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Introduction
Going from a unidirectional value chain....

EDF Energy National Grid Local Distribution Homes & Buslinesses
Power Generation (Electricity) Network Operators

Source: EDF



Introduction
... to a smart grid system based on Distributed Energy Resources
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Recent trends and Business Model Innovation
Recent trends

RES proportion of power generation (10 years to 2014)

New Electricity Paradigm Denmark 574
UK \/J
’ on 27%
4% I ' Germany
. 3 " Japan
= More Sustainable (RES) w7 S}f e W
61% %) i %
. . 15% HalY China
= More efficient (e.g. us o
DS M) g% w 13% 1 16%
- Lovest Brazil f\?t_llh —’ Australia
= Decentralized —— S I et R it et
c Source: Bloomberg New Energy Finance
= Storage

Expected pathways to reduction in CO2 emissions from energy
= Electric Mobility

€O, emissions from energy (Gt/year)

Reference NDC
Case Level

- Digital

Energy
Efficiency
Useof

= New business players

Pathway to

+15°C-+2°C —

2010 2014 ‘ 2030 scenarios ‘ 2050

Source: IRENA (2017)



Recent trends and Business Model Innovation
Recent trends

New Electricity Paradigm

= More Sustainable (RES)

= More efficient (e.g.
DSM)

= Decentralized

= Storage

= Electric Mobility
= Digital

= New business players

Potential rooftop PV annual generation from all buildings
(% of state total 2013 electricity sales)

Annual Energy Generation
Potential as a Percentage
of State Total Electricity Sales

[ J<25% [J25-35% [35-45% [l 45-55% R >55%

Source: NREL (2016)

Reduction in LCOE + Easier Grid Parity



Recent trends and Business Model Innovation

Recent trends

New Electricity Paradigm

= More Sustainable (RES)

= More efficient (e.g.
DSM)

= Decentralized

= Storage

= Electric Mobility
= Digital

= New business players

Growth of the U.S. Energy Storage Market
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Recent trends and Business Model Innovation

Recent trends

New Electricity Paradigm

= More Sustainable (RES)

= More efficient (e.g.
DSM)

= Decentralized

= Storage

= Electric Mobility
= Digital

= New business players

=\

» Digital Grid Management+ Smart Meeters =
Unprecedented sets of Real Time Data

» Shiftin the operative management
paradigm:

» Easier/ Faster detection of system flaws
& faster corrections (Self-repairing
systems)

» Reduction in technical losses

» Huge investments are needed to build
the smart grid

» Need for more coordination between
TSO & DSO)

» Shift in the key resources (human
capital, data management,
cybersecurity)



Recent trends and Business Model Innovation

Recent trends

New Electricity Paradigm

= More Sustainable (RES)

= More efficient (e.g.
DSM)

= Decentralized

= Storage

= Electric Mobility
= Digital

= New business players

Big data: ease of capture and potential value

Size of bubble indicates relative
contribution to GDP

High Utilities Health care  Computers and other electronic products
Natural resources prOVIderS

Manufacturing N

Professional services —

Information

Finance and
insurance

——Iransportation and warehousing
Accommodation and food Real estate
Management of companies

Construction
—— Wholesale trade
Admlmstratlve
services . Retail trade

Other services” Educational
@ —services
Government
. Arts and
entertainment

Low High

Big data: ease-of-capture index’

Big data: value potential index'

1For detailed explication of metrics, see appendix in McKinsey Global Institute full report

Big data: The next frontier for innovation, competition, and productivity, available free of charge online
at mckinsey.com/mgi.

Source: US Bureau of Labor Statistics; McKinsey Global Institute analysis

Source: McKinsey

» New business lines
» System reliability services
» Energy efficiency services

» Big Data & Internet of
Things - New business
Models



Recent trends and Business Model Innovation
Recent trends

Figure 1
W In the electricity industry, six preeminent themes are emerging around
digital innovation

= More Sustainable (RES)

= More efficient (e.g.
DSM)

= Decentralized
= Storage
= Electric Mobility

- Digital

= New business players

Sowce: Bain & Company

Source: Bain & Company



Recent trends and Business Model Innovation

Recent trends

New Electricity Paradigm

= More Sustainable (RES)

= More efficient (e.g.
DSM)

= Decentralized

= Storage

= Electric Mobility
= Digital

= New business players

Digitization has demonstrable impact on utility earnings.

