impacting CRE
systems.

3.1

Overview of key issues of EC RES directives, communications and national plans

EC RES Directives and Communications
The first Energy/Climate Package adopted in December 2008 by the European Parliament was
preceded by a decade of European actions about renewable sources of energy and gave rise to several
directives and communications of the European Commission on RES promotion, climate mitigation
and energy efficiency. Annex C presents a table of the main EC Directives and Communications
related to RES.

3

DIRECTIVE stands for Directive of the European Parliament and of the Council
COMMUNICATION stands for Communication from the Commission to the European Parliament, the Council, the
European Economic and Social Committee and the Committee of the Regions
5 WORKING DOCUMENT stands for Commission Staff Working Document
4
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The main impacts of the RES Directive of 2009 are the measures covering the twin targets for climate
change mitigation and renewable energy share/deployment for 2020:
-

a reduction of greenhouse gases emissions (GHG) of at least by 20% in 2020, compared to
1990 levels;

-

a mandatory target of at least 20 % share of energy from renewable sources in overall
Community gross final consumption of energy by 2020, with at least 10% of renewable
energy in the transport sector mix.

Member States have different individual targets to allow the overall EU targets to be met. Detailed
roadmaps have to be provided describing how they will meet the targets. They contain sectoral targets,
the technology mix they expect to use and the trajectory they will follow. The RES Directive also
specifies cooperation mechanisms amongst EU countries and non-EU countries, which are instruments
for targeting compliance or for the calculation of the gross final consumption of energy from
renewable sources. Key milestones are:
-

In 2018, the Commission shall present a Renewable Energy Roadmap for the post-2020 period
(Article 23-9), which shall take into account the experience of the implementation of the 2009
Directive and technological developments in energy from renewable sources.

-

In 2021, the Commission shall present a report reviewing the application of the Directive
(Article 23-10).

Annex D provides a detailed table of the provisions and articles of the RES Directive of 2009 related
to CRE and climate variability.
The Communication “A policy framework for climate and energy in the period from 2020 to
2030 (COM(2014) 15 final)” develops a “framework for future EU energy and climate policies and
launches a process to arrive at a shared understanding of how to take these policies forward in the
future.” It acknowledges the fact that the “rapid deployment of renewable energy already poses
challenges for the electricity system in particular, which needs to adapt to increasingly decentralized
and variable production (solar and wind)”.
It also recognizes tensions between market integration and CRE integration along with their
subsidizing mechanisms:
-

“[…] most renewables development in the EU is driven by national support schemes, which
on the one hand can address national and regional specificities but at the same time can hinder
market integration and reduce cost-efficiency.”

-

“The rapid deployment of renewable energy sources also affects the competitiveness of other
energy sources that will continue to be fundamental for the EU's energy system and reduces
investment incentives for generation capacity that will be needed for the transition towards a
more competitive, secure and sustainable energy system (e.g. as backup to variable renewable
energy)”

-

“Increasing amounts of electricity generated from wind and solar have also exerted downward
pressure on wholesale prices particularly in regions with high shares of these renewable
energy sources while also contributing to higher prices in the retail market as the costs of
support schemes are passed on to consumers.”

-

“[…] the EU and Member States will need to develop further their policy frameworks to
facilitate the transformation of energy infrastructure with more cross-border interconnections,
storage potential and smart grids to manage demand to ensure a secure energy supply in a
system with higher shares of variable renewable energy.”

-

“The new 2030 framework must take account of the current international situation and
expected developments.”
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The Communication also recalls the need of a multi-level RES policy, proposing ideas on a new
governance system based on national plans for competitive, secure, and sustainable energy. Three
steps are proposed for the implementation of European governance for the framework 2030:
1. Detailed guidance would be developed by the Commission on the operation of the new
governance process and the content of national plans in particular,
2. Preparation of Member State plans through an iterative process,
3. Assessment of the Member States' plans and commitments.
It states that “while there will be clear links and complementarities between this governance process
and the national policies reported under the European Semester, the Commission believes that the two
processes, while complementary, should be managed separately given the different and specific
character of the energy and climate fields and the different periodicity of the two processes. The
governance structure may need to be set in legislation at a later date if the envisaged cooperative
approach is not effective. The Commission will develop its proposals for such a governance structure
taking into account the views of the European parliament, Member States and stakeholders.”
The Communication also addresses EU-wide targets and policy objectives for the period between
2020 and 2030: a 40% cut in greenhouse gas emissions compared to 1990 levels; at least a 27% share
of renewable energy consumption; at least 27% energy savings compared with the business-as-usual
scenario.
The Renewable Energy Progress Report, COM(2015) 293 final, from the EC of 15.06.2015 6 ,
provides a mid-term assessment of the progress of the EU and its Member States towards the 2020
renewable energy targets. Based on the analysis of available data, it indicates that:
-

26% of the EU's power is generated from renewables. About 10% of the total EU electricity is
sourced from variable renewable electricity (such as wind and solar);

-

EU and the majority of Member States are progressing towards the 2020 targets: in 2013, the
combined EU share of renewable energy reached 15% and the estimate for 2014 indicates a
15.3% share in the gross final energy consumption;

-

a decrease in the overall energy consumption in recent years has helped several Member
States to advance in their RES share;

-

Member States need to make use of the available cooperation mechanisms with other Member
States to intensify and keep on track their efforts.

Concerning hydro, wind and solar power, we can read that:
-

“Hydropower plants generate by far the largest share of electricity from renewable energy sources,
while their share of total renewable electricity generation shrank from 94% to 43% over the 19902013. This is due to the more rapid expansion of wind and photovoltaic.”

-

“Wind power generation more than tripled over the period 2005-2014 and it has become the
second largest contributor to renewable electricity, taking over biomass. Preliminary 2014 data
indicate that power production from wind reached 247 TWh compared to 234 TWh in 2013.
Germany, Spain and UK are the EU's top 3 producers of wind power.”

-

“Solar electricity generation has also increased rapidly and in 2013 accounted for 10% of all
renewable electricity. Also, in 2013 the electricity generated from photovoltaic energy surpassed
solid biomass and is now the third most important contributor to the electricity production from
renewable sources.”

6

https://ec.europa.eu/transparency/regdoc/rep/1/2015/EN/1-2015-293-EN-F1-1.PDF
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National Action Plans
As part of the implementation of the RES Directive, each Member State had to adopt a National
renewable energy action plan (NREAP) by 30 June 2010. NREAPs should “set out Member States’
national targets for the share of energy from renewable sources consumed in transport, electricity and
heating and cooling in 2020, taking into account the effects of other policy measures relating to energy
efficiency on final consumption of energy, and adequate measures to be taken to achieve those
national overall targets, including cooperation between local, regional and national authorities,
planned statistical transfers or joint projects, […].” Following the template provided by the
Commission Decision 2009/548/EC, they should present the following, among others:
-

national overall target for the share of energy from renewable sources in gross final
consumption of energy in 2005 and 2020;

-

national 2020 target and estimated trajectory of energy from renewable sources in heating and
cooling, electricity and transport;

-

administrative procedures and spatial planning applied to plants and associated transmission
and distribution network infrastructure;

-

any assessments of the renewable energy potential of the country can be attached in annex. For
the electricity sector, both the expected (accumulated) installed capacity (in MW) and yearly
production (GWh) should be indicated by technology.

