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Originis and history
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gasNatural

1843

First gas company founded in
Spain.

1969

Pioneer in distribution of natural
gas in the Iberian Peninsula.

1991

Creation of Gas Natural SDG and
integration of the gas distribution sector in
Spain (merger of Catalana de Gas, Gas
Madrid and Repsol Butano's gas pipeline
assets).

1992

Start of international expansion in
Latin America, entering Argentine
market.

Naturgy ¥

Naturguy »

2000

First electricity sales in the
liberalised Spanish market.

2009

Acquisition of Unién Fenosa
concluded.

2010

Launch of Gas Natural Fenosa
brand.

2018

Launch of Naturgy brand.



Who we are

More than
ear
20 16m
countr'es/ wg,rtlgmers in the
Headcount
9,335
employees? |

b

The largest integrated gas and electricity company in Spain and Latin America

Naturgy >

1. Figures at 31/12/20.



A. BIOGAS: Where does it come from? Naturgg ./

Biogas (BG) is produced in an anaerobic

digester (AD) by means of bacteria, in two Proteccion contra
sobrepresianes
phases:

1. Digestate (Organic matter) Acidification
2. Transforming the OM in CH, with bacteria

The AD are hermetic without any emission to ﬂ
the atmosphere: Biogas
° N2 Agitador
 CH4 Calefaccion
* Smell '
* Flies, etc. Sustrato Digestato
o Trampa de
Hormigan condensados

The process lasts 30 days
Aislamiento



B. BIOMETHANE: What is it?

Naturgy »

It is a gas with renewable origin, neutral CO2 emissions and totally exchangeable

with fossil natural gas (NG).

Renewable gas characteristics

Origin Renewable: BIOGAS

CO, Emission Neutral emissions of CO,

USES Same as Natural Gas (NG)

w

3 production options

Market maturity

BIOGAS (AD) + HIGH

UPGRADING

BIOMASS
GASIFICATION MEDIUM

(THERMAL)

POWER TO
METHANE & POWER Low
TO HYDROGEN




C. HOW CAN BIOMETHANE BE PRODUCED? Naturgg ./

Anaerobic
digestion

Biogas (BG) Biomethane (BM)

Injection into the
Natural Gas GRID

TECHNOLOGIES

| 1
|
*CH, 50-70 % E v PHYSICAL ABSORPTION :
*CO,: 30-50% 1 ¥ CHEMICAL ABSORPTION 1 *CH,>95%
=H,S: up to 2000 ppm I v PRESSURIZED WATER SCRUBBER (PWS) | "CO,<2%
=Siloxanes 0-20 mg/m3 I v MEMBRANES I *H,S + COS < 15 mg/m3
=Others: ammonia, etc. : v PRESSURE SWING ADSORPTION (PSA) : =Siloxanes < 10 mg/m3
: v" CRIOGENYC : =All other parameters according to
L e e e e e [ regulations

|

Biometano

Dioxido de
carbono

Vapor de agua
H2S

Anfonia (NH3)
Otros

Biogas

Upgrading: Elimination process of CO,
and contaminants (H,S, siloxanes...)
present in the biogas

J



D. UPGRADING TECHNOLOGIES

CH,>95%

. S
Biometano

Secado

Absorcién
quimica CO, en
Amina

1-1,5 bar
40-60°C

Ellminaclén
de H.,S

Secado

Blogas

Absorclon

Quimica

VAV

Enfrlamlento

Recuperador
de calor

co
— _‘ Gas
de Sallda

IS

Desabsorcion

1,5-3 bar

Calor

120-150 ¢C

Chemical Absortion

Naturgy ¥

Amina .H,0+ CO, e; Amina-H* + HCO; + heat

Principle of separation: Chemical absortion of CO2 in an amine solution (MEA, MDEA, DEA..)
O, and N, keep going in the BG current

Higher termal consumption required from the amine regeneration
Possibility to use the heat excess in other industrial uses




D. UPGRADING TECHNOLOGIES Naturgy ¥

Biometano

Mz/Oz2

Gas
de Sallda

Tratamiento
de gases

Bomba HzO/H25 [@
de vacio e
~
Elgm\r;?c\sén =l
e
: cos

Secado

CHa COz2 Nz Oz H0 COz2 Mz Oz Hz0

@ Compresion

Biogas

Biogas

* Principle of separation: flowing presurized Biogas through carbon molecular filters where CO2 is absorbed.

