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Natural gas supply

=

1.

More than

30

countries

9
/4
Headcount

19,661

employees'

All figures at close of 2016

Our Company: Gas Natural Fenosa

More than

22 M

customers in
the world

EBITDA

€4970 M'}

Installed
capacity

15,418
MW

Total assets

€47,114 M

e
gasNatural @,},
fenosa

Spain
Eﬁg‘,{ﬁeﬁ;ﬂd lensmisskm distribution. Il_rﬁgph‘liG ’ d United Kingdom Netherlands Luxembourg
electricity gas and electricity sales, elemmysa s an LNG/NG sales LNG/NG sales LNG/NG sales
sales power generation,
upstream, LNG/NG sales France
and infrastructure . LNGING sales and Italy
| infrastructure NG/LNG distribution
[ (7. QEE— i . . and sales
Gas distribution, LNG/NG sales Germany
power generation  © LNGING sales
Puerto Rico
LNG/NG infrastructure, -~ Moldova
power generation Electricity
Domini distribution
Power generation Japan
Costa Rica LNG/NG sales
Generation
Panama Korea
Electricity distributi LNGI/NG sales
power generation
Colombi India
Gas distribution LNGING sales
Peru " oman
Gas distnbution LNGI/GN supply and
Brazil | R infrastructure
Gas distibution, INGION ... .
sales and power ustralia
generation Power generation
projects
Chile
T r and Algeria South Egypt Kenya
of electrciy, gas distrbution LNGING LNGIGN supply Africa LNGIGN supply Power
Argentina Infrastructure  and infrastructure Coal mining and infrastructure generation
Gas and elediy
distribution

The largest integrated
in Spain and Latin America

A multinational company, leader in

the sector
committed to Innovation

We are the in
the Atlantic and Mediterranean basins
(30 bcm).
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Renewable Natural Gas & P2G

Upgrading of Biogas to produce
Biomethane: The initial product,
Biogas, is upgraded (Removal off
Contaminants and separation of
CO,) to obtain biomethane, a gas
with a high concentration of CH,.

* Bio-syngas o Bio-SNG: A gas

composed principally of CO & H,
obtained principally from the
gasification of biomass

 P2G (H, o Methane): Employing

excess renewable energy generation

Renewable Natural Gas

Crops for food
and energy
production

N
\ ,-e’"
1“»
S; S Animal, .
7 Industrial
S \ & Human ::u:r;bm and
Organic gestion Clesning
Waste
i

Direct use in Renewable
E & heat
p:‘o"du“"cﬁm' Natural Gas

— ““

.
matenal L Biomethane

J Methanation (Bio-SNG)
femllzers

Excess

Renewable |
energy

Electrolysis
Industrial Injection in
& Future Natural Gas Grid

to gas
Fual Use Energy Storage

gasNatural

fenosa

* Injections in

Natural Gas grid
and mixed with
Natural Gas

* Used a green
transport fuel

in Natural Gas
vehicles

* Production

of electricity
and Heat
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Challenge: High Penetration of Renewable Energy in Electrical Sector fenosa

* The large renewable energy penetration predicted in Europe during the coming decades will produce a scenario of

difficult management and the need for Energy Storage.

Germany had an installed capacity of 44.5GW of wind turbines and 39.3GW of solar power at the end of
2015.The average load profile in Germany fluctuates between 50 and 80GW on a work day and 40 and

1,500 4 &0GW during weekends. When both renewable socurces produce electricity at full capacity in periods of
a lower load profile, there is surplus electricity generation. This situation occurred various times in 2015
resulting in 4.7 terawatthours (TWh) of electricity being curtziled (93% wind and solar power). The network
operators had to pay compensations in total of £315 million (m). This amount is expected to increase in the
Solar P coming years as grid extensions do not have the necessary velocity.
=
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: Wind
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L o ) ) 2009 2010 2011 2012 2013 2014 205
Historic and future growth rates in installed capacity up to 2050 for wind and solar power plants; ® Windonshore M Windofishore M Solar power B Curtsiant

Source: DMV GL image based on EU Reference Scenario 2016

Curtailment in Germany in relation to the installed capacity of wind and solar power. Based on data from

. the German Federal Network Bundesnetzag
Source: European Power to gas White Paper =n Federsl fetwork Agency (Bundesn i

Extract from European Power to gas White Paper
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Graph of Protermo Solar with REE

Challenge: variation in Electricity Generation and Demand

Graph of Protermo Solar based on REE data.