Improvement areas, case study, EBIT,' %

85

.43
[ ——
Generation Trading Distribution Retail Group Total impact
headquarters
® Optimized ® Improved ® Fewer ® |ndividual, ® Optimized
plant decision losses new operations
maintenance making * Ercventive products and
: . management
® Spare-parts  ® Better maintenance  * Better through
ILALEZE e LS gg@ * Workforce gﬂg%srﬁgrd enterprise
® Fuel balance productivity segmentation resource
management -~ planning
® Digital
operations

'Earnings before interest and taxes.

» Utilities’ profit from digital potential
McKinsey&Company
: o » Smart meters and the smart grid,

source: McKinsey » Digital productivity tools for employees,

» Automation of back-office processes.



Recent trends and Business Model Innovation
Recent trends

“End-to-End” Smart Grid

New Electricity Paradigm

4

Integrated Enterprise-Wide

Leading Players by Market Segment
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Electricity markets
Current Challenges (The European case)

» Increasing weight of RES => Investment and supply security

Supply
emwh T PV
Gasturbines . Vind
Demand
Condensing
plants
1T T S — -
Wind and Nuclear

MWh

Price-effect of an increase of the electricity generation using wind.

o Electricity generation and demand during a typical winter week inItaly.
Source: Vine and Juliani (2014). Source: Steinke et al (2013).



Electricity markets
Current Challenges (The European case)

The entrance of RES in the market

» Lower prices (low marginal cost)

» Increased price volatility (intermittency of
RES production)

» Gap energy cost & market price (especially
under special regime pricing mechanisms)

Reduction in average prices=>
Lower investment return

Higher risk => + Return is needed

Market price is not a good
investment signal

Capacity Expansion
&
Supply Security



Electricity markets
Current Challenges (The European case)

» Some of these questions could be solved by adapting the market design

“In Europe, you compete every minute, 15 minutes or hour to
sell a certain volume. In Brazil, you compete to deliver 20/30
years of energy at a defined price”

In Energy Post
http://energypost.eu/europes-energy-investment-crisis-eu-energy-market-needs-makeover/

Portugal ' Brazil

Competition




Electricity markets
Current Challenges (The European case)

» Capacity markets? Auctioning mechanisms? Regulatory pricing mechanisms to guarantee
power availability and investment?

Capacity remuneration mechanisms/ Capacity markets
Trade-off :
= Investment incentives vs
= Market distortions
= Changes investment priorities

= Environmental externalities;
= Competition distortions (national and international)



Electricity markets
Future challenges

» Existing problems will be considerably exacerbated by new
trends in the electricity sector :

» Strong Intermittency challenges (Decentralized and
Intermittent sources, e.g. PV)

» Many more players (very heterogeneous and much
smaller - PROSUMER)

» Demand Side Management & Storage (Positive effects on
grid congestion)

» Digitization & Big Data

» Information management gains

Towards a service-based paradigm

» Sophisticated pricing schemes (more cost-effective with
efficiency gains) * The Utilities’ Circulation Death Sprial

» Price regulation under real time pricing?



Recent trends and Business Model Innovation
Business Model Innovation

» Business Model Innovation (New value proposition) => Towards a service-based paradigm

Demand Response and EMS (I) Storage (II) PV Solar (I1I)
EMS Providers End-user optimization Technology manufacturing
Utility-based capacity and Reserve =~ End-user and system co-optimization Solar-plus-storage (“virtual power
DR plant)” end-user optimization
Market-based Capacity and Reserve Network services Solar-plus-storage (“virtual power
DR plant)” end-user and system co-
optimization
Pure-play software and technology Utility scale PV financiers and
developers integrators
Distributed PV financiers and
integrators

Source: Own elaboration based on Burger and Luke (2016, 2017)

» Innovative funding solutions: customer-centric BM, third-party, solar community

» The strong change in the product’s characteristics and the market structure (both on the supply & the
demand side) calls for MARKET DESIGN INNOVATION



Recent trends and Business Model Innovation
Business Model Innovation

Funciona

Seguranca e assisténcia em
sua casa, com a qualidade
EDP. 50% de desconto nos
primeiros 3 meses.
durante 3 meses
7.90€/més 3,95€

ADERIR

D

e

Bombas de Calor

A solugio mais eficiente do
mercado para aquecimento
de gua, que aproveita o
calor do ar para aquecer a
agua do seu RESASE Ot

SIMULAR POUPANGA

.
a
Energia solar

Poupe de dia com a energia
solar e a noite com 10% de

desconto na eletricidade.

a partir de
20€ /més
SABER MAIS

edp re:dy solar

O kit edp re:dy para quem
produz a sua energia solar

mensalidode grétis 6
meses

]
\ &
Fatura segura

Garante o pagamento da

sua fatura nos momentos
dificels.

