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International Energy Agency

The International Energy Agency (IE&) autonomous agency, was established in November 1974. Its
mandate is twefold: to promote energy security amongst its member countries through collective
resporse to physical disruptions in oil supplyd to advise member countries on sound energy policy.

The IEA carries out a comprehensive program of energypeoation among 28 advanced economies
each of which is obliged to hold oil stocks equivalent to 90 days of its net imports.

The Agency aims to:
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particular, through maintaining effective emergenegponse capabilities in case of oil supply
disruptions.

1 Promote sustainable energy policies that spur economic growth and environnm@otaktion

in a global contextparticularly in terms of reducing greenhougas emissions that contribute to

climate dange.

Improve transparency of international markets through collection and analysis of energy data.

Support global collaboration on energy technology to secure future energy supplies and mitigate

their environmental impact, including through improved eggeefficiency and development and

deployment of lowcarbon technologies.

1 Find solutions to global energy challenges through engagement and dialogue witharoher
countries,industry, international organaions, and other stakeholders.

) %! %@ D A @a®&D Pri@ity Setting and Evaluation

Research, development and deployment of innovative technologies is crucial to meeting future energy
challenges. The capacity of countries to apply sound tools in developing effective netiegeich and

developmen (R&D strategies and programs is becoming increasingly importdrg9TE LIS NIl 8 Q D N2 dzLJ
R&D Priority Setting and Evaluation (EGRD) was established by the IEA Committee on Energy Research

and Technology (CERT) to promote development and refinement oftaahlbpproaches to energy

technology analysjRR&D priority settingand assessment of benefits from R&D activities.
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Senior experts engaged in national and international R&D efforts collaborate on topical issues through
international workshops, inform&in exchange, networking, and outreach. Nineteen countries and the
European Commission participate in the current program of work. The results and recommendations
provide a global perspective on national R&D effdintst aim to support the CEREnd feedinto analysis

of the IEA Secretariat

For information specific to this workshop, including the agenda, backgrmfioemation, and
presentations, seéttp://www.iea.org/workshop/modellingand-analysesn-rd-priority-settingand-
innovation.html For information on further EGRdRtivities see
www.iea.org/aboutus/standinggroupsandcommittees/egrd/

! Australia,Austria, Belgium, Canada, Czech Republic, Degriland, France, Germany, Greece, Hungary,

Ireland, Italy, Japan, Republic of Korea, Luxembourg, Netherlands, New Zealand, Norway, Poland, Portugal, Slovak
Republic, Spain, Sweden, Switzerland, Turkeyedidingdom, and United Statetget European Gumission also
participates in the work of the IEA.
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I Executive Summary

Reducing global GHG emissiona imige challenge for all countries demanding various political and
financial measures for all stakeholders. To develop a low carbamenprequires a long time period

and the use of novel and innovative technolodieat are still in the research phas#/ith regard to R&D
policy a special attention is paid to the OECD counthiesto their high technological standards and
research capaties. But do we invest R&D money right? Will the technologies be developed fast enough
to meet GHG targets without a high loss of wealth globally?

The main topic of the workshop is how to priorities energy R&D and related innovation funding in order
to develop a low carbon economy. To optimize the process of prioritization the workshop looked into
innovative approaches modeling the energy system and its transformation as well as the R&D and
innovation process. National and international examples weregmtsl and discussed. Indicators for
innovation wereexamined and provided for discussion. Beside the process of prioritization for public
R&D budgets best practice exampleanfrprivate industry and research institutes were also included

into the agenda.

As a starting point for discussion existing indicators for innovation were presented giving contradictory
statements. Looking at annual growth rate of low carbon technology patenting, we see an enormous

increase for all technologies, esp. for wind and Ryalyzing the energy R&D expenditure rates for

OECD countries, we see a diverse pictiren though RR budgets for some areas are decreased or

increased in most countries, some technologies like nuclear fission show a strong increase in some

O2dzy iNASa FyR | aidNRy3a RSONBIaS Ay 20KSNJ O2dzy i NR S
LINE INBaasSS (KIG 2yte NBySélFLotS LRoSNI A& a2y (NI O
or energy efficient buildings lack behind.

Modelling the energy system as well as the transformation process of the energy system is accompanied
with high uncertaity as novel technologies, innovative devices and new organizational structures have

to be integrated. The longer the time peridgl the higher the degree of uncertaintgome fundamental
insights from this work is that the transformation of the energyteysrequires high capital investments

as low carbon technologies in general are capital intensive, like wind or CCS. Furthermore the
transformation is as much depending on technologies as on system design and addressing least
innovative sectors.

When it ®mes to R&D priorities that facilitate the transformation of the energy system, studies show
that investments in storage and renewables as well as veldeligger a higher marginal return than
nuclear or fossil. This supports a shift of budgets towanrdsdmission technologies to reach a cost
optimal transformation path. One important R&D priority for low carbon technologies is to lower the
investments costs for these technologies as they are considerably higher than for conventional
technologies.

