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Analysing Energy Innovation Portfolios from a Systemic

Per spective

Abstract

A systemic perspective on energy innovation is ireguto design effective portfolios of directed
innovation activity. We contribute a standardisetlaf technology-specific indicators which describe
processes throughout the energy technology inmmvatystem, ranging from patents and publications
to policy mixes, collaborative activity, and markétare. Using these indicators, we then
conceptualise and develop benchmark tests for godélio design criteria: balance, consistency,
and alignment. Portfolio balance refers to thetidaemphasis on specific technologies. Portfolio
consistency refers to the relative emphasis one@l@novation system processes. Portfolio
alignment refers to the relative emphasis on intiomasystem processes for delivering targeted
outcomes. We demonstrate the application of theeelmark tests using data for the EU's Strategic
Energy Technology (SET) Plan which spans six teldgyofields. We find the SET Plan portfolio
generally performs well particularly in areas owdtich portfolio managers have direct influence
such as RD&D funding. However we also identify moi& areas of imbalance, inconsistency, and
misalignment which warrant further attention anteptial redress by portfolio managers. Overall, we
show how energy innovation portfolios can be aredyisom a systemic perspective using a
replicable, standardised set of measures of diverswation system processes.
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1 Introduction

Energy innovation outcomes are irreducibly uncartdependent on technological progress as
well as external developments in markets and uigtital environments (Grubler et al., 2012). The
scale and scope of energy-system challenges remomerespondingly broad strategy to energy
innovation across multiple sectors, applicatiosversion-chains, and end-uses. Innovation efforts
directed towards public policy goals like decarlsatiopn can target specific technologies, but the
capacity of policymakers to 'pick winners' is fratigvith political, informational, and procedural
difficulty (Nemet et al., 2017).

Innovation portfolio design has traditionally bemmcerned with the mix of technologies or
investment targets. Portfolio theory was originaéveloped to identify the optimal mix of financial
assets to minimise risk (Markowitz, 1952, 1959mi&ir approaches have been applied to energy
innovation portfolios exposed to technological, kedrand other systemic risks (Fuss & Szolgayova,
2010).

In addition to deciding the composition of techrgdés in an innovation portfolio, portfolio
managers must decide how to allocate their eftorisfluence innovation processes and outcomes. A
systemic perspective on innovation emphasisesitheence of wider institutional, market, and policy
conditions on the innovation lifecycle, the cooation and multi-stakeholder governance of
innovation processes, and enabling frameworks ditons to direct innovation activifOECD,
2015). These and other innovation system procesagde more or less amenable to influence by
policymakers seeking to 'direct’ innovation effq@ECD, 2015; Wieczorek & Hekkert, 2012).

Innovation portfolios therefore comprise not jugtedent technologies or investments, but also
different innovation system processes. A geneiialismsight from the literature on innovation
systems is that omissions or weaknesses in sppcdiesses reduce the overall effectiveness of the
system (Bergek et al., 2008). Innovation systemighwlire strongly weighted towards specific
processes (e.g., RD&D funding) at the expenselwdrst(e.g., market feedback) are less likely to

deliver on desired outcomes (Grubler & Wilson, 28)1&imilarly, a diverse policy mix is more



effective than a singular reliance on specificrunstents, particularly given the systemic change
necessary for energy system transformation (Kekho&vlett, 2009).

In this paper we draw on literature to argue baanceacross technologiespnsistencyetween
innovation system proceses, algnmentwith intended outcomes are three desirable cheniatts
for energy innovation portfolio design (Table 1pwever there are no standardised tests in the
innovation systems literature to assess these ttmemative criteria across any innovation portfolio
The research question we address is: How can eimargyation portfolios be tested for balance,
consistency and alignment from a systemic persgZOur contributions are twofold. First, we
develop a comprehensive set of technology-speaifiicators characterising the innovation system
which can be applied to any innovation portfoliec8nd, we develop and apply three simple
benchmark tests as indicative diagnostics of whetimovation portfolios are balanced, consistent
and aligned. These benchmark tests are not desigr@dvide definitive assessments, but rather to
draw portfolio managers' attention to areas of medeconcern worthy of further investigation. We
use one of the world's largest energy innovatiatf@i@s - the EU's Strategic Energy Technology
(SET) Plan - to show the value of our approach goyphasise that both the indicators and our simple
benchmark tests are designed to be generalisabteytenergy innovation portfolio.

Table 1. Criteria for designing energy innovatiorogfolios from a systemic perspective.

Balance Consistency Alignment
Rationale Diversify technology risk Coordinate imation Direct innovation systen
system processes towards desired
outcomes
Cautionary tale Avoid picking winners Avoid singuRD&D- Avoid ad hoctargets and
led strategies pork-barrel politics
Analytical Analyse composition of Analyse omissions, Analyse targets, stated
Approach technology portfolio tensions & weaknesses | outcomes & innovation
in innovation system outputs
Simple Similar relative shares of Similar relative shares of Similar relative shares of
benchmark test *| technologies across innovation| related innovation outputs and outcomes
system processes system processes acrossacross technologies
technologies

* In the absence of clearly-articulated objectif@sspecific portfolios against which performanem e tested.

The rest of this paper is organized as followsstFive review relevant literature on innovation
portfolios from a systemic perspective and intra@tiee energy technology innovation system (ETIS)

framework. Second, we define a comprehensive dadafators to measure the different dimensions
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and processes in the innovation system. Thirdniveduce the EU SET Plan as our case study
innovation portfolio, and explain our methods follecting data measuring the indicators for the

EU's SET Plan. Fourth, we apply our portfolio dasigteria to evaluate the balance, consistency and
alignment of the EU's SET Plan and discuss keylteedtinally, we explore the policy implications of

our analysis for the SET Plan portfolio managers.

2 Literature Review

2.1 Analytical frameworks for innovation systems

Analytical frameworks with different emphases haeen proposed for evaluating the
performance of innovation systems, including thetated to energy technologies. The National
Innovation System (NIS) framework explains the flofappeople and firms within institutions at the
national level (Freeman, 1987; Freeman, 1995; Lahdi©992; Nelson, 1993). Using a variant of the
NIS framework, the annual Global Innovation Indexnpiles and analyses quantitative metrics of
innovation performance at the country level, captua wide range of institutional, human,
infrastructural, market, and business factorsitifatence the efficiency with which countries cornve
innovation inputs into outputs (Cornell Universétal., 2018).

