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Underlying reasons to innovate in energy
DAY TO DAY CHALLENGES:

® Incorporate new facilities according to criteria of
efficiency-economy, long term sustainability and balance of

technological risks
Sustainability

® Optimise of the O&M in existing facilities

ENERGY

TRILEMMA ® Improve the quality, reliability, safety and efficiency of

energy supply
Security ® Meet the energy needs of customers, helping to create
high value for them and hence a satisfactory relationship

® Promote new products and services in the field of energy,
expanding markets and building a more advanced society

BUT...the real technological challenge lies not in reaching a compromise of reliability,
sustainability and economy, but in advancing simultaneously on all three aspects

The big onein the long term is being able to provide very cheap and available energy,
with almost environmental impact: fill the whole triangle
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® Dependency of supply:

EU Electricity mix in 2020 (share of ¢

total consumption) —total 3,537.3 twH
°

GO Wind offshore
10% 4%

' 2.36%
Non-renewable electricity Jeothermal °®
65.58% \ 0.30%
: CSP
L 057%

Tidal & wave ®
0.16%

Source: EWEA, EU Energy Policy to 2050

Energy dependence (80% Spain; 70% Europe)
Increasing energy demand

Renewable resources integration

Distributed generation integration

Diversification and new fossil fuels sources and supply

@ Reliability of supply:

Resilience in energy system, grids and facilities

Utilization of low-manageable (today) renewable resources

together (tomorrow) with storage

Supra-smart: interconnectivity of energy systems or smart

electricity&gas (and probably also transport) grids

Although cheap and sustainable energy is most desirable, the first concern of a

energy user is to enjoy the use of energy as required
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Sustainability

CO, emission abatement vectors

CO, Gtn in IEA reference scenario
(upper line) and tentative reductions
due to:

Efficiency:
e Smart grids.

Abatement cost

€ per 1COLe
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Reduced slash and burn agriculture
conversion

r Reduced pastureland conversion
_Lighting — switch incandescent
to LED (residential)
“Appliances electronics
otor systems efficiency
’—M 15 generation biofuels

’} Cars full hybrid

Grassland management

’—Q:gamc soils restoration
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Global GHG abatement cost curve 2030

Gas plant CCS refrofit
Iron and steel GCS new hulT —‘

Coal GCS new buil
Coal CCS relrtmt—‘

0
« Viable distributed generation. 20 i 10 U@ s 2 2 ¢ W
eothermal Ahatem:znt pmer‘nlal_
« Efficient use of energy. 40 | Rice management Sttt e
olar
° Eff H t t t t 60 1 ass;garltleg:li?bg Reduced intensive
Icien rans p ortation. 80 L Efficiency improvements other industry agriculture conversion
Landfill gas electricity generation High penetration wind
-100 linker substitution by fly ash owchie
Renewable energy 120 | Buiding eficiency naw buid Sogpait R ckostaion
Insulation retrofit (residential) Prsliireland afioreaialon
. -140 Tillage and residue management — Degraded land restoration
Bio fu e| S ropland nutrient management L nuclear
-160 - Cars plug-in hybrid
N uc | ear Retrofit residential HVAC
180 2™ generation biofuels
200 - ‘Appliances residential
26 ' ' , J CO, capture and storage
2010 2015 2020 2025 2030
Source:  |EA “ How the Energy sector can deliver on a climate agreement in Copenhagen” Source: McKinsey & Company

® |tis commonly agreed that in mitigating climate change none of these strategies is
enough when unit by unit (marginal cost analysis) is installed

® At a cost of 40 €/tnCO,, potential abatement by 2030 is estimated over 30 Gt CO,-eg/year

® Energy saving and efficiency -> negative abatement costs!...but only compared to BAU.

Easy to say, sustainability is supposed to be a key drive for innovation in energy
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Economy

Levelized Cost Of Electricity (LCOE) over time

Marine -wave | = } | ]
Marine - tidal | * ¥ : = ] [ | BBl
STEG-LFR | + B @9 { *
STEG - tower & heliosiat | L B i ] 3 + *
STEG - parabofic trough + storage | * 1 e 1 ¥ : | 531
Fuelcells | * H &%
Wind - offshora | - = = = b &
STEG - parabolic trough | * 3 ' 3 L ] - 3 %
STEG - tower & haliostat wistorage | * t 1
P - thin film | = N E 1 ! LEFS
PV - c-8i racking | o« 9 @ *
Biomass - aasification | * &
PV-c-5l | S0bls B AINPs & P B b | P i & &
Gaotharmal - binary plant | * [ ] *
Wind-cnshore | Lot et el T | *
Munieipal selid waste | #*| [] *
Biomass - incineraton | & W i & =
Geotharmal - flash plant | L= t *
Landfill gas | &> oo &
Biomass - ansarobic digesion | o A * @ -
Largehvdo | # - { 3 | } &
Smallhydro | @ == + H 1 =
Nuclear | [ i @
Matural gas CCGT | @ 4+ +%
Coal fired | o el e & &

