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Moy Background :
S | ERE’s Technology Leaders Meeting (TLM)

N Technology Leaders Meeting
G\ N Technologies as an enabler for the energy
AN transition — a cross-country comparison

A follow-up study could be launched to facilitate an
In-depth analysis
T4t aml 2015

| | ' IERE,

Berlin > The group from this TLM could be a kernel to prepare and launch an
in-depth study to deal with open questions more thoroughly.

Beyond the active IERE member’s contribution this exercise would
probably need external support and funding by IERE

RWE

The energy to lead

Key technologies

Which technologies are considered important?

PowerPlantEﬂ"i-tiency '
NuclearPower OnshoreWind

BuildingTechnology =i

“rydro SmartGrids

.‘ Phoj: OVOlt-aICS > Opportunities for collaboration could be pointed out clearly. Future
wer ElectricVehicles busi . id be identified
EnergyStorage usiness opportunities could be identifie

PowerPlantFlexibility

)

> This would enable an external communication of results and may
also lead to new approaches in tackling development hurdles by
joint R&D effort
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mmg VIethodologies, Selection Criteria
and Key Attributes of Each Technology

)L Foresight 2020
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IERE Members’ Online Survey

» Researchers

= Senior Management

= Department Head

= C-level executive (e.g. CEO, CTO, etc.)

= Other (e.g. advisers, planning specialist, etc.)

'f‘.' - T IERE Technology Foresight 2020: Project Methodology

= Internal Databases
= Technology Journals

= Market Research Reports

= Technology policy information sites
= Thought Leader Briefings

online survey

Secondary Top 20 Emerging
Research - Technologies

* Top 20 emerging te chnologies
selected based on highest wotes
asreceived during the IERE

Potential for Market Transformation
Volume of RED Activity
Likelihood to Impact Industry in 3 to 5 Years

Awvailability of Funding and Regulatory Support

criteria mentioned above, wvalidated by the IERE
Strategic Committee Strategic Committee

Selection Criteria Selection Criteria

Potential to Disrupt Market

Likelihood to Impact Industry in 10 Years

* Jop 5 Emerging Technologies selected based on the * Jop 5 Fringe Technolagies selected based an the
criteria mentione d above, validoted by the IERE

FROST ¢ SULLIVAN
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Key Attributes per technology

Function

Industry challenges

How it works

Advantages & disadvantages
Enablers and barriers

Potential for market transformation
Technology Status

Economics

Alternative/competing technologies
R&D Objectives

Key organizations

Key developments 20N
Regional market trends IERE &
Global market potential & forecast (20T Frost &
Future Outlook Sullivan
For Further Reading

© IERE2017 ALL RIGHTS RESERVED 3




I[ERE Technology Foresight 2020
ERETectnoogy \\/as first presented at IERE-CLPRI workshop in
Hong Kong, November 2016

Foresight 2020

2016 IERE - CLPRI Hage Kong Workshop

Smart Cities

o e

hREEHRR
CLP Research Institute

ot

i
4 ”.}‘; .

AULRLY IERE-CLPRI
‘ '\ VN Workshop,
' “'M‘ v A Hong Kong

FROST ¢ SULLIVAN
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op 20 Emer

ging Technologies
‘hrough [ERE Member Survey
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‘ Respondents according to country of origin

[ 1] Japan
B China
e I Hong Kong, China

e W Taiwan
16 »
o S.Korea
2 Africa
wr 1 Germany
: : [ | Italy

M Canada
4
Q00 %00%0 Lo
N i el

m What kind of organization are you affiliated with?

B Power utility

B Non-profit organization

<]

B R&Dinstitution
I University

Other

17- May-17

mWhi:h sector of the energy industry do you represent?

M Vertically integrated utility

- Powergeneration company
Powerdistribution company

B Equipmentsupplier

I consultant

M Government

M oOther

° w B &

<
cclleon

mWhat is your role in the organization?

.
s
N
[}

Il Researcher
M Senior Management

B Department Head

o om B R

B Clevel executive
(e.g. CEQ, CTO, etc.)

I Other

N 0

B To what extent is your sector affected by climate change?

. QG
ozl
2 =

I Tonodegree at all
B Toaminordegree
B Tosome degree

B Toasignifiant degree

e moeomom B R

To avery significant degree

© IERE2017 ALL RIGHTS RESERVED

To what extent do you believe that climate change will
impact your sector in the future?

I To a minor degree
q
Q
a0
[
4
» Q@
o, N

What are the biggest challenges the Power Utility segment faces
due to emerging technologies?