Modelsshow that reducing cost is not only a task for R&D but also for innovation policy. It is very
RAFFAOIA G (2 Y2RSf aiSOKyz2f238 tSINYyAYy3Ié oFasSR 2y
to improve the effectiveness of R&D a simultaneous depkyt of low carbon technology is needed.

Through public investment in R&D acomplementarymarket regulation, private R&D money can be

attracted and strengthen the proces$ technological learning



As models rely on previous trends novel technologiebtgping points are difficult to indicate. To
model discontinuities in the energy system models casuggported byexpert assessment. Due to
some inherent weaknesses of this method (e.g. excessive optimism) expert judgmexbgenous
trendscan be usedo assure quality of modelling.

Modelling plays a role in many national and international R&D progesmegell as for private
companies The aim of these modelling activitiss public authoritiess to identify priorities for R&D
derived from the speéic target (e.g. GHG reduction target) the program is developed for. Long term
energy demand scenarios are also taken into account as well as technology roadmaps to set targets for
the program and to allocate money to specific technologies. The desighdpRogramdor public
authorities as well as private companisdollowing good practice meaning exterfiaternal evaluation

of proposal andegular evaluations of the program itsdiven though the outcome of R&D investments
is a priori fundamentallyncertain, the decision is based on a much more rational foundation than
expert judgment or stakeholder involvement only. Several technics have been developed to reduce
uncertainty in modelling like learning curves, expert elicitation or interactive @eemaking. In most
cases a mix of different approaches is udaatthermore the diversification of R&D portfolio helps to
reduce the risk for R&D investments.

Public R&D strategies do not only influence public funds, but also private investments inilR&af.aH

many public funds are looking for private-ftmding on program or project level and second private
investments decisions are often based on similar assumptions taking into account public decisions. Even
more relevant to private R&D budgets arpergy strategies and market developments. The gegrm
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and the massive investments in renewable energy (esp. wind and PV) led to a high uncertainty of
utilities and increased not only R&D investmentswbpliers for these technologies but also for utilities

as the uncertainty about the future market increased substantially. From 2003 to 2013 the R&D budget
of 13 major European utilities almost doubled eTbcus for utilities moved from energy technologies to
system approach and customer related research as the deregulation of the electricity market in Europe
increased competition and reduced the timespan for planning in the utility sector.

Several approghes were presented and discussed to evaluate the innovation process from R&D to
market penetration of a technology. Via innovation scoreboard or an innovation sensor novel
approaches were developed to measure and rank the innovation capacity of couBtaeesd on existing
statistics and complemented by new data at the country level an indicator system would be useful to
rank the(clean)energy innovatiorcapacity. Energy Innovation Indices should include

i RD&D investments
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9 Country capacity for innovation

9 Taxes and trade metrics

9 Public institutions

Beside the indicators mentioned above other factors that influencing the innovation potential like

human capital or scientific publications can be taken Bxtoount. Some indicators from the (clean)

energy innovation index should also be integrated into general innovation indices to raise the awareness
for this topic.

The present state of the art is an adequate stimulator for discussion but is still ndbgedesnough to
be implemented. It is recommended to develop a conceptual framework that can build the theoretical
basis for further developments. Indicators that daestdescribe therelevant dimension should be

Vi



discussed with all relevant stakeholdesssome of these indicators are not available at the moment,
but have to be developed at national level based on an international agreement resp. standard. If
possible the index should also include data from private companies and other areas that aretlyndire
influencing the energy innovation capacity like human capital.

The need for transformation of the energy systemmeet GHG targetshe appearance of new
technologieqe.g. electric cars) and changing investment patterns in the electricity market (f
nuclear/fossil to renewables) as well as changes in the market regulations increase the uncertainty
about the future energy system. Therefore the modeling of energy systemthamtioritization ofR&D
budgets is becoming highly relevant and riskyhatsame time. Improving models for R&D priority
setting on the ol hand and developing indicator systems for the assessment of energy innovations
systemson the other hands recommended at national and international level. Due to the enormous
challengen the energy sector and integrated approach of R&D priority setting and innovation policy is
recommendedBy acoordinated innovation policgrivate investments in public RD&D priorities can
also be attracted and the feasibility of a transformation prodesgards a low carbon society at low
costs can increase considerably.
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IBackground

Rationale

Research, development, and deployment of innovataehnologies are crucial to meeting future
energychallenges. The capacity of countries to apply sound tools in developing effective national
research andlevelopment (R&D) strategies apdogramsis becoming increasingly important, especially
against thebackground of uncertainties regarding future energy systems.

