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Inodu covers the following energy markets
U.S., Chile, Peru and Colombia.
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Supply alternatives and costs for green
hydrogen and ammonia projects

International benchmark of
arid & reliability costs

Chilean grid & reliability cost dynamics

Implications for the development of
green hydrogen and ammonia projects
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Supply alternatives and costs for green
hydrogen and ammonia projects



Supply alternatives for a H,/NH facility inodu

Hybrid supply Full Off-Grid Supply

Full On-Grid supply

directly to VRE facility

 Development of a stand-alone

» Grid-connected H, plant * H, plant connected directly to power system (SAPS)

VRE facility
« Grid-connected NHz plant

« Grid-connected NH- plant * Project exposed to a higher

risk in variability of supply

 Energy storage could be
considered to firm supply to
the H,/NH; plant

i H2 i
C@ @ * H, and NHz plants connected
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ISO Fees - SO fees are paid by all clients.




Full off-grid supply costs to be considered inodu
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Gnd &

reliability Costs

A

Transmission
costs

Side

Payments (SP) ISO fees

(derived from the
operation of o

B Aal - SP - Other 8’
charges

(example:
incentives for
VRE and
CHP)

Why are grid and reliability

costs important?

Energy accounts for nearly 50-80% of
the cost to produce a kilogram of H, .

Grid costs are comparable to solar and
wind LCOE, therefore can double
energy costs.

Evolution of grid and
reliability costs

Renewable energy transition is
significantly changing grid & reliability
costs. Drivers include:

« Renewable energy integration
 Transmission investment

« Transformation and limitations of
thermal generation facilities.

du

Advantages of connection to
grid

v Provides reliability of supply for the
projects, and stability to
H, / NH; processes.

v Allows higher utilization factors of
the electrolyzers.

v Reduces pressure for flexibility for
the H, / NHx plant.

Off-grid vs. On-grid tradeoff

Reliability n ?.’ ig.f.’
premium ehability

costs

S~ L, 7 S~ L, 7
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International benchmark of
grid & reliability costs
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International benchmark of grid & inodu
reliability costs

Costs estimated based on information from 29 semester 2021 and 15t semester 2022

New England - G&R costs: %

« 39,0 — 41,4 USD/MWh (45% UF.) Germany - G&R costs: E
* 336 — 41,1 USD/MWh (45% UF)
« 14,2 - 16,4 USD/MWh (98% UF.)

(

+ 194 - 20,8 USD/MWh (98% U.F)

4 -
= e
™ Y

Transmission
charges in some
markets are heavily
affected by
localization.

-
-
-
________

California — G&R costs:
* 16,6 — 16,9 USD/MWh (45% UF.)
* 16,6 — 16,9 USD/MWh (98% UF.)

In New England,
Germany and
Australia
transmission
/* costs depend on

load factor.

Chile — G&R costs:
* 15,6 USD/MWh (45% UF)

* 15,6 USD/MWh (98% U.F)

v
)
)

Australia - GSR costs: i
e 114 - 36,4 USD/MWh (45% U.F.
e 6,2 — 20,2 USD/MWh (98% UF.

U F.: Utilization factor
Grid & reliability (G&R) costs* = Transmission costs + Side payments + ISO costs + other systemic charges

* Does not include capacity charge.
© 2022 Inodu. All rights reserved.



International benchmark of grid & inodu
reliability costs

Market singularities

% Germany — market singularities: E
» 4 different TSO, each define their costs.
» Cost include a charge for incentives to

New England - market singularities:
» Low variability of costs between zones.

VRE and CHP Germany is a potential
< green H, importer.

Australia and Chile are
potential green H,
exporters.

