Combined Heat and Power technology and market developments
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Conventional CHP applications: Gas prices

Gas prices (EUR/MWh), yearly average MGP-GAS €/MWH)
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Conventional CHP applications: Electricity prices

Power prices (EUR/MWh), yearly average
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Conventional CHP applications: Saving
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Fuel flexibility: Methanol, Why?

Methanol is chemical Fully supports Targets
building block and of

available from fossil, Paris Climate

bio or synthetic Agreement

. Green electrons,
production.

water and captured

CO2 for the

production of
Methanol uses synthetic methanol
Autonomous today’s infrastructure

electrical and thermal for storage and
power production transportation
independent from

the grid.

Burning Methanol it tuiel s much.
. with clean safer than crude oil
Industrial prove issions and no or other synthetic
multifuel-turbine, SISSION . fuels

>20 years of soot or particles

lifetime, easy

maintenance
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Fuel flexibility: Methanol

Methanol is liquid at rgom ' T ONIA ‘
temperature and ambient

room pressure

METHANOL

no fine particles when
burning H2 GAS AT 700 BAR

_ H2 GAS AT 200 BAR
Methanol stores higher
volumes of hydrogen than

liguid hydrogen at — 253°C k/m3 Q) 20 40 60 80 100 120 144

Source: Andersson, J., Gronkvist, S.: Large-scale storage of hydrogen,
International Journal of Hydrogen Energy No. 44 (2019) p 11911

Emitting CO2, moisture and | LIQUID HYDROGEN

H2 GAS AT 100 BAR

Methanol has a better capacity to store hydrogen that liquid hydrogen
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Fuel flexibility: Methanol
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Fuel flexibility: Methanol

Global Methanol Pricing Comparison
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Methanol Europe MMSA Contract FOB Rotterdam T2 USD/metric ton
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Fuel flexibility: Methanol
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Synthetic Methanol

Biologic Methanol

Fossil Methanol
C0, Compensated

Production:

Renewable Energy H,0 + CO,
Methanol Synthesis Plant
Availability:

Commercially ready by Q1 / 2024
Production Plants in Northern Europe
C0, — Neutrality:

100% of Exhaust due to CO, Capturing
100% of Energy used for Production
C02 Footprint Plant Material
&Transport

Production:

Gasification Biomass (Agricultural and
Household) and Catalisation
Availability:

Available, Varios Sources

Production Plants in EU and US

CO0, — Neutrality:

100 % of Exhaust due to Biomass

CO, Footprint Plant, Production,
Transport

Production:

Gasification of Coal,

Reforming of Natural Gas
Availability:

2nd most traded chemical liquid
> 95’000 Billion Litres / year
production

C0, — Neutrality:

100% of Exhaust compensated with
C02-Certificates

CO, Footprint Plant, Production,
Transport

Methanol-Price Tank filled at site (07.10.2022)

0.90 € per Liter

1.12 € per Liter

0.50 € per Liter



https://www.swissclimate.ch/en/home
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Technical Data

Electrical Output:

. 400V, 100 kw

Thermal Output:

e 170-200 kW

Exhaust Gas Temperature:

e 250°C

Optional cooling capability with
absorption chiller:

* About 250 KW up to 300 kW
Electrical / Thermal / Total Efficiency:
* 30%/60%/90%

Noise Level:

e Lessthan 72 dB(A)

Fuel Consumption:

e 74 litres per hour

Emissions (vs. Diesel gensets):

e (CO02:85% less

* Nox88 % less

*  UHC (unburned hydrocarbons): 99 % Dimensions
less *  Width x Height x Length:
*  Soot/ Particulate Matter: 100 % less * 900x1900x2700 mm
* Footprint:
e 2.43m2

*  Gross Weight Outdoor Installation:

* 2770KG

600.000

550.000

500,000

450,000

silent~
POWER

Application Area

Housing

. Heating and Electricity for Residential Buildings
. Regional District Heating for housings

. Heating or Cooling for commercial building
Hotels

. Heating, Cooling and Electricