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Relator

Actualmente
CEO, fundador — Southern Lights, SaaS for green hydrogen development
www.southernlights.io

Experiencia en el mundo publico, privado y ciencia aplicada

* Gerente de desarrollo de negocios para las Américas, Azelio AB, Suecia.
* Principal consultant green hydrogen projects LIF energy, Italia.

* Ingeniero de proyectos, Comité Solar CORFO, Chile.

* Analista cuantitativo del sistema eléctrico, ex-Antuko (DNV).

Felipe Gallardo

* Analista de desarrollo de negocios de transmision, Elecnor Chile. felipe@southernlights.io
Background académico DEA0
* Candidato PhD en tecnologias de energia, KTH Royal Institute of Technology i =
e 170+ citations en indexed journals por research en sistemas de H2 verde O]
* MSc. Ingenieria energética, Universita La Sapienza di Roma.
* Ingeniero civil eléctrico, Universidad de Chile. Linkedin

* Diplomado en energia solar, Pont. U. Catdlica de Chile
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1. Introduccion y Contexto

¢A qué llamamos Hidrogeno Verde? Consideraciones:

(2) El contenido energético de casi todos los carburantes
cuspen | Engin @ liguidos y gaseosos renovables de origen no bioldgico se basa

en el hidrogeno renovable producido mediante electrdlisis. La
intensidad de las emisiones del hidrogeno producido a partir
de electricidad de origen fosil es sustancialmente superior a la
intensidad de las emisiones del hidrogeno producido a partir
de gas natural en procesos convencionales. Por lo tanto, es
importante garantizar que la demanda de electricidad para la
produccion de carburantes liquidos y gaseosos renovables de
origen no bioldgico se satisfaga con electricidad renovable

Home > Press corner > Commission sets out rules for renewable hydrogen

Available languages: English

Press release 13 February 2023 | Brussels

Commission sets out rules for renewable hydrogen

European I English Search
Commission @ .

Energy

‘Home Topics | Data and analysis v iStudies v | Publications | Consultations | Energy explained v iEvents News

Los articulos de este marco regulatorio norman las condiciones
para considerar como renovable el suministro eléctrico
obtenido mediante plantas de generacién o a través de la red
mediante contratos de suministros

Home > News > Renewable hydrogen production: new rules formally adopted

NEWS ANNOUNCEMENT | 20 June 2023 | Directorate-General for Energy

Renewable hydrogen production: new rules formally adopted

o
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Por qué hidrégeno verde - crisis climatica P ANKC=

Gran parte de la industria mundial
puede ser descarbonizada directamente

a través de la electrificacion de sus (y
procesos. Si la energia eléctrica 30 o 550B$

proviene de fuentes renovables, el
proceso puede ser descarbonizado. Esto
aplica a varios procesos industriales vy
sistemas de transporte ligero.

La industria pesada representa el Necesitamos invertir 550 mil millones
i ind -1 donde | 30% de las emisiones globales de de ddlares en proyectos de
Hay un amplio sector industrial donde la carbono. produccion de hidrégeno verde al
electrificacion no es viable. 2030 para la industria pesada.
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1. Por qué desarrollar proyectos de hidrégeno verde A 52/0EN

El hidrégeno verde, mas alla de la demanda global existente, solo sera desarrollado y comercializado si se
presenta como una oportunidad comercial viable para los desarrolladores.

| Levelized Cost of Hydrogen [USD/kgH2]

Al analizar los costos, veremos que el principal factor que determina
los costos nivelados del hidrogeno es en general el costo de energia.

LCOH: 5.4

Por lo tanto, aquellos que puedan aprovechar condiciones de energia a

. / . oy N .
bajo costo y tengan acceso a tecnologias a precios competitivos y Y OS5,
. . . . rd . . 7 n
financiamiento asequible estaran en posicion de desarrollar proyectos 1COH - — = d+7)
. . , ;. N
con un LCOH (Costo Nivelado de Hidrégeno) minimo. Y Hydrogen,,,
o (L)
CAPEX Energy
En Chile hay ventajas comparativas fuertes para producir H2 verde y 119 338
derivados: costos de produccion de energia, condiciones financieras,
&M Water
industria local, acceso a puertos, etc. . >
Desarrolladores con experiencia en renovables corren con ventajas Land Replacements

0.0 0.4

pero los costos de produccién no son la variable mas importante
Source: Southern Lights
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1. Por donde comenzamos?

