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uUN'VERGY EXECUTIVE SUMMARY
PRESENT & FUTURE OF H2 IN ENERGY TRANSITION
* True Magnitude of “Decarbonization Challenge”:
* More than 75% of current energy consumption comes directly from burning fossil fuels.
* 3 o0n every 4 KW currently consumed should be replaced with alternative sources. N
 Renewable energies are part of the solution but: ~ N
* There is no sun/wind every where and every time.
* They have a quite relevant impact (environmental and space impacts).

* We need to build up ways to Store and Transport a hugh amount of renewable energies.

* Hydrogen and related molecules (NH3, CH30H, biokerosenes,...) will play a
relevant role in green energy store and distribution.

 Hydrogen production at scale is feasible and will be competitive in costs.
Hydrogen costs will not be a show stopper.

* Hydrogen technology due to its modularity will cover both local or centralized
production applications.
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TRUE MAGNITUDE OF THE PROBLEM

CO2 Emissions in

* We should implement alternatives for Spain - 2020
Transport, Industry and Home
applications. 27.7%

26,5%

* Replacing Carbon or Natural Gas Power Others
Stations with Renewable sources is not
enough.

/_Transport

14,1%
Just 10,3 % of CO, emissions comes Agriculture

from electricity generation. 10,3% 218%
Sy Electricity Industrial
Generation Activity

SOURCE: MINISTERIO PARA LA TRANSICION ECOLOGICA Y RETO DEMOGRAFICO.
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ENERGY TRANSITION

1980 2050

FROM CARBON BASED TO GREEN ALTERNATIVES BASED




WHAT CAN WE DO?

“UI\HVERGY DECARBONIZATION CHALLENGE

Decarbonization

Efficiency increase and
consumption decrease

Electrification of Thermal
industrial or Transport
processes where possible

Use alternative fuels where
electrification is not
convenient/possible

Maximize distributed
generation where
convenient

EU targets modification proposal:
1. From 32% to 45% of RREE in electricity by 2030

2. From 2,5 % to 5,7 % of non biologic origin
alternative renewable Fuels in Transport by 2030.
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DECARBONIZATION CHALLENGE

RREE - ELECTRIFICATION CHALLENGES

Wind farms: 2.600 to 4.500 of eq hours (30
to 51 %) so we need 2 to 3 times more

Typical Wind speed distribution m/sec
installed power than fossil power stations.

1 Mw occupies around 5.000 sgm.

PV farms: 1.200 to 2.500 of eq hours (14 to

28 %) so we need 3,5 to 7 times more £ Typical PV monthly generation kwh
installed power than fossil power stations.

1 Mw occupies around 10 to 15.000 sqgm.

Not all industrial processes are easy
to electrify
Not all means of transportation are
easy to electrif

Al el Y

Electrical grid would need a reinforcement of
4 times current installed power.

Ao
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RREE - ELECTRIFICATION CHALLENGES

SO WE NEED
WAYS TO STORE RENEWABLE ENERGY
AND

ALTERNATIVE FUELS - ZERO/NEUTRAL IN EMMISIONS




~UN|VERGY GREEN HYDROGEN PRESENT AND FUTURE

HYDROGEN AS ENERGY VECTOR

| @ | “...water will be the fuel of the future.....” (1874)

“..Water will one day be employed as fuel, that hydrogen and oxygen which constitute it, used
singly or together, will furnish an inexhaustible source of heat and light, of an intensity of which

coal is not capable. ...”

(The Mysterious Island. Jules Verne 1875)
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GREEN HYDROGEN PRESENT AND FUTURE

HYDROGEN AS ENERGY VECTOR

Fuel Cell

Combustion

Electrolisys .
Engine

NUCLEAR ENERGY

Combustion

Boiler

— . —
—

Hydrogen as energy vector can be:
- Stored: (gas, liquid, as part of other molecules...)
- Distributed: pipe, compressed, ship tankers....




HYDROGEN GENERATION FROM ELECTROLISYS

“U'\”VERGY GREEN HYDROGEN PRESENT AND FUTURE

HIGH LEVEL ENERGY-MASS BALANCE

1kgH
PEM / ALKALINE A
ELECTROLISYS (= 33,3 kwh)
=) 79kgO,

State of the art today
(Efficiency = 57%)
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HYBRIDATION

(RREE)
+

HYDROGEN

HYDROGEN GENERATION FROM ELECTROLISYS

GREEN HYDROGEN PRESENT AND FUTURE

' -
- L
I I Export. / Import. - E
[ [ RREE - Grid
! ! PN
.
I I Excess of EERR Locally ﬂ
I | distributed — m
I I il ]
I I
i RREE — Hybrid system |
l l
I Water ¢ [
\ 15 litre (max)  Wwater Treatment |
\ per kg of H, Plant / By road
N\ /7
~ -