Tables summarizing the mains climate-related issues of the NREAPs of the countries involved in the
COMPLEX project (Italy, Norway and France) are presented in Annex E.
In support to the NREAPs, the report “Model based Analysis of the 2008 EU Policy Package on
Climate Change and Renewables”, by P. Capros, L. Mantzos, V. Papandreou, N. Tasios, provided to
the DG ENV7 in June 2008, introduces a model (PRIMES8) for the optimization of the demand-supply
equilibrium condition. The results of the model indicate the specific amounts of emission reduction
and RES uses by sector and by Member State, which are associated with the overall energy market
equilibrium, subject to the emission and the RES constraints. Numerous energy scenarios were built
by varying the levels of the carbon price of EU emissions trading system (EU-ETS9), the carbon value
for non-ETS sectors and the RES value. It is generally acknowledged that large development of power
generation from intermittent RES entails additional costs for the reinforcement of power grids (and for
new grid devices) as well as for backup power with flexible units. These costs are accounted for in the
PRIMES model and are included in the compliance costs.
We may also refer to the FP7 e-Highway2050 project, which aimed at “developing a methodology to
support the planning of the Pan-European Transmission Network, focusing on 2020 to 2050, to ensure
the reliable delivery of renewable electricity and pan-European market integration that explored
scenarios of grid development under a comparable set of assumptions.”10 In its recommendations for
long-term planning methodologies, the importance of considering climate change modelling
uncertainties, climate variability and correlations is acknowledged.

7

http://www.e3mlab.ntua.gr/reports/analysis.pdf
PRIMES is a partial equilibrium model that integrates energy supply and demand on a national or European level. Since it
is a partial equilibrium model, the energy system alone is modelled and not the rest of the economy. It is principally
conceived to build energy projections for the long term (up to 2030), to analyse scenarios and to study the impact of policies
and measures that potentially can influence the energy system.The PRIMES model is a modelling system that simulates a
market equilibrium solution for energy supply and demand. The model is organized in sub-models (modules), each one
representing the behavior of a specific (or representative) agent, a demander and/or a supplier of energy (http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=SEC:2011:0277:FIN:EN:PDF)
9 A policy instrument to reduce CO2 emissions in electricity plants and major industrial installations
10 http://www.e-highway2050.eu/e-highway2050/
8
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Based on the NREAPs submitted by the Member States, the “Review of Technical Assessment of
National Renewable Energy Action Plans”, proposed by Manjola Banja, Fabio Monforti-Ferrario,
Nicolae Scarlat, JRC, IET, in 201311, indicates that:
-

In 2010, it was estimated that the main contribution in RES installed capacity will come
from hydropower with 45.7% followed by wind (34.4%) and solar (10.4%).
o

-

In 2020 the installed wind capacity is projected to provide the highest contribution in
this sector with 44.3%, followed by hydropower with 26.8%and solar with 18.9%.

In 2010, the largest source of electricity generation was estimated to be hydropower (52.5%)
followed by wind (25.6%) and biomass (17.6%).
o

3.2

In 2020, on the contrary, wind is projected to provide the highest contribution in the
electricity generation with 40.6% followed by hydropower with 30.1% and biomass
with 19.5%.

Lessons learnt from the EC directives and communications

Table 2 presents the main results from the analysis of the EC documents for the key issues that are
considered all over this report and in the Science-Policy brief proposed.
Table 2 – Main results from the analysis of the EC documents
Key issues

Main results

Atmospheric and
hydrologic
variability

CRE intermittency is a notion that is broadly recognized, but scales of climate variability
are not always an issue on policy documents, notably at EU level, although it can impact
efficiency, which is also a concept broadly employed in policies and national plans.

Potential CRE
production and
demand

At the country level, a concern stands out on our current capacity to analyse potential
resources availability [COM2014/15]. We can see a higher degree of awareness that
climate variability cay play a strong role on medium- to long-term investments and cost
minimization at the country level.

Transport, storage
and mix

Transport clearly stands out as one of the most recurrent key issues in the provisions of
the EU RES Directive 2009. Reduced energy transmission losses at EU level are seen as
a benefit from decentralized energy production. Transport is considered as crucial to
support the integration of RES and Member States’ cooperation.
Delays and bottlenecks in network connection is a strong national concern.
Developments on infrastructure are often pointed out as envisaged solutions to improve
the dispatch of energy produced and grid connections.

Climate variability

Climate variability is smoothed for the calculation of the contributions of different CRE
sources. Low frequency of natural climate variability is privileged [RES Directive 2009]

Climate change

No clear and direct links to climate change policies, except for the targets towards lowcarbon society, can be seen in the energy policies and related documents.

Water use

No clear links to other water use policies (or the Water Framework Directive) is seen.

Environment

Efforts for environmental friendly transport, consumer flexibility and energy saving are
claimed. Issues are present on environmental validation of new technologies and
systems.

Markets

Guaranteed access of RES to market is a recurrent key issue in the provisions of the EU
RES Directive 2009, in close relation to transmission and transport. Dependency of CRE
production on market conditions may differ according to national laws on energy
selling, transportation and distribution.

11

http://iet.jrc.ec.europa.eu/remea/sites/remea/files/national-renewable-energy-action-plans.pdf
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4. Conclusions and recommendations
CRE variability has to be more deeply considered in the new vision of energy management in Europe,
especially if the current effort of CRE harnessing keeps going. This means considering variability and
impacts on production and consumption at different space and time scales, and also in policy and
planning directives. Our key conclusions and recommendations are listed below.