Renewable Generation in Spain
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Seasonal Demand in the UK
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Storage Requirements

= Generation = Demand

Means of balancing

e
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ESTE ~ PV mWIND ®mHYDRO

1 Demand-side load balancing, etc.
SOURCE: McKinsay

Curtailment of extreme peaks
H. siorage
capacity
Hydmgen used for
= Long-term storage to balance across
weeks and seasons
= Transfer of renewable energy to other

sectors

= Transfer to other regions where
electricity transmission is not sufficient/
not cost efficient

Batteries and power balancing': short-
term storage to balance within hour/day

Time

Extract from Hydrogen Scaling up (Hydrogen Council)

L




Key: Large Scale Stationary Storage

Discharge duration
Months
Weeks Pumped hydro
Compressed air
Days energy storage
Hours
Seconds
System capacity
TkW 10kW 100kW TMW 10MW 100MW 1,000MW
~ Electrical Mechanical ~ Electrochemical | Hydrogen-related

Source: Bloomberg New Energy Finance. Note: system capacities and discharge durations are
based on general use, rather than technical limitations.
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EWh

Intra-day Intra-wesk Seanonal Strategic

10000, 000,000

11000, 0080, 00

1,000,000

16,000

100 4

Emargy Storage

Comprassed Air
Energy Storage

Dlljl 'll'nk M-:md1 '|'ll||r Dwcada
Extract from European Power to gas White Paper



@3’,/

gasNatural

Key: Progressive Integration of the Gas & Electricity Grids fenosa

« The integration of the gas and >Electricity Grids will progressively increase with the increase in Renewable Electricity

Generation.

« Within a decarbonization scenario, the gas grid will adopt the tendency initiated in the Electricity sector with the quantity
of renewable Natural gas progressively increasing.

e g

CNGIC

Enable the renewable energy system ——— Decarbonize end uses

Enable large-scale
renewables
integration and
POWET generation

Engie have announced that their system will be 100% Biomethane and Hydrogen by
2050. http://www.powerengineeringint.com/articles/2017/12/engie-pledges-switch-to-green-gas-by-mid-century.htmi

Distribute
EMengy across
sa::_t:rs.md

& Mot as a buffer
to ncrease

system resiliencs

Help decarbonize

Serve as renewable
feedstock

Global energy demand supplled with hydrogen, EJ

Powar QBI'IBF-EIUEII'I.
buftering

Traneportaiion

@&

=
-Im

ﬂr& Iindustrial energy
L, Bullding heat
and power
Mew Teadsiock
{CCU, DRI)

16

8 10
10 "
| Exlefing feedstock usss
2013 20 3o 2050
SOLIRGE: Hysragan Counsl
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POWER TO FUEL: Power2Biomethane Project fenosa

- POWER2BIOMETHANE project of Retos-Colaboracion call
from Spanish research program (Desarrollo e Innovaciéon
Orientada a los Retos de la Sociedad) in the Spanish
framework of Scientific and Technical Research and

innovation 2013-2016

gasNatural 6/ LEiTET

fenosa _
Technological Center

DE CATALUNYA

Power Electronics & Control

dutt @ UNIVERSITAT POLITECNICA




Power2Biomethane Project: Motivation

Power-to-fuel technology is a potential solution.
Currently in EU, there are some pilot plants

demonstrating the Sabatier reaction

Is there any solution more energetically competitive?

Parameter

(A) laboratory-stage
Electromethanogene

(B) pilot-stage
Chemical

(C) pilot-stage
Biological

sis methanation methanation
CH, production rate 1500 m3 CH, m3
27 - 27 4 1.2-43.2
(m3 CH, m-3 reactor d1) 0 catalyst d? 3
Conversion efficiency (%) 65 -99% 46-75% 58%
Energy consumption _ N
(kWh m-3 CH, ) 11-19 26 -35 19
CH, purity (%) > 95 > 96% 98 —99%
Operating pressure (bar) 1 1-100 1-4
Operating temperature (2C) 20-30 180-600 40-70

Observations

On-demand ignition

Expensive catalysts

On-site need of H,

&
gasNatural
fenosa
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Power2Biomethane Activities of GNF ferosa

Renovagas Ris3Cat Cosin Unidad Mixta Gas Renovable




Power2Biomethane Project: Objective b
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« To be a storage solution for intermittent renewable energy using methane as the energy carrier

« React CO,-rich gases with waste water to produce a biofuel (circular economy)

« To develop bioelectrochemical batteries for this conversion of CO2 into biomethane obtaining an
adequate quality to inject this biomethane into the natural gas network and also be economically
competitive.