Current Activities

¢KS L9! 9ELISNI a Q-S@tiNgadzl BvatugtionfBCRD)twhkle &aklfsHed by the IEA
Committee on Energy Research and Technology (CERT) to promote developmetinanaent of
analytical approaches to energy technology analysis, R&D priority setting, and assessment of benefits
from R&D activities. Senior experts engaged in national and international R&D efforts collaborate on
topical issues through international wshops, information exchange, networking and outreach.
Nineteen countries and the European Commission pasitei in the current progranof work.



I Introduction

The main topic of the workshopashow governments @uld improve the process of prioritizing ergy

R&D and related innovation funding in order to develop a low carbon economy before ZE80.
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at the national and international levels. Modet®ncepts and new approaches that supplemgra

outcome of previous workshopgsad beenintroduced and discussed. The process of prioritizing R&D
budgetswasanalyzedas part of a more comprehensive approach to reviewing the innovation process,

in generaltowards a future energy system.

The workshopook cutting-edge models on prioritgetting as starting point, but also discadshe
practical use of the models in countries, clusters of countries, or cooperative regional entities, with
major research budges. It alsasoughtinformation on the practical use of Public Private Partnerships
(PPPRaNd on private sector prioritgetting practices of large energglated multinationals investing in
R&Dand industrial research organizatioiduring the workshop pécipants discussd how R&D
investments contribute to bringing neteéchnologies into the market, what infrastructure in a broad
sense will accelerate the transition of tk@ergy system, what methods and tools are used by public
and private stakeholdersna how they can banmproved.
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countrieson how to improve their wn national R&D prioritgetting.

Questions that were@ddressed during the workshop inclutie

What tools and models are in use today to prioritize funding in R&D and innovation?

Are there new approaches that improve the link between R&D and innovation?

Which data and indicators are used to measure success in R&D funding and innovation?
What information is taken into account by public and private stakeholders?

What technologies are identified as crucial for the successful and timely transformation toward
a low carbon global economy?

1 How can the process of transformation be accelerated?
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Report structure

The report providesummariesf the presentations delivered by representatives of selected countries
institutionsand companies, respectivelyhe presentations covéne followingareas andopics:

1 Modeling of the Transformation of the Energy System

1 Satesof the art in modelling the R&D and innovation process

1 National and international examples for modelling imaton and R&D priority setting;
9 Indicators for Innovation: Energy Innovation Scoreboard;

91 Process of prioritization of R&D budgets in the private sector

Information on dscussion and conclusions follow theesentation summaries. Appeneéix to the report
providea list of acronymsyorkshop speakers, the meetingenda, andome useful eferencesAll the
FAIAdZINBAE Ay GKAA NBLRNI FNB GF1Sy FTNRBY (KS LINBaSyi



I Modelling of the Transformation of the Energy System

Input on How the Tran sformation of the Energy System can bemodelled

Luis Munuera, Energy Technology Policy Division, IEA
U Link to presentation slides:
http://www.iea.org/media/workshops/2014/egrdmodellingandanalyses/l Munuera.pdf

Energy innovatiomomprisegrocesses that take an idea for a new energy technology, device,
organizational or market structure to the market. In context with the transformation of the energy
system the @pbal decommissioningurve has to be taken into consideratias well as the f& that
relatedinvestment is mainly being characterized by long lifetime and high upfront capital demand.
Decisions have to take into accoumiong time horizon withuncertain or unknown conditions referring
to a variety of aspects such as technologyalepment, market conditions, climate impactsntrterm
energy priceseconomic developmentJimate policiesand gerational aspectse(g.variable
renewablesglectrification).

¢ KS L 9-teth&nefgy@plaghing model is based on TIMES, a frameworkapmawithin the
Energy Technology Systems Analysis ProgearSAP TheETSAP has been in operatiamcge 1976 It is
a onsortium of member country teams ardlditionallyinvited teamstwo workshops per yeaare
beingconducted ETSAP providessammon,compaable and combinable methodology and is being
used by more than 150 institutions in 63 countries. The ETP modelling framenatrawnin Figurel.

Referring tathe supplyside the leastostoptimizationmodel is based on TIMES methodology whereas

the enduse sectors (industry, buildings, transport) simulation models are spreadblaset. Within
the modelling framework the world is being divided into 28 to d§ions depending on the sector.

Energy costs
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Figurel: ETP Modelling Framework
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measure both input and outpuiTherefore there is netraighforward way of measuring effectiveness of


http://www.iea.org/media/workshops/2014/egrdmodellingandanalyses/1_Munuera.pdf
http://www.iea.org/media/workshops/2014/egrdmodellingandanalyses/1_Munuera.pdf
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In context with global developmenteére is a choice of three futures:

9 The 2°C Scenario: a vision of a sustainable engsatgra of reduced Greenhouse Gasd CQ
emissions;

The 4°C Scenario: reflecting pledges by countries to cut emissions and boost energy efficiency;
The 6°C Scenario: wieethe world is heading under current policy with potentially devastating
results.