* 0, and N, are absorbed partially
* Once the carbon molecular is saturated, it is regenarated (depressurized and desorb the CO2) . The process takes around 1-2 min.

* Higher electrical consumption



D. UPGRADING TECHNOLOGIES

Membranes

G

as
de salida

2
Tratamiento
de gases

Compresién

&

Eliminacion
de H,S

Carbon activo

@ Secado

Biogas

Biometano

CH,>95%

Sistema de membranas

(2 etapas)
7-20 bar

H,0

w6 F E

Principle of separation: Flowing presurized BG through the membranas. These membranes are more permeable to CO2 than to CH4.

Severeal stages: 2 or 3
N, keeps in the BG current while O, reduces partially
Higher electrical consumption

Fast Slow
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D. UPGRADING TECHNOLOGIES Naturgy

Membranes ﬁ

C0,,0,HOHS... [CH] > 98 %
Mebrane Tecnology Advantages: o~

Modular. Quick installation and commissioning (plug&play)
* Easy operation

High CH, recovery

Flow and CH, concentration could vary

High CH, concentration in BM (>96%)

Partial reduction of 02 A
Smaller installation costs 3 ! Permuate

Roteintate

L
T Hotlow fiker membranos

H,0 He | H,| co, o, Ar N;| |cH,

Fast Slow

10
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D. UPGRADING TECHNOLOGIES Naturgy

Membranes

Membrane system with 3 stages to get a Higher CH4 recovery >99%, patented by EVONIK.

U | Seso * With 3 stages CH4
3 Recovery >99%
= ape Gas a entrada
! del sistema * With 2 stages CH4
ﬂ 0 Recovery around 85%
f1

|:> Ertg?a ':;> E.tiga |:> Biometano

11
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D. UPGRADING TECHNOLOGIES Naturgy
Overall comparison of technologies

Pressurized

PSA Water a?ozzr::t(;zln Membrane (2-3
(adsortion) Scrubber (amines) stages) Energy demand
(PWS) (Various pressure in the product gas
Electricity demand 0.16-0.3 0.2-0.3 0,06-0.17 0.3-0.45 and heat recovery potentials)

(kWh/Nm3BG)

k=)
o

T
3 Z 05
Heat demand(kWh/Nm3BG) No No 0,4-0,8 No :
Losses of CH, % 1-2 ~1 ~0,1 0,5-1 :‘é;m ‘ |
5.l " « P .
Operating pressure, bar 1-10 4-10 0,05-4 7-20 > .
Operation temperature, QC = - 106-1 60 - “ ’ Water Amine PSA Membrane Organic
scrubber scrubber physical
scrubber
Separation of N, and O, Partially No No Partially (O,)
Requirement of H,0 No Yes Yes No
Separation of H,S External Yes External External
Sources SGC; AIE, Fraunhofer IWES,Otros The availability of all the technologies is 95%

- They reach CH, concentrations in the outlet gas over 95%



Euros/(Nm3 /h BG)

D. UPGRADING TECHNOLOGIES

Membranes

10.000,00 €
9.000,00€
8.000,00 €
7.000,00€
6.000,00€
5.000,00€
4.000,00€
3.000,00€
2.000,00€
1.000,00 €

0,00€

CAPEX RATIO UPGRADING MEMBRANES

200 400 600 800 1000 1200 1400 1600 1800
Nm3/h BG

O CAPEX

v Pretreatment including active carbon filters
v' Upgrading

13

0,12€

0,10€

Euros/Nm3 BG
e o o9
(=] [=] [=]
= (2] (=]
h (] th

0,02€

0,00€

Naturgy 4

OPEX RATIO UPGRADING MEMBRANES

200 400 600 800 1000 1200 1400 1600 1800
Nm3/hBG
O OPEX:
v Electrical consumption: 0,3-0,45 KWh/Nm3 BG
v" Active carbon: 1,5-2 g Active Carbon/Nm3 BG
considering 300 ppmv H2S
v" Supervision and operation
v" Maintenance cost




E. CASES STUDIES

JSBENS

[ BUTARQUE

CABORVERDE

Fecha de las
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E. CASES STUDIES ~

ELENA MSW LANDFILL
/ WWTP BENS \

e Upgrading: 350 m3/h BG from MSW

* Refuse from a MSW treatment plant

* Technology: membranes

* Future grid injection and present use in mobility
* CAPEX:2,2M€

*  BM production: 12 GWh/year

e Upgrading : 100 m3/h BG from
the sludge of a WWTP in
Galicia .