-
~ -
~~~~~~~~~

Connecting large

projects to the grid
can lead to develop

California — market singularities:
+ Systemic charges independent of
network usage.

grid infrastructure
improvements.

/

[SO fees are between 0.6

Chile — market singularities:

* Systemic charges independent of
network usage.

» Ancillary services can be higher, and
more variable given the challenges
maintaining short term reliability of the
grid with high VRE integration.

y 1.0 USD/MWnh. These
r 4 costs are not relevant
among the grd &
reliability costs.

Australia — market singularities:

* High varability between different zones.

* Ancillary services can be higher, and more variable
given the challenges maintaining short term
reliability of the grid with high VRE integration.

* NSW, QLS and SA systems were studied*.

*New South Wales, Queensland and South Australia

© 2022 Inodu. All rights reserved.
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Chilean grid ¢ reliability cost
dynamics
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Grid & reliability costs in Chile inodu

|ISO fees from National Electric Coordinator (CEN)

Evolution of ISO Fees

|ISO fees could increase considering possible regulatory
ISO Fees changes.

o A price stabilization surcharge could be included as part
of ISO fees.

o The price stabilization surcharge could add 4.14
USD/MWh to the ISO fee for non-regulated consumers
with a demand over 5SMW.

o The price stabilization surcharge will affect all consumers
of the system, in particular large non-regulated
consumers with a load over 5 MW.

o The regulatory changes could impact consumers
between January 2023 and the end of 2032.

Transmission
costs

Existing ISO Fees

The ISO fees for 2022 were about 0.63 USD/MWh.

13
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Side payments are highly influenced by nodd
the energy transition

Daily Sidepayment 2021 2022

e m A m |0 Als o N | D || Flm|aAalwm 1A T T e .. e e . \
=777 ; Renewable energy transition is significantly changing 5
5 | | I i grid & reliability costs i
I i i
1 I ! H
° : ! i During 2022 water i
| ' I reserves have been Water ]
a 4 | : I active due to a scarcity ]
= \ I rationing decree, rationing i
= 1 1
2 | } because of water decree Side payments ofi
.III ||| I scarcity conditions. thermal units!
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In Chile, side payments have been increasing in the past years, reaching amounts above 15 USD/MWh per month during 14

2022. Part of the increase was driven by a recently activated water rationing decree. _
© 2022 Inody. All richts reserved.



Inodu

Future grid & reliability cost drivers
Variable Renewable

Zonal Energy (VRE) could lower
Cost item > 200 kV ons
= Systems cost of frequency control

Investment in transmission assets
Due to high integration of VRE

_ o PV solar projects are starting to Transmission and congestion issues, new
National Transmission (USD/MWh) 8.2 8.2 proyide frequency control (FQ cost vestments in transmission
Zonal Transmission B UG services by default, which will assets could increase costs for
(USD/MWh) : : increase supply and lower cost w final consumers.
of FC ancillary service. mnimum
Side Payments derived from the J Frequency : .. .
on of th e | avese trol A% operational Minimum operational
operatzag&fv’tweh?ystem 4 - 15. 4 - 15. ISO Fees and other contro level | | at th | it
subsidies - eve at fe:;na lfn'.ts
ISO cost 063 063 A price stabilization surcharge 5 elraetigayar??insimorm grrgraattijonrlwasl
(USD/MWh) could be included as part of ISO fees in P ga - P
Grid ; 2023, increasing them. Inflation and level hav_e increased dgrmg 2Q22'
rid connection costs 11.2 - 24.6 13.9-39.2 other] market incentives could affect . “Th|s could k?ep increasing.
(USD/MWh) Variability of fuel prices could also

rates to end consumer in the future. .
- ' o affect this cost.
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Grid & reliability costs are inodu
INcreasing in other markets

Australia plans N . . .
, ,p ; ; Australia’s AU$20 billion transmission
Transmission costs in California should increase over time MAassive MVEsStMeNtS | injtiative supports Tasmania's ‘Battery
N transmission... of the Nation’
1SO 2021-2022 Transmission Plan March 17, 2022 By Eaibome
Whois going to pay | 5em® | (o
Figure 8.5-1 Forecast of ISO High Voltage Transmission Access Charge Trending from First for them and hOW? T T T O
Year of Transmission Plan -— e J )
Regulators reinforce need for ‘massive | © . 5