M To some degree

I To a significant degree

To a very significant degree

Charnge in business madsd

M Diminishing revenus and/for market share

g chanlete

o Q - —
Emarging tachnd ogy iz unaravan
15 » g costs by adopters
< nsuffi Gent RED funding
o M Lok ofdamand
E " e
o I
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Top 5 Emerging Technologies

IERE Technology

Foresight 2020

WA TOP 5 EMERGING TECHNOLOGIES
AN SELECTION CRITERIA

Volume of Fchixion s

in3to5 Years

Top 5 Emerging Technologies selected based on the criteria

FROST ¢ SULLIVAN

17- May-17 © IERE2017 ALL RIGHTS RESERVED 6



~

reey Yty
) s,
iy, i, Y
W v
=

[

\ e |OP O Emerging Technologies
|\ Foresight 200

M
N

7

t %
. =

\\\\\\\
I

/]

1. Prosumer
Technologies

2. Energy Storage Y

3. Big Data Applications
Devices

Technology Status Technology Status

Technology Status

i

1 ] 1 i
1 ] 1
Advanced grid (topology) configuration and control algorithms Thermochemical Energy Stor

|

'
L
= I Quantum Computers for faster Bg Data processing
i ! £y ! i
Es v = ent Heat Energy Storage - =
B E Sophisticated modelling of transmission assets E g H -
H ; £
a 1 £ 1
= LVDC high-em parature [ Sensible Heat Energy Storage 1 1 H
ST , [ R e B o
- H . a 1 [ H
: B Advanced Flow Battery ! ; ! 1 1 !
H :
i P : T : et s ol A Oerens s
] Lithium Sulphur = : : i H '
2 Eee——————— £ S uiphit :
& - 2 e —————
Vanadium Flow Battery Salid State Pattery - : 1 1
3 & é Transparent solar cells with power conversion efficiency of 168% Autarkic Power-10-Gas Plant - ¥ 1 1 :
2582 H i L H i
el s : =
ncriamosenies T o e
¥ | g i
(] e 3 S 1 1
w0 ane i 2 : s ey i e s e s
0 s
g5 Edcckealn o Fesr-io-Peer ERergy £ Proton Exchange Mamby rolysis 1 1 1
=43 Treding | '
e iy : i i
2 [} Advnced Supporied Vector Maching < it M BURHE BBty | i :
£s for Frau i it B SE
s Jockraud %ﬂﬂg i : EE ! Variadium Flow Batiery E 2016 s gD , Post2025 i
& N e b i i ' ' i i 1 RaDPhace
2018 2018 2020 Paost 2025 - ' 1 1
i i ! r ; =g : ! i 70 Como phace
i M ReD Fhase § Demo Phase H i [ 1 B, ! i i 1 Commerciaiization Prase
i | mc i H i i [ RiDFhase § i i H L
i H ommercialization  § i i | i 1
p) ; v H H Phass I : : : p“n;::e(na\lmtlm H ;
FROST ¢ SULLIVAN Source: Frost & Sullivan analysis
Source: Frost & Sullivan analysis Source: Frost & Sullivan analysis
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Top 5 Emerging Technologies
Cont’d

4. Renewable and
Distributed Generation

@ Technology Status

Advanced Grid (Topelogy} Configuration an ol Algorithms

| i H
Self-Healing Grids.

1 ]
Tandem Solar Celis
H

Solutions to assess system stability in case of grid

aosidents

|
Transparent Solar Cells
1
Moddular Multilevel Converters
1

l" "

|

[ ———

®
3
@
8
2
®

2020 * Post2026
1
! I RaD Phase

Derna Phase

5. Climate Modelling

Technology Status

] 1
Programmable quantum com puting for ¢limate modelling
1
Error-free ab initio models of the climate system
1 1 H

Dynamic global vegetation models
[ [ H

Convection pemmitting models
i 1 H
O —— [
; ’
High-resolution wave climate
modelling .
Advanced flexible hydrological discharge model

Inclusion of more elements in the model including carbon cycle, sulfur, and ini
aerosols

vy

2016 2018 2020 . Post 2025

Bl R&o Phase
Deme Phase

B commercialization Phase

S
S

~

N
N

o
N

1ry,

/7 ‘//

Yy, .,
Y. Z =
= = —
%::-"__::-
s = —
S =
S
W &S
NS

.\\\‘\\\\\

Bl commercialization Phase

Source: Frost & Sullivan analysis Source: Frost & Sullivan analysis

FROST ¢ SULLIVAN

17- May-17 © IERE2017 ALL RIGHTS RESERVED 8



w100 20 Emerging Technologies
. Foresight 2020

7
ity
'”""’j]// (/

NS
W

e
N

I

7

Z
7/
2 Y

FROST ¢ SULLIVAN

17- May-17

1. Prosumer
Technologies

2. Energy Storage
Devices

3. Big Data Applications

4. Renewable and
Distributed Generation

5. Climate Modelling

6. Smart Grid

7. Wireless Sensors

. Internet of Things
(10T)