Export. Of H2

P rojeCts 400 Blending or Hydroducts § 'Y'l N
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GREEN HYDROGEN PRESENT AND FUTURE

HYDROGEN STORAGE AND DISTRIBUTION

Other Molecules as vehicle

H2 Molecule

Compressed Gas Liquid Hydrogen Green Methanol
16, 60, 200, 350, 700, 1000 bar.... ——-—1?-: | B:[l2 ~ B:D ~

-2530 2
Tbar Ny ., CH5OH

N2 7 330 @@2
B{Jz
Liquid Organic Hydrogen Carriers o Cr-OR
LOHC technology Pl ’
CH,

7@* . Ambient
7 eSTORAGE S ORTEint

< dooom Lone Pressure &
Temperature

£ ol: 4000 MWh
L Ein:3120 MWh




HYDROGEN GENERATION COSTS

“U'\”VERGY GREEN HYDROGEN PRESENT AND FUTURE

HIGH LEVEL COSTS BALANCE

PEM / ALKALINE [P C-4uP!
ELECTROLISYS (= 33,3 kwh)

CAPEX
=) 79kgO,

State of the art today
(Efficiency = 57%)




HYDROGEN GENERATION COSTS - ELECTROLISYS

“U'\”VERGY GREEN HYDROGEN PRESENT AND FUTURE

GREEN HYDROGEN COSTS - FACTORS
LCOE

Plant CAPEX / OPEX
Utilization v
Factor - selfliie
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We are
around here -
today

GREEN HYDROGEN PRESENT AND FUTURE
S DROUEN CENERATION COSTS - ELECTROLISYS

Cost of renewable hydrogen with varying LCOE and load factors

Remark: Just generation costs

USD/kg H,
B-usp2ng PusD 2-3mkg USD 3-4/kg > USD 4/kg | | Viable medium-term (<2030)
Capex We are around here today
LCOE electrolyser

—_— USD 7T50/kW ’

o1 1 EEN NI

UsSD 20/MWh 6.6 38

| -

UsD 30/MWh 7.1 4.2 2.5 2.6

UsD 40/MWh [ a7 30 6.1

UsSD 50/MWh 8.0 5.2 432 3T 3.5 6.5

usD 100/MWH 103 7.5 6.5 6.1 58 | 89 6.7 6.0 = 3.9

74 6.0 2.6 2.3

Em% 20% 30% 40% 50% | 10% 20%

Load factor 10% 20% 30% 40% 50% 30% 40% 30%

Source: McKinsey
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HYDROGEN GENERATION COSTS - ELECTROLISYS

So.......How much did it cost in 2018?

Average Hydrogen Production Cost by Technology

10
9.15
9
Economy of scale
8 and yield
improvements

Fossil Fuel Prices and 5.96

B
CO2 emision rights
< 5
L
El
3
2.27
2
1 . . I

Coal Gasification Coal Gasification SMR with CCS Muclear Wind Solar PV
Electrolysis Electrolysis Electrolysis

with CCS

PF:35-45% PF: 18-25%

Source: US department of Energy - 2018

Source: US Department of Energy




HYDROGEN GENERATION COSTS -

FUTURE

ELECTROLISYS

UNIVERGY GREEN HYDROGEN PRESENT AND

But.......How much will it cost in.......?

6.0

Electrolyser cost In 2020:
UsD 1 000/kW

Electricity price
UsSD 65/MWh

Electricity price
UsSD 20/MWh

Electrolyser cost In 2050:
USD 307/kW @ 1 TW Installed capacity

3.0 [Electrolyser cost in 2020 et coet 1 050
ELLICHY SET LUsl LU
D 1000/kW USD 130/kW @ 5 TW Installed capacity

Fossil fuel range

2.0

Hydrogen cost (USD/kg H,)

Electrolyser cost In 2050:

Electrolyser cost In 2020: USD 307/kW @1 TW Installed capacity

USD 650,/kW
1.0 Electrolyser cost In 2050:
USD 130/kW @ 5 TW Installed capacity
0 Source: Irena
2020 2025 2030 2035 2040 2045 2050

Pesimistic
Optimistic

Pesimistic

Optimistic

4,0 S/kg

2,0 S/kg

120
S/Mwh

60
S/Mwh

3,5S/kg

1,5 S/kg

105
S/Mwh

45
S/Mwh

3,0 S/kg

1,0 S/kg

90
S/Mwh

30
S/Mwh



HYDROGEN GENERATION COSTS - ELECTROLISYS

0UN|VERGY GREEN HYDROGEN PRESENT AND FUTURE

When would it be competitive.......?

