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Inodu covers the following energy markets: U.S., Chile,

Peru and Colombia.
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& key early-stage tradeoffs

Evaluating energy supply for green
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Approach to site selection
a key early-stage tradeoffs



Site selection methodology

Energy sourcing Critical infrastructure Zone analysis

Analysis of renewable . o ‘
0 u S a n generation hubs Water sourcing Criteria comparison
com rEhenSI‘Ie SIte ‘ | g ﬂ""‘“ Selection
; L ] ] of sites inside

the zones

*  Water sourcing

selection can lead to ! mEEmE

Connection to the SEN
Renewable generation hubs

ngn o, X
m 0 re c 0 m e t I t I ‘I e Grid connection or Ligd RN O and access
SAPS development Other infrastructure Loty o pronbredareas

Mining rights analysis

Y| ' e
green hydrogen and LA Lo .
green ammonla The competitiveness of a green H, i ' When developing a green H, and i
- .t and derivatives production facility is ! 1derivatives production facility it isi
prOJec S highly influenced by the capacity to important to evaluate multiple i

|
have access to favorable energy | | sites in order to have options and !
resources, to the end consumer and 1 iselect a more competitive project.i
exiting infrastructure, which can
lower distribution costs.
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supply alternatives for
the Power-to-X project



Supply alternatives for a H,/NH, facility inodu

Full On-Grid supply Hybrid supply Full Off-Grid Supply

.

a2 . 0

£ -
i C@ @ i * H,and NH; plants connected

directly to VRE facility

* Development of a stand-alone

 Grid-connected H, plant * H, plant connected directly power system (SAPS)
. | to VRE facility | . . L
 Grid-connected NH; plant : : * Project exposed to a higher riskin
| * Grid-connected NH, plant variability of supply

* Energy storage could be considered
to firm supply to the H,/NH, plant
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Full on-grid supply cost breakdown inodu
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ISO Fees -1SOfeesare paid by all clients.
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Full off-grid supply costs to be considered inodu
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Advantages of connection to grid

Grid & reliability costs

Why are grid and reliability costs

Important?
Energy accounts for nearly 70-80% of the cost v Provides reliability of supply for the
to produce a kilogram of H,, . projects, and stability to H, / NH,
rocesses.
% Grid costs are comparable to solar and wind 2
LCOE, therefore can double energy costs. v' Allows higher utilization factors of the

electrolyzers.

Transmission

costs v Reduces pressure for flexibility for the H, /
NH; plant.

Side
Payments (SP)

SO fees
(derived from the . . . -
operation of Evolution of grid and reliabilit . .
tﬁe system) SP - Other ;.5,:%:’]73; %OSJ[S y Oﬂ:'gﬂd VS. On'gﬂd tradeOff
charges
(examplef:
incentives for
VRE) Renewable energy transition is significantly

changing grid & reliability costs.
Drivers include:

Grid &

Reliability
costs

N

* Renewable energy integration Reliability

e Transmission investment premium

N7
* Transformation and limitations of thermal

generation facilities. 10

© 2024 Inodu. All rights reserved.



e L A === o7
e

Architecture alternatives
for the Power-to-X project
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Architecture alternatives for a Power-to-X project

Renewable generation coupled with Power-to-X plant

o

[

—_—
—_—
—_——

NH, must be transported as a pressurized fluid
for longer distances.

NH; liguefaction equipment need at the port facility.
Site selection, permitting and easements considerations.

Opportunity for creating or using shared infrastructure with
multiple projects feeding one pipeline.

inodu

..~ Nustar's Ammonia
Pipeline System

Huntington

Transports
anhydrous
ammonia over
2,000 miles for
third parties, in
liquid form.

temob

From Louisiana and
other various
points to the Corn
Belt region.

El Dorado

Lo T

\ \ 997305
Donaldsonville #7245
g 4 Taft L

..dh4 Waggeman

7

Source: Nustar.
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Architecture alternatives for a Power-to-X project inodu

3

Bear Head Energy

Renewable generation separated from the Power-to-X plant

; — Nova Scotia
: Purv::ﬁ'?ss:ion Elec;'i_c Substation ‘}:-J"" “:*r ' &=
: %:w ".‘ L!‘ Ammonia .
B S Y | == e ,Q}jff s @ Production of up to
ﬂﬂﬂ 7 T y () ‘ﬂ i Air Separation . £ h ZZ;:E’SEE: 2’OOO’OOO tons Of
= g i {-w---f S ammonia per year.
1 B g i 1 BHHT
: Utility A=
B Ammonia U Renewable ener
. . | = | — '°°:' sourcing still undgexr/'
Flexibility requirements for the Haber-Bosch plant. | g s .
. . : | pe— review.
Transmission losses over long distances. : =
| . Jetty
Challenges related to large-scale H, storage (if needed). | ‘:n'.“Tn‘;:
Easier access to port infrastructure and export capabilities. |
Energy storage could be considered to firm supply to the plant. :
Development near urban areas needs to be carefully addressedh Source. Bear Hoad Enerey.
13
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valuating energy supply for green
hydrogen and ammonia production