» Development of an optimized electric control system suitable for the injection of the surplus of
renewable energies into the bioelectrochemical batteries

Bioelectrochemical
Water

System
saturated
with CO,




Power2Biomethane Project: Outline

1. Reuse of CO2 emissions to fuel production Currently disposed by anaerobic digestion

‘_ ‘ Biogas composition
Biological sludges . _ CH, = 50 — 65%
e - CO, = 35— 50%
H,S < 2500ppm
O, + N, + other <0.5%

i Spanish law ITC/3126/2005

40%CO,

Chemical scrubbing

Membrane J H iti

Biomethane e e e IS . Biomethane composition
Organic physical scrubbing EC H 4 > 95°/o

CO, transformation to CH,  >5%C0,

- Tecnologia
Biogas POWER2BIOMETHAHE <95%CH,

CO, < 2%

¥
gasNatural
fenosa



Power2Biomethane Project: The System

4
v

Power2Biomethane project strategy

gasNatural
fenosa

. o & A
UNIVERSITAT POLITECNICA
DE CATALUNYA S—
l r--.—.—.-.ﬂBioelectrochemical
-"' Water System
saturated

with €O,

Biomethane

LEITET -

Technological Center QD -

Oo™O

gasNatural
fenosa

~ Waste
“== water
111}

4

e Vs 500 Notes

Anode 2H,0 2 4H*+ O, + 4e +0.82 AE << 0
Anode CH,COO +4H,0 > 2HCO; +9H*+8e  -0.28 AE<O0
Cathode  HCO; + 9H* + 8¢ CH, + 3H,0 -0.24 DET
Cathode  2H*+2e 2 H, -0.41 IET

CO,+ 4H, > CH, + 2H,0

Mild conditions
Low voltage and Low Pressure and Temperature

v
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I
ll
4 —_— EJCD’ON
"l E m'
ol W
: A
(-
E
CO e 4 H* : pduct
—
\ :

Bloelectrochemlcal System (BES)

www.meteorr.ac.uk/science/microbialelectrochemicaltechnology

1 V under neutral pH
MFC that has

Direct Biological Conversion of 2 theorctical potentialas
Electrical Current into Methane by
Electromethanogenesis

evolution from the
—5). The voltage

SHAOAN CHENG, DEFENG XING,
lH)lHl\\P CALL AND BRUCE E. LOGAN*
titute and of Civil and
Environmental Engineering, 212 Sackets Buikl ling, The
Pennsylvania State University, University Park, Pennsylvania 16302

Rea ndlm mber 12, 2008. Ru «d manuscript received
March 5, 2009. Accepted March 6, 2009.




Power2Biomethane Project: Description and results sosnaturat &

fenosa
UNIVERSITAT POLITECNICA
DE CATALUNYA

* Modeling the electro-chemical
behavior of the BES battery

» Construction of load that
simulates battery stack 630kW

» Validation in the laboratory that
the batteries have good
behavior as a system of energy
storage

- Confidencial -



Power2Biomethane Project: Description and results

A

gasNatural

The optimal installation for the
implementation of the P2Biomethane
system is a WWTP because there are
the two necessary inputs for the
process (biogas and wastewater).
Although the CO, produced in WWTP
currently only is 15% of the total CO,
produced in all facilities considered, In
absolute terms this percentage
represents an emission of 66 million
Nm3 of CO, per year, so it is
considered that the WWTP have ample
potential for the study and
implementation of Power2Biomethane
technology

fenosa

A
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fenosa
| Biomethane -
ST
TOTAL CO2 TODAS LAS INSTALACIONES
500
450
(o]
% :Eg 79%
= 300
= 250
g 200
S 150
§ 100 )
50 15% o%
0
EDAR PLANTAS VERTEDEROS DE TOTAL
RSU/FORSU RSU
CO, (MILLONES DE NM*/ANO) Porcentaje
EDAR 66 15%
PLANTAS RSU/FORSU 29 6%
VERTEDEROS DE RSU 354 79%
TOTAL 449 100%

- confidencial -
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Power2Biomethane Project: Description and results

>

LEITAT

Technological Center

Water
saturated
with CO,

Biomethane

Biogas

. Waste
5% water
[111]

¢/

Caracterizacién del gas de salida de la columna

100% \ y=-0,0189x+1,0536 . ? - 43
oo 9 ® oy % r 40 g R
%9 .-..o...._.s..g. ©0:0:0:0:0:0:0:0.:0 I 35 <&
.as-%{_)'n : ‘G090, E
o : ©:0.-6.0.0:0 - 30 CH
70 = H,0 4
s | e — 8 ——— e L 25 & 2 .
60% | T =
o = 0z
w  50% g
® F 15 &5
40% - 10 é
. [=4
,.0060 <> ¥=0,0184x+0,023 >3
Lo 20% | 0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 S5 100 105110 115120 125130
E“’_m,izidéﬂmi - Time (min)
T 0% T T Y --o--pH e @+ CE
-10 5 0 5 10 15
@ CHA Tempo,min  ® CHATmmo e \ H,0
Lo CO2 ®  CO2-Tramo reaccién 1 .. . . h CO
Lineal (CH4 Tramo ) Lineal (CO2 - Tramo reaccion) : pH and COﬂdUCthlty are adjusted |n the 1 CH
1 ! 4
! feed of BES reactor ! o
_______________________________________ - 2