Project EPC - -O-E.hﬁs- /- =
........... " Government . ]
! “independent | L__Sponsor | . Copaor| JERRNcR:
' Engineer : 2
Dol Lo b : Equity Operating EPC
Investors = Investment License Contract
A + ’ ‘
Finance Project Company [« ; Ovwners - :
x 3 L _Engineer |
' Lenders' ! Project Fin. O&M
s_ N _E_rlgiqe_ef - E Lenders [~ Debt Contract Contract
1 1 f R e .
Off-taker O&M O&M sub-co !
Contractor " _l _sggp_li_e[s_ o

The first most important variable is the demand

Source: modified from Rafael Guédes, 2022 KTH.
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Clean Hydrogen Ladder: Competing technologies g v

Unavoidable

—

0D (Ferteer) (roogenaion)

IEI\‘

Key: _ Electricity/batteries | Biomass/biogas

s oz emage)

Shipping® | | Off-road vehicles

Steel | Chemical feedstock | | Long-term storage

Long-haul aviation* || Remote trains | | Coastal and river vessels | | Vintage vehicles* | | Local CO2 remediation

Medium-haul aviation*

Long distance trucks and coaches High-temperature industrial heat

Short-haul aviation Local ferries Commercial heating Island grids Clean power imports UPS

_“ Light aviation Rural trains Regional trucks Mid/Low-temperature industrial heat Domestic heating

_“ Metro trains and buses H2FC cars Urban delivery 2 and 3-wheelers Bulk e-fuels Power system balancing

Ur'i'competitive

* Via ammonia or e-fuel rather than H2 gas or liquid

Source: Liebreich Associates (concept credits: Adrian Hiel/Energy Cities & Paul Martin)
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1. Caracterizacion de la demanda

Delivery specs Local circumstances Alternatives
Perfil de demanda Infraestructura en la demanda Costo alternativo

Presion y temperatura Sinergias locales Requerimiento de precio
Pureza requerida Requerimiento huella de carbono
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1. Las etapas del desarrollo de negocio

Una vez identificada la demanda podemos analizar el mejor proyecto para servirla

Construction I

Operatlons

Source: Southern Lights
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1. Las etapas del desarrollo de negocio AN

Commissioning - CoD
DEVELOPMENT PHASE
3 [ 3 [ 3
crﬁ?ﬁﬁiﬁ?iﬁ?aﬁ N Project Proposal Evaluation Secure Financing Ec"g':::z':;%: Operation
DEVELOPER
1 DEVELOPER

A A
] 1
] ]
] ]
1
1

- -
- --h
- - - -
- - -h
- o o

1 1
J 1
TECH OWNER CREDITORS

ENGINEERING
—

TECH OWNER

A\ J

Financial Closure

Fuente: Modificado a partir de: Rafael Guédes, 2022 KTH.
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La necesidad de evaluar bien desde originacion

~1M€ 98%

Por estudios de factibilidad de De los proyectos de hidrégeno
proyectos con bajisimo factor de verde actualmente en
conversion para avanzar de hasta evaluacion no alcanzan FID

RTB

11
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2. Plantas de Electrdlisis VANEEIE .

EleCtrOIyzer SyStem = a complete turn-key product from an OEM

-Qué equipos auxiliaries se incluyen a nivel de
Planta, Sistema y mddulo?

System A2000

) ifi ‘ RN o Pl 24 modules
-Cuanto es el consumo especifico de la plantay < wWhte | e dule
qué incluye R - “P_min =1%"

¢Qué componentes auxiliares se

System A485
i i 2 2 ; 2 Ix module
incluyen a nivel de modulo? ¢ Cuantas X ctack/module
pilas por médulo? Especificaciones de “P_min = 15%"

las pilas. Especificaciones de los
componentes del Balance del Médulo.

