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Introduction
Microorganisms have fixed nitrogen in the soil for centuries to make it fertile
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In 1898, Sir William Cookes predicted the Earth's population would outpace

wheat supply by about 1931
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Atmospheric Nitrogen exists as Diatomic Nitrogen (N, ), an exceedingly

stable triple-bonded molecule.
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In 1908, Fritz Haber discovered how to synthesize ammonia by combining
atmospheric nitrogen with hydrogen under high pressure and heat with a catalyst.
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In 1913, Carl Bosch helped commercialize a process for industrial-scale
production of ammonia.
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Haber-Bosch process produced ammonia for cheap and abundant fertilizers
to meet 20th-century population demands.
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Replacing conventional ammonia with green ammonia made from renewable
hydrogen offers an early opportunity to decarbonize the chemical industry.
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Introduction

The Haber-Bosch process has been the dominant nitrogen fixation procedure
for over a century. However, A wide range of novel ammonia production
processes has been researched, such as:
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Electrochemical ammonia synthesis has been a subject of extensive research
in recent decades. It has the potential to create ammonia directly from water

and nitrogen.
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Introduction

1. Electrochemical production of NH3
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2. Production of H2 from NH3 electrolysis
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3. Design and prototypes of NH3 fuel cells

and components

-

Storage Transport
H
H
Ammonia 1
Synthesis _
{HB) p / \a
N Ammonia
Sl
&
Fower
Electrochem.
processes

wwWw.greenammoniainstitute.cl

a
=

Power generation

Electro-
Ammonia Catalytic
cracking oxidation
S
v
Hydrogen
oo
Fuel cell
vehicles




Introduction

;
L

Power

O

Water

Ll

Fower

°s> | MIGA

4. Corrosion and wear process
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Introduction :
5. Green ammonia economy
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5. Green ammonia economy
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Hydrogen
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Gasoline
Diesel [ =¥
Found combined
with carbon in fossil fuels
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A very low energy density per unit volume

Source: National Green Hydrogen Strategy Published by the Ministry of Energy, Government of Chile
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Electric power
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Green hydrogen
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Barriers
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Sources: Green Hydrogen Strategy, Government of Chile, 2020_; IRENA (2020), Renewable power generation costs in 2019. McKinsey & Co; Hydrogen
scaling up, Hydrogen Council November 2017; Aliaksei Patonia and Rahmatallah Poudineh, “Cost-competitive green hydrogen: how to lower the cost of

electrolysers?”, 2022.
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Research

Total installed capacity
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Projects under test
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Research

Generation plants under construction

Other (105.7 MW)

)\\ l

Hydro (335 MW

® ——SEN
Wind (1549 Mw)
9
Solar-PV (2237 MW)
| 2 SEA .
T —sem

Source: National Energy Commission (02/05/2023)

www.greenammoniainstitute.cl 1 4




Irradiance (W/m < |

140

120

1000

Research

0

<
o
9

°s> | MIGA

/1. Maximize energy
| conversion efficiency
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Source: H. Renaudineau, A. M. Llor, R. Cortés D., C. A. Rojas, C. Restrepo and S. Kouro, "Photovoltaic Green Hydrogen Challenges and Opportunities:
A Power Electronics Perspective," in IEEE Industrial Electronics Magazine, vol. 16, no. 1, pp. 31-41, March 2022, doi: 10.1109/MIE.2021.3120705
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1. Maximize energy
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Source: H. Renaudineau, A. M. Llor, R. Cortés D., C. A. Rojas, C. Restrepo and S. Kouro, "Photovoltaic Green Hydrogen Challenges and Opportunities:
A Power Electronics Perspective," in IEEE Industrial Electronics Magazine, vol. 16, no. 1, pp. 31-41, March 2022, doi: 10.1109/MIE.2021.3120705
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Source: H. Renaudineau, A. M. Llor, R. Cortés D., C. A. Rojas, C. Restrepo and S. Kouro, "Photovoltaic Green Hydrogen Challenges and Opportunities:
A Power Electronics Perspective," in IEEE Industrial Electronics Magazine, vol. 16, no. 1, pp. 31-41, March 2022, doi: 10.1109/MIE.2021.3120705
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Source: H. Renaudineau, A. M. Llor, R. Cortés D., C. A. Rojas, C. Restrepo and S. Kouro, "Photovoltaic Green Hydrogen Challenges and Opportunities:
A Power Electronics Perspective," in IEEE Industrial Electronics Magazine, vol. 16, no. 1, pp. 31-41, March 2022, doi: 10.1109/MIE.2021.3120705
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Laboratorio de
g A Aplicaciones en
I A Redes
UV Inteligentes
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Research

ANID FONDECYT Regular No. 1231015 (2022-2026): Competitive Off-grid Photovoltaic Green
Hydrogen production based on the Versatile Buck-Boost Power Electronics Building Block
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ANID Desafios Publicos 2022 No. RP22140005 (2022-2025): A hybrid system that utilizes a
power building block for partial power processing ensures maximum conversion efficiency and
electrolyzer utilization rate for green hydrogen production.

DC Bus
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ANID Millennium Institute No. ICN2021 023 (2022-2032): Millennium Institute on Green Ammonia
as an Energy Vector (MIGA)
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ANID Anillo de Investigacion en Areas Tematicas Especificas 2022 (2022-2025): Centre for
Multidisciplinary Research on Smart and Sustainable Energy Technologies for Sub-Antarctic
Regions under Climate Crisis
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Thank you very much for your attention

Carlos Restrepo
crestrepo@utalca.cl
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