L J

1] 50 100 150 200 250 300 350 400 450 500
Global LCOE range * Regional scenarios ®02 2012 central 02 2013 central

Source: Bloomberg New Energy Finance

LCOE provides a sound basis for comparison in economics, although often hides key

guestions to decision makers. Life-time and CAPEX/OPEX considerations are critical
in specific regional analysis
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Sustainability ‘ A ‘
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Technology evolution

/\

Renewable Conventional Mix

Economy

LCOE - Levelized Cost of Electricity
SAIDI — System Average Interruption Duration Index
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Pavitt’s taxonomy — Who intervenes and why
Competitive intensity
Low High
T
=
L
(i
Origin
of the
technology

Internal
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Pavitt's taxonomy — Who intervenes and why

Competitive intensity

Low High
=< |Scale Supplier
;5) intensiv o _dominated
5 Utilities )
Origin /
of the / /[

'Science

Tech

companies
d
lers

Technology
centres

technology

Universities,
Basic research
centres

Internﬁ.l\
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Utterback’s model of product and process innovation

Coal integrated gasification in

Real time efficiency

High

combined cycle IGCC?
\

information systems

1

Subcritical co

Rate power plant

al /

\
N

of

innovation

Emission reduction systems

“Critical coal power plant

Low

|Ultrasupercritical co

Al power plant|

Fluid

Transition Maturity

Phase (Time)

Phase-out

Cycles in energy are medium to long, thus defining the roles of the intervening agents:

® Utilities:

® Technology supplier:

present facilities

future facilities
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Resource allocation in energy innovation

Resource
Allocation

%anufactu ing

Universities,
research and
Technology
Centres

Utilities

Timeline

Prototyping
and
' manufacturing

Development

Structure of effort in innovation -
Spanish electricity sector Efecto tractor

OPEN INNOVATION FUNNEL
(distributed by function) (Empresas eléctricas) A

I+D+i fabricacién y
desarrollo de equipos
(Fabricantes & Pymes)

Ref: UNESA: Report “I+D+i de la

e TR
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Technology Readiness Level

Technology Readiness

Level - TRL >
= @
o w
1 Basic research. Basic principles ) 8 8
observed. g o
> @
2 Applied research. Technology

concept formulated.

3 Applied research. Experimental 8 S =

proof of concept. 3 = 838 @

—_ = o wn
=) &3¢gc
4 Technical verification & 'g % = g
demonstration. Technology ® < = @
e S
validation in laboratory = 2=
environment. &

Technical verification &
demonstration. Technology
validation in relevant environment.

Technical verification &
demonstration. Demonstration in
relevant environment.

Technical verification &
demonstration. Demonstration in

operational environment Impact |n the real WOI’|d

Technical verification &
demonstration. Technical system
completed and qualified.

BuidAio0.d

SEII

TRL.-Technology Readiness Level concept,

Large scale & successful

deployment. Successful commercial originally developed by NASA [19808],

deployment

with evolution and adaptations to

different purposes

12
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Other Readiness Levels

Level Customer commitment - CRL Level Sales Forecasts - MRL

1 None. 1 Highest. Forecast is based on assumptions only.
2 One or more customers provide informal TeC h no | 0 g y Read INess 2 Extremely high. Forecast is based on assumptions
information to the business on technology and broad industry data.

evaluation and product requirements.

Level conc ept ap p | I ed to 3 Very High. Forecast is based on assumptions and

3 One or more customers commit minor °
resources . loosely targeted industry data.
4 One or more customers commit limited o t h er faCtO rS ] m al n Iy - 4 High. Forecast is based on growth models with
resources (such as labor & materials for uncertain validity and well-targeted industry data.
luation & feedback ). 1
evaluation & feedback) . Com merCIaI Or CUStomer 5 Medium — High. Forecast is based on credible sales
5 One or more customers commit moderate growth models and well-targeted industry data.

resources (such as prototype testing). comm |tment read | ness Customers have expressed strong interest but

made no purchase commitment.