Inodu

Current cost breakout green referential
large-scale green hydrogen project

Electricity accountsforupto
PAOY 10 Yol lglsYeleli to produce

a kg of green hydrogen.
= Electricity supply
All other costs
Drivers of electricity costs
Capacity Factor Flexibility of Firmness and Tradeoffs plant Timing - cost
of renewable energy availability of designsuch as declinesin
energy requirements & renewable energy hydrogen storage renewable energy
grid connection throughout the capacity and
costs day energypricesat
night

15
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Renewable energy capacity factors have an impact in hydrogen and Tale

ammonia production competitiveness

| Hydrogen production costs from hybrid solar PV and wind systems for a minimum load of 407% by 2030

Hydrogen production
costs (USD/kg H,)

B <=1.50

B 1.50-1.75
P 1.75-2.00
©200-225

2.25-2.50
2.50-2.75
2.75-3.00
3.00-3.25
3.25-3.50
3.50-3.75
3.75-4.00
4.00-4.25

425450
P 450475
B >475

Source: IEA Hydrogen Review 16
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Analysis of solar generation variability across the years for power plants connected 11110 du
to the Chilean Electricity System - s toric eneration
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Source: Inodu Analytics




Analysis of solar generation variability across the years for power plants connected 11110 du
to the Chilean Electricity System - s toric eneration

Impacts on green Ammonia

production cost

Source: Inodu Analytics
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Analysis of wind generation variability across the years for power plants connected 11110 du
to the Chilean Electricity System - s toric eneration
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Analysis of wind generation variability across the years for power plants connected |11 O du
to the Chilean Electricity System -
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Chilean study case of reliability
premium cost dynamics
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Side payments are highly influenced by the energy transition inodu

2021 :_ ~ 2022 2023 S e A
20 IR i Renewable energy transition is significantly changing grid & |
| ! | 1
A reliability costs ;
18 I | : i
1 i i
: | i During 2022 water !
16 | | I reserves have been Water !
I | i activeduetoa scarcity :
“ 1 | ! rationing decree, rationing !
1 : i because of water decree !
" : I i scarcity conditions. Side payments of |
I I i thermal unitswhose |
B " I i Minimum variable cost (VC) of |
z 10 I | | : productionis higher !
g I : operational :
< | i than the spot price |
2 I | ! level at . !
2 g i | . and operating at !
B ! i i termalunits \ ,nimumoperational !
o . ! i level conditionshave !
I i increased in 2022. |
I : l
4 1 ‘\\ __________________________________________________________________________________________________________ ,"
I
I I B L0 Gt 0 00U L (e e—————— O — P R
2 8 !. II I : | Waterscarcity 1 Ancillary services ! System Ei{ Other
Il .s ! I i i | inflexibilities ||
oM gEE. “B -l | [ o . I ocrr i Il sscc 1 ¥
II I 5 i i e il re
, ! . [l ssccro : Il sprD t i
I ; gi i Il scro Il other
I I RoR i [ sscoroo i
JFMAMJJASONDJFMLAM|JJASONDJFMAMJJASON\ __________________________ M o R
In Chile, side payments have been increasing in the past years, reaching amounts above 18 USD/MWh per month in January 2023. 22
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Systems

National Transmission (USD/MWh)

Zonal Transmission
(USD/MWh)

Side Payments derived from the
operation of the system
(USD/MWh)

[SO cost
(USD/MWh)

Grid connection costs (USD/MWh)

8.2

24-158

0.63

11.2-24.6

8.2

27-14.6"

24-158

0.63

13.9-39.2

Inodu

Future grid & reliability cost drivers

Variable Renewable Energy

(VRE) could lower cost of
frequency control

PV solar projects are starting to
provide frequency control (FC)
services by default, which will
increase supply and lower cost of FC

Investment in transmission assets

Transmission Due tohigh integration of VRE and
cost congestionissues, new investments

in transmission assets could increase
costs for final consumers.

Minimum

ancillary service. Frequency o

Opelrat"l’”al Minimum operational
SVE level at thermal units

A price stabilization surcharge Side payments for thermal units
could be included as part of ISO fees, ISO Fees operating at minimum operational level
increasing them. Inflation and other market and others have increased during 2022-2023. This
incentives could affect rates to end consumer could keep increasing. Variability of fuel
inthe future. prices could also affect this cost.

23
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International benchmark of grid & reliability costs

Costs estimated based on information from 279 semester 2021 and 15t semester 2022

New England - G&R costs:

* 39,0-41,4USD/MWh (45% U.F.)
* 19,4-20,8USD/MWh (98% U.F.)