4.1

From the analysis of CRE resources and uncertainty

CRE resource analysis can be seen as a kind of climatologic analysis that reduces the tremendous
complexity of electricity systems to elementary ad-hoc indicators, showing the sensitivity of these
systems to climate. For this analysis, we propose to combine notions such as the multilevel penetration
or the multilevel flexibility of CRE sources, which are simple statistics of the supply/demand balance.
The multi-scale variability analysis of CRE resource is still in its infancy in the research literature. It
should be encouraged as it offers a suitable framework for stakeholder interaction in views of mutual
enrichment of the research and innovation sectors toward efficient solutions for CRE integration.
Our main results suggest various avenues for future research and collaborative development. They can
be grouped into three inter-connected perspectives: research directly related to CRE variability to
support process understanding, research less related to CRE variability but affected by it, and
climate/energy services or tailored tools to better link CRE variability research findings to the realworld of operations.
We believe that the following points strongly related to CRE variability deserve attention in further
research developments: the long term/continental scale of past and future climate fluctuations, the
uncertainty in CRE projections and the transformation of potential energy to actual energy,
considering the main limitations to CRE integration.
The first point is related to our findings about the existence of a range of large scales (greater than
200-300 km and beyond one day) that can have their variability masked by averaging processes and/or
too short time series. Large scales may impact energy balance and CRE integration, including in terms
of rare, adverse or favourable, events.
The second point is related to our finding that GCMs have very different abilities in reproducing the
key climate variables that govern CRE variability in past time series of historical climate. A
meaningful weighting of GCMs, according to their performance, can only be achieved if a reliable
quantification of observation uncertainty is available. Initiatives such as the 20CR reanalysis, which
provides an uncertainty estimate in the form of replications, are central to improve our assessment of
GCM performance.
The last point highlights the challenges of going from potential to actual energy in CRE resource
analysis. Further research is needed to allow CRE resources analysis to take into account the main
limitations of technology, land-use and environmental regulation, in combination to local climate
variability.
The following four issues are also crucial, although less related to climate variability, in terms of
research in support to process understanding: electricity grid asymmetry, new reservoir and water
usages, demand flexibility, and market multi-level influence.
CRE production disturbs the existing asymmetric transport grid logic. With the spread of CRE
production in space, the typical logic of an asymmetric grid, where a centralized production feeds
clusters of consumers, is disturbed. A new paradigm arises to take into account a decentralized and
mixed renewable energy production. This calls for the development of an ad-hoc grid structure
analysis, which would preserve most of the properties of grid functioning, while allowing flexible tests
of space segmentation. The aim is to find the more appropriate response to climate variability. It
becomes crucial to develop further interactions between climate and grid modellers in research and
operations.
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The present role of hydropower reservoirs to control seasonal inflows and production at the seasonal
scale has been challenged by climate change and by the growing development and integration of other
CRE sources. This evolution may change the way existing dams are managed. The little potential for
the development of large hydropower reservoirs in Europe merits more attention, namely given the
ongoing effervescence around small run-of-the-river installations and the new roles that large water
reservoirs are playing with regard to other water uses, including river ecosystems conservation. New
opportunities are open to revisit the design of existing power plants and optimize reservoir
management to better face current challenges and future needs.
Energy demand can be a game changer regarding CRE integration. Public behaviour is perhaps easier
to adapt to negative residual patterns than alternative backup or storage means. This involves
introducing simulations of typical patterns of needed adaptation actions in willingness-to-adapt
studies, with, for instance, an analysis of how these factors may depend on CRE mix and grid
assumptions.
The market is considered as the optimization system able to regulate the balance between the
technological means of production, transport and storage and the consumption at all levels. Our
analyses pointed out to the strong influence of the level of aggregation of climate variability, in space
and time, on the performance of a CRE system. There is a need today to better understand how to
combine market and regulation rules over a range of space-time scales, given the distributed and
intermittent nature of CRE sources.
To link CRE variability research and operations, more tailored-to-purpose tools of CRE resource
estimation are needed. These tools need to be simpler than the existing grid and market management
models, so that CRE variability issues are not relegated to a lower priority, or too much simplified or
smoothed. Most of the private companies and public bodies involved in the optimal use and continuing
expansion of CRE consider the climate as an “ore body”12 of wind, sun and rain water, from which
they intend to extract energy. Extracting energy from an ore body starts with exploration. The
assessment of oil and gas deposits, for instance, stimulated a vast body of exploration methodologies
and theories. The assessment of the hydropower potential, and, more generally, of the potential of
water resources for energy production, also motivated multiple methodological developments during
the pioneering time of this technique (basically, during the first half of the last century). CRE
assessment needs also to be considered under this wide angle. However, it must also be noted that,
compared to other sources of energy, climate can be misleading. The “climate ore body” appears to be
infinite and available everywhere, but CRE resources analysis may reveal some limiting conditions to
the easiness of CRE integration in the energy mix.
We believe that the available potential of CRE resources over Europe can be derived from global and
regional circulation models for past climate conditions and future projections. Public datasets are
becoming increasingly available at, for instance, downscaled resolutions of 50 km in space and daily
or sub-daily resolution in time. Atmospheric variables governing CRE variability can thus be assessed
at high resolutions. The use of climate model datasets can enhance fit-for-purpose solutions, which can
be tailored to answer to specific questions from stakeholders and be adapted to their context of CRE
exploitation. A valuable “climate-for-energy service” would be able to explore the climate variability
in an efficient way, contribute to quantify uncertainty in climate projections from different models and
better assess the vulnerability of existing or planned systems.

4.2

From the analysis of documents on RE policy issues

The energy/climate change package of communications and directives of the European Commission is
a global umbrella, at large space-time scales, that aims to establish targets and promote actions
through national plans. Sharing the percentage of renewables cannot be examined without considering
regional and local climate variability.

12

Literally, a source from which valuable matter can be extracted.

D2.6 Report

17

31.07.2016

The establishment of links between global/continental policies and regional/local issues prompts to an
integrated multilevel policy framework, where climate co-fluctuations and space-time correlations
need to be taken into account. As natural phenomenon, climate governing issues act without
consideration of administrative borders, RES or water shares. Co-policy and co-governance involve
not only energy, but also climate and water. The links among existing EC directives and policies
concerning these three topics are not yet clear.
Although a topic not reviewed in this document, and as mentioned in the recent communication
COM(2014)/15, EC initiatives about RES interfere with the antecedent Directive 96/92/EC aimed at
increasing efficiency and security of the European electricity system through common rules for the
internal market.
The same communication (COM(2014)/15) highlights the need of balancing top-down and bottom-up
approaches for RES policy, recalling the importance of the Member States level and the difficulty to
coordinate this level with the European level.
EC RES policies have clearly seen that new frameworks for the future need to consider developments
also outside Europe. This points out to an expansion of the space scales of the questions around the
promotion of renewables, apart from time scale issues, which are usually already considered.
RES policies are intrinsically related to other policies focusing on the reduction in CO2 emissions,
including climate policies. The need for coordination between climate and energy is evident to
maximize the expected mitigation benefits. This is not a new topic, but the challenge remains on how
efficiently coordinate policies, while maintaining the particularities of each sector. The space-time
CRE resource analysis we have carried out within the FP7 COMPLEX project is an alternative way to
mix climate and energy issues at an earlier stage. It offers a framework to post-process a large amount
of co-dependent information before it can be used to support policy-making. CRE resource potential
analyses go hand in hand with data acquisition on climate drivers. At national levels, these seem to be
real concerns before investments can be prioritized and systems (existing or planned), optimized.
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5. Annexes
5.1 Annex A – Datasets used
Model
Type
Origin and variables
CMIP5

GCM

23 GCMs developed within the CMIP5
project.

Resolution
Varies with GCM

500hPa geopotential height, sea level
pressure, temperature at 2m (all models),
relative humidity at 2m (UK, France,
Japan, Germany)
ERA-40

Reanalysis

ERA-Interim

Reanalysis

ECAD

Reanalysis

“LSCE”

DDM

ERA20C

Reanalysis

20CR

Extent
Historical period:
1950-2005
(all
models)
RCP period: 20062099 (UK, France,
Japan, Germany)

About 125km

From 1957 to
2002

About 80km

From 1979 to
2013

About 30 km
resolution

from 1950 to 2012

About 50 km
resolution

from 1980 to 2012

About 125km

From 1900 to
2010

Reanalysis

ECMWF
500hPa and 1000hPa geopotential height,
400hPa and 700hPa relative humidity, sea
level pressure, 850hPa air temperature, 2m
temperature, total column water, dew point
temperature, 600hPa vertical velocities
ECMWF
500hPa, 700hPa, 1000hPa geopotential
height, 400hPa, 500hPa, 700hPa 850hPa
and 1000hPa relative humidity, sea level
pressure, 850hPa air temperature, 2m
temperature, total column water, dew point
temperature, 600hPa vertical velocities,
sea surface temperature
European Climate Assessment & Dataset
provides daily gridded observations of
temperature and precipitation
Sun radiation and wind speed reanalysis
produced with WRF by R. Vautard and I.
Tobin
500hPa and 1000hPa geopotential height,
2m temperature, 2m dew point
temperature
Sea level pressure (56 replications)

2° grid

From 1948 to
present

NCEP-NCAR

Reanalysis

Sea level pressure

2.5° grid

SDMTk

SDM

One of the resampled data

Do.

