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PGTK Technologies & Company Development

Leading environmental technologies group

Vision Mission Development

PGTK'’s vision is a world in which the issues PGTK’s mission is to develop Evolved from a niche technologies

of climate heating and resource scarcity are and deliver renewable development start-up into a globally
addressed by technological innovation and  technologies globally recognized environmental and renewables
sensible stewardship group across multiple sectors

PacificGreen Rapid five-year development across seven different technologies
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Context — Huge hype for Green Hydrogen

Exhibit 7: Hydrogen production pathways, including carbon costs
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Key assumptions

* Qas price 2.6-6.8 USD/Mmbtu

* Cost USD/Ton CO; 30 (2020), 50 (2030), 150 (2040) and 300 (2050)
* LCOE USD/MWh 25~73 (2020), 13~37 (2030) and 7-25 (2050)
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Context — From Green Hydrogen to Green Ammonia

« Ammonia production is mainly
made by a Haber-Bosch Reactor

« Ammonia is one of the most
demanded chemical in the
iIndustry

* |t has the potential to be used as
an energy carrier of the
Hydrogen

How to make the H, and NH,
Green with Solar?

EZ: Electrolyzer

Breakdown of gNH3 cost CP: Compressor
Sto: Storage

EZ capex

48%

EZ opex H-B: Haber Bosch Reactor

19% 13%
CP+Sto capex
7%
CP+Sto opex
4%

Others

20% HB capex

7%

HB opex
2%

Energy cost is the most
relevant factor

The best option is

PV+CSP technology.
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How a hybrid CSP+PV plant can reduce the
LCOA?

What could be the CSP role on gH2 and gNHS3
iIndustry?

How we design a CSP considering the profile
requirements of the ammonia industrial plant?

@ PacificGreen
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System Description — CSP+PV Generation Plant and H2+NH3 Industrial Plant

Generation plant Industrial plant
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Generation Plant — Power Profiles

» PV profile: full operation during the daylight
hours.

« Main H2 production with PV.
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considering a part-load operation.
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» CSP profile: focused on night operation.

» Optimize profile to deliver stable power
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Industrial Plant — Hourly Profile and Operation
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Results - Optimization
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2 22 24 26 28 3 32 34 36 38 CAPEX
NH3 Prod [Ton/yr] «10° [MUSD]

LCOE PV USD/MWh 11.5 11.5
LCOE CSP USD/MWh 41.9 41.5
LCOE (Combined) USD/MWh 16.2 19.3
LCOH USD/kg H, 1.53 1.62
LCOH (Stored) USD/kg H, 1.77 1.84

NH; production NH; Ton/yr 257,451 296,924
H, production H, Ton/yr 45,701 52,717
Total Generation GWh 2,836 3270
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Results — Optimum profiles

Layout 1 case profile Layout 2 case profile
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Results — Optimum profiles

* Opt 1 case profile * Opt 2 case profile
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Conclusions

« CSP have an important role in the » The operational limitation of the H-B
green hydrogen and ammonia industry. and H, storage are crucial to define the
limitation of the CSP+PV power profile.
* PV provide the low energy cost to
produce H..  The CSP capacity is defined by the H-B
capacity. A 1000 Ton/d H-B may require
« The CSP design must provide stable from 100 to 200 MW of CSP.
power during 12h to the H-B reactor
and complement the H, production at
night.
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