Other innovation system frameworks apply to spet¢échnologies and emphasise either
structural elements or functional dynamics (Jacogs al., 2017). The Technology Innovation
System (TIS) literature analyses the actors, utstins, and networks that comprise structural
elements of innovation systems explaining the esrerg and development of new technologies
(Carlsson & Stankiewicz, 1991; Carlsson & Jacobs$684). TIS scholars have tended to focus on
specific technologies within a country (Hudsonlgt2011; Jacobsson & Karltorp, 2013; Hannon et
al., 2017). The TIS has also typically been appicethe early formative phase of an innovation
system rather than its full lifecycle through grbwmaturity and senescence (Markard, 2018).

The Functions of Innovation Systems (FIS) literatshifts the emphasis onto a discrete set of
functional characteristics of innovation systenf@enance (Hekkert & Negro, 2009; Bergek et al.,

2008). These functions describe how well actorsiastitutions perform entrepreneurial activities,
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knowledge development and dissemination, the guelahsearch, market formation, resource
mobilisation, and the creation of legitimacy (Hektlket al., 2007). More recent literature has sought
to reconcile these structural and functional parspes, recognising their close inter-dependence

(Wieczorek & Hekkert, 2012).

2.2 The Energy Technology Innovation System (ETIS)efwaork

The TIS and FIS frameworks enable powerful hareatiecounts of technology-specific
innovation systems emphasising contingencies antéxbdependence. However their key elements -
whether structural or functional - are hard to mieasn a standardised way across technologies and
adoption contexts. Consequently empirical stud#sguTIS and FIS frameworks focus on specific
technologies rather than innovation portfolios.tféin-based analysis requires an analytical
framework which is both technology-specific and gratisable to portfolios of technologies using
standardised measures.

Drawing on insights from both the TIS and FIS htteire, the energy technology innovation
system (ETIS) framework is useful for analysingrggeénnovation from a systems perspective in a
generalisable way (Grubler & Wilson, 2014b). Thd&iramework was originally developed for the
Global Energy Assessment (Gallagher et al., 201ablér et al., 2012) based on in-depth analysis of
20 historical case studies of relative succesdahde in energy innovation (Grubler & Wilson,
2014b). We summarise the main rationale and exfpitantor the ETIS framework here and in the
appendices, and refer the reader to these sowtsefoe further detail and empirical justification.

The ETIS framework characterises how different elets of the innovation system combine to
give rise to successful innovation outcomes (Ghbagt al., 2012; Grubler & Wilson, 2014b). The
ETIS framework focuses on observable processesiasst empirically with relative success or
failure specific to energy technologies. In terrhgplication, the ETIS framework was designed as a
tractable analytical tool for identifying the stgths and weaknesses of any given energy innovation
system using a standardised set of dimensionsracegses applicable to any technology (Grubler et

al., 2012; Grubler & Wilson, 2014b).



Figure 1 illustrates the four dimensions of the &Tramework which provide the context for the
familiar innovation lifecycle from research and dpment through to diffusion (Balconi et al.,
2010; Grubb et al., 2017). The knowledge dimenaioludes processes of knowledge generation,
exchange, codification as well as depreciation. fEseurces & policies dimension emphasises the
importance of resource mobilisation in the forniin&nces, enabling policies, and innovators. The
actors & networks dimension includes institutiooahditions such as actor networks and
heterogeneity. The users & markets dimension isemed with consumers, market feedback and
expectations. Detailed explanations of all theseedisions and innovation system processes are
provided in Appendix A.

Compared to other innovation system frameworksERES framework places greater attention
on the role of end users and market adoption, Emdes innovation system processes in terms of both
accumulating and depreciating capacity to genenadiecodify knowledge, to mobilise resources and
institutional support, to facilitate actor networksd knowledge exchange, and to learn from users in
market environments.

Innovation system processes associated with easotndion of the ETIS framework collectively
generate successful innovation outcomes (Grublfil&on, 2014b). However, the innovation system
is a complex, dynamic system characterised bytiterarocesses and feedbacks. Consequently
innovation system frameworks like ETIS - as with ttational, technological and functional
frameworks (NIS, TIS, FIS) considered above - caimearepresented in a single integrative model
explaining deterministically how inputs generatépots.

First, inputs can not always be clearly distingasfrom outputs. As an example, knowledge
generated by installing and using innovations (ihpauses learning-by-doing and performance
improvements (output) which leads to more knowlegigieeration (input). Consequently we
distinguish directed efforts from outcomes ratlmamntinputs from outputs, as our aim is to an
unfolding time dimension rather than a specificsedx— y (see also Figure 2).

Second, whereas discrete causal mechanisms caalaéed, innovation outputs and outcomes
are contingent on system conditions as well as@xags factors. As an example, R&D investments
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to generate knowledge causes patent filings, lisipptiocess is highly uncertain, dependent on the

constellation of innovation actors involved, ansp@nds to the wider intellectual property and trade
environment.

Third, many innovation system processes are nargbable, and can be measured only through
proxy indicators often with scarce data. Multivegiguantitative analysis of innovation invariably
emphasises R&D, patents, publications and pricesiaables for which granular time-dependent

databases are readily available. PublicationstlikeGlobal Innovation Index provide additional

country-level data on innovation actors, netwonkstitutions, policies, and funding, but such data

hard to construct for technology-specific analyd®gson & Kim, 2018).

For all these reasons, innovation systems angbysisdes insight into specific causal

mechanisms within a system which "demonstratedpstantial degree of contingency, heterogeneity,
and path-dependence” (Little, 2015, p. 470).

regulatory
capture

generation codification inter-
mobilisation

national
of finances flows

spillovers

potential
exchange & shared
interaction

actor market size
expectations heterogeneity

legacy of
failure

Figure 1. The energy technology innovation systeBT(S) framework. Adapted from: (Grubler & Wilson,
2014b).



2.3 Designing and managing innovation portfolios frorayatemic perspective

As the ETIS framework shows, innovation systemsmise many processes which are more or
less amenable to influence by policymakers sediingdjrect' innovation efforts in response to
market, structural and transformational failureE(D, 2015; Wieczorek & Hekkert, 2012).

Structural and transformational failures in innawatsystems provide a strong rationale for
strategic intervention, beyond the need to coffia@amarket failures which result in underinvestment
in innovation due to its uncertain distant pay@¥#teber & Rohracher, 2012). Structural failures
blocking successful innovation outcomes includstiintions creating uncertainty; weak knowledge
exchange if interactions are limited; poor captibdifor accessing and learning from new knowledge
(Wieczorek & Hekkert, 2012; Woolthuis et al., 200b)ansformational failures include: lack of
shared vision and direction; weak market demandsails from users; lack of policy coordination;
lack of monitoring and policy learning (Weber & Rabher, 2012).