140€ /més
ADERIR

— p

Ar Condicionado

Opte pela solugdo mais
eficiente para aquecer e
arrefecer a sua casa e
comece j a poupar no
consumo de elefiB@gdede
49€ /més

SAIBA MAIS

edp re:dy, um sistema que
Ihe permite conectar e
controlar a sua casa numa
dnica aplicagio, onde e
quando quiser.

SABER MAIS

edp re:dy a/c
O kit edp re:dy para o
controlo do seu ar
condicionado
mensalidade grétis 6
meses

L
Esquentador

A nossa gama de
esquentadores tem a classe
energética mais alta do
mercado e ainda Ihe garante
o maximo de coRfBRGE de
seguranca. 28.50€ /més

SIMULAR POUPANGA

Certificagdo
Energética

A certificagdo energética
dlassifica o desempenho
energético da sua casa e
recomenda um conjunto de
melhorias. —
CONTACTE-NOS

Mobilidade
elétrica

Recarregue todas as suas
baterias. Descubra as
vantagens da mobilidade
elétrica.

SABER MAIS

edp re:dy carro
elétrico

O kit edp re:dy indicado
Para,REN AR TPotis 6
elétrico

meses

8)
Termoacumulador

Anova geracdo de
termoacumuladores
elétricos que faz a
aprendizagem dos seus
habitos e pedfEEaREe até
poupar energia. 70%
SIMULAR POUPANGA

Auditoria
Energética
Conhega melhor os
consumos de sua casa e
fique a saber como pode
reduzir a sua fatura

energética. —
CONTACTE-NOS

edp re:dy base
0 kit edp re:dy para iniciar
a sua smarthome

mensalidade gratis 6
ses
3,90€

ADIRA 1A

edp re:dy
aquecimento

0 kit edp re:dy para o

contrpliggiflide gratis 6
aguecimento e

Principais equipamentos

1- Painéis solar fotovoltaicos
Captura e producdo de energia

2- Inversores
Transformam a energia para utilizagdo em casa

3 - Ligag3o na tomada (1)
Injecao  contabilizagdo da energia

Modelo de ligacdo stand
caracteristicas 44 habiEacas,

SIMULE A SUA SOLUGAO
Faga down|oad do seu manual dg ytilizador aquit
fanual utilizador Eam sistemas axg g £ ngvs - lidacgo guadry
; panEls = i VE;*SE%Q

Conhega algumas das questdes mals

Energia excedente Contador
Os sistemas solares s3o pdra injetar a energia
‘dimensionados para droduzida em
al st - Idi]eudn jede, o seu cont
energia e in )
excadente na rede. A venda
do excedente & pouco
rex legais e
‘equipamentos adicionais. correta e.

Produgéo méxima
instantdnea do
sistama

Curva de

. produgdo
diério

Sh 10h 15h 20h or

Energia excedente

Os sistemas solares s@o
dimensionados para autoconsumo da
maioria da energia e injetado o
excedente na rede. A venda do
excedente é pouco rentavel por
o temas legais e equipamentos
adicionais.

recimento de energia Produgdo de energia

0Os painéis solares nio £ normal que a producio
funcionam sem existéncia de instantanea do sistema seja
energia elétrica da rede, por inferior a poténcia do
‘questoes mﬂng da sistema solar.
instalacio da casa.

Restantes perguntas frequentes

Produgdo didria (e.g. 2 painéis)

a - ProdugBo méxima instantinea do sistema
Valor sempre inferior & poténcia instalada.

Esta é uma caracteristica normal do funcionamento de um
sistema solar, e decorre de fatores como a poténcia de
injegdo, condigges dimatéricas e de instalacdo com perdas
associadas.

Este facto foi tido em conta na simulado realizada e nas
estimativas apresentadas.

b - Curva de producio didria
A curva de produgio dependerd das condigges climatéricas e
das caracteristicas do local de instalagao, como a localizagdo e
orientagdo.



Regulatory challenges
Utilities’ Death Spiral

» Distributed Generation may threaten the utilities’ conventional business model - “Death spiral”

Grid paritYd Decentralized
more

Generation YET.
favorable
to DG (bG)
Utilities’ dees e . —
Death » Utilities’ activity is increasingly challenging:
Spiral » Huge investment needs
& » Integration of DG production in the grid
Upward Cross- Reduction
pressure Subsidy in utilities' » Uncertain decentralized production &
on tariffs demand intermittent RES
» Coordination among many heterogeneous agents
Negative » Grids’ reliability & resilience
effect on - o
revenues » Facilitate coordination among many new

heterogeneous problems



Regulatory challenges

Balancing Solar PV incentives & Utilities financial viability

Necessary regulatory challenges in the next 10 years according to utilities’ managers:

Utilities’ major concern
in the short-run - Tariff
& pricing tools

56% 44%
66% M M
1. Re-designing
tional tools
.
2. Market Design
410 1
L o Innovation
9%
New Greater role for the Incentives for Mandate to Mandate to use Locational Mandate to apply The
tariff/pricing distribution business  the deployment invest in demand pricing for new operational implementation
model in the permitting and of innovative distributed response to distributed controls on of an
authorization of technologies in generation and/or optimize the generation third-party outcome-based/
distributed energy the network storage to be network/manag (medium- or distributed competitive
resource connections used for network e constraints low-voltage generation and/or revenue model
optimization connection) storage

B No M Yes Already in place

Base: All respondents.
Source: Accenture's Digitally Enabled Grid research program, 2016 executive survey.

Source: Accenture (2016)



Regulatory challenges
Redesigning conventional tools: tariff structure

1. Tariff structure
» Towards non-linear pricing schemes:
» Change the current (mostly) volumetric system

» Cost-reflective system (that accounts for the different costs imposed
on the network by different profiles of users)... the case of telecoms?



Regulatory challenges
Redesigning conventional tools: tariff structure

1. Tariff structure
» Dynamic tariffs (ERSE’s pilot project)
» Critical peak pricing
» Critical peak rebate

» Real time pricing...

v

» Cost-effectiveness

» Complexity of the tariff design process

» Sophisticated metering/ communication systems
» Sophisticated and Tech-savvy consumers

» Social impact

ENERGY DEMAND (EEAKL,
(7]
I=
E
<
[¢]
w
=
1AM 5AM NOON 5PM MIDNIGHT
PRICING OPTIONS
3 o o=
Real Time Pricing (RTP) Fhiiiates boiil P ~‘ Critical
based on S event
generation cost -

Standard Flat Rate o=="

-----

g Time of Use Pricing (TOU) Eived periods based
2 on typical daily
=} demand, critical
; event has no effect
I: Standard Flat Rate I RN I
s I I
2
x Prey T
5 Critical Peak Pricing (CPP)
o Pmmm--
& Elevated pricing : :
& Standard Flat Rate during critical times
w | IO —
o
Critical Peak Rebate (CPR) Rebate availabe if ———
consumer reduces
consumption during
Standard Flat Rate orficay tmes
Size of rebate depends | y 1
on amount of reduction | o _ ST 4
1AM 5AM NOON 5PM MIDNIGHT

TIME OF DAY

Source: Environmental Defense Fund (blog)



Regulatory challenges
Redesigning conventional tools: new market design

2. Design Regulation
appropriate tools
incentives for DG
investments Fiscal NEn?rgy :
incentives atlgna
Policy
DG
Incentives
Socio-
Grid Access economic
benefits
Access to
credit

Source: Own elaboration based on IRENA (2017), Overview of the types of
renewable energy policies and measures adopted



Regulatory challenges
Redesigning conventional tools: new market design

» Feed-in tariffs?

2. Create
appropriate » Net Metering?
(market) » Net Billing?

mechanisms to
remunerate DG

» Wholesale market price?

———1 o ) AGGREGATOR ( o
oo BUSINESS
p— MODEL

Community Solar movee . =
~ Sharing the sun S coonsernce
g 13 FRCVCER
~ =) =




Regulatory challenges

Redesigning conventional tools: new market design

lsmarterid——1 11— |

Amart Grid DSO 50
1 ctors

______ T e— — — J
Energy markets T Provides

enabling VPPs Level A Flexibility

Aggregator

Common dynamic rovides Level B
Registry System Flexibility
[Distributed——% ———— ———— |

|Energy Prosumer [ | Producer | | Consumer | |
Resources J

Source: Dethlefs, Preisler, Renz (2015)



Conclusion

» Electricity markets are already suffering deep challenges
» The most visible face is the entry of RES (lower expected prices+higher volalility)

» Discussions on New Market Desigh => Capacity investment & Supply Security

» New electricity paradigm: more sustainable, more decentralized, digital, storage, demand-side
response, electric mobility, ...

» Key changes in product(s) characteristics => Towards a service-based paradigm (third-party models,
prosumers, community solar, energy management systems, batteries, EV,...

» Deep change in the market structure (Demand & Supply)

» Demand side management

» From the Vertically Integrated Utility to a market with many heterogeneous players (often rather small - e.g. prosumer,
energy efficiency consulting & other economic giants intersecting other activity areas - ICT, Internet Giants, Automotive
Sector, Electronics....

» Regulation and an appropriate Market Design is key to address current challenges and promote a smooth
transition to the new electricity paradigm.
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