12
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2. Plantas de Electrdlisis VANKEEIES,

H I t 1x Control Balance of the Plant: demineralized
, plan |
system water, nitrogen, compressor, storage
1 x Electrolyser system _p — 9
v ’ 1 x Balance of | Civil works: buildings, access roads, lights |
n x Electrolyser Unit the System:

gas purifiers,

1 x Electrolyser system

electrolyte - 1 x Balance of
containers n x Electrolyser Unit the Systen

COl 1ers, hnsiahes g
1x Balance of the Stacks: gas cooling water g
separators, connectors containers
1x Balance of the Stacks: gas : o

1 set of Power Electronics: 1x Control o B ;
transformers) rectifiers System 1 set of Power Electronics: 1x Control
transformers, rectifiers system

Source: Carlos Bernuy-Lopez, Ramboll

Dependiendo del OEM, los “limites de bateria” de la oferta pueden variar e incluir distintos auxiliares dentro del BoP.
El BoS siempre esta incluido

13
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2. Consumo especifico de energia AN

Consumo especifico de energia stack y BoP (al comienzo de la vida util).

Specific Energy Consumption [kiWhigH2]

140

120

100

80

60

40

20

PEM generic Specific Energy Consumption

—— Total 5P
Consumption

—— Stack SP
Consumption
BoP SP
Consumption

20 40 60 80 100

Power input [%]

Parametros principales: Potencia, Presidn
de H2, Temperatura y Degradacion

Siempre queremos la mas alta precision en los
modelos simulacion y analisis de prefactibilidad
nuestros modelos.

Cuanto mejor sean los datos, mas preciso sera el
calculo de LCOH vy rentabilidad del proyecto.

Source: Southern Lights software version 1
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2. Parametros de electrolisis

ALK PEM SOEC

Now Long term Now Longterm Now Long term
Electrical eff. (LHV) [%] 63-70 56-60 67-74 74-81 77-90
Operating pressure [bar] 1-30 30-80 1
Operating T. [°C] 60-80 50-80 650-1000

Stack lifetime [1000 op. hours] 60-900 100-150  30-90 100-150  10-30 75-100

Load range (of nominal) [%] 10-110 0-160 20-100
Plant footprint [m2/kW,] 0.095 0.048
CAPEX [kUSD/kW,] 0.5-14 02-0.7 1.1-1.8 0.2-09 2.8-5.6 0.5-1

Source: Assessing sizing optimality of OFF-GRID AC-linked solar PV-PEM systems for hydrogen production
DOI: https://doi.org/10.1016/j.ijhydene.2022.06.098
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2. LCOH

4
o 3
=
=
5 2
S
1
0

25M

Planta de Planta de Consumo
generacion Electrolisis industrial

Electrolyzer Size [W]

Source: Southern Lights software version 1
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30k

25k

H2_prod_total [Mqg]

EEEENENE

= H2_prod_total

LCOH_water
LCOH_OM
LCOH_land
LCOH_stack
LCOH_capex
LCOH_energy
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2. Plantas Power to X Y ANCT I

¢Como dimensionar el tamaio relativo entre componentes?

Electrolyzer Plant H2 Storage & Haber-Bosch Plant
Compression

Renewable energy Ammonia handling
assets and distribution



2. Plantas Power to X ANTc =t

- ,’ o A. Methane-Fed System \\ ,’ B. Electrically Driven System \\
' 2 H,0 | co, | ' 1
Nzr H, ' I
c 1 CO, removal i , ‘ I
o | Ny, H, : | Ho—> 0, PSA Air -
= co 4
S | | . H l ¥ . |
T [ i I N, I
O | iha ;—-— _ i Hy | l
& l Ir ' : : : l
i - I
IN Steam 11 Electricity I : :
I Reformlng Furnace I I l ------- r— =
| Export  CH, Ar 1! - 1 " i
L 1l i : Waste Heat : i
| HB Reactor 1 1 1 " " 1 HB Reactor ‘ i
1
3
-+ | Purge NH, @ |:] | i | Purge I NH, @ Q I
= | Hy, N, 1! ¥ - I Hy, N, i
o : D e SN H,0 Multi-stage | : D____f I NH, * H 0 Multi-stage ||
= Feed | Feed i
= = | Refrigeration H, N, Compressor /] \ Refrigeration H, N, Compressor /]
\ Compressor Recycle / \ Compressor Recycle 7
- A S Compressor 2 \ Compressor 2