1
T

To achieve the 2DS, enermglated @, emissions must be halved until 2050. This requires a massive
acceleration othe deployment of lowcarbon power technologies over tmext four decadedt is
common sense thatlean energy pays qfbut the question ishow to allocate resources efficiently?

The development of energy related RD&D can be assessaxhking use ofhosen indicators. For
example theshare ofenergyrelated RD&Din overall OECD RD&D budgets has gradually been
decreasing sincthe 1980swhereas the annual growth rate of low carbon technology patentiag
increased, mainly for wind power and photovol&iche current level of investment in R&xis
dependingon the technology; 3 to 6 times lower than required in order to achieve the 2DS scenario.

Thereare a number of challenges barriers to be addressed this context First, there is highapital
investment, espfor low carbon technologiesuchasCCSAnother challenge is that transformation is
required in some of the least innovative sectors. Furthermdwnging the energy systeneadsto
innovate within an existing infrastructurein a low carbon worléihnovation is as much about technology
as it 5 about gstem design, usage and markets. To achieve considerable chamgestionhas to be
deliveredat scde. Private sector is key on the oh@nd;on the other hand there is a lack of information
esp. regarding level and type of R&D investment,ghestion where benefits of innovation are accrued
and the process of prioritizatiorkinally there isthe difficulty to characterizehe impact of markedpull
policies on technology development.



States of the art in modelling the R&D and innovation

process

Principles and Innovative Methods for Public R&D Decision-Making

Gabe Chan, Harvard University

Link to presentation slides:
http://www.iea.org/media/workshops/2014/egrdmodellingandanalyses/2 _ChanandAnadon.pdf

In context with public R&D decision making it has to be taken into consideration that there is a
broadening portfolio of technologies, interacting in new and more compigys. Furthermore it can be
observed that decision making is often shaped by individual techndtmysed program offices. At the
same time governments have called for more analytical approaches to R&D deungsking (e.g. US
NRC, OMB)

Themotivationfor developing decisn-making principles is driven

91 by the technical and organizational complexity of the probighich comprisesincertainty in
the returns to R&D

1 bytechnology and market interactioras well as

1 bythe need for transparency and btig.

Four decision making principles apeingproposed:

Technology improvement benefits prospectively quantified with a full account of uncertainty
Social benefits evaluated in a common framework

Flexible to changing assumptigns

Feasible transparency

PodE

Based on these principles, a methoohsisting ofhree componentdas been developed. This
comprises gpert elicitation of technology cost conditional on public R&D levels and allocdfipns
benefit estimation in an economic model (MARKAL) with MontéoGimulation(2) and @timization of
R&D portfolios based on greatest expected bendB8s Expert elicitationkave beerconducted in 7
technology areas, but 6 are comparable for this analysis: (1) tgdije energy storage, (2) bioenergy,
(3) advaced vehicles, (4) fossil energy, (5) nuclear energy, (6) solar photovoltaic technologies.

In context with ealuatingthe method it can be stated that joint uncertainty is being quantified

conditional on R&D in a common framework over a420year time haorzon.Aggregate social benefits

are being estimated in a single economic model yielding consistent evaluation metrics across R&D areas.
Flexibility to changing assumptions is ensured througbortance samplingflexibility to policy changes
through scenao analysisExternalS E LIShdiea aid affiliationare being published.&Rultsare

anonymized and published on the internet

The results of the optimization of R&[@nifolios (seeFigure2) show that the rate of decreasing
marginal returns implies that there are R&D budget allocations above $15 billion for which net economic
surplus exceeds R&D cost.
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Figure2: OptimizingR&D Portfolios

The prioritization of investments based on marginal returns delivers the following ordemdétgy
storage, (2polar PV, (3pioenergy, (4) vehicles, (5) nuclear, (6) fos#sdhould be noted thattte current
R&D allocation differs substantially fraitme allocation that optimizes net economic surplus

The JRCEU-TIMES modelling platform; inputs to prioritisation for
energy research and innovation

Alessandra Sgobbi, EC, DG JRC

Link to presentation slides:
http://www.iea.org/media/workshops/2014/egrdmodellingandanalyses/3_Sqgobbi.pdf

Technology innovation plays a central role in EU policies and strattgisto sypport prioritizing R&D
investment decisions are therefore criticihe JREUTIMES model is one of the instruments that can
be used today to support such prioritization processepresenting the energy system of EU28 and
neighboring countriedMain target of the JREUTIMESmodeling platform is the identification of key
factors that accelerate innovation.


http://www.iea.org/media/workshops/2014/egrdmodellingandanalyses/3_Sgobbi.pdf

A critical assumption in energy system models used for policy and priority setting is that R&D and
innovation measures lead to changes in technaabdeployment and affect learning. In the JRE

TIMES model, the benefits of research and innovation measures can be assessed through three main
approaches: expert based judgment, stochastic modelling, and endogenous technology |dResinlts
from the three methodological approaches are presented in turn.