Certain innovation system processes can - in piacibedirectly managed by policymakers,
subject to political and other constraints. Exarmphelude allocation of public research, developimen
& demonstration (RD&D) budgets and regulatory pplitstruments. Policymakers have a relatively
high degree of control over the relative emphaksisqal on such processes within an innovation
system. Other innovation system processes canbenhdirectly shaped, facilitated or incentivised
by policymakers but not directly managed. Exampiekide knowledge spillovers through trade and
actor interaction through research collaborati®udicymakers can seek to stimulate (or restriathsu
processes, but can not directly determine outcoRalgeymakers have a relatively low degree of
control over the relative emphasis placed on sucbgsses within an innovation system. Finally,
policymakers casystemicallynfluence innovation through strategies, policaas] measures
designed to affect overall system conditions (OE@,5). Examples include intellectual property
protection and training, education and skills depatent. These broader system conditions may in
turn influence many different innovation systemgasses such as patenting propensity and skilled
worker employment. Policymakers have a still lodegree of control over the relative emphasis

placed on such processes within an innovation syste



In sum, innovation portfolios comprise not just tipié technologies, but also multiple
innovation system processes which policymakersdaaat towards targeted outcomes with greater or
lesser degree of direct control. The upper paniedf[&igure 2 summarises these three axes of an
innovation portfolio: across technologies (y-axigtigure 2); across innovation system processes (x-
axis in Figure 2); and across time from inputsutpats and targeted outcomes (z-axis in Figure 2).

[a]

an illustrative portfolio comprising
three technologies and
four innovation system processes

an innovation portfolio comprising
technologies (T,) and
innovation system processes (I,)

T

n outcomes T3
Lo or time
technologies T, ( ) T, outcomes
T, T directed efforts
PR PR PO IS (PR PO PO A
innovation system processes
[b] consistency

(1] *
= I3 o T T3 &
3 S &
= T 2 T, T, S

© a ¥
2 h ® T, T, >

)

(1]

o

: - .

balance consistency alignment

+—

D

hot similar relative shares similar relative shares of similar relative shares
o  of technologies across related innovation system | of directed efforts and
E innovation system processes across targeted outcomes
[S) . .

< processes technologies across technologies
0

Figure 2. Innovation portfolios from a systemic pgyective. Notes: upper panel [a] illustrates an owation

portfolio comprising multiple technologies, innoviah system processes, and time steps towards owspm

lower panel [b] illustrates three normative designiteria - balance, consistency & alignment - andree

simple benchmark tests for each criterion.
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In addition to this descriptive characterisatiornta different dimensions to innovation portfolio
design, historical analysis of relative successfaitdres in energy innovation systems supports
certain normative criteria: balance, consistenayaignment (Grubler & Wilson, 2014b).

A balancedinnovation portfolio is diversified across the garof technologies which can
contribute to desired outcomes (Wilson et al., 30D ersification helps manage risks given that
innovation outcomes are highly uncertain. In theesige of clearly-articulated objectives for portol
composition, a simple benchmark test for portfblidanceis a similar emphasis or equal weighting
across technology fields (Table 1). For example, aithe key visions of the EU is a diverse
portfolio of low-carbon energy technologies forustsinable green economy (EC, 2007).

A consistentnnovation portfolio has diverse innovation systamcesses working in concert
(Bergek et al., 2008; Grubler & Wilson, 2014a). Sistency implies a coordinated approach to
directed innovation efforts and a policy mix resgioig to the needs of heterogeneous actors and
interests (Kern & Howlett, 2009). For example, ghhievel of effort to mobilise financial resources
in a clear and stable policy environment also neguemphasis on supporting innovation actors and
their networks of interaction and knowledge excleatigensure the necessary human capacity to
absorb and effectively use resources. In the aleseinechnology-specific analysis on innovation
system needs and enabling conditions, a simplehipesd test for portfoli@onsistencys a similar
emphasis or equal weighting across innovation sygi@cesses for any given technology (Table 1).

An alignedenergy innovation portfolio has inputs directedidods outputs and desired outcomes
throughout the stages of the innovation lifecyfiem RD&D to market formation and diffusion.
Misalignment creates long-term uncertainty and @sackignals to innovators, can delay or stagnate
the development and diffusion of innovations, aad einforce transitional difficulties in the e
of death' between demonstration and commercialisdkiekkert et al., 2007; Weyant, 2011). A
common example of misalignment is between poliégres to improve energy efficiency (e.g.,
through performance standards) while simultaneosighgidising the price of retail fuels (Morrow et

al., 2010). In the absence of a clearly-differantiastrategy for different technologies in the fubid,
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a simple benchmark test for portfoaignmentis a similar emphasis or equal weighting on dedct

efforts and targeted outcomes for any given teaduy(Table 1).

3 Methodology

3.1 Indicators

Innovation systems can be tracked and evaluated irsiicators as descriptive proxy measures
of key processes (IEA, 2011). To measure innovatystem processes in the ETIS framework
(Figure 1), we reviewed relevant literature to iifgrpotential indicators (Borup et al., 2013; Kiitu
et al., 2012; Grubler & Wilson, 2014b; Cornell Uarsity et al., 2018; Truffer et al., 2012; Speirs e
al., 2008; Park et al., 2016; Miremadi et al., 2@6érup et al., 2008). We compiled a comprehensive
set of >100 possible indicators, and then appliexigelection criteria: usefulness and availability.
Usefulness means indicators should capture speéaifavation processes in the ETIS framework, be
clearly understandable, and be generalisable atxolkaology fields. Availability means indicators
should be measurable from available data sourcawjmh either on existing databases or on
secondary data sets which allow technology-speaifalysis.