* Technology: membranes

* Used in mobility

* Injecting into the grid in Dec
2020.

e CAPEX:1,1M€

* BM quduction: 555 GWh/year

N

/ WWTP BUTARQUE
* Upgrading : 100 m3/h BG from the sludge of a WWTP in Madrid
* Technology: Chemical Adsortion with Amine
* Injecting into the NG grid since October 2019. Also used in mobility.
e CAPEX: 0,8 M€ ;
e BM production: 5 GWh/year

METHAMORPHOSIS

N

* Upgrading: 214 m3/h BG from pigs slurries and other
organic rests from Catalunya, located in a farm.

* Technology: membranes

e Future grid injection and present use in mobility

e CAPEX: 1,2 M€

\0 BM production: 9,4 GWh/year




E. CASES STUDIES: BENS Project Naturgy 4

&

s

o £
EDAR BENS




E. CASES STUDIES: BENS Project Naturgy 4

"CO,> 99 %
"CH, <0,8%
co,

ANAEROBIC 100 Nm3/h 60 Nm3/h (5,5 GWh/afio)
DIGESTION Biogas

: UPGRADING

MEMBRANES Inyeccidn a red A
E

EEIEE

Biometano 12 buses/year

-C02 <2% 440 homes/year
Biometan| 'CH4 > 95%

H Bl S ==
Diéxide de . ;
carbono sSiloxanes <10 mg/Nm3

st‘yapm de agua 1100 vehicles/year

Amonia (NH3) —
Otros

*"CH, 50-55 %
*CO, 44-47%
—  ®=H,S< 300 ppm
=Siloxanes 0-20
mg/Nm?3

Biogas

o






E. CASES STUDIES. BENS Project Naturgy ¥

\ UPGRADING

Main system parts

7

INJECTION INTO
THE NG GRID AND
VEHICULAR USE

)
—

19
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E. CASES STUDIES: BENS Project

Process

Naturgy V

CHILLER

UPGRADING

BIOG

BIOMETANO «

FILTROS

COMPRESOR

OFFGAS

ETAPA 3

H !

I ] }4_"

|ﬁ
I
S
A4

oY

20



E. CASES STUDIES. BENS Project Naturgy ¥

Installed Power and electrical consumption

U Main consumers
» BG Compressor: 40 kW (Pl)
» Chiller: 4,2 kW (PI)
> Blower: 3,2 kW (PI)
» Instrument air compressor: 2,5 kW (PI)
» Air conditioning: 1 kW (PI)

Installed power 59 kW
Power consumed 26.4 kW
Maximum Power consumed at 31* kW
nominal biogas condition

Maximum Power consumed at D33 * kWh/Nm?
nominal biogas condition

21



E. CASES STUDIES. BENS Project Naturgy 4




E. CASES STUDIES. BENS Project

REFUELLING STATION

CASETA DE CONTROL

~ COMPRESORES
~ 2x18m3/h




E. CASES STUDIES: BENS Project Naturgy ¥
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E. CASES STUDIES: BENS Project Naturgy

GAS ENTRY UNIT : INJECTION SYSTEM INTO THE NG GRID

BZ80
1863 4215
1500 3500 2020
204
2700 | 600} 2020 | 600 pod
I
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- £ o e
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& 'l_ L 10002000 BO0s 335 1000:2000 | B
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200 : 0
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E. CASES STUDIES: BUTARQUE PROJECT Naturgg

» Biomethane injected into natural gas distribution network
» Development of the Guarantees of Origin for renewable gas in Spain
» Demonstration of the eco-efficiency of renewable gas for mobility
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E. CASES STUDIES: BUTARQUE PROJECT Naturgg

Wastewater Purification Station (WPS) scheme

Decarntacion Tratamiento
@ 3]

&) Pretratamiento
primaria secundario

a Decantacion Tratamiento
secundaria terciario

L
|

N
E
A

WPS of Butarque

* Treatment capacity = 1.700.000
population

* The 5th largest in Spain

_— : o A DESTIND
= } . ¢ FINAL )