- Confidencial -
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(

LEITaT

Technological Center

Bioelectrochemical | 7
Water System I—
saturate Bionfethane
; with CO,
> y—_
/]

co,

< _ Waste P
iy water z l ‘
/Jj oo

Produccié de meta

I

° 1 Inoculation 1 CstV operationat 0,7 V | Stack operationat 2,8 V

g - I I °
- n
v | 50% I 100% synthetic water, | K 15t settler WWTP effluent,
-yE“ synthetic I acetate based, OLR=1 | ® OLR = 2-4 kg-CODm3d+?

6 1 water+ I kg-cODm3d? |
2 Y el : = % 02
S 5 0 °
S anaerobic | . . . % N2
8 41 sludge : R m % CH4
2 3 : " : i * MES 1 B % CO?2
£ , . . : o : m MES 2
2 ot o ~ A MES 3
= ol .:I ° . . co‘ : o A

1 VS Y JO m A " .! ® MES 4

A A
ol tae Bl LRedRe b 0 T > 95% CH,/CO,
0 50 100 150 200 250 300 350

Time (d) - Confidencial -



Power2Biomethane Project: Description and results sosnaturat ¥

Methane production (L m2_, d)

Inoculation

LEITAT

Technological Center

? waﬂ
W i

fenosa

Producci6 de meta

I
: CstV operationat 0,7 V

saturate
with CO

F
- Bioelectrochemical
Water System

Bionfethane

\

Stack operationat 2,8 V

I
I
l | | - Tractament WW
| 50% | 100% synthetic water, | 15t settler WWTP effluent,
synthetic | acetate based, OLR=1 | * OLR = 2-4 kg-CODm3d? 90% COD removal
1 water + | ke-CODm=3d? I 100% R .
© ™ Pe - -
| 50% : : . _ .Q‘Q‘Q’*’o Do,
anaerobic | I £ 80% - . 2 °
| sludge l e 3 60% - *
I - I a o | *MES2 E * MES 1
o 4,1 ¢ = MES 2 a ‘%7 = MES 2
X o . R 4 MES3 S Lo - 4 MES 3
R R T T T RV o s
LN A a"‘ A0 oD .0 0% T T T
? . -—!—.'Ug32 ¢ * °v ¢ . 0 100 200 300
50 100 150 200 250 300 350 Time (d)
Time (d)

- Confidencial -



Power2Biomethane Project: Description and results sasnatural
LEITAT = b
Technological Center ﬁ@ ﬁ

fenosa

co,

v

Waste
/" == water
(o

) , | AE = suitable V _ ' \\\rg/,/ /
|| e
+ = [
12, 24, 48, ... V stack cells is needed
to couple a reliable electronic control.
MEC1 MEC 2 MEC 3 MEC 4

Cell voltage is controlled by
passive, low-cost, up-
scaling and robust
electrical component

Cycle 40: real wastewater feed, stack voltage of 2,8 V

“wem . 2COnfidencial -



Power2Biomethane Project: Current Work qasNatural ¥
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» Upscaling of the technology to TRL 5-6 Volum net 27 L
Requeriment elect. 35V/I20mA 1 W/
0,025 kW-d
Cabal aigua tractada  0,5-1.0 L,,/h
Carga DQO

Produccié de biogas  1-2 L CH,/d
> 95 % puresa

Sistema de dissolucié de CO,
Stack de piles BES

- Confidencial -
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Conclusions sosnatural ¥
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» Power-2-Gas technology is a large scale storage option for the future management of excess
renewable energy systems. The integration of the gas and electricity grids could play a
significant role in a future renewable energy scenario.

 BES is an emerging technology with the potential to be a competitive option for power-to-fuel
to produce renewable methane. It is potentially a particularly attractive method for biogas
upgrading converting the CO, in biogas into biomethane.

* Itis a potential low P and T solution (lower energy concept solutions).
» At the laboratory stage, good performance has been demonstrated.
» ltis alow-cost, robust and scalable system.

» Power-to-Biomethane prototype based on BES is currently under construction for future
evaluation.
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