The resulting set of indicators as general desamgpif ETIS processes are shown in the left
columns of Table 3. Full details of how each inthcas constructed are provided in Appendix A.
Collectively these indicators provide a comprehansiccount of the ETIS framework represented in
Figure 1. This set of indicators is generalisablarty energy innovation portfolio or technology,
subject to data availability. While we cannot caetall of innovation system processes in the TIS,
FIS, NIS literature, our indicators capture thenrianovation system processes and so support
systemic analysis. However, we acknowledge thécditfes caused by data availability and data
collection. For example, some indicators in theréiture are specific to one technology so cannot be
generalised (e.g., capacity factors of power p)afsliable cost data was also hard to find for all

technologies in a standardised form.
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3.2 The EU's SET Plan

In this paper, we use the EU's SET Plan to dematestrow the indicators can be used to analyse
the design of energy innovation portfolios. The £€8trategic Energy Technology (SET) Plan sets
strategic priorities to support the European Corsiniss stateddmbition to achieve ... a
fundamental transformation of Europe’s energy sys{&C, 2015b). Aligned with the EU's long-
term climate, energy security, renewable energy,aergy efficiency goals, the EU's SET Plan was
launched in 2008 to provide strategic planning @mardination of energy research and innovation
activities within the EU involving a diverse rangiinnovation actors (Carvalho, 2012). The SET
Plan was implemented through European Industriibtives for technologies with near-term market
impact, demonstration and commercialisation prognasi(e.g., NER 300), monitoring and
evaluation (e.g., SETIS), and longer-term reseaotions (including Horizon 2020). The Strategic
Energy Technologies Information System (SETIS) naeiprogress and provides up-to-date
information on the SET Plan (Corsatea et al., 20Ib¢ SET Plan Steering Group is the central
governance structure of the SET Plan, coordinaiignsive stakeholder networks within each action
(Joliff-Botrel, 2015). The SET Plan also articukatmks to available EU funding mechanisms for
energy research and innovation (EC, 2015b).

In 2015 the Commission proposed a revised SET tAtrwas more targeted and used a whole
systems approach to ensure better integration asemtors and technologies (EC, 2015b). As shown
in Table 2, the revised SET Plan set out four fisi@reas (renewable energy, smart grid, energy
efficiency, and sustainable transport) and two taltil areas (carbon capture and storage, and
nuclear power). These six areas were articulatedsiet of ten actions. In this paper, we refeh¢o t
six priority and additional areas as 'technologyds' to denote groupings of inter-related techgiel®
in a common field of application.

We choose the EU SET Plan because it is a majenatonal energy innovation portfolio which
has been running for over a decade. Unlike otherggnnnovation portfolios which focus on R&D

(such as ARPA-E in the US, or Mission Innovatiookgllly), the SET Plan spans a wide range of
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innovation processes. Additionally, the SET Plamttkrough a major revision in 2015 with the
specific aim of making it more integrated and syste(EC, 2015b).

Table 2. Technology Portfolio of the EU's SET PlaBource: (EC, 2015a). Note: In this paper, we ubet

term 'technology fields' to refer to the SET Plan’griority areas' and 'additional areas'.

SET Technology Portfolio Technology-Specific Actions & Targets
Plan
Renewable Energy (RE) Performant renewable teoigined integrated into the energy system
Reduce costs of technologies
priority Smart Grid (SG) New smart technologies & servicesbnsumers
areas Resilience, security & smartness of energy system
Energy Efficiency (EE) New materials & technologfes buildings
Energy efficiency for industry
Sustainable Transport | Competitiveness in batteries & e-mobility
(ST) Renewable fuels
dditional Carbon Capture and Application of carbon capture with storage or use
additiona Storage (CCS)
areas Nuclear Power (NP)* High level of safety in nucleaactors & fuel cycles

* The SET Plan emphasises nuclear safety whichntegpret broadly to include all nuclear fissionatel
research and innovation activity.

3.3 Data for the EU SET Plan

We collected data from diverse sources to measaie @ our indicators for each of the six
technology fields of the EU's SET Plan. The metrsswell as the main data source and level of
disaggregation (country-level aggregated up td&beor EU-level), are shown in the right columns
of Table 3. Full details of the data used, dataljasey codes, and other data search protocols are
provided in Appendix B. We used data for 2015 asitiost recent year for which most data were
available. This cross-sectional approach is comsistith our aim of demonstrating how the design of
energy innovation portfolios can be evaluated feoaystemic perspective.

Following the approach used in Wilson et al. (201®) collected technology-specific data for
each indicator, distinguishing data measuring iation system processes within the six SET Plan
technology fields (e.g., related to renewable ey)eirgm data measuring activity outside the SET
Plan portfolio (e.g., liquified natural gas). Fata related to the SET Plan, we calculated théivela

proportion associated with each of the six techgplelds.
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3.4 Simple benchmark tests of portfolio design criteria

As noted above, we propose simple benchmark tessted three normative criteria of balance,
consistency and alignment. Each test examinestatve shares of either technologies or innovation
system processes in the portfolio, and uses arlggueighted distribution or similar relative share
as the benchmark or reference point (Table 13.ilhportant to emphasise that these simple tests ar
not definitive assessments of portfolio design,rattier serve to draw portfolio managers' attertton
areas of possible imbalance, inconsistency, orligisaent in their innovation portfolios. In other
words our benchmark tests have a diagnostic réthaeran evaluative function. As we discuss further
below, there may be good reasons or argumentsvaisytportfolios perform poorly on these simple
tests.

To evaluate balance in the EU's SET Plan, we a®&etl bar charts to show the relative share of
each indicator across the six technology fielddaB@e would see an equally-weighted distribution or
similar relative shares for the technology fieldseach indicator measuring an innovation system
process. This would mean a similar emphasis on teatimology in the SET Plan portfolio.

To evaluate consistency, we use box-whisker ptoshow the variability in the relative shares of
all the indicators within each of the four ETIS éinsions for a given technology field. Consistency
would see an equally-weighted distribution or samiielative shares for the innovation system
processes, resulting in low variability. This wonhgan a similar emphasis on each innovation system
process in the SET Plan portfolio.

To evaluate alignment, we follow the approach usezlvaluate balance. However, in this case,
we use stacked bar charts to show the averagé&veetdtare of indicators in two groups of innovation
system process - late stage and market outconuesssathe six technology fields. 'Alignment' would
see an equally-weighted distribution or similarrage relative shares for the technology fields in
each group. This would mean a similar emphasisitendtage directed innovation efforts and targeted
market outcomes in the SET Plan portfolio. The butcomes we analyse are learning and market

share. Learning measures cost reductions (or peafoce improvements) as a function of cumulative
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deployment experience including knowlege feedbamifusers. Market share measures the capacity

of the new technology to displace incumbents' ntastkeninance.

Table 3. Technology-specific indicators of innovaiti system processes.