For sharing technical and economical characteristics of energy technologies between JRC technology
experts and JRC modelletise Energy Technology Data Base E{HeBoverview inFigure3) has been

set up Technology reference data are being used as input for modeling at aggregated and detailed
levels. The scenario outputs serve as boundanditmns for detailed modeling.

ETDB: Energy Technology DataBase

Data input and validation

ETDB: online
Technology central database
reference .
data used as Scenario for Sh.a”ng
input for outputs used technical and
modelling at Modelling for scenarios at as boundary economic
aggregated aggregated level (GEM-E3, conditions h terist ¢
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levels modelling energy

= technologies
between JRC

technology
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v technology issues, modellers

infrastructure planning,
Technology-specific
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- decrease in
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factor

security of supply (TIMES,
NEPLAN, ...)

Figure3: Energy Technology Data Base ETDB

When reflecting on R&D and innovation priorities in an energy system perspective while ensuring the
least cost path to decarbonisatipit can be observ that the costs to a low carbon transition do not
differ substantially from the business as ak0.15%of GDP in 2038nd 1.65% of GDP i2050,
respectivelyHowever, i is the composition of the costs that changes substantiatigving towards
higherinvestment in innovative equipmerndlower fuel expenditurs. Therefore bwering the cost of
meeting GHG reduction targets requires research and innovation to focusaneaséng investment cost
of low carbon technologiedUncertainty on the effects dR&D and innovation calls for simultaneous
efforts on reducing costs and improving technological efficiencies.

The role of cost and efficiency in influencing the competitiveness and the large scale deployment of key
technologies in an energy system persipezneeds to be assessed systematicile technological

cost is an important barrier to deployment, research and innovation should also address technological
efficiencies, which is critical in determining earlier deployment and market penetratisimgé low

carbon technologiesAdditionally, uncertainty around the impact of research and innovation highlights
the importance of sensitivity analysis to derive robust results through modeling.



Emissiomreduction of the magnitude required involves tBenultaneous deployment of several low
carbon technologiedn order to exploit synergies in context witlhproving the effectivaess of R&D
and innovationrcommon actions targeting mornhan one technologgan be prioritisedo obtain double
dividends. Furthermore, t has to be considered thatmovation is inherently uncertain, and not treating
it as such may lead to underestimation of benefits and thusautbnal research and innovation efforts
¢ e.g.R&D expenditures in one technolgdield maylead to kenefits in othes as well Not taking this

into consideration, the referring benefits will be undstienated Because of breakthroughthe impact
of research and innovation on energy system coay benon-linear.

Modelling with endogenous technolodgarning can be instrumental in setting research and innovation
priorities and their timingFurthermore it @ergy system modelling can support the identification of
crucial technologies. In this context it is important to consider the effects of targetszhrch and
innovation efforts in an energy system perspective including synergies and competition.

Summarizing should be noted that technology learning does exist and has a significant impact, but there
is not one single way to extrapolate it or modelliherefore there is a continued need for assessing

impact of research and innovation policies on energy systems. This comprises the need to explore
differentiated impacts of research and innovation beyond technology costs. Furthermore policies for
reseach and innovation on the one hand and support to deployment on the other have to be
complementary. Due to uncertainty sensitivity analysis around learning factors is needed crucially.

Two - and single -factor learning curves and other methodologies for
modelling learning by doing and learning by researching

Dr. Robert Gross, Centre for Environmentdolicy, Imperial College, London

Link to presentation slides:
http:/ /www.iea.org/media/workshops/2014/egrdmodellingandanalyses/4 _Gross.pdf

In context with brecasting future costsf energy technologieshosen nethods and approachesre
being appliedas e.gexperience curves or engineering assessment

Experience curves are grounded in empirical observations that learning and cost reductions do happen.
On the one hand they can help identify the level of investment and deployment required to drive down
costs but on the other hand experience curves aresptble to uncertainties over selection of the

correct starting point, learning and deployment ratésspecific oncernrefers tothe use of proxy

values from similar technologieBurthermore they ray be more applicable to some technology
characteristis thanto others (modular vs. largscale)and, of coursgexperience curvesam be

overwhelmed by other factor$System boundaries in context with technology systems are an important
point as the results might be different depending on what is being takenconsideration when

assessing a system.