Source: Current and future role of Haber—Bosch ammonia in a carbon-free energy landscape, Collins et all.
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SOUTHERN
2. Plantas Power to X AN
Available online at www.sciencedirect.com 2 .
5 5 HYDROGEN
ScienceDirect ENERGY
journal homepage: www.elsevier.com/locate/he
A Techno-Economic Analysis of solar hydrogen EFC
production by electrolysis in the north of Chile and
the case of exportation from Atacama Desert to
Iapan ﬁ Comité Solar
ﬁ H:Chile
Felipe Ignacio Gallardo °, Andrea Monforti Ferrario »“", Mario Lamagna *, '
Enrico Bocci °, Davide Astiaso Garcia ¢, Tomas E. Baeza-Jeria ' COMITECORFOP COMITE SOLAR
* H2Chile Chilean Hydrogen Association, Santiago, Chile Gl naan
® Department of Nuclear, Subnuclear and Radiation Physics, Universita degli Studi Guglielmo Marconi, Via Plinio 44, : ugﬁ . .
Rome,faly | | | . ScienceDirect
¢ Centro Interuniversitario di Ricerca Per lo Sviluppo Sostenibile “CIRPS”, Piazza U. Pilozzi, Valmontone, Italy ,_j?a-;uj&
< Department of Astronautics, Electric and Energy Engineering, Sapienza University of Rome, Via Eudossiana 18, ===
ltaly . . . . .
¢ Department of Planning, Design, and Technology of Architecture, Sapienza University of Rome, Via Flaminia 72, https://www.sciencedirect.com/science/article/pii/
Rome, Italy S0360319920325842#
f Chilean Solar and Energy Innovation Committee, Agustinas 640, Santiago, Chile
Open Access Licence: free download & share
HIGHLIGHTS (including commercial use) thanks to H2 Chile:
+ Cost-compeiiive: scler Inpdicgencan be prioduced i Chile. https://doi.org/10.1016/j.ijhydene.2020.07.050
* Oversized PV-supplied systems lead to lower LCOH than smaller CSP-supplied systems.
o The LCOH of PV-PPA+ALK can reach 2.20 US$/kg in 2018 and 1.67 US$/kg in 2025.
« Storage and transport phases are CAPEX intensive, favoured by flat supply schemes.
o Competitive H, can be delivered in Japan in 2018 and 2025 respect to target prices.
19 19
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2. Plantas Power to X

2018 - 2025 (projections)

Solar resource Solar elecfrici’ry

Solar H2

Chile - g
Atacama . CSP+TES production
Deist water
electrolysis
LCOH o Alkaline
1 LCOE = L

Ha storage &
distribution

Port of depcrfure
/\niofagosfo, (gL

Ha loading - CHe
« LH2
* Loading management . NHs

« CHa buffer

Ha transport

Route, ship
capacity &

losses

H2 unloading & delivery
Port of arrival: Osaka, JP

METI (JP) declared Ha importation goals
300 ktoniu/year

* Incoterms 2010

Why Chile = Japan?

Previous reports based on Solar H2 in Chile:

Tractebel - CORFO 2018.
Ministerio de Energia - 2019
CORFO - 2017.

CORFO - Innov Week 2018
GIZ-2018

ENGIE -2018

Hydrogen Refueling
Stations # (2017)

e 5
® 15 A
@ 40 4

Osaka, JP

Strategic Demand

Basic Hydrogen Strategy
2030 (METI*)

e (CO2 free H2: 300 ktonnz/year
* Target price 10> 3 USS/kgH2

*Ministry of Economy, Trade and Industry

Strategic Solar resource
. >1500 MWp installed (2017)
>2600 MWp installed (2019)

P~
Pacific Ocean
17,500 km

Yearly
> 2MWh/m?year

700
kWh/m?