Generalisable indicators

Application of indicatots the EU SET Plan

Innovation Technology-specific indicator s [Indicator metrics] for EU | Level of | Main
system processes | of innovation system processes | SET Plan data data
intheETIS source
framework
KNOWLEDGE
Generation Public energy RD&D expenditure  [€m] ol 1
Demonstration budgets [€m] nationa 1
Codification Publications [# articles] national 2
Citation-weighted publication [# articles] national 2
counts
Patents [# patents] national 3
Citation-weighted patent counts [# patents] nationa3
International Publication co-authorships (intrar [index] of co-authorships national | 2
Flows extra)* between EU and non-EU
actors
Patent co-inventions (intra-extra)* [index] of ao/entions national 3
between EU and non-EU
actors
Spillover Energy technology imports [€m] nationgl 4
Depreciation Volatility in energy RD&D [coefficient of variation] national 1
expenditure
RESOURCES &
POLICIES
Mobilisation of Public energy RD&D expenditure [%] national 1
Finances as % of GDP
Top 100 clean-tech funds [€m] EU 8
Mobilisation of Patent activity as % of total [%0] national 3
Innovators patents
Policy Density Policy density (innovation) [# instruments] of national 6
Policy density (regulatory) innovation, regulatory and
Policy density (market-based) | market-based policies
Policy Durability | Policy durability (innovation) [average of cumulative # national 6
Policy durability (regulatory) instruments] of innovation,
Policy durability (market-based) | regulatory and market-based
policies
Policy Mix Diversity of policy instruments [Shaom index] national 6
Policy Stability Stability of policy instruments Jarage of cumulative yearsnational 6
of all instruments, adjusted
by revisions]
Regulatory Public RD&D expenditure on [€m] national 1
Capture fossil fuels
ACTORS &
NETWORKS
Heterogeneity Diversity of types of organisatian ndigx] national 2
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in publication activity

Diversity of types of organisation [index] national 3
in patenting activity
Diversity of types of organisation [Shannon index] for national | 9
in research collaborations European Energy Research & EU
Alliance
Exchange & Publication co-authorships (intrat [index] of co-authorships national 2
Interaction intra)* between different EU actorg
Patent co-inventions (intra-intra)f  [index] of covientions national 3
between different EU actorg
Research collaborations (intra- | [# of activities] involving national | 9
intra)* different EU actors in & EU
European Energy Research
Alliance
Shared Policy target density [# instruments] of targets, | national 6
Expectations roadmaps, action plans
Policy target durability [average of cumulative # | national 6

instruments] of targets,
roadmaps, action plans

Legacy of Failure| Decline in interest following a | [exponent of decline global 7
failure function fitted to Google
search frequency]
USERS &
MARKETS
Learning Learning-by-doing [learning rate, % cost global 5
reduction per doubling of
cumulative experience]
Potential Market | Potential market size [€m] estimated as total # phational 5
Size physical units * € cost per
unit
Market Share Market share [%] estimated as actual | national 5
market size / potential
market size
Table notes:

* Intra and extra refer to patents filed or pubticas authored from within the innovation regiorirtgeanalysed
(intra) or from other regions (extra), hence ingional knowledge flows include both intra and axtvhereas
exchange and interaction include only intra.

Main data sources (see Appendices A & B for futkds):

1 International Energy Agency (IEA) energy RD&Dtsttcs
[http://wds.iea.org/WDS/Common/Login/login.aspx];

2 Web of Science [https://login.webofknowledge.clpm/

3 United States Patent and Trademark Office (USHI&®@ntsViews database
[http://www.patentsview.org/web/];

4 Eurostat EU trade statistics [http://ec.europawwoestat/web/international-trade-in-goods/dataiase];

5 Secondary data from peer-reviewed studies;

6 IEA Addressing Climate Change policy databasgWwww.iea.org/policiesandmeasures/climatechdnge
7 Google Trends [https://trends.google.com/trerpsi2];

8 Global Cleantech 100 [https://www.cleantech.com/]

9 European Energy Research Alliance (EERA) [httpsalv.eera-set.eu/].
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4  Findings
4.1 Balance across six technology fields in the EU'S BE&n portfolio

Figure 3 shows whether the relative emphasis oh ebthe six technology fields in the SET Plan
portfolio is balanced across the full set of innMa system processes, grouped by the four
dimensions of the ETIS framework shown in Figur&iinilar relative shares indicate balance in our
simple benchmark test. Clear examples in Figurelide knowledge generation by public energy
RD&D expenditure and knowledge depreciation meakbyevolatility in RD&D expenditure. Policy
support (density and durability) and policy mixglisity and stability) are also fairly evenly
distributed between the four priority areas of 8T Plan (i.e., excluding nuclear power and CCS).
This is an interesting indication of policymaking@oying a diverse mix of instruments in all
technology fields. These are broadly expected teagl policy instruments and RD&D expenditure
are directly manageable by policymakers. Innovagigstem processes measuring actors and
networks active within the EU energy innovationtsygs are also mostly balanced across the six
technology fields. A core feature of the SET PRitd bringing together of stakeholders to plan and
cooperate around strategic research objectiveseahdology roadmaps.

Markedly different relative shares indicate imbaenClear examples in Figure 3 include
knowledge generation measured by demonstrationdtsidgr which sustainable transport accounts
for 50% of total activity and renewable energy dtfer 27%. This is attributable to a recent inceeas
in funding for demonstration activity in the sugtble transport area (Zubaryeva et al., 2015).
Knowledge codification measured by patents is etgzalanced, with a high relative share of energy
efficiency patent applications. This is likely dizethe stable market environment regulated by
efficiency standards and backed by long-term targditich incentivise innovators to capture the large
remaining potential for efficiency gains (CullenA8wood, 2010). Knowledge codification measured
by publications is also imbalanced, but in thisecsisewed towards renewable energy. One
interpretation is that the integration of renewadergy into power systems poses challenges for a

wide range of research communities from engineaimdymaterial science to economics and
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planning, with this diversity stimulating publicati activity. These too are not unsurprising resasts
patents and publications are not directly managelayplpolicymakers.

Intra-extra EU collaboration on patents and pulitices as a measure of international knowledge
flows are also strongly imbalanced with sustainat@esport accounting for about 60% of the total.
One interpretation is that the global automotivauistry’s concentrated market structure, dominated
by Japan and the United States, provides strommpiives for EU innovators to cooperate with non-
EU actors. Knowledge spillovers measured by thaevaf energy technology imports into the EU are
also strongly imbalanced with renewable energy aating for about 30% of the total. This finding is
in line with a recent study showing that EU haggative trade balance in solar photovoltaics
(Pasimeni, 2017).