Engineering assessment (and expert elicitation, stakeholder workshops, etc.) can inform detailed

LI NI YSGNRO Y2RSftfa yR R2y Qi ySSR (G2 NBfeée 2y LINBJA
the otherhand expert opinions can differ, may suffer manipulation or excessive optimism and are still

difficult to get right for emerging technologiebhe range of LCQdstimatesfor chosen technologiesn
yearmeanand UK specific forecasts can be seeRigure4.


http://www.iea.org/media/workshops/2014/egrdmodellingandanalyses/4_Gross.pdf

Case studies on capital expenditures or LCOE, respectively, are available for the following energy
technologies: Nuclear, Combined Cycle Gas Turbine (CCGBn&&aldired Carbon Capture &
Storage (CCS), Onshore Wind, Offshore Wind and Solar Photovoltaics (PV).
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Figure4: Range of LCOE estimates for chosen technologies, inyeaan and UK specific forecasts
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finance, unfavourable currency movemenés)d endogenous factoisan override learningffects and

economies of scale someexamples for endogenous factoiacreased safety or environmental

requirements, lack of competitiorenewable energgomponents, supply chain constraints, greater

depth and distance, increased O&M, disappointing reliakffityeduced gailability = poor load factoys

It has to be casidered that &perience curve uncertaintieend appraisal optimisntan be overwhelmed
by other factors and exogenous shockbere is a@ed for reliable and disaggregated data and
sufficient volumes and timperiods Furthermore the uncertainties expligi have to be aknowledgel
and it has to beecognisé that learning effects aran inherently stochastic process

There is clear empirical evidence that the cost of electricity generation can fall through time and as
deployment rises and learning happemowever, learning is not inevitable and quality of projeciga
product of data, assumptions, judgent, etc. Learning can be overwhelmed by other factors; there is
the temptation to focus on the potential for cost reductions risks ignoring other agleissues such as
supply chain constraint3he nitial roll-out of a technology may result in sheagrm bottlenecks,
WHEREYA (NP dzo f S Qshdrtjeln c@sts ey Nde hefore tz8yxdn fall

Some of the uncertainties revealed by the casedsésmentioned abovere exogenous, inherently
unpredictable and may exhibit high volatilifthe questiorishow to handle these uncertaintieSome
2F GKS SyR23ISy2dza 02ai RNAGSNE INB Y2NB Wiyz2syQ |



However, this has to be done carefully. Furthermégehnology specifics are paramount to cost
reduction prospectsk.g. it has to be differentiated betweemall, mass produced and modulaknd
finally, ommunication of uncertainty is keyn recent analyseal NBy R (2 ¢ NRa A YLINEOJSR

NE | fcandbe& ddserved.
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National and international examples for modelling

innovation and R&D priority setting

USA: R&D Investment Decision-Making z Program Analysis and
Evaluation

Dr. Robert Marlay on behalf of Shankosinski, Deputy Director, Advanced Research
ProjectsAgency for Energy, U.S. DOE

Link to presentation slides:
http://www.iea.org/media/workshops/2014/egdmodellingandanalyses/5 MarlayonARPAEV6.pdf

The Adanced Research Projects AgenByergy (ARRE)identifies transformational energy

technologies with higipotential and highmpactand atalyzes development with unique team

formation and fundingARPAE bcuses on energy technologies that can be meaningfully advanced with
a small investment over a defined period of time in areas that are not funded elsewhere due to high
technical and financial uncertaintit furthermore povides awardees with techeal assistance and
marketing context, strategies and information to help projects succé&PAE povides a unique

bridge from basic science to early stage technolagy rands off promising concepts to others for
commercialization or more R&D

An ARPAproject shows a credible path to market as well as large commercial application. Regarding to
transformation an ARPA project challenges what is possible, disrupts existing learning curves and

f SFHLJA 0Se2yR ( 2ARPAE Algects tuBIKtgcRic® ild bedktrough technologyhe

team has to be translatioariented, crosdlisciplinary skilled and being comprised of bestlass

people.

The ARP#A Program framing questions were adapted from the DARPA Heilmeier questions. They
include the bllowing questions:

1 What is the problem to be solved? Is the problem stated clearly so it is easily understood?
' If successful, how will the proposed program impact one ormore of ARQA YA &aaA 2y | NBI
reducing imported energy, enhancing energy efficiermnd reducing energy related emissions?
1 What are the program goals and how will progress towards those goals be measured?
1 What is the current state of research and development in this area and how is the proposed
program a transformative and disruptive @pach relative to the current state?
Why is now the right time to solve this problem?
What research communities need to be brought together to create project teams to address the
program goals?
1 How does the program complement research and developmenttsffo other Department of
Energy programs, other federal agencies, and the private sector?
1 What happens at the conclusion of the program? Howleithe program transition? Who will
be the early adopters? What are the barriers to commercialization amdrhight these
problems be overcome?

=a =4
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Theunderlyingtechnology acceleratiomodelis shownin Figure5:

Project Handoff.