MAR

Regional

CNRS – climate internal variability
simulation by resampling analogue dates
Xavier FETTWEIS, Univ. of Liège

Observations

Local time
series

stations

1992-2010

ARFFS

Time series

stations

1992-2010

NORA10

Wind
Reanalysis
National time
series

17 stations where temperature and solar
radiation are available at hourly time step.
Location: Veneto plains (Italy). Data
provider: ARPAV, Veneto region
Adige River Flood Forecasting system;
Hourly hydrological simulation over a set
of watershed within the Adige catchment
Hourly temperature, precipitation and
discharge data from 100 stations from the
Hydrological Office of Provincia
Autonoma di Bolzano, Italy
Norwegian Reanalysis Archive – 10 meter
wind speeds over Norway (hourly values).
Hourly electricity consumption for France,
Norway, Italy, Great Britain, Spain,
Germany and Greece; from ENTOSE
website.

About 10 km
resolution

From 1957 to
2014
Depends on the
country. More or
less from 2000.

Observations
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5.2

Annex B – Boxes illustrating some main scientific results

Box no.1 - CRE sources are intermittent in space and time at all scales
The graph shows the multi-scale variability of individual
CRE production sources in space and time. Each point
represents the space-time scale of a given CRE, as
derived from 25 studies from the literature. This
presentation allows the compilation of a large number of
results in a classical representation, where atmospheric
variability is idealized by a series of typical
meteorological “objects”, as proposed by Orlanski in
1975, namely thermals (micro-β), deep convection
(micro-α), thunderstorms (meso-γ), squall lines (meso-β)
and fronts (meso-α scale). To obtain consistent
characteristic sizes, we have arbitrarily set a chosen level
of “correlation” (here, 50% of explained variance) and
determined the pattern size in space as the distance at
which the correlation drops below this threshold. We took
by default the time step considered in the studies as the
corresponding characteristic time scale.
Most points representing wind velocity and wind-power
patterns (triangles upside down) broadly follow the slope
defined by Orlanski’s objects, which means that classical
meteorological circulation patterns are commensurate with wind energy production patterns. The atmospheric
processes behind solar patterns follow the same tendency at the mesoscale, but consistently deviate at micro-scales
(Group 1 in the graph), which is a plausible signature of non-precipitating clouds (a feature not present in Orlanski’s
objects). This confirms that, at these “plant” scales, solar power varies more than wind power. Rain variability
deviates from Orlanski’s objects at scales below a few tens of km, displaying, in this deviation, a light break around 10
km (Group 2 in the graph). Hydrological processes, such as surface runoff and underground storage, are known to be
slower than atmospheric processes by, respectively, one and three orders of magnitude, as shown at the meso-γ scale to
the meso-α scale (Group 3 and 3’ in the graph). They show a quite constant multiplicative “delay”, which is
interesting in terms of backup capacity for wind and solar power. They also apparently follow the deviation of
precipitation at micro-scales (less than 10 km). The common slope between rain and hydro becomes steeper and leads
to a hydrologic variability of the same order of magnitude as wind or solar, which has implications regarding run-ofthe-river hydropower. At the meso-α scale and over, the spatial size of the patterns linked to precipitation, solar and
wind reaches a limit (Group 4 in the graph), which means that the accumulated patterns are statistically stationary.
Besides astronomic forcing, three broad climatic regimes govern the variability of CRE sources and load. At the micro
and meso-γ scales, the three considered CRE sources have drastically different pattern sizes in response to small scale
atmospheric processes, such as cloud and rain formation. These scales concern the production technology, such as the
plant design, and also the local stability of grids. At the meso-γ scale up to the meso-β scale, the large perturbation
weather patterns consistently control wind and solar production, while hydropower has a clearly distinct type of
pattern. These scales concern the transport, storage and backup management as well as market issues. They match
with the best weather forecastability scales. Above the meso-β scale, all CRE sources and load display patterns of
constant space characteristics and no indication of marked temporal trends. Integrating over one day and 100 000 km²
seems to filter out most of the studied variability, hence the challenge of large scale CRE integration.
__________
Engeland, K., J.-D. Creutin, M. Borga, B. François, M.-H. Ramos, and J.-P. Vidal, 2017: Space-time variability of
climate and hydro-meteorology and intermittent renewable energy production - a review. Renewable & Sustainable
Energy Review (submitted).
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Box no.2 – Three European regimes of seasonal individual CRE source fluctuation
The graph shows the normalized inter-annual average cycle of
CRE power generation from solar (red), wind (black) and runof-the-river hydro power (blue) and from the load (green) in
each 200x200 km2 studied region, and over the period 19802012.
Light shaded areas show the distance between the 25th and
75th percentiles of the variable obtained for the 1980-2012
period for each calendar day. The x-axis gives the initial
letters of the months of the year, while the value of each
variable is given on the y-axis, expressed in percentage of the
average load.
Broadly, three regimes can be distinguished: i) the snow
dominated regime opposing high hydropower production
summers to windy winters (Scandinavian and Alpine “blue
batteries”), ii) the wind dominated regime with concomitant
high wind and hydropower energy in winter (the “mild
Atlantic façade”) and iii) the quite flat “sunny Mediterranean
regime”.
__________
François, B., B. Hingray, D. Raynaud, M. Borga, and J.-D. Creutin, 2016: Increasing Climate-Related-Energy
penetration by integrating run-of-the river hydropower to wind/solar mix. Renewable Energy Journal, 87, 686-696.

Box no.3 – Natural balance between a CRE mix production and consumption in Northern Italy over 2 years

These simple graphs illustrate a 2-year chronology of the daily balance between demand (in red and blue) and a CRE
production (in green) averaged over a 200x200 km 2 domain in Northern Italy. The production is based on (top) 100%
solar, (middle) 100% wind and (bottom) mixing equal shares of solar and wind with 20% hydropower. The seasonality
of the deficit/excess evolution is symmetric for wind and solar energy. The penetration rate, computed for 33 years, is
respectively 76%, 69% and 85% over these two years. For the chosen mix, 15% of the demand needs balancing means
from backup production, storage or exportation. A hydropower storage capacity of 3 days of average demand would
bring the penetration rate to 90% (in the solar case, a storage capacity of 45 days would be needed and, in the wind
case, 13 days). This is demonstration exercise proposed online by B. Hingray, B. François and D. Raynaud (CNRS).
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Box no.4 – CRE penetration as a function of the wind, solar an hydropower mix for 12 European regions
In this display, we consider a 100% CRE production scenario, which
means that, on average, over the considered period (1980-2012), the
CRE production matches the demand (or, in other words, the average
CRE generation factor is equal to 1).
The upper graph details the CRE penetration rate (%) for the
wind/solar/hydro mix configurations in Galicia. The x-axis gives the
share of solar power (PV [%]), the left axis gives the share of run-ofthe-river (RoR) hydropower (RoR [%]), and the right axis gives the
share of wind power (W [%]).
Red, black and blue bullets correspond respectively to a 100% solar,
wind and hydro scenario. The black square corresponds to an equal
share of each energy source. The white dot corresponds to the optimal
mix, i.e., the mix giving the highest penetration rate.
The arrow goes from the optimal wind-solar mix to the optimal windsolar-RoR mix. A horizontal arrow indicates that RoR only replaces
solar power, while an angle of 60° between the arrow and the wind
axis indicates that RoR only replaces wind power.
The map on bottom displays the same penetration analysis replicated
over the 12 European regions.

__________
François, B., B. Hingray, D. Raynaud, M. Borga, and J.-D. Creutin,
2016: Increasing Climate-Related-Energy penetration by integrating
run-of-the river hydropower to wind/solar mix. Renewable Energy
Journal, 87, 686-696.