6 One or more customers commit substantial [ ) M arket read | ness 6 Medium. Forecast is based on early sales, credible

resources (such as operational environment sales growth models, and reliable industry data.
testing or cash for R&D) .Customer has Business has a strong position in a small niche
urgent and compelling reason (improve market.

competitive position, avoid obsolescence,

meet minimum performance requirements )
to adopt the product. 7 Medium — low. Forecast is based on actual sales.
Business has a strong position in a niche market.

7 One or more customers committed to
purchase quantities requiring Low Rate Initial 8 Low. Forecast is based on actual sales and a
Production. moderate order backlog. Business is no lower than
) . 3 in market share and has sustainable
8 One or more custf)mers cor.n.mltted to A g O 0 d teC h n O | O g y O n |ts OW n competitive advantage.
purchasing quantities requiring full rate
production. 0 0 R
aI S O req u | reS a S u |tab I e 9 Extremely low. Forecast'ls based on ac'tual sales
9 One or more customers committed to long- and a large backlog. Business has dominant market

share and distinctive sustainable competitive

term supply agreements that require full rate en Vl ronm ent to th r |Ve advantages.

production.
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Customer Readiness Level
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CRL 8-9
many
customers
would buy now

CRL 6-7
at least one
customer
would buy now

CRL 4-5
probably

(near future)

CRL 1-3

future
(if any)

&

TRL 1-3

basic
observations

TRL 4-5

R&D phase,
laboratory
development

TRL 6-7

pilot or type test
validation

TRL 8-9

First commercial
project in
operation

Technology Readiness Level

>/

fenosa

®

Market
Readiness
Level

14
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Relevant questions

IS THE TECHNOLOGY READY? J

b

® Well developed

® Attractive to customers

IS THE WORLD READY?

® Regulation in place
® Society positive perception
e ..

Successful innovation in energy requires the transformation of available knowledge
into new, marketable products and services in a social favorable environment with

sound legal rules




Some innovation cases

AWECG60 / TOLEDO PV
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Mobile transformer for emergency / maintenance purposes

Readiness evolution

CRLS-9 - after the project

many T
customers @
would buy
CRL 6-7 /2’009
at least one Market
customer 2 _/
would buy Readiness ~ |
CRL 4-5 Level 200450,

need ] h ,

within

Lo : Project kick-off,
CRL 1-3 | Prior development collaboration with

future

e by manufacturers manufacturers

need

TRL 1-3 TRL 4-5 TRL 6-7 TRL 8-9
basic R&D phase, pilot or type test First commercial
observations laboratory validation projectin
development operation

Technology Readiness Level

Reliability of supply driven innovation

Utility promoted development, due to
the reduced market size

Project collaboration with manufacturers to
integrate existing and proven technologies to
address the specific need:

¢ Mobile Substation 45-15kV 25 MVAS

* Mobile substation connection and switching
132kV or 66kV

* Mobile transformerl132-66 20-15 30MVAs
* Mobile transformer132-45-30MVAS
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Some innovation cases
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Natural gas modular fuelling station

Readiness evolution

CRLS-9 - after the project

many g
customers
would buy @ 12
CRL 6-7 ° _—
at least one Market /
clistamer Readiness %
would buy N

Level [—2608~

CRL 4-5 eve .

need ] < ,

within '

1-5 yrs _ Project kick-off,
CRL 1-3 | Prior development || collaboration with

future

~syrs | Py manufacturers || manufacturers

need

TRL 1-3 TRL 4-5 TRL 6-7 TRL 8-9
basic R&D phase, pilotor type test First commercial
observations laboratory validation projectin
development operation

Technology Readiness Level

Sustainability driven innovation — Shift
to natural gas

Utility promoted development, as an
ignition point for further development

Project in close collaboration with
manufacturers to integrate existing and proven
technologies to create a new fuelling facility

18
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Energy and society

® Energy, together with water and communications is the back bone of the society

® The challenge in energy is to expand simultaneously the trilemma triangle in its
three corners: cheap and available energy with near-to-zero environmental impact

® Energy field is a good example to open innovation funnel, where utilities main
function is pushing tech companies and other tech actors to new developments

® Not only technology maturity matters. Commercialization and a favorable
environment (legal and social) are also equally important

® All energy options are (and probably keep) open in some kind of theory game race.
Thus we do believe that energy is more than ever an interesting technological battle
field to brilliant people to devote their talent.

19



Thanks. |
Muchas gracias

Esta presentacién es propiedad del Gas Natural Fenosa.

©Copyright Gas Natural SDG, S.A.
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