The users & markets dimension of the ETIS framewsdharacterised by only three indicators
in Figure 3. However, each shows a distinctive ilahee. Learning-by-doing is dominated by energy
efficiency, which is broadly expected as it is thest mature and sustained of the SET Plan
technology fields with more substantial cumulagxperience. Potential market size is dominated by
sustainable transport as the vehicle market imrges large, with some modelling studies already
showing the potential for fully electrifying thehviele fleet in the medium-to-long term (Connolly et
al., 2016). Actual market share is fairly evenlgtdbuted across four technology fields, with
sustainable transport and CCS notable by theirdddeployment track record to-date. Despite their
market maturity, the current market shares of gnefficiency, renewable energy and nuclear power
remain supported by late stage innovation systeogsses including regulatory and market-based
policy instruments.

These areas of imbalance shown clearly in Figude Bot inherently cause for concern. They
may have good reason and be defensible. Portf@imagers may also be limited in their capacity to
redress the imbalance. The purpose of our benchiastrapplied here is to identify areas of
imbalance whiclpotentiallyrequire further attention should they compromieerisk-diversification

characteristics of the SET Plan technology poxfoli
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In sum, our analysis of balance defined as simikighting across the six technology fields in the

EU SET Plan portfolio shows:

19

balance in RD&D expenditures and public policy

imbalance in knowledge codification, flows and lgpiér (towards renewable energy,
energy efficiency, or sustainable transport dependin the innovation system process)
more balance for innovation system processes farhwiolicymakers have more direct
control or management capacity

less balance in innovation system processes farhwtolicymakers have less direct
control and which are subject to more intervenengjdrs or conditions (e.g., market

structure, stability of innovation environment)
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4.2 Consistency across innovation system procességiEW's SET Plan portfolio

Figure 4 shows whether the relative emphasis ooviaition system processes within each of the
four ETIS dimensions is consistent for the six tesdbgy fields in the SET Plan portfolio. Low
variability in relative shares indicates consisiebased on our simple benchmark test. As shown in
Figure 4, innovation system processes relatinggources & policies and to actors & networks are
noticeably more consistent (lower variability) thhnse relating to knowledge (Innovation system
processes relating to users & markets are not sldowrio the small number of indicators).

Inconsistency between knowledge-related innovagystem processes is clearest for renewable
energy, energy efficiency and sustainable transpothese technology fields, some knowledge-
related processes have dominant shares in the BaTpertfolio, whereas others have only weak
shares. This can be further examined by compah@gpecific processes which provide the upper
and low bound in each case.

Inconsistency between knowledge-related innovagystem processes for renewable energy
ranges from citation-weighted publication countsp@r bound, 63% relative share) to patent co-
inventions between EU and non-EU actors (lower Hp@0% relative share). This patent co-
inventions indicator is a measure of internatidmmadwlege flows. One explanation why it may have a
low relative share in the SET Plan portfolio istttiee EU is a firstmover particularly with respéat
renewables deployment. Moreover innovation actitotyrenewable energy may be concentrated in
regions with available resource or with energy sgcaoncerns. Indirect evidence for this
explanation is provided by the high volume of stnglithors and single inventors in renewable energy
compared to the other technology fields.

Inconsistency between knowledge-related innovatimtem processes for energy efficiency
ranges from patents (upper bound, 49% relativee3hi@arpublication co-authorship between EU and
non-EU actors (lower bound, 4% relative share)néied earlier, this high relative share of patentin
activity is consistent with clear expectationsrurns on innovation investments in energy
efficiency due to stable regulatory policy enviramts including the EU's Energy Efficiency

Directive and large market potentials still avaiéatiConversely, the low relative share of inte roraail
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knowledge flows measured by publication co-authipssiay be explained by the EU's strong
internal competence in this field.

Inconsistency between knowledge-related innovatimtem processes for sustainable transport
ranges from publication co-authorship between Etreon-EU actors (upper bound, 68% relative
share) to citation-weighted patent counts (lowarruh 13% relative share). As noted earlier, this
high relative share of international knowledge ffoway be linked to the EU's need to link with
innovation centres on vehicle manufacturing intt& Japan and elsewhere. The low relative share
of citation-weighted patents may reflect the relaimmaturity of the electric vehicle field compare
to renewables and energy efficiency in which susftépatents with higher citations are more
established.

A more general explanation for inconsistency withmy given ETIS dimension is that it's the
result of early stage and late stage innovatiotegyprocesses being combined. We use 'late stage' t
mean directly related to or associated with theenmtsation of technology in a market context: e.g
investment in an operational facility. Materialisatis a key late-stage function of innovation eyss
(Hekkert et al., 2007). Conversely, we use 'eadge to mean directly related to or associated wit
pre-commercial or niche technology development; @afents or publications describing new
applications of knowledge. Early stage processesmare closely associated with technology
development and testing, and technology-push gslisuch as RD&D incentives. Late stage
innovation system processes are more closely aedavith market formation and deployment, and
market-pull policies such as purchase subsidies.

This is a crude but useful distinction as more meatechnologies can capture returns to scale and
so benefit from cost reductions (from learning andle economies) and regulatory alignment. This
positive feedback loop creates path dependen@xhsdlogies which initially outcompete rivals
become entrenched over time.

To test this explanation, we distingish all inndeatsystem processes as being either early stage
or late stage. We treat all RD&D, patent, publmatand innovation policy-related processes as early
stage. Conversely, we characterise all market-bpskdy, regulatory policy, learning, market size,
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and trade-related processes as late stage. Wectdréasa research collaborations and strategic
policies (e.g., targets, roadmaps) as both eadylae stage as they span the full innovation yiéée
We then reanalyse inconsistency for early anddztge innovation system processes separately.
However, we find that this does not explain incetesicy in any of the ETIS dimensions, so we reject
this explanation (see Appendix C for full detaildpwever, it should be noted that as we
characterised most knowledge-related processemlgsséage, this is unlikely to help explain the
main inconsistencies observed in Figure 4.
In sum, our analysis of consistency defined aslaimaieighting across innovation system
processes in the EU SET Plan portfolio shows:
» consistency (similar relative emphasis) for innesasystem processes relating to
resources & policies and actors & networks acrtigs@hology fields
* inconsistency (varying relative emphasis) for ingian system processes relating to
knowledge for renewable energy, energy efficiearyd sustainable transport
e inconsistency is not explained by differing emplsame early and late stage innovation

system processes
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4.3 Alignment between late-stage innovation systemgsses and market outcomes in the EU's

SET Plan portfolio

Figure 5 shows whether the relative emphases arealimology fields averaged across late stage
innovation system processes in three dimensiotisedETIS framework are aligned with learning and
market share as desirable innovation outcomesl&inalative shares across late stage and outcome
indicators indicate alignment, based on our sirbelechmark test. As shown in Figure 5, the
weighting of emphasis across the EU's SET Plamt#oQy portfolio is evenly distributed for late
stage innovation system processes, although kngedeglated processs (energy technology imports)
have negligible shares for CCS and nuclear powegur€& 5 also shows that the relative shares are
fairly well aligned between late stage innovatigatem processes and market outcomes, with two
exceptions.