Box no.5 – The variance of the balance residuals depends non-linearly on the mix, the time aggregation level
and the region
For the same 12 European regions shown in Box no.2 and Box no. 4 (200x200 km2), the graphs displayed here show
the standard deviation of the balance residuals to a mix of solar and wind power, as a function of the percentage of
solar power. We assume no storage capacity beyond the aggregation time level considered and an infinite grid
capacity (“copper plate” assumption) in the regions.
The list of countries is set in
latitude order showing a clear
tendency in volatility and
usefulness of solar from
Northern to Southern Europe.
This tendency is true at daily
(left) and monthly (right) time
aggregation levels. The
volatility is less diverse at
monthly level. The monthly
minimum volatility
corresponds to higher shares
of wind power.
Scientific paper by François, B. et al., in preparation (2016).
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Box no.6 – Penetration of a wind and solar power mix responds differently to storage capacity across Europe
For the same 12 European regions shown in Box no.2, the
graphs below display the daily penetration of a mix of wind
and solar (percentage of solar on the X-axis) as a function of
the storage capacity expressed in days of average demand.
The colours indicate penetrations from 75 to 100%. The white
line represents the best mix trajectory, with its developing
storage capacity.
The shape of these surfaces indicates:
i) a lesser need of storage to reach, for instance, 95% of
penetration in regions of Southern Europe, such as Greece,
Italy, France or Andalucia,
ii) a better rate of improvement of the penetration for a given
added storage capacity (slope of the surface) in the same
regions, with Northern European regions, such as regions in
Finland, Norway or Bielarus, having the worst rates, and
iii) a quite stable value of the optimal mix when adding
storage (in this case, most white lines run parallel to the Yaxis), which interestingly shows that choices about storage
and mix can be made quite independenly of each other.

Scientific paper by François, B. et al., in preparation (2016).

D2.6 Report

23

31.07.2016

Box no.7 – Run-of-the-river power production shows ample annual and decadal fluctuations of penetration,
which are driven by large scale oscillations

The above graphs present one century of daily penetration over years (top) and
over moving decades (bottom) in the French region among the 12 European
regions of Box no.2. When considered separately, solar power and wind power
penetrations are much more stable than hydropower, which oscillates between
50% and 90% (resp., 60 and 70%) at annual (and decadal) scales. A mix of
energies improves CRE penetration over individual energy penetrations by a
further 5% to 15%. However, this implies a less stable decadal behaviour. The
plot on the left shows how the penetration of wind production in Norway during
winters is explained by the North Atlantic and Scandinavian oscillation indexes
(52% of explained variance over the observed period of 1980 to 2012).
Scientific paper by François, B. et al., in preparation (2016).
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Box no.8 – Co-occurrence of low CRE generation and high demand
The graphs show the percentage of days below a failure (to meet demand) threshold (yaxis) for different couples of CRE sources (among wind, solar and hydropower) and for
each of these CRE sources and the demand (D). The chosen threshold is the quantile 10%
for the CRE source generation and 90% for the demand. From these graphs, we can check
the probability of having simultaneous weak production from two CRE sources or
simultaneous weak production and high demand.
In the graph at the bottom, we can see the evolution of these probabilities of cooccurrence over one century, computed over a moving window of 20 years (note: the
expected probability in case of independence is 1%). The most fluctuating curves
correspond to hydropower with regard to demand and wind power.
In the second set of graphs (on the side), the same probability is computed over the whole
sequence from 1900 to 2010. The grey zone shows the sampling fluctuations of totally
independent series; the orange zone shows a correlation of 0.5 and the blue zone show a
correlation of -0.5.
Basically, most of the compared variables look reasonnably independent or lightly anticorrelated, which shows the good security of the system either in terms of CRE
complementarity or in terms of demand satisfaction. Light to moderate positive
correlations are present for wind power in Norway and hydropower in Germany and Italy.
This might be an indication of an incapacity to match the demand and to find a
complementarity between the different CRE sources. From the results, solar power shows
more stability, both in terms of demand and complementarity of CRE sources.

Scientific paper by Raynaud D. et al., in preparation (2016).
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Box no.9 – Fluctuation of the penetration of a mix of solar and hydropower in Northern Italy under different
climate projections
Different climate projections (here, from 25 GCMs of the CMIP5
experiment) predict a wide range of possible modifications of
precipitation and temperature in Northern Italy. In order to get these
modifications more interpretable, we built “climate response
functions”. They give the modifications of the penetration of a CRE
mix under a variety of conditions of average temperature and
precipitation. The graph on the right represents a climate response
function. The penetration of an energy mix, i.e. the percentage of
demand that is hourly fed by the mix, is the response index. The mix
comes from 25% of solar PV and 75% of hydropower capacity
installed in snow-influenced river catchments. The penetration
surface shows a horizontal pattern, represented by isolines shaded in
cold/blue to hot/red colors. It shows that penetration is more
sensitive to precipitation modifications (y-axis) than to temperature
modifications (x-axis).
The average temperature and the average precipitation, predicted for each five-year period of a future 20-year period,
are plotted inside the climate response function (colored dots). The colors correspond to the periods of 2040-2059
(blue), 2060-2079 (green) and 2080-2099 (red). We can see that the penetration varies over a range of values that
increase with time, as the regional climate warms up. For the three periods here considered, this range goes from 5%
to 20% and shows a slight tendency to improve the penetration of CRE by a few percentage points.
__________
François et al., 2016: Linking top-down and bottom-up approaches for assessing the vulnerability of a 100 % renewable
energy system in Northern-Italy. Weather, Climate and Society, in preparation.

Box no.10 – Robustness of uncertainty components in a multi-model and multi-member ensemble of climate
projections
The question often raised when using multiple climate projections coming from different runs of different climate
models is: When the number of runs (M) is too low, can the intrinsic (or internal) variability of the climate hide the
differences between the models?
Here, a numerical simulation using a linear
tendency with noise is used to produce five
time series that mimic climate projections
from five models over the 1960-2100
period. The climate variable simulated is a
10-year average. The internal climate
variability is assumed to be a percentage
[Fη%] of the total variability. We simulated
time series from five models for Fη and M
values varying as follows: Fη =10%, M=3
(typical values for temperature); Fη =50%,
M=3 (typical values for precipitation or
solar radiation), and Fη =50%, M=9.
In the plots here presented, the model
uncertainty variance is in red and the internal variability variance is in blue. The blue and red lines correspond to the
theoretical variance components used for the generation of the reference time series. The variance components are
shown with their 90% confidence intervals (white curves and colored intervals). The first row of the figure shows that:
i) when the internal variability increases, it masks the tendencies in the time series (plots on the left and in the middle);
ii) the fact of having more than two runs, as is often the case in practice, may help to reduce the uncertainty in the
analysis (plots in the middle and on the right). In the second row of plots, a more sophisticated statistical analysis was
applied. The differences between models appear more clearly, despite the internal variability.
__________
Hingray, B., Blanchet, J., 2016: Uncertainty components estimates in transient climate projections. 1. Bias of
empirical estimators in the single time and time series approaches. J. Climate (submitted)
Hingray, B., Blanchet, J., Vidal, J.P., 2016: Uncertainty components estimates in transient climate projections. 2.
Robustness of unbiased estimators in the single time and time series approaches. J. Climate (submitted)
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Box no.11 – Transition to 100% renewables through different CRE accessibility phases
In order to broadly describe various CRE production and storage strategies, we compared different curves displaying
CRE accessibility indicators as a function of the level of CRE equipment that will increase during the transition toward
100% of renewable (represented in the x-axis by γ). This transition can actually cover an over-equipment, which
explains the graphs showing tendencies to up to 300%. We assumed a “copper plate” grid and no storage capacity
over the 12 European regions of 200x200 km2 area (as shown in Box no.2). This assumption is certainly questionable,
given the hydraulic storage capacity already in place in many countries, but any type of storage could be added in this
analysis if data is available.
The first set of graphs display the daily penetration (i.e., the percentage of daily demand satisfied by the daily
production; y-axis) as a function of the fraction γ of average demand covered by the average renewable production (xaxis) for the regions located in Norway and Italy. Considering the daily penetration as an indicator of the easiness of
access to wind power, solar power, hydropower and a mix of 40% solar and 60% wind, the curves represent
trajectories of the efficiency of the different scenarios. A perfect fit between CRE production and consumption would
follow the dotted lines up to 100%. The difference between this perfect fit and the trajectories measures the need of
backup or demand flexibility. The vertical difference between trajectories measures the cost of the less efficient
trajectory, while the horizontal difference measures savings in production equipment.