Transition Toward Market Adoption

Ongoing Technical Review g

EXECUTE Program Conception
(Idea/Vision)

ENVISION

PROGRAM DEVELOPMENT CYCLE

Workshop
Contract
Negotiations ESTABLISH
& Awards ENGAGE
Program Approval
Project Selection EVALUATE FOA Development
& Issuance
Proposal Merit Review
Rebuttal of Proposals

Figure5: Technology acceleration ma

Currentfocusedprogramsrefer to transportationenergytechnologiesstationary @ergytechnologies
and tocrosscutting échnologiesFurthermore there arehree open funding slicitations

Starting point is the setting gferformance metrics informebdy probable (expected) value and cést
the respective program. Next step is the solicitation of ideas to mesmgnam objectivesOpen
(unstructured) solicitations (free ideas) are also udachverage 1012ideasare chosen with an
average ward of roughlyUS$2 toUS$3 M over 3 yeargach Qearly defined technical and commercial
milestones that awardees are required to meet throughout the life of a pr@eeteing set.

Progress is being reviewed quartetigchnical assistands providedas reeded When a project is not
achieving the goals of the progra®RPAE works with the awardee to rectify the issue iorcases
where the issue cannot be corrected, ARPAiscontinues funding for the projedthe principle behind
is "fail fast, take whatyyou know and move to the next step"

ARPAE has irhouse legal, procurement, and contiang staff celocated with the program idectors to
provide direct access and timely communicatiéimal element of the ARRE model is the Technology
to-Market progam.

Regarding measuring ARBAXQucesghree groups of criteria are beirapplied moving technology to

market (1), breakthrough achievements (2) and operational excellenc&@xriteriagroup émoving

technology to marketcompriseghe followingsub-criteria: partnerships with other government

agencies licensing/aquisition by arestablished firm (And-off), licensing/acquisition resulting in a

spinoff, privatesector finding growth of existing company (e.g. organiowth). @ . NS I { K NB dz3 K
achieM YSy (G a¢ | NB OehtiNddicbSimdahdpReniings patents ssuedand

publicationsLy O2y G SEG A GK GKS ONA G &pebited piddi@ndzL) & 2 LIS NI { A 2
development and project selectiaare crucial as well agygressive perfanance metricand regular

progress reviews
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UK: Priorities setting for RD&D

Dr. Chris Heaton, Energy Technologies InstituteDECC, ETI

Link to presentation slides:
http://www.iea.org/media/workshops/2014/egrdmodellingandanalyses/6_ HEATON.pdf

The Energy Technologies Institute (ETI) is a pphiliate partnership between gbal industries and UK
Government delivering targeted development, demonstration andigking of new technologies for
affordable and secure energyhe ETI invests in projects at three levels: knowledge building projects,
technology development projectand technology demonstration projects.

I OSYUNIXf LI NI 27F 9StESKEA peSmé\ieNa datigndl anér@yBysteny dedigd & A a
tool (see overview iffrigure6). It comprises least cosiptimisation is policy neutral and includes
information on deployment andtilisationof more than 250 technologieg&nother characteristic is the
probabilistic tratment of keyuncertainties. Bthway and supply chain constraintatil 2050 are part of

the analysis, tooESME is the key tool in context with decidimgvhich areas ETI makésinvestments

{Technology} ZOSODemandH Energy }
Roadmaps Scenarios Resources

ESME
Power

[HEnergy System}
Blueprints

Figure6: Energy System Design dIESME

ESMEs in use by ETI, its members and partners. ETI Members are developing own versions for specific
countries of interest. Academic research projeats ongoing ESMEoftwarelicenceis available to
academicsESME iserving as platform forconsolidating knowledge across technology aréeas
detailedoverview onETI projectendmodels informing ESME shown irFigure?.

Types of debate that ESME is usedform are listed following:

2 KFG YAIKG 0S Wy2 NBINBIQ (GSOKyz2f238 OK2A0Sa
What is the total system cost of meeting the energy targets?

What are the opportunity costs of individual technologies?

What are the key constraints, e.gs@urces, supply constraints?

How might accelerating the development of a technology impact the solution?

How might uncertainty in resource prices and availability influence system design choices?

Where should new generating capacity optimally be located?

How might policies and consumer choices influence technology development?

= =4 =8 -8 -8 -4 -8 -9
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ESME - On track to 2050

Transport Marine Distributed Energy Buildings

Vehicle Cost Model WMC Cost Model Macro DE Energy

Centre Cost Model

Single Building
Thermal Efficiency
Model

Vehicle Uptake Model

Macro DE Heat
Network Cost Model

Charging
Network

Buildings Stock
Thermal Efficiency
Model

WaveDyn SMARTtide
LDV Transport

Consumer Choice Model

EEEEmEEEmEmmm-mm- STart Systems

Smart System Consumer Response and Heat
Value Chain Models & Behaviour Model
Local Authority GIS Waste HDV Carbon Benefits Model
Resource Modelling Tool
2050 Energy Benchmark Models
Infrastructure Cost Model of IGCC/CCGT/ USCPC Low Carbon
Bio Value Chain Model Shipping Model
Offshore Wind CCS System
Energy Cost Model Modelling Toolkit
Bio-power CCS CO2 NomicA Marine HDV Virtual