First, learning is skewed towards energy efficiemtych, as we noted earlier, is likely associated
with the mature and durable policy environmentdoergy efficiency improvements coupled with the
large and relatively low-cost market opportunitiesiaining for deployment. Second, market share is
low or missing for sustainable transport and CG8 fdr different reasons. Market incentives for
CCS are too weak to support deployment, wherebsifpartially electric vehicles are deploying
slowly at the margins due to their high relativetc@onsumer resistance to different service aiie
(such as range), and other socio-technical bar(seich as recharging availability).

The high relative share of energy efficiency onldaning indicator points to the need for more
supportive learning conditions in other parts & 8ET Plan portfolio, particularly smart grids. The
regulated smart meter rollout is effective in driyimarket share but may not create dynamic
incentives for technology improvement. CCS and earcpower have low relative shares, but learning
is more problematic due to their large unit sized eosts, high barriers to entry, bespoke desigds a
construction, all of which undermine the repetitesg@erience necessary for learning-by-doing.

The low relative shares of sustainable transpalt@@S on the market share indicator point to an
inherent limitation of comparing relative sharesitechnology portfolio rather than absolute

measures of market uptake (MW, €, €/ MW). A giveeabte amount of deployment may be high in
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some fields but low in others. Low relative shares/ be due not just to weak innovation system
functioning but also to strong performance elsewlieithe portfolio. In the case of CCS, the
negligible market share is despite a high potentialket size and a mature technology field with
applications in enhanced oil recovery dating bamtades. The lack of adequate deployment
incentives for CCS points to another limitationtwgtolicy-related indicators which don't take into
account stringency, as the presence or absencppbddive policy is distinct from the extent of
support. However, it's also notable that knowledgated innovation system processes for CCS have
generally quite low relative shares in the EU's $HaAn portfolio (Figure 3) pointing to a more
systemic weakness in directed innovation effortsujpport CCS development.
In sum, our analysis of alignment across innovasigstem processes for each of the six
technology fields in the EU SET Plan portfolio stsow
* broad alignment (similar relative emphasis) betwlaés stage innovation system
processes and learning across all techology fieldk,the exception of a high relative
share of energy efficiency on learning
« broad alignment (similar relative emphasis) betwlags stage innovation system
processes and market share across all technolkelgg fivith the exception of low relative
shares of sustainable transport and CCS on mér&es s
« misalignment is explained by differences in thepidm environments between
technology fields: mature and stable for energigieficy; emerging and very large in
size for sustainable transport; concentrated arakhyéncentivised for CCS
« misalignment also points to the weaker relevandaralvation system processes for

mature technologies deploying in market environment
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Figure 5. Relative share of six technology fieldstiveen indicators of late stage innovation systerogesses

and two outcomes indicators relating to users & riats.

5 Conclusions and Policy Implications

Balance, consistency and alignment are all norreatiiteria for the design of innovation
portfolios comprising both multiple technologieslamrange of policy interventions through which
portfolio managers can exert direct, indirect,y@mtamic influence over diverse innovation system
processes (Figure 2). All three criteria have aisbibasis in the literature and a strong rationale:
balance between technologies to diversify risk Bru& Riahi, 2010); consistency between
innovation system processes to coordinate inteefiggnt activity throughout the innovation system
(Bergek et al., 2008; Grubler & Wilson, 2014a)gatnent between directed innovation efforts and
outcomes to ensure innovation systems are ori¢ateards desired goals (Wilson et al., 2012).

How these criteria should be analysed for any gemgrgy innovation portfolio is less definitive.
Portfolio managers may provide transparent rates&dr intended portfolio composition, settigg

anteconditions for the relative emphasis placed otagetechnologies or innovation system
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processes. Independent analysis may recommendadgortifolio designs using a range of tools to
support decision-making under uncertainty (Anadoal.e2017).

In our analysis of the EU's SET Plan porfolio, vaplst simple benchmark tests of 'similar
relative shares' to provide an initial indicatidnvdnere the portfolio may be imbalanced, inconsiste
or misaligned (Table 1). We emphasise again tlestetlsimple tests using relative equal shares as the
benchmark serve an initial diagnostic function ahduld not be overinterpreted. As an example,
learning rates would be expected to vary acro$sitdogies with different characteristics and
maturities, and so non-equal relative shares anathé indicator would not inherently mean an energy
innovation portfolio was imbalanced and, by impiica, poorly designed. Rather the benchmark test
would raise non-equal relative shares as a diaigrtesy warranting further attention. Portfolio
managers would therefore seek explicit and clgadifiable reasons for why learning rates varied
strongly across the portfolio. More broadly, ountiemark test for consistency applies across the ful
spectrum of innovation processes. So in the calsaniing rates, the benchmark test would also
identify portfolios in which a technology was perfong relatively well in terms of learning-related
cost reductions, but relatively poorly in termsotiier conditions necessary for sustained deployment
This again would raise the area as one warrantirigdr attention by portfolio managers.

In the previous sections, we offered an explanatiointerpretation of most such cases in which
the benchmark tests point to areas of potentiahlarize, inconsistency, or misalignment. Here we
focus on those cases which do not have immediafgdgrent justifications as being areas warranting
attention by SET Plan portfolio managers.

Applying our simple benchmark test for balance fovend evidence that the SET Plan portfolio is
broadly balanced in its technological emphasisrfoovation system processes over which it has
direct managerial competence (e.g., public ene@&R investments). Areas of potential imbalance
include knowledge codification, flows and spillos@ver which portfolio managers have only
indirect influence. In 2015, these were variousigveed towards renewable energy, energy efficiency
or sustainable transport. Portfolio managers cas&la range of approaches for redressing imbalance
in these areas including: introducing tied conditito research funding (e.g., on requirements for
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scientific publication); strengthening basic resbawith higher propensity to generate influential
intellectual property (e.g., through ERC programmesgeting research funding to support single
actor research projects with fewer constraintsntellectual property protection (e.g., through
Horizon 2020 programmes); or support for publicAaté research consortia with higher propensity to
engage in open knowlege exchange (e.g., througmafl stakeholder networks and formal research
frameworks such as the European Industrial 1.