The second set of graphs shown below display the volatility of the residual load (it could represent, for instance, the
need of backup or demand flexibility) (y-axis) as a function of γ as well (x-axis). A massive overproduction of CRE
reduces the volatility of backup need. We note that massive overproduction means massive curtailment and, in a sense,
pays stability at the cost of overinvestment.
From the graphs, we can see that, depending on the choice of CRE, “massive overproduction” can move from 1.8 to
more than 3 in Italy, by simply considering wind and solar power. Less intuitively, the volatility increases up to 6080% of CRE coverage, and then it stabilises and starts decreasing well before 100%. The most critical part of the
transition management seems to be between 50% and 100% of equipment, when penetration becomes much dependent
on equipment and the volatility of backup need experiences a peak.

__________
François, B., B. Hingray, D. Raynaud, M. Borga, and J.-D. Creutin, 2016: Increasing Climate-Related-Energy
penetration by integrating run-of-the river hydropower to wind/solar mix. Renewable Energy Journal, 87, 686-696,
and paper in preparation by the same authors.
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Box no.12 – GCM weighting for CRE projections accounting for observation uncertainty

Projections of future climate-related energies (CREs) can be assessed based on Global Climate Model (GCM)
projections. The latter should however first be downscaled to the region under study, often through statistical
downscaling techniques that link GCM variables (called predictors) and local climate variables that serve as input for
CRE modelling. The confidence in a CRE projection is therefore directly related to the confidence in the values of the
corresponding GCM predictors. This points out to the importance of assessing the ability of GCM projections to
simulate the predictor variables over the recent decades.
The performance of CMIP5 GCMs in simulating the main characteristics of climate – and, specifically, the statistical
properties of daily mean sea level pressure fields over the 1950-2005 period – has been assessed by attributing weights
to each GCM. Such weights were derived from their ability to simulate different spatial climate components from the
Twentieth Century Reanalysis (20CR) data taken as a reference.
The weights were derived for 12 CRE regions in Europe, and for different levels of observation uncertainty. The figure
above shows the weights attributed to each GCM as a function of the amount of observation uncertainty. The latter is
controlled by an “observation uncertainty inflation factor”: a value of 1 means that the observation uncertainty is
equal to the variability of 55 replications available in the 20CR reanalysis. Since it was seen that this variability tends
to under-estimate the observation uncertainty, the raw variability was artificially increased by an inflation factor.
The figure illustrates two important results. First, it shows that the weights attributed to GCMs strongly depend on the
amount of observation uncertainty. This highlights the need to reliably quantify it. Second, GCMs’ performance shows
a longitudinal gradient in Europe. In Eastern regions, HadGEM2-CC and HadGEM2-ES dominate all other GCMs. In
Western regions, more GCMs share the weights: in particular, GCMs GISS (with three distinct parameterizations),
MIROC5, HadGEM2-CC and HadGEM2-ES generally perform well in Southwestern regions, while CMCC-CMS and
CanESM2 show good performances in England and Norway, respectively.
__________
Renard, B. and Vidal, J.-P. (2016a) Performance weighting of GCMs. Part 1: A method based on explicit probabilistic
models and accounting for observation uncertainty. Climate Dynamics (submitted).
Renard, B. and Vidal, J.-P. (2016b) Performance weighting of GCMs. Part 2: daily atmospheric variability across
Europe. Climate Dynamics (submitted)
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5.3
Year
1996

1997

2001

2003

2007

2008

2009

2009

2010

Annex C – History of main EC directives and communications related to RES
Reference
Title
Directive (1996/92/EC)
http://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:31996L
0092&from=EN
COM(97) 599 final
http://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX_32001
L0077
Directive (2001/77/EC)
http://eur-lex.europa.eu/legalcontent/EN/TXT/?uri=URISERV:l27035
Directive (2003/30/EC)
http://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:32003L
0030&from=EN
COM(2006) 848 final
http://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:52006
DC0848&from=GA
Discussion
and
adoption
of
the
Climate/Energy Package by the European
Council (March to December)
RES Directive (2009/28/EC)
http://eur-lex.europa.eu/legalcontent/EN/ALL/?uri=CELEX:32009L0028
Commission Decision
(2009/548/EC), NREPs
http://eur-lex.europa.eu/legalcontent/EN/ALL/?uri=CELEX:32009D0548
Adoption of NREAP

2014

COM(2014) 15 final
http://eur-lex.europa.eu/legalcontent/EN/ALL/?uri=CELEX:52014DC00
15
SWD(2014) 15 final

2015

COM(2015) 293 final

2015

COM(2015) 339 final

2015

SWD(2015) 141 final

2015

COM(2015) 340 final

2014

13

DIRECTIVE of 19 December 1996 concerning common rules for
the internal market in electricity

ENERGY FOR THE FUTURE: RENEWABLE SOURCES OF
ENERGY of 26 November 1997: White Paper for a Community
Strategy and Action Plan
DIRECTIVE 13 of 27 September 2001, on the promotion of
electricity produced from renewable energy sources in the internal
electricity market
DIRECTIVE of 8 May 2003, on the promotion of the use of biofuels or other renewable fuels for transport

COMMUNICATION 14 Renewable Energy Road Map –
Renewable energies in the 21st century: building a more
sustainable future
The Commission proposed to extend the system of emissions
trading, to impose reductions of GHG emissions to economic
sectors that are not covered by the system, and to promote
renewable energies.
DIRECTIVE of 23 April 2009, on the promotion of the use of
energy from renewable sources and amending and subsequently
repealing Directives 2001/77/EC and 2003/30/EC
(2009/548/EC) COMMISSION DECISION of establishing a
template for National Renewable Energy Action Plans under
Directive 2009/28/EC
The RES Directive Article 23-7 indicates that “each Member State
shall adopt a national renewable energy action plan, and notify
their plans to the Commission by 30 June 2010” and “(…) the
Commission shall, by 31 December 2010, present an analysis and
action plan on energy from renewable sources (…)”.
COMMUNICATION - A policy framework for climate and energy
in the period from 2020 to 2030.