Year when hydrogen from new green plants undercuts new blue Natural Gas EU Dutch TTF (EURM\Wh) 154.46 -2.80 (-1.78%) -
production
225
*
Countries in: 200
' Middle | Afri U.S. 153 €/MWh I A "
Europe, Middle East and Africa
;% 154_46
U.K
[R— 125
100
75
n — 30 €/Mwh .
| l - 25
italy |
Jul 2019 2020 2021 202z
Grzrman',f iw 1M eM 1Y 5Y  10Y Al
O - . o
l—’
2023 2024 2025 2027 2028 2029 2030 Pesimistic 120 S/Mwh 105 S/Mwh ¢ /Mwh

Optimistic 60 S/Mwh 45 S/Mwh 30 S/Mwh
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HYDROGEN GENERATION COSTS - ELECTROLISYS

Precio de Diesel (€/1) 1,00 1,25 1,50 1,75 2,00 2,50

Equivalent Price of Green Hydrogen for Fuel Cells (€/kg) 5,01 6,26 7,51 8,77 10,02 12,52

Hydrogen Refuelling Stations in Germany

"u i °
“"' .W“"M\'ﬂmm
S ary: 3
e - June-28-2022
e, PN 12,85 €/kg of H2
mtﬁm " »ig
> ‘0.: \—/. Sainn® /
o %o v Jrufgen P
: &tatlons.org
awv»;u ..é. o
Saweng ) A 3.
oz ° 9 3 . i
nunu.u:'.‘w.. - . 4
4

-
@in operation %
o planned

Status January 2019

© Ludwig-Bolkow-Systemtechnik GmbH www.lbst.de-
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GREEN HYDROGEN PRESENT AND FUTURE

GLOBAL MARKET OF HYDROGEN

Exhibit 17: We see potential for c.30% of the global hydrogen market to be involved in international trade

w —— .‘A

Central Europe: Potential for (
hydrogen imports given the scale
upofdomestic consumption and

resource contraints

:"

United States:

Favourable @ Japan, Korea &

renewable energy gthgfr Ag::z .
conditions (West) acific: Likely
and gas supplies importers given the
likely required for scale up of
high demand in ’ Middle East and domestic :
local market. Blue North Africa coiwsuw:ptlon yet
H2 export possibie (MENA): Potential resource contraints
exporters with
- : favourabie
:I::c;:zg:t::::grege:en / ' renewable energy Australia: Potentiz
conditions and in r th
favourable renewabie exporter w

energy condions the case of ME favourable

& Optimal renewable resource plentiful, low cost

- L renewabie energy
g Optimal low-carbon resource :&mg‘m gas supples condtions
@ Optimal renewable & low- favourable
carbon resource renewable energy
conditions

Source: Compiled by Goldman Sachs Global Investment Research
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GREEN HYDROGEN PRESENT AND FUTURE

EU HYDROGEN ROADMAP

PHASE-1 (2020-2024):
* Up to 6 Gw of electrolysers & 1.000.000 tons of Hydrogen.
* Mainly targeting industries already consuming grey hydrogen.
* First deployment of HRS (Hydrogen Refuelling Stations).

PHASE-2 (2025-2030):
* Up to 40 Gw of electrolysers & 10.000.000 tons of Hydrogen.
* More generalization of applications in industry, heavy duty
transport including marine applications.
* Applications for energy storage were convenient.

PHASE-3 (2030-2050):
* Big scale deployment and market generalization.

But new geo-strategic scenario is redefining the Schedule....




PORT OF VIGO

Hidrégeno

Julio Verne
PUERTO DE VIGO

Bossn  —mmzag

Puerto de Vigo
—S

Autoridad Portuaria de Vigo
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Hidrégeno
Julio Verne

PUERTO DE VIGO

EXECUTIVE SUMMARY

SCOPE & TARGETS

PROJECT SCOPE:

Local Generation and dispensing of Green Hydrogen for port logistic operations,
industrial consumptions, heavy transport / marine mobility applications and "zero

emissions" Cold Ironing application in the port area of Vigo.
Main Figures:

- Location: Port of Vigo (Bouzas).

- Electrolyzer: Alkaline 1,4 Mw.

- H2 Generation (350 bar): 570 kg/day. 213 tm/year.

- Max refuelling capacity: > 40 refuelling/day (Heavy trucky
- CAPEX: 6 Mio€

- Start up: January 2024.

Project Main Singularities:

Public Access to our refuelling station.