Sub-models Simulation Models

]

[

Integrated Land-Use w Simplified UK Electricity CO2 Stored Land HDV Virtual
Ecosystem Model Transmission Model Simulation Models

Bioenergy Offshore Energy Storage Carbon Capture Transport
Wind & Distribution & Storage

Figure7: ETI projects and models informing ESME

*APAT d 20% )1 OAOOI AT O GanEGlimateA &hWnbldyp
Strategy

Dr. Atsushi KurosawapDirector, GlobalEnvironment Program, The Institute of Applied
Energy

Link to presentation slides:
http://www.iea.org/media/workshops/2014/egrdmodelligandanalyses/7 Kurosawa rev3 web.pdf

The Japanese Cabinetmatle RS OA AA 2y (G2 RSTAYS (KS NB2X4SR
result of long political and public debate after Great East Japan Disaster of M8r@011.The
contents omprise aragendareferring toJapanese energy supply and demathe definition of a
fundamentalpolicy, sector policieand targets in context with strategiechnology developmeras well
as information regardingyblic involvement

The Cabineffice of the Council foriScience andlechnologyFolicy elaborated theNew Low Carbon
Technology PlanThisplanincludes the identification dhnovative technologies that should be
developed in the shoftto mediumterm and mediumto longterm. It furthermorespecifies hallenges
andincludes aoadmap for promoting technology developmeRlicy measures required for
international promotion and dissemination of innovative technologies part of the New Low Carbon
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technologies and contribute to achieving the goal of halving global greenhouse gas emissions

One of the key messages is that it is essential to develop and disseminate innovative technologies in
orderto achieve both economic developmentdsignificant reductions in GH&nissions. The Plan
addresses 37 technology ageomprising technologies in the field of energy supply and energy demand
as well as regarding distribution and integration technologegontext withR&D promotiorthe
enhancement otollaboration among industry, academia and governnmismonsidered as crucia.
government initiativen context withhigh-risk and high returinnovationis part of theplan, too.Global
diffusion meastes for innovative technologiewe being addresseas well

Chosen examples for technology areas addressed are listed following:

Highefficiency coafired power gneration
Next-generationautomobiles (HVs/ PHVs/ EVs/ clean diesel gtc.)
Nextgeneration automobiles (fuel cell motor vehicles)
High-efficiencyheat pumps

Environmentallyaware iron manufacturingprocess

Hydrogen production, transport, storage (transport/storage);
Fuel Cells

=A =4 =8 =8 -8 -8 =9

For ezh technology there is stated an outline of trespectivetechnology a technology roadmap until
2050 andi NBy Ra | YR OKI f f Sy JeSeopnienfas Wall adlinge@ationdl Beddsy 2 f 2 I &

R&D prioritieshave to beconsideredifferentiated by time horizon socioeconomic conditiomand
technologyarea and technology readiness leaslwell as in the context of theational energy resource
potential. Furthermore it is considered as usefuldbeck consistency among energy technology
roadmaps And finally, there istill the challenge to show R&D pacts of cost redction, performance
improvementand other technological estimasén the long run.

China: Clean Energy Priority -Setting in China

Dr. Xuxuan Xie, Energy Research Institutslational Development and Reform Commission,
P.R. China

(Presentatiorslides notavailable)

Renewable energys the new field of economic growih the P.R. of Chin&n ampirical studyhas

shown that continued rapid growth of the Chinese economy is the driver of energy consumption
growth. In 2010 GDP was 7.6 times of the GDP in 1@¥&hthe reform and openingip policy was

adopted The respective relation for energy consumption is 2.55. Having a look at the beginning of the
21 century, one finds that GDP in 2012 was 3.2 times of theiGRE00 and energy consumption in
2012 was 2.5 times of the respective value in 2000.
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In the frame othe CNREC Stu®013/2014)three scenarios in context with thgenetration of

renewable energy untR050were developedReference, RE Max and RE Ostadi Within the

reference scenario existing policies are maintained and the trend is contifeedhe RE Max scenario

it is assumed that renewable energy deployment is driven by an ambitiopisap@nd only constrained

by availability of RE resourcegographical constraints (mountains, rivers, buildings, military) and
integration issues. The assumption for the RE Optimised scenario is that renewable energy deployment
should be ambitious as well as economic reasonable using economic dFigene8 shows an overview

of the CREAMCGE modedppliedin this context

Figure8: Overview of CREAMCGE model

Preliminary results are alreadyailable for the reference scenario as well as for the scenario RE Max.
The preliminary results refer to economic development, power mix, energy mix, added value of
renewable energy sectors, job creation, impact on other sectors, impact on maanoregand
environmental benefit.
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