24 investment’ in energy sector <
22 - — Australian energy regulators have called for urgent investments in renewable energy - «
> - capacity and the transmission infrastructure needed to connect new projects to the

20 grid as they look to ensure an orderly transition as coal-fired generation exits the
National Electricity Market.
18 SEPTEMBER 30, 2022 DAVID CARROLL
> 2 ® > ® [ s | povor |

§ 16 $2.7 T & - [ sustannsury ) umuy scaue pv Jlil umury scate storace Jl austaua |
\E-. 14 "—/—
L
Y 12
5 10
E—') 8 | Source: Energy storage news.
6
4 | Australian government unveils
2 first step towards ‘rewiring the
0 |nation’
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 e o
-
==@== (022 projection with new projects =@==2021 Projection
Source: CAISO. Sou: PV Magzin ! Source: Infrastructure Investor
In California, investments in new infrastructure are expected to drive cost increases. Australia is also planning massive 16

investments in transmission assets. How will these investments impact the total grid & reliability costs?
© 2022 Inodu. All rights reserved.



Implications for the
development of green hydrogen
and ammonia projects




Cost differences lead to opportunities inody
for load flexibility and reliability
premium technologies

Load characteristics for production process Supply cost breakdown
(e S S B B S y
i L Opportunities for |
+ Low-temperature electrolysis is highly IS ﬂex@,hty
adaptable to variable supply. . and r_el'ab'l'ty
* Electrolyzer capacity and hydrogen storage ,E)rerr]mulm .
| can be used to avoid 24/7 supply. 5 'E echnologies
« Supply distribution over day/year can be s * NH; process
g optimized to minimize LCOH. RN Hhesdlon iy |
e [ T, _J * H, process |
s, — : flexibility ;
* Haber-Bosch (HB) to produce ammonia * Energy storage
] accounts for approximately 10% of H, alternatives (BESS,
electrolysis energy requirements. ] CSP, etc.) ]
| « Load and HB process inflexibilities lead to * Storage
i need for 24_hour SUpp[y E 24hr Grid connected Self Supply Wind Self Supply Solar alternatives i
i ' ) ! (USD/MWh) (USD/MWh) (USD/MWh) i
P Development is focused on making | m Energy cost m Grid & reliability cost m Capacity cost m Direct transmisson cost i
i HB process and load more flexible. i !
! | * Direct Tx connection considers a line of 100km, for a 500 kV line for 3,000MW load and a 35% U.F. |
\ AN Referential costs considers 500kV lines in the north of Chile. ’ !



Glossary

R | oo v
& | 110 kv
| 154 kv
220 kV
| 345-500 kv

o Substations

44-33-23 kV @Generating

@& Connection request
& Under construction
(G Approved

& In qualification

& Awarded

Inodu

Stand Alone Power Systems (SAPS)
might be favored because of
INcreasing grid & reliability costs
and the difficulty to integrate H, -
at scale - with legacy systems

v' Supply quality requirements for isolated systems which supply
large loads (NH-) have not been properly defined in regulation.
Technical standards (or grid codes) have to be improved to
establish reliability, frequency, voltage, quality, stability,
protection, security systems and open access for SAPS.

v Initially, smaller scale projects may start connected to the grid
and as the system evolves, may transition to being partially
connected or fully disconnected from the grid.

v As hydrogen & ammonia hubs are developed, it is important to
define how isolated power systems to supply these large loads
could evolve (new demand & generation).

19
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Site selection methodology

Energy sourcing Critical infrastructure Zone analysis

Analysis of renewable , L .
generation hubs Water sourcing Criteria comparison

e Aternatives

Robust and - ==

Selection

comprehensive ! S Qe

Client analysis ==

site selection can S —

+  Water sourcing
Connection to the SEN

TRy & 7 5 +  Renewable generation hubs

e a O I I l Ore Grid connection or : Soad e ibied
. . roximity to prohibited areas
SAPS development . .

Mining rights analysis
Distance to port

[ ] [ P . .
\ p. a = *  H2client access
2 3 : [ == ==—s| A +  H2 derivatives client access
— ‘. > / I '}\ .

Railway access
Distance to gas pipelines

and NH- projects : S

Grid & reliability Grid & reliability Grid & reliability cost
costs in Chile costs are likely to variability might favor
are comparable be higher in other flexible green
to VRE LCOE. i international ammonia plants and
markets. stand-alone power
systems.
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