Source: NREL
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3. Diseno de plantas de H2 verde

Solar system

Electrolysis system

DC/AC
ratio

DCpower B al0l gl
DC Curtailment k

AC Power

AC Curtailment

AC/AC
ratio

Source: Assessing sizing optimality of OFF-GRID AC-linked solar PV-PEM systems for hydrogen production
DOI: https://doi.org/10.1016/j.ijhydene.2022.06.098
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3. Dimensionamiento 6ptimo

A SOUTHERN
LIGHTS
Project case

Solar PV[MW
oA Inverter [MW] 27/(DC/AC)

Electrolyzer [MW] 27 [ (DC/AC) / (AC/AC)
DC/AC ratio AC/AC [1:2:0.1]
[1:2:0.2]

GHI [kWh/m2-y] Source TMY
Fargo, ND, USA 1405 NSRDB
Ma Elena, Atacama, CL 2 639 Energy Ministry Chile

Solar CAPEX [USD/W] PEM CAPEX [USD/W]

= PV modules -
m Electrolysis PEM
Solar BoP plant
® Solar development
= PEM development
® [cost & margin)
» Grid-farming Inverter

: :_‘ KWhvm Source: Assessing sizing optimality of OFF-GRID AC-linked solar PV-PEM systems for hydrogen productior
W e W SR SR DOI: https://doi.org/10.1016/j.ijhydene.2022.06.098
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3. Dimensionamiento 6ptimo

North Dakota Atacama

2
Summer § 15
Solstice st
3 "~ DCoutput
’ AC output
----- @DC/AC=1.2
] ]
AC output
R @ | | e e @DC/AC=1.8
Winter - -
Solstice g‘, g »
0 10
5 5
0 0 - —

Source: Assessing sizing optimality of OFF-GRID AC-linked solar PV-PEM systems for hydrogen production
DOI: https://doi.org/10.1016/j.ijhydene.2022.06.098



3. Dimensionamiento 6ptimo VANKE=IE

; |

60

55 Solar Optimal LCOE Plant factor
3 : LCOE Years [1-20]
= — LOow GHIsite [USD/MWh]
= 50 resource DC/AC ]
5 *  __ HighGHlsite
= - Low

40 High

35

1.0 1.2 14 1.6 18 2.0
DC l’AC fd:lO

Mi
Low GHI site 61.9 61.7 61.5 61.6 62.4 63.0 63.8 66.2 67.7 67.4

Min
33.6|33.5|33.9 34.8 36.1 38.1 39.2 40.6 44.2 46.2 46.1

Source: Assessing sizing optimality of OFF-GRID AC-linked solar PV-PEM systems for hydrogen production
DOI: https://doi.org/10.1016/j.ijhydene.2022.06.098
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[ ] o o V o
3. Dimensionamiento éptimo AN
North Dakota Atacama
i\ o %)\ o
2 o 1 . & 450
£ - F, s
Summer 1 o & "
Solstice 9 w =0z
5 150..-:. : 22
= = DC output
o 5 o 2
% 2a - AC output
P m———— @DC/AC=1.2
“ 00 H2 output
W inter - mmmm ©@AC/AC=1.3
Solstice .

Source: Assessing sizing optimality of OFF-GRIB AC-linked solar PV-PEM systems for hydrogen production .

DOI: https://doi.org/10.1016/j.ijhydene.2022.06.098
Industria del Hidrégeno Verde: Una mirada mas alld de su produccién - Septiembre 2023



ACI/AC ratio

3. Dimensionamiento 6ptimo

Fargo, North Dakota, USA Maria Elena, Atacama, Chile

ACIAC ratio

12 13 14 15 16
DC/AC ratio

15 186 17 18 19 20 10 11
DC/AC ratio

10 " 12 13 14

NPV, et Solar Optimal Optimal LCOH
LCOH = cas_ff_gggtsyscem LCOE- DC/AC LCOH-DC/AC DC/AC difference Optimal AC/AC [USD/kg]

1.6-2.0 20%-53%

T
21 (T + i)t

Source: Assessing sizing optimality of OFF-GRID AC-linked solar PV-PEM systems for hydrogen production
DOI: https://doi.org/10.1016/j.ijhydene.2022.06.098
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3. Herramientas de evaluacién de proyecto

A SOUTHERN
LIGHTS
www.southernlights.io
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