. Electric, Hybrid & Fuel
Cell Vehicles

. Lithium-ion Battery

© IERE2017 ALL RIGHTS RESERVED

11, Smart X

12. Water Resource
Planning

13. Water Recovery and
Reuse

14, Grid and Home
Cybersecurity

15. Offshore Wind

“ny
Iy

\\\\\\\\

//

16. Carbon Capture,
Utilization & Storage

17. Hydrogen Energy
Storage

18. Hybrid Energy
Systems

19. Nuclear Power Gen
i+

20. Virtual Power Plant
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Technologies by themes

N
m

Summary of Top 20 Emerging Technologies by 7 Themes

* Hybrid energy + Smart grid * Prosumer technologies
- Offshore Wind

» Renewable and - Electric, hybrid and fuel
* Nuclear Gen Ill+ distributed cell vehicles
00 - CCUS generation « Internet of Things (loT)

+ Energy storage = Virtual power plant

devices « Smart X

B H

S

« Lithium-ion battery
» Hydrogen energy storage

& -

» Climate modeling
® * Wireless sensors « Water resources planning
- Big data applications
+ Grid and home - Water recovery
cybersecurity and reuse

Alternative sources of

. Energy storage Climate change
power generation Yy 9 . 9
Power transmission

& distribution

End use a_nc_j Water resources
energy efficiency

FROST €& SULLIVAN

© IERE2017 ALL RIGHTS RESERVED

10

)

//{/



JERE Technology
-\ Foresight 2020

M \5\ i

FROST ¢ SULLIVAN

17- May-17

Regional R&D Hotspots

Wi
:,,',’”// &

REGIONAL R&D HOTSPOTS
Qg Energy Artificial Lithium-ion Advanced
¥ storage devices intelligence battery nuclear
° Big data @ ccus
applications

@ Electric, hybrid and fuel cell vehicles

NORTH AMERICA

EURCPE

6 Offshore wind @ Prosumer technologies Q Climate modeling
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-remote possibilities but potentially disruptive (black swan)

TOP 5 FRINGE TECHNOLOGIES
SELECTION CRITERIA

«‘_”.‘ |
| ||I| &
",“;‘ Potential to Likehhood to Impact
l‘: R Disrupt Market Industry in 10 Years
1 ]
\\\t\h"-‘\ § |
A ~ >
‘\: | \ }*‘ [
v e ¥
"‘. \
4 : t*. )\
’t.\' I |
RN % Top 5 Fringe Technologies selected based on the criteria
15 AR i mentioned above, validated by IERE Strategic Committee
5 L y L \
AR gl '
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1. Artificial Intelligence 2. DC Grid 5. Artificial

Photosynthesis

3. Advanced PV 4. Advanced Nuclear

Technology Stats.
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Next Step

FROST ¢ SULLIVAN

|IERE Central Office

Will distribute the final
report in May 2017 to
current & former

members to seek their
feedback
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Will seek the Board’s
approval to release the
report to the public
under the IERE website
after the official launch
to the members. Exact
date will be determined
by the Board.

© IERE2017 ALL RIGHTS RESERVED

TF Committee

Will assess the result of
TF2020 and
recommend the
potential next step

vIERE Central Office

Will consider the idea
of asking members to
select two fringe
technologies and
nominate a young
researcher from their
ownh organization to
form a research team to
study the fringe
technologies with other
nominees. The findings
may be part of the next
TLM contents.

14
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Electric industry is in a state of flux today and transitioning to a low-carbon future and even

transformation are inevitable for all... R&D is an important means to reduce uncertainties, open
up new ground and create new opportunities

IERE constitutes a solid group of electric utilities and researchers who understand the
technologies and their implications (both challenges and opportunities)
 The IERE Technology Foresight 2020 is an inaugural publication to facilitate more discussions on

common interests, entice more joint research topics and/or projects to advance our knowledge
and cooperation amongst the IERE members and beyond.

FROST ¢ SULLIVAN
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IERE Chairman Message

The power system is changing at an exponential pace into a highly interconnected, complex, and
interactive network of power systems, telecommunications, the Internet, and electronic commerce
applications. Virtually every element of the power system will need to incorporate sensors, com-
munications and com putational ahility.

Mo longer will society depend primarily on central station power and one-way flow on the grid,
since the use of distributed generation, distributed energy storage and smart cities will proliferate

At the same time, the move towards competitive electricity markets requires a much more

sophisticated infrastructure for supporting the myriad of informational, financial, and physical
transactions between the several members of the electricity value chain that supplements or replaces the vertically integrated

utility. Thus the rise of the “utility of the future” is upon us and thus requires a fundamental shift in our current thinking.