=

California - G&R costs: E
e 16,6 - 16,9 USD/MWh (45% U.F.)
e 16,6 - 16,9 USD/MWh(98% U.F.)

Chile- G&R costs:

* 15,6 USD/MWh (45% U.F.
* 15,6 USD/MWh(98% U.F.

N

U.F.: Utilizationfactor

Grid & reliability (G&R) costs* = Transmission costs + Side payments + ISO costs + other systemic charges

* Does notinclude capacity charge.

Germany - G&R costs:
* 33,6-41,1USD/MWh (45% U.F.)
e 14,2-16,4USD/MWh (98% U.F.)

-

(

Australia - G&R costs:
e 11,4-36,4USD/MWh (45%
« 6,2-20,2USD/MWh(98% U

n

inodu

Transmission chargesin
some markets are heavily
affected by localization.

Germany is a potential
green H, importer.

Australiaand Chileare
potential green H,
exporters.

Connecting large projects
to the grid can lead to
develop grid
infrastructure
Improvements.

© 2024 Inodu. All rights reserved.



Grid & reliability costs are increasing in other markets

Transmission costs in Californiashould increase over time
ISO 2021-2022 Transmission Plan March 17, 2022

Figure 8.5-1 Forecast of ISO High Voltage Transmission Access Charge Trending from First
Year of Transmission Plan

24

22 - = -
20

18 /

TAC Rates (S/MWh)

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
Years

==@== (22 projection with new projects e=@==)(21 Projection

Australia plans massive
investmentsin
transmission...

Who is going to pay for
them and how?

Inodu

Australia’s AU$20 billion transmission
initiative supports Tasmania's ‘Battery
of the Nation'’

By Andy Colthorpe
October 19, 2022
£ Asia & Oceanla, Southeast Asia & Oceania b Connected Technologles, Grid Scale il Policy

T AT T KON T

—

= . = -

investment’ in energy sector

National Electricity Market.

SEPTEMBER 30, 2022 DAVID CARROLL

[ susranasury Jf unury scae e J§ unury scaie storace Jil austraua |

Regulators reinforce need for ‘massive | : 3

Australian energy regulators have called for urgent investments in renewable energy
capacity and the transmission infrastructure needed to connect new projects to the
grid as they look to ensure an orderly transition as coal-fired generation exits the

[ covmerciat s nousTriaL v Jf oisTrisuTeD storace ] Grios & iNTecation Jil markers Il poucy Jif ResoenTALPY |

vl

| Source: Energy storage news.

Australian government unveils
first step towards ‘rewiring the

Thas

- Share A’ A+ 10(]%
T

Ashokan - 21 October 2022

Source: Infrastructure Investor

Source: CAISO.

Source: PV Magazine

In California, investments in new infrastructure are expected to drive cost increases. Australia is also planning massive investments in transmission assets.

How will these investments impact the total grid & reliability costs?

25
© 2024 Inodu. All rights reserved.



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

Load characteristics for productionprocess ~ Supplycostbreakdown .~
I', ‘\\: / P \ -\s\
: i Opportunities for
* Low-temperatureelectrolysisis highly adaptable to Ioa.d f.l?XIbllltya}nd
; variable supply. | reliability premium
» Electrolyzer capacity and hydrogen storage can be technologies
i usedto avoid 24/7 supply. | g * NH; process flexibility
« Supply distribution over day/year can be optimized S * H, process flexibility
to minimize LCOH. ) « Energy storage
I‘\"::_':_'_'::_'::_'::_':_'_':_'_'::_':_'_':_'_'::_'::_'::_'::_'::_'::_':_'_':_'_'::_':_'_':_'_'::_'::_'::_':_'_'::_'::_':_'_':_':::::::::::::::::::::_':’,I g alternatlves <BESS’

4 ) CSP,etc.)

e Haber-Bosch (HB) to produce ammonia accounts
for approximately 10% of H, electrolysis energy
requirements.

* Strategic hydrogen
storage alternatives

* Load and HB process inflexibilities lead to need for
24-hour supply.

24hr Grid connected Self Supply Wind Self Supply Solar
(USD/MWh) {USD/MWh) (USD/MWh)

 Developmentis focused on making mEnergy cost m Grid & reliability cost m Capacity cost = Direct transmisson cost

HB process and load more flexible.
* Direct Tx connection considers a line of 100km, for a 500 kV line for 3,000MW load and a 35% U.F. Referential
costs considers 500kV lines in the north of Chile.

“*Values are based on estimations for 2022.

i e i B

o e e



| 66 kv

| 110kv

| 154 kv
220 kv

| 345-500 kv

o Substations

44-33-23 kV @ Generating

& Connection request
G Under construction
G Approved

& In qualification

& Awarded

noau

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

27
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