FANGOS

woezrPm'

27
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E. CASES STUDIES: BUTARQUE PROJECT Nal:urgg

Co,

ANAEROBIC

DIGESTION 100 Nm3/h

50 Nm3/h (5 GWh/year)
UPGRADING Biomethane

(CHEMICAL Injection into 11 buses/year
Y ABSORTION ) the grid A
_ =CH,> 99% =
=CH, 50-65 % “CO,<1% == I H
"C0,: 35-50% 1 =*H,S<5mg/Nm3
=*H,S <65 ppm =Siloxanes < 10 mg/Nm3 400 homes/year
sSiloxanes< 10 mg/Nm?3 |

1000 vehicles/year

28



E. CASES STUDIES: BUTARQUE PROJECT
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E. CASES STUDIES: BUTARQUE PROJECT Naturgg
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E. CASES STUDIES: BUTARQUE PROJECT

SFid conn

Inc

ection
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E. CASES STUDIES: BUTARQUE PROJECT Naturgg

I
M} > D X >D@ <>
i~ - R 2

&,
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E. CASES STUDIES: BUTARQUE PROJECT




E. CASES STUDIES: BUTARQUE PROJECT

MADRID ERM-BIO-0001
M5451  Madrid-ECOGATE BIOGAS BUTARQUE

)
-
(0o wm ]
Volumen y caudal
fiscales Camecr
‘Medida Fscal ALC

34

PLC_OMRON
TELDAT-GPRS GPRS-M5451

2]
A pyada plarta A Confrecham biometao
A Confrmactn dsponbidad bometaro

OPERABLE
EN SERVICIO
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E. CASES STUDIES: BUTARQUE PROJECT Naturgg

s Qhmedio (Nm3/h) e Qd (Nm3/dia) 100
1200

1000

800

200 4 | Valores GR inyectado
Total GWh | 2,553
0

03/10/2019 03/11/2019 03/12/2019 03/01/2020 63/02/2020 03/03/2020 03/04/2020 03/05/2020 03/06/2020 03/07/2020 03/08/2020 03/09/2020 Nm SId Ia Nm 3/h ©LE M Whld €]

' L
:)Z a { | I 11" | ', JM [ 0571072070
il I‘IM D0 T N

al consumo anual de:
511  viviendas
204  vehiculos utilitarios
51 taxis
9.1 camiones RSU
5,7 autobuses urbanos

666 28 7,0
BM INJECTED INTO THE GRID *

H GRinyectado hasta ahora equivaldria
35



E. CASES STUDIES. Methamorphosis Project Naturgg

e Catalunya, Spain. Porcaporcs farm. Vila Sana. Lleida

* Biogas (BG) anerobic co-digestiéon 45T/day of waste products (45% pig
slurries + 50% waste from WWTP+ 5% wastes from food industry)

* Farm BG production: 200 Nm3/h

3 Anaerobic
Digesters




E. CASES STUDIES. Methamorphosis Project

ANAEROBIC
DIGESTION

=CH, 50-70 %

=CO,: 30-50%

=*H,5 <210 ppm
sSiloxanes< 0-40 mg/Nm?3

170-214 Nm3/h

(Membranes)

Naturgy 4

100- 135 Nm3/h (9,4 GWh/year)
UPGRADING Biomethane

Refue"ing 21 buses/year
station

=CH, 2> 95%
=CO,<2 % ‘
'HZS <5 mg/Nm3 752 vehicles/year
Siloxanes <10 mg/Nm3
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E. CASES STUDIES. Methamorphosis Project Naturgg

UPGRADING PLANT

CH4
5 ACTITATED
b 41 ELOWER CAREBOH BIOGAS
ANKERDBIC
prr :I-F; STSTEH |/ ¥l i COMPRESSOR
|

¥ I

DRTING AHD

| FILTERIHG |
| =t st ————— i
I ﬂ Il CEM STATION i
I EIDHETHAHE i i i
- 115-95x CHA , H
I COHPFRESSED I
£ — MEMERANE :b EIOHETHAHE IZD EIOHETHAHE |:> i
| 1\‘— S5YSTEM COMPRESSOR (CEM) TO |
I i YEHICLES i
| I 1 |
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E. CASES STUDIES. Methamorphosis Project Naturgy N