The IERE, a non-profit organization, serving the electricity industry across the world as a “global platform” of information
exthange and collaborstion in electricity technology research, development, demanstration, and deployment (RDD&D). In
particular, IERE has three organizational missions:

« Evaluate innovative and emerging technologies and their implementation
« Help establish corporate strategy related to R&D under changing business climate

« Facilitate technology transfer from developed economies to developing economies

There are many factors driving the rapid changes in the worldwide electric industry today. Increased presence of non-
conventional energy sources, advancement of utility grid operations technologies, and further penetration of enabling

that support d d-side resources are just few such examples. As an industry-leading organization with global
and world-tlass expertise in supporting and promoting technology innovations in the global electric industry, IERE is in a strong

position to provide thought leadership on technology solutions that could shape the future trajectory of the industry.

Tothis end, the IERE has undertaken a study in which a complete market survey and developed profiles of critical technologies
that formed the foundation for our Technology Foresight 2016 report. The objectives for this report include:
« Present the groups of technologies that IERE members identify as critical for the coming decades and add ressing climate
change
« Provide background information on the selected technologies [costs, development status, etc.)

« Provide information an IERE members’ experts and projects related to these technologies

Given the global nature of IERE's vision and mission, IERE desires this report to nat only be technology-agnostic, but also to
address key technological changes on & global basis. This required the underlying analysis for the IERE Technology Foresight

2016 report to consider and reflect different concerns and aspirations that may vary widely from one region to another.

The key objective of the |ERE Technology Foresight 2016 report is to provide up-to-date information with sufficient depth of
technical background as well as strategic implications to its stakeholders. I particular, IERE would like this report to serve as

an informative source of insight for thase who may play 2 key role in promoting, collaborative in R&D activities.

In conclusion, on behalf of the Board members of the IERE, | wish to extend my gratitude and sincere thanks to the IERE
Secretariat, the members of the Strategy Sub-Committee, for their endless hours of discussion, debate and input in meeting
the challenge of producing an extremely informative and important study. | believe this has set precedent for the IERE to
undertake further technology studies in the not too distant future, which | believe will and can only be of benefit our IERE
members.

G RTosen
Chairman IERE

© IERE2017 ALL RIGHTS RESERVED

THE WAY FORWARD
(by the IERE Secretary General)

In this inaugural edition of Technolegy Foresight 2016, the Central Office of the International

Electric Research Exchange (IERE) has commissioned Frost and Sullivan to compile a st of key
emerging technologies that could play an important role in electric industry within the coming
decades. | am pleased to have this excellent report completed within just a few months, The

IERE Central Office has ished  project ittee hic reglons
and for bringing together diverse views. By clasely tracking the progress of the project and
including the expertise of the IERE, the committes has ensured that the report provides expert
views and collective guidance that can shape our future R&D. We hope that this report will help
athieve the strategic/economic goals of aur members and the industry at large.

Hawever, this is just an initiative for facilitating further discussion and infarmation exchange
among members. While our industry is transitioning toward a low-carbon future, many players,
particularly those engaged in R&D, need to determine their future direction. We could focus on
multiple directions such as instigating more detziled reviews on selected technologies, identifying
other technologies that were not reviewed this time, ascertaining a common interest and seeking
collaborative oppartunities amang members, or being prepared for the potential effects of “black
swans"—an improbable but disruptive development.

Looking ahead, it would be desirable if various common interests among IERE members can be
identified te facilitate more individual and jeint research works. Specifically, this is one of the
missions of the IERE. For this reason, the |ERE Central Office plans to request all its members to
provide feedback on Technology Foresight 2016. We welcome members’ forthright evaluation
‘and comments through feedback or direct contact. Discussion on the feedback in the project
committee will determine the next course of action and then it would be executed prudently.
An indispensable role of R&D in the power industry and research is to gain & deeper
understanding of the current and future technological choices. To provide IERE members with
cutting-edge insights and strengthen their ability to assess new opportunities, the committee
members plan to use the results of this study to launch international projects. The IERE and its
members will combine their extensive knowledge and expertise to jointly analyze various
technological d evelopment pathways 2nd help promate individual research or strategic action.

Last but not least, | sincerely appreciate members’ contribution to the survey on the selection
of emerging technologies. Further, experts reviewing the initial drafts prepared by Frost &

Sullivan have made tremendous contribution. | am grateful to the committee members and

experts for thair efforts and contribution toward creating this excellent Technology Foresight
2016. Finally, | would lke to acknowledge Frost & Sullivan for their valuable and professional

review of this project

Takao WATANABE
Secretary Genaral
IERE Central Office
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Thank you
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