WORKING DOCUMENT15 – Impact assessment. Accompanying
the document COM(2014) 15 final
REPORT - Renewable energy progress report – SWD(2015) 117
final
COMMUNICATION – Delivering a New Deal for Energy
Consumers
WORKING DOCUMENT – Best practices on Renewable Energy
Self-consumption. Accompanying COM(2015) 339 final
COMMUNICATION - Launching the public consultation process
on a new energy market design

DIRECTIVE stands for Directive of the European Parliament and of the Council
COMMUNICATION stands for Communication from the Commission to the European Parliament, the Council, the
European Economic and Social Committee and the Committee of the Regions
15 WORKING DOCUMENT stands for Commission Staff Working Document
14
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Annex D – Provisions and articles of the RES Directive 2009 related to CRE and
climate variability
Key issues
no
Provisions and articles
5.4

CRE governing
variability

Potential CRE
production
and demand

Transport

“Unequal access
to CRE”
“Member States
may manage
intermittency”

(15)

“Local has
benefits”

(15)

(61)

(6)
“Optimal
balance”

(19)

“Integration
regular review”

(64)

“Local has
benefits”

(6)

“Priority
access”

(60)

“… but grid
stability first”

(61)

“statistical
transfers between
Members”
“joint projects
between
Members”
“joint support
scheme – bottomup Member
coupling”

Art. 6

Art. 79
Art.
11

Art.
16 (1)

Art.
16 (2)
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The starting point, the renewable energy potential and the energy mix of
each Member State vary
(…), Member States should take appropriate measures in order to allow a
higher penetration of electricity from renewable energy sources, inter alia,
by taking into account the specificities of variable resources and resources
which are not yet storable.
The starting point, the renewable energy potential and the energy mix of
each Member State vary
The move towards decentralised energy production has many benefits,
including the utilisation of local energy sources…
Member States should take into account the optimal combination of energy
efficiency technologies with energy from renewable sources
Directive 2001/77/EC lays down the framework for the integration into the
grid of electricity from renewable energy sources. However, there is a
significant variation between Member States in the degree of integration
actually achieved. For this reason it is necessary to strengthen the
framework and to review its application periodically at national level.
The move towards decentralised energy production has many benefits,
including… shorter transport distances and reduced energy transmission
losses
Priority access and guaranteed access for electricity from renewable
energy sources are important for integrating renewable energy sources
into the internal market in electricity. […] Priority access to the grid
provides an assurance given to connected generators of electricity from
renewable energy sources that they will be able to sell and transmit the
electricity from renewable energy sources in accordance with connection
rules at all times, whenever the source becomes available. In the event that
the electricity from renewable energy sources is integrated into the spot
market, guaranteed access ensures that all electricity sold and supported
obtains access to the grid, allowing the use of a maximum amount of
electricity from renewable energy sources from installations connected to
the grid.
In certain circumstances it is not possible fully to ensure transmission and
distribution of electricity produced from renewable energy sources without
affecting the reliability or safety of the grid system. […]
Member States may agree on and may make arrangements for the
statistical transfer of a specified amount of energy from renewable sources
from one Member State to another Member State.
Member States shall notify the Commission of the proportion or amount of
electricity, heating or cooling from renewable energy sources produced by
any joint project in their territory,(…).
(…) two or more Member States may decide, on a voluntary basis, to join
or partly coordinate their national support schemes. In such cases, a
certain amount of energy from renewable sources produced in the territory
of one participating Member State may count towards the national overall
target of another participating Member State (…).
Access to and operation of the grids. Member States shall take the
appropriate steps to develop transmission and distribution grid
infrastructure, intelligent networks, storage facilities and the electricity
system, in order to allow the secure operation of the electricity system as it
accommodates the further development of electricity production from
renewable energy sources, (…)
(a): Member States shall ensure that transmission system operators and
distribution system operators in their territory guarantee the transmission
and distribution of electricity produced from renewable energy sources
(c): Member States shall ensure that appropriate grid and market-related
operational measures are taken in order to minimise the curtailment of
electricity produced from renewable energy sources

Art.
16 (3)
Art.
16 (5)

[rules, costs and benefits in relation] to integrate new producers feeding
electricity produced from renewable energy sources into the
interconnected grid.
Member States may allow producers of electricity from renewable energy
sources wishing to be connected to the grid to issue a call for tender for
the connection work.
There is a need to support the integration of energy from renewable
sources into the transmission and distribution grid…

“Integration
through
transport and
storage”

(57)

Storage

“Integration
through
transport and
storage”

(57)

…and the use of energy storage systems for integrated intermittent
production of energy from renewable sources

Mix
Access to
renewables

“Unequal access
to CRE”

(15)

The starting point, the renewable energy potential and the energy mix of
each Member State vary

Backup

“CRE backup
import”

Art.
22 (1)

(m) In the bi-annual reporting, Member States have to report on the
estimated demand for energy from renewable sources to be satisfied by
means other than domestic production until 2020.

Climate
variability

“Low frequency”

(30)

In calculating the contribution of hydropower and wind power for the
purposes of this Directive, the effects of climatic variation should be
smoothed through the use of a normalisation rule (nota bene: for
hydropower, variability is smoothed over 15 years and, for wind power,
over 4 years or less, depending on data; Annexe II)

Climate change

NA

Transition to
“100%
renewables”

NA

Water use

NA

Environment

NA
(60)

Priority access and guaranteed access for electricity from renewable
energy sources are important for integrating renewable energy sources
into the internal market in electricity. […] In the event that the electricity
from renewable energy sources is integrated into the spot market,
guaranteed access ensures that all electricity sold and supported obtains
access to the grid, allowing the use of a maximum amount of electricity
from renewable energy sources from installations connected to the grid.

“Local has
benefits”
“Multi-levels
challenge”

(6)

“In excess
targets”

(23)

“CRE
awareness”

(23)

The move towards decentralised energy production has many benefits,
including … increased local security of energy supply…
To obtain an energy model that supports energy from renewable sources
there is a need to encourage strategic cooperation between Member States,
involving, as appropriate, regions and local authorities
Member States may encourage local and regional authorities to set targets
in excess of national targets and to involve local and regional authorities
in drawing up national renewable energy action plans…
… and in raising awareness of the benefits of energy from renewable
sources

Markets

Policy and
governance
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5.5 Annex E – Main issues from the NREAPs of Italy, Norway and France
Key issues
Summary of the main issues collected in the three analysed NREAP
Atmospheric and
hydrologic variability
governing CRE
Potential CRE production
and demand

Transport

Storage

Mix

Environment

Markets

Policy
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Improve CRE forecast models (IT) (no forecast horizon is specified)
Improve CRE production forecasting (FR) (no forecast horizon is specified)
CRE data acquisition via satellite in real-time (IT)
Published hydro resource maps (NO)
Promotion of energy efficiency (IT)
Increase flexibility of small- and medium-sized customers (NO)
Difficult to distinguish accurately the share of electricity consumed by house
heating (FR)
Smart-Grid demonstrators (FR)
CRE grid access facilitation/guarantee (IT)
Innovate in transmission and distribution grids to cope for a growing share of
distributed intermittent production (NO)
Promote research for a more efficient electricity network (FR)
“Complete CRE harvesting” through storage (IT)
Use reservoirs to reduce the need of other storage facilities (NO)
Ensure storages facilities reduce the intermittent and unpredictable nature of CRE
production (FR)
Nearly all electricity production based on hydropower (NO)
The main resource is hydro and wind and biomass are the two additional ones
(FR)
Published advice regarding hydrology and environmental measure in relation to
CRE (NO)
Better environmental consideration for large CRE projects (FR)
CRE remuneration guaranteed (IT)
The obligation to purchase makes CRE not dependent on market conditions (FR)
hence programmes on an infra-diurnal basis over 24 windows (FR)
Lesser dependence on fossil fuels (IT)
Encourage counties to prepare regional plans for wind and small-hydro (NO)
Develop Regional Climate Air and Energy Plans (FR)
Meet the EC targets without resorting the cooperation mechanism (FR)