Applying our simple benchmark test for consistemney,found evidence that the SET Plan
portfolio is broadly consistent in terms of inndeatsystem processes working in concert in each of
the six technology fields, spanning both earlyestatd late stage processes. Areas of potential
inconsistency include a skewed emphasis among letmglrelated innovation system processes
towards influential (citation-weighted) patentg@mewable energy, towards patents in energy
efficiency, and towards publication co-authorshipsustainable transport. In each case, portfolio
managers can not directly boost activity in undenrfgrming processes to improve consistency.
However, there a range of approaches availablstifoulating knowledge codification, flows and
spillovers including those suggested above inigiab imbalance, as well as stronger incentives fo
active stakeholder participation in roadmap develept.

Applying our simple benchmark test for alignmeng found evidence that late stage innovation
processes in the SET Plan portfolio are broadbnall with learning and market share as targeted
innovation outcomes. Areas of potential misaligntmecdude a weak relative emphasis on learning
for smart grids and nuclear power, and a weakivel@mphasis on market share for sustainable
transport and CCS. Nuclear and CCS are exceptioteing large, complex, centralised
technologies with relatively closed innovation gyss in terms of numbers of actors, actor
heterogeneity, and incumbency. EU-level coordimaéind direction of innovation in these
technology fields matches these scale characteyjdtut high costs, low funding for demonstration,
low and uncertain price support combine to providelequate market deployment incentives for
innovators (Ahman et al., 2018). Low market sharesfistainable transport is the result of relagivel
slow change at the margins (new vehicle salesgbaiisorbed into a large stock (all vehicles),
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reinforcing the importance of strong market-pudientives in the form of purchase subsidies,
differential tax regimes (e.g., feebates to disagarfossil-fuelled vehicles and encourage non-
polluting alternatives), and charging or alternatiuel vehicle charging or refuelling infrastruaar
(McCollum et al., 2018). Low learning for smartdgiis the likely result of regulated smart meter
rollout programmes failing to provide dynamic inttees for technology improvement. As with
imbalance and inconsistency, these areas of patenisalignment invite redress by SET Plan
portfolio managers.

This paper provides a systemic perspective on iatav portfolios using a diverse set of newly-
constructed indicators which are applicable to gigeenergy technologies. Our approach provides a
valuable analytical perspective on the design fefotif’e policy environments to stimulate innovation
activity that is critical for meeting ambitious €gg system transformation goals. This paper iss fi
effort to bring a wide range of innovation systergesses into the realm of comparative, quantéativ
analysis using a standardised and generalisabté seticators.

We applied these indicators to analyse three desitgria for innovation portfolios: balance,
consistency, alignment. We propose simple benchmeatk for each of these criteria, recognising that
in specific cases, portfolio managers have defrobdst and transparent conditions for technological
diversity (balance), directed innovation efforter{sistency), and targeted outcomes (alignment).
Using data for 2015 on the six technology fieldshe EU's SET Plan, we show how our approach,
criteria and tests can help identify potential areaconcern within the design of current innowvatio
portfolios, inviting further attention from portiolmanagers.

Our main findings on the EU's SET Plan portfolie:ar

» the SET Plan portfolio is broadly balanced acres&iologies in terms of RD&D
expenditures and public policy instruments, buwwshonbalance in knowledge
codification, flows and spillover over which potitomanagers do not have direct control

« the SET Plan portfolio is broadly consistent acingsvation system processes relating
to policies and actors, but shows inconsistendgnimwledge-related processes which can

not be explained by differences between emerginignaore mature technologies
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« the SET Plan portfolio is broadly aligned betweste lstage innovation system processes
and market outcomes, but shows imbalance in leguaniidl market share in particular

technology fields

In this paper we have applied our benchmark testsdlance, consistency and alignment using
historical data for a standardised set of technekggcific indicators. These same indicators could
potentially be used to track progress over timin@design of innovation portfolios, just as the
annual Global Innovation Index reports track pregr@é national innovation systems (Cornell
University et al., 2018). The general diagnostireof the benchmark tests, coupled with
uncertainties and contingencies in the energy iathor system, mean indicators for tracking
progress should not be overinterpreted (see abblesjever, a portfolio which was becoming less
and less balanced, consistent or aligned overghmeld raise the attention of portfolio managers to
examine reasons why.

We also recognise important limitations with oupayach which warrant further research and
development. First, research on energy technologgvation indicators provides useful insights on
availability and appropriate use (Borup et al.,20dlitkou et al., 2012; Hu et al., 2017; Hu et al.
2018), but does not systematically and apply a eehensive set of indicators to compare across
technologies. We propose our indicator frameworkeisg generalisable across countries and
technology fields (Table 3) but only demonstratieiitsix technology fields in an EU context. Its
applicability in other contexts needs further dadbection efforts and testing.

Second, we demonstrated the applicability of odiciators using only a static cross-sectional
perspective. Dynamic time-series analysis of tliécators is hecessary for teasing out cause and
effect relationships between innovation system @gses including targeted outcomes (e.g.,
successful diffusion). Further research is needdddt time-dependent empirical relationships
between innovation system processes. We have dppliecbenchmark tests for balance, consistency
and alignment using historical data for a standaudiset of technology-specific indicators. These
same indicators could potentially be used to trcgress over time in the design of innovation

portfolios, just as the annual Global Innovatioddr reports track progress in national innovation
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systems (Cornell University et al., 2018). The gehdiagnostic nature of the benchmark tests,
coupled with uncertainties and contingencies ingiergy innovation system, mean indicators for
tracking progress should not be overinterpretedvéd@r, a portfolio which was becoming less and
less balanced, consistent or aligned over time twver should raise the attention of portfolio
managers to examine reasons why.

Third, we used data describing technology-speuifiovation system processes at the EU level.
These take place within the context of economy-wigladitions (e.g., education, training, trade)
which also need to be taken into account. Similatita describing member state-level innovation
activity within the EU may reveal balance or imivada at the national level, and the extent to which
there is specialisation or harmonisation betweemibmber states in terms of their contribution to

SET Plan objectives.
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