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How did it start?

Europe didn’t stand on the first row when fossil energy
resources were distributed between continents.
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European coal and crude oil resources
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Europe’s answer:

Let’s develop renewable energy sources
- to secure our energy supply
- to develop a new competitive industry
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RES potential in Europe (ref FORRES 2020)

— Mid-term realisable potential for RES-E on country iever
related to consumption
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BE 2030 energy & climate objectives : quid Belgian energymix?

Remaining
80%:
* More RES
* Energy efficiency?
* Fossil?
centralized/decentralized
« Nuclear? \ 7




19/01/2017

Wat hebben we geleerd?
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BE 2020 RES objectives: lessons learned .
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e Competitive advantage is a key success factor

> Research & Innovation is a must

e RES cost must be affordable
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BE 2030 energy & climate objectives : quid Belgian energymix?

»RES-E objectives are challenging

»Legitimate questioning on solution for remaining

80%, considering nuclear phase-out, abandon of coal due to A
environmental issues, high gas prices, low electricity prices eg';'/:':'"g

* More RES?
> There is no single unique solution but different . pneray efficiency?
solutions go hand in hand centralized/decentralized
> Implement energy efficiency measures intensively? G ~ ?
» Continue RES development on cost effective basis?
» Take advantage of conventional gas features (e.g.
flexibility)?
» Give (clean) coal a chance?
» Keep on line nuclear?
e G 44 = G eaaaa..A4

Clean energy package: key words
from a business / policy perspective

Energy efficiency

Flexibility
+ Storage

* Demand response

Digital / data management

Capacity remuneration
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Energy efficiency

— .. gs p! tial for EE ies by for Europe’s commercial sector
Energy efficiency:

Annual energy cost per building (€thousands)

Savings potential in 120
tirtlary Sector Hospitals (€1.0 b

100

___ Verylarge,
individual ;%ojects

@ Shopping centers (€0

Food retailing
Hotels (€1.1 billion; 37%) (€0.8 billion; 11%)

Administrative and municipal
facilities (€1.1 billion; 47%)

on; 37%)

Smaller projects,
where standardization
is often necessary

Private offices
(€1.1 billion; 41%)

40 Universities (€0.4 billion; 50%)

Army barracks

(€0.2 billion; 40%)

20 Transportation (€0.4 billion; 45%)

Department stores (€0.5 billion; 36%)—_
Fast-food chains (€0.3 billion; 26%)

Restaurants
O(eoa biltion; 29%)

0 200 400 600 800 1,000

Number of buildings (thousands)

[ Heating [ Lighting [] Other I—e Building (0]()( billion; YIY%)
[ Cooling  [I] Refrigeration

T 1T 1
Size and value = annual savings Percen =EE companies’
potential addressable potential as a share of total

by EE companies® potential

Sources: BCG analysis; Buildings Performance Institute Europe (BPIE); Europe’s Buildings Under the Microscope (BPIE report, October 2011);
Eurostat.
_ - Note: EE = anargy efficiency.
*Based on an analysis of economic savings potential in building stock and the likalil of realization by EE
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ENGIE Tower, showcase of the environmental know how
of the group

* Innovative concepts:

+ Optimized geothermics: geothermal heating and cooling (189 wells, each 82m deep):
about 50% of the heating and cooling demands are met.

» Harnessed energy: solar power (120 kWp), efficient lighting (presence detectors, dimmers),
a smart lift system and centralized technical management

» Ultra-modern climate control: triple glazing, flexible air treatment, high-output coolers, free-chilling
techniques on cold water circuits and condensation boilers with low levels of Nox

+ Economic water management: recovery and management of rainwater, waste-water treatment, and low-
consumption sanitary installations

+ Sustainable waste management
» saving of =31% of primary energy consumption and 38% of CO2 emissions.