31.07.2016

NREAP Italy, Italian Ministry for Economic Development (30 June 2010)
Key words:

Country overview:

Development of RES
production, storage
facilities, functioning
of
electricity
transmission
and
distribution
networks, network
security
and
infrastructure

The development of renewable energy sources has been one of the priorities of
Italy’s energy policy, together with the promotion of energy efficiency. In the
medium to long term, Italy aims to redress the balance of its energy mix, which is
currently too dependent on imported fossil fuels. The country has made available
several support mechanisms for the promotion of renewable energy. For power
plants using renewable sources, in particular non-programmable sources, the current
legislation guarantees remuneration for missed renewable energy production in the
event of problems caused by the grid’s insufficient capacity to accept and dispatch
said energy whilst ensuring the system’s safety. This is however a solution which
must be considered as contingent and dependent only on the need to avoid
compromising the investments made. Although the regulations in force facilitate the
connection of renewable energy plants to the electricity network, the strong growth
in installed capacity and connection requests and the amount of time necessary for
developing networks (longer than the time required for developing individual
plants) has brought about delays and bottlenecks. This is most noticeable where
there are high concentrations of non-programmable plants, and causes limitations
on the full use of the installed capacity.

Extract of some existing or planned measures:










To further improve the forecast models and capacity of production from non-programmable RES
plants and to promote the integrated management of associated aspects including accumulation and
generation systems and loads;
To promote the development of electricity infrastructure through measures to attenuate problems
relating to feeding energy from non-programmable sources into the electricity network;
To facilitate the connection of renewable energy plants to the electricity network;
To promote RE systems whose energy exchange with the network can be predicted (currently
limited to photovoltaic power);
To more systematically encourage the modernisation of distribution networks in line with smart
grid concepts;
To ensure and improve the dispatch of energy from non-programmable RES plants;
To promote the real-time data acquisition via satellite for data on capacity, energy and primary
source (such as, for example, the hydraulic flow rate and water levels for hydroelectric power
plants, or the wind speed and direction for wind power production units);
To move on to a concept of complete “harvesting” of all potential renewable production. This is to
be achieved using accumulation / storage systems for the electrical energy which is produced but
cannot be fed into the grid;
To allow the full RES potential to be used without giving rise to extra system costs.
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NREAP Norway, Ministry of Petroleum and Energy (June 2012)
Key words:

Country overview:

Intelligent networks,
storage
facilities,
grid connection

In Norway, power production mainly comes from renewable energy sources. Nearly
all of Norway’s electricity production is based on hydropower. The country has
long experience with operating a grid with considerable integration of renewable
power. County municipalities are encouraged to prepare regional plans for wind
power plants and small hydropower plants. As a contribution to promote
development of renewable power production, the energy authorities, have prepared,
published and updated knowledge regarding the resource potential for energy
production development, particularly for hydropower, wind power and bioenergy.
For wind power, wind resource maps have been developed which have been used,
for instance, for regional plans developed by county authorities, highlighting areas
of opportunity for the developers. For hydropower project developers, the
authorities have prepared and published resource maps and guidelines that include a
cost estimate for introductory studies, advice regarding hydrology and
environmental measures, description of the licensing process, licence application
requirements and information regarding relevant regulations.

Extract of some existing or planned measures:







to support the efforts in renewable energy and energy efficiency by broad efforts in research and
development through programmes for development of knowledge and technologies for renewable
energy, energy efficiency and environmentally friendly transport;
to increase small- and medium-sized users’ consumer flexibility with the introduction of advanced
metering systems (AMS) in the distribution grid. AMS will provide hourly metering of the
consumption and improve the end-users’ information regarding prices and energy consumption;
to increase flexibility with end-users. Contribute to better utilisation of existing infrastructure and
enable increased integration of intermittent power production;
to innovate the design, development and operation of the transmission and distribution grids, as the
future energy mix in the Nordic power system will have a steadily growing share of distributed
intermittent production, considering that the hydropower reservoirs already contribute to balance
the overall power supply, and reduce the need for other advanced forms of storage facilities;
to increase predictability for new power producers that want to connect to the grid.
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NREAP France, Ministry for Ecology, Energy, Sustainable Development and Sea (n.d.)
Key words:

Country overview:

Energy saving and
performance,
intelligent networks,
energy security

France has worked on a strategy for controlling energy consumption and promoting
the development of renewable energies within its territory since the major national
consultation, the "Grenelle Environment Forum" in 2007. The choice has been
made to consider all sources of renewable energy (wind power, maritime energies,
solar photovoltaics and thermodynamic, the production of biogas units, etc.).
Following the massive development of nuclear energy during the 1970s, France has
a large proportion of housing electrically heated by resistive heating, which makes
it difficult to distinguish accurately the share of electricity consumed to heat these
homes from the share of electricity consumed for other uses (lighting, industrial
processes etc.). France plans to meet the binding EC target without resorting to the
cooperation mechanisms. Concerning sources of RE, wind power and biomass are
the two main additional sources identified, the main source remaining water power.
For emerging technologies such as solar power and maritime energy, significant
efforts in research and development (R&D) are still required. In France, the
production from renewable energies benefits from the obligatory purchase regime
laid down by law, and as a result, all production from renewable energies under this
mechanism is thus considered to be sold, transported and distributed, with
reservations for imperatives of safety and maintenance and except when this
production, by its intermittent character, adversely affects the safety of the network.
Due to this obligation to purchase, renewable energies are thus not dependent on
market conditions. To optimise the acceptance by the market of intermittent
renewable energies, it was proposed that stakeholders on the market may modify
their programmes on an infra-diurnal basis over 24 windows and with a
neutralization period which is reduced to one hour. This modification is particularly
important for energy sources which are fatally dependent on meteorological
conditions. The aim is to facilitate the insertion of renewable energies into the
networks and enable an improvement in production forecasting. The producers of
renewable energies may connect their operations centre to this system, as laid down
by regulations, in order to improve their forecasts and production visibility. This
production forecasting tool for the wind power sector, for instance, enables network
managers to better control the overall impact of this intermittent production without
substituting themselves in the role of producer.

Extract of some existing or planned measures:









to promote the simplification for small renewable electricity or heating production projects; better
environmental consideration for large projects (photovoltaics, wind power, biomass);
to develop Regional Climate Air and Energy Plans to the identification and use of potential
renewable energies;
to promote research for a more efficient electricity network, also known as a "smart grid", in order
to anticipate the significant progress of renewable energies, and in particular wind power and
diffuse and intermittent photovoltaic. The development of intelligent networks aims to: i) control
the supply-demand balance by measuring in real time the renewable-origin production level; ii)
improve the reliability of networks in the presence of decentralised production and optimise their
operation; iii) adapt the operation, network automation and production facility management in
order to optimise the performance of the system.
to ensure that storage facilities together with intermittent production facilities provide a useful
contribution to the services, systems and management of points of consumption, and allow
producers to reduce the intermittent and unpredictable nature of the production of renewable
energies;
to validate new technologies, systems and architectures in real situations by largescale
demonstrators (SmartGrid demonstrators) permitting their technical, economic, environmental and
societal validation in addition to replicability.
to reinforce the transport network and implement storage methods to face the current limitations of
the network for the integration of renewable energies.
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