Land/Marine Transport applications.

Industrial Consumptions (Grey Hydrogen replacement).

Cold Ironing “Zero Emissions”.

= m




Hidrégeno
. Julio Verne
PUERTO DE VIGO

MAIN PLAYERS - TECHNOLOGY & KNOWLEDGE IMPACT

INVESTORS/DEVELOPERS LEADER/SPONSOR COLABORATION ENTITIES & COMPANIES
4 ) S
UNIVERGY CTAG energylab UniversidajgVigo
CTAG

Investor/Developer & Project Coordinator
RREE Company

SGELTEC

ingenieros

Investor/Developer
Engineering Company

QUANTUM
GROUP

Investor/Developer
RREE Company

4

ANFACO
CECOPESCA

Investor/Developer

National Association of Food Canning
Manufacturers

—

Puerto de Vigo
>

Autoridad Portuaria de Vigo

ENERGYLAB
Energy Technology Center

Automotive Technology Center

...

University of Vigo

Neuwalme

HIDRAULICA, NEUMATICA & CONTROL

Import/Export - Consulting Company H2 - Manufacturing / Installations

Sy MACLUNAGA GRUPO
B N\ Ci s lDOE L "BQ‘Z:AMAVI
ince 6

N NAVAL GALLEGO

Ship Building Association Port Marine Operations

(U unu A AISTER

BOAT ME * MARINAS

Bus Manufacturer Ship Builder




PORT LOGISTICS/ AUTOMOTIVE / MARINE

Hidrégeno
.’) Julio Verne
PUERTO DE VIGO CONSUMERS / OFF TAKERS OF HYDROGEN&OXIGEN

-

H2 Marine Sector

H2 Port Operations

-~
o

Ferries, port operations, shipyards

H2 Automotive Sector

o~

Small-Medium operation vehicles

~
/

02 for Industrial Applications
Ll

1=

X Workshops, shipyards,

industrial processes,
welding....

Taxi /last mile transport K j
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PUERTO DE VIGO LOCATION: BOUZAS

PORT OF VIGO / VIGO ESTUARY

42°17'11.97"N
T 8°39'7.17"0

.

» ‘GENERACION Y DISPENSADO DE H2
" BRedondela

.

Valada®:s

-

O
Gondomar

. "But whilst coming to this decision, on the 22nd of October 1702, the English vessels arrived in Vigo Bay, when Admiral Chateau-Renaud,
in spite of inferior forces, fought bravely. But, seeing that the treasure must fall into the enemy's hands, he burnt and scuttled every
galleon, which went to the bottom with their immense riches.”........

"Well, M. Aronnax," replied Captain Nemo, "we are in that Vigo Bay; and it rests with yourself whether you will penetrate its mysteries.”
(20,000 Leagues Under the Sea. Jules Verne. 1870)
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PUERTO DE VIGO LOCATION: BOUZAS

TENTATIVE LAYOUT & INFOGRAPHY

u UNIVERGY
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PUERTO DE VIGO LOCATION: BOUZAS

LAY OUT PV-ROOF
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60 MW PROJECT

CASTILLAY LEON

o 0 UNIVERGY
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SCOPE & TARGETS

EXECUTIVE SUMMARY

PROJECT SCOPE:
Big scale hydrogen generation. Gas piping at scale (blending or Hydro-ducts).
Main Figures: P R ~
Ve o ————— \\ v
- Location: Castillay Ledn (Spain). ,' II | \, \ -~ %
- E|eCtI’O|yZerI pEM 60 MW. : : /‘\ ““““ : : Exp:F:EE/-Igr;i)grt, @
: : ! ‘ 1
- RREE: FV 80 Mw + Wind 60 Mw. ! \ wy - O % i,
- Land area: 4.000.000 sgm Lo w : di | G
. I I & e ““ | | Excessof EERR Locally = aca
- H2 Generation: 11 Tm/day. 4.000 Tm/year. | | = | L ! A
- CAPEX: = 160 Mio€ il :
RREE - Hybrid system |
- Start up: 2027. : Water o |
_LCOH: <3 €/kg \\ 1;’;?;:2’;‘:’2‘) Water;;;attment /’
N\ 7/

Export. Of H2

PrOjectS 4-0 Blending or Hydroducts l_.i’?i’.’ﬁ': ' 7
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JULES VERNE

“Water will one day be employed as fuel, that hydrogen and
oxygen which constitute it, used singly or together, will furnish
an inexhaustible source of heat and light, of an intensity of
which coal is not capable”

(The Mysterious Island. Jules Verne 1875)

“WATER IS THE COAL OF THE PRESENT.....” 2022

THANK YOU!