» A mobility plan Let's Choose has been installed to promote public transport
e G 44 = G eaaaa..A4

Energy savings: key success factors

Scale

Smart customer selection

Financing skills > Pilot projeCtS

Energy management solutions > Financing tools

Qualified project engineers > Innovative solutions

Standardized project delivery
and “mass customization”

Strong brand and track record

Advanced applications
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Flexibility needs

Flexibility needs: the Duck curve

California’s duck curve

Trends in resource development are leading toward a growing need for flexible generating
capacity starting in 2015.
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Flexibility providers: increased expected needs for storage

MW
12000 —+———————————
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6.000 2 pumping/turbining
cycles per day will be
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baseload fossil - pumping/turbining
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Flexibility providers: storage

‘Different technologies are available, depending on their capacity (MW) and

autonomy (MWh)
1h C - Battery stora;g))plications
T n the hour range

:O_ - windpark
1d

§ - eingle = Energy storage >100 MW

- wind turbing can only be addressed by
E- S .. electric 1m Pumped Hydro, Compressed
= bl pesloies Air (CAES) and Hydrogen
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0,001 0,01 0.1 1 10 100 1.000 104¢ 10°% cover energy capacities
Energy [MWh] >10 GWh.
Siemens AG 2011. All rights reserved
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Technological evolution will reduce cost of decentralised as well as
centralised low carbon solutions

Battery: Levelized cost of storage*

e Battery technology is moving fast: EUReots/MWhiona
450 4 Standard
— Reduced cost a0 | P g
350
— Increased lifetime .

i 250
— Increased energy density Battery )
200 Yvithout N
new applications for electrification (EV, 150 pverter
trucks...)

100

50 Reforonce T Seag

0

T
2016 2020 2030
Source: Laborelec/CEEME

* Cost for storage only, not including electricity input cost; assuming 320
charging cycles per year, E/P ratio of 2, 4% WACC, 20% VAT

Flexibility providers: storage (cntn’d)
Conventional power plants & demand response as storage providers

(fuel storage — heat or cold storage)
A
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Flexibility providers: demand response

Flexibility at demand side via load shifting and load shedding

Mw MW

Load Shifting /
Valley filling

Load
Shedding

>\\ >

»
012345678 9101112131415161718192021222324

Load net of intermittent (wind/PV) production
i.e. load — intermittent generation

Flexibility providers: demand response (cntn’d)

— Aggregation of different customers can be done vertically (at
same moment) or horizontally (sequentially)

( * }

10 b {
during 10
1 hour MW
10 durin 30 10 MW during 3
during during
1 hour 1 hour
Customer 1 Customer 2 Customer 3
decreases decreases decreases
demand demand demand
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Flexibility providers: demand response (cntn’d)

Electricity bill evolution retail customer
(3500 kWh/y)

Rt

+168 %

299 €/MWh

146 €/MWh

Invoice 2006 Invoice 2016

B Commodity Mgrid costs M RESsubsidy M Levies

» Commodity cost represents only 23% of total bill to retail customer
» Dynamic grid tariffs required (ToU : Time of Use)

Dynamic grid tariff roadblocks:

Long tariff periods (4 years)
Smart meter rollout for residentials

13
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Digitilization / data management:

Key success factor : smart metering

Digital / data management : smart metering

Submetering
@/ Zw 7~ Y
Suppliek=<
mamet )
o GEEE ¢
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smart metering:

Will smart head meters be taken in speed by smart
submetering?

Capacity Remuneration Mechanism:

Missing long term segment in current market model
required for long term investments

15
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Capacity Remuneration Mechanism
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36 months Day-1 Delivery moment
Flexibility remuneration
¢ (€/MWHh) )
< Capacity remuneration (CRM) >
(€/MW)
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Capacity Remuneration Mechanism:

Next step in evolution to near zero variable cost system
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Questions

EU 2030 energy & climate objectives

mm) 2 1°
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ANSPORT,
umcu fun!
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Wind potential in Europe

Wind resources’ at 50 metres above ground level for five different topographic conditions
Sheltered terrain® Open plain® At a sea coast* Open sea® Hills and ridges®
ms!  Wm? | ms?' Wm? | ms! Wm? | ms! Wm? ms~! Wm~?
> 60 > 250 >18 > 500 >85 > 700 >90 > 800 >115  >1800

5060 160250 | 6576 300-500 | 7.0-85 400-700 | 8.0.90 600-800 | 10.0-11.5 1200-1800
4550 100150 | 5565  200-300

6.07.0 250400 | 7.0-80  400-600 | 85100 7001200
5.0-6.0 150-250 | 55-7.0 200400 7.0- 85 400- 700
<50 <150 | <55 <200 | <70 < 400

3545 5000 | 4555  100-200
<35 <50 | <45 <100
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