DETAIL ENGINEERING

M

H

l

5
-
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E. CASES STUDIES. Methamorphosis Project Naturgy 4
DETAIL ENGINEERING

Approweaty

- [V
sNatyral ~
B o
engineenng

BRIGHT V0
BIOMETHANE e
PPo

Unisss omenwise specified
all dimensions are n MM

L =T T =
4332-tek02-03 [ 02 |304-2018 |06-11-2017 @&=]
4332 (as Natural Fannaa 178 AR 1 nf 2




E. CASES STUDIES. Methamorphosis Project

METHAGRO Upgrading Construction and Assembly




E. CASES STUDIES. Methamorphosis Project

Upgrading plant constructed by Bright Biomethane with a capacity of 214 Nm3/h of BG resulting
in a production of 100-135 Nm3/h BM. Plant includes a pretreatment process (3 carbon filters,
drying sistem and the blower) and the Membrane unit with 19 membranes fed by a BG
compressor (16 barg) manufactured by ADICOMP.
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e Stage 1: 5 MEMBRANES
* Stage 2: 8 MEMBRANES

* Stage 3: 6 MEMBRANES

43




b
E. CASES STUDIES. Methamorphosis Project Naturgg

BIOGAS COMPRESSOR

44
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E. CASES STUDIES. Methamorphosis Project Naturgy

/i
Iy

Gas refuelling station
supplied by GASECO.
e 14 bottles x 80 |

Ay

e Compressor for 18 .

Ly B
W TR

Nm3/h (SAFE)




E. CASES STUDIES. Methamorphosis Project

Continuous monitoring: PLC + SCADA
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E. CASES STUDIES. Elena landfill Naturgg

"CO,> 99 %
"CH, <0,8%

co,
Municipal 350 Nm3/h 200 Nm3/h (12 GWh/afio)
SO||d WaSte Landﬁ” gas Biometano 25 buses/year
Landfill —— UPGRADING

.. d _

MEMBRANES Inyeccion are /\
==

H I E

B 'CH4 50-55 % : IC02 <2% 960 homes/year

=CO, 44-47%

Biometan| 'CH42 90% B\
— =02<1% | i‘D . = "HS<5mg/Nm3 i
*H,S< 100 ppm H e Gl sSiloxanes < 10 mg/Nm3
sSiloxanes 0-10 o 2400 vehicles/year

— mg/Nm?3

Biogas

o

Amonia (NH3) —
Otros



Desgasificacion del depodsito controlado Naturgy V

Modelo de produccidn tedrica del biogas (genérico)

—Biogés producido

o —Biogas captado

m3/h

2 COLECTORES PRINCIPALES

POZOS DE CAPTACION VERTICALES
a8 ANTORCHA
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Solucién tecnologica

SISTEMA DE DESGASIFICACION

PROCESO DE UPGRADING

Antorcha TX2 Antorcha TX3
T
Vertedero : CO,
RSU de balas " A T

| L ———————
L h
I < % h

1 I O C I

I 1 5 S 1 _

| 1 S ] Biometano

: | Z5 — ! no conforme

] : | Soplantes Comp_resgres : 1

: i} extraccionde debiogas | pq | || Bio-

i pszosf de | biogas 'l CH,

I logas I . 1

! i 1 e _@ﬁ_Fl!tros _,@_ Separacion CH4/CO2 :: » Médulo inyeccion

: Condensados| : CA 1 ;

, _biogés i i 1

I Balsade < T 1

: \ lixiviados X : : :

1 I
1

e e e o
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la genera
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Fotograf
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Acometida de biogas
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Filtros de carbdn activo y compresores
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Contenedor de membranas

Naturgy >
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Modulo de inyeccion

Naturgy by




Naturgy by

Modulo de inyeccion
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E. CASES STUDIES Nal:urgg v

CONCLUSIONS

» Biomethane is a key energy in the decarbonization

» It promotes the use of renewable energies

» It contributes to the security of supply and energy independence
» It improves the environmental management of organic waste

» Generates synergies with the agri-food industry

» Supports rural development, job placement and population in agricultural
settings.
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Thank you for your kind attention!

Ignasi Mallol

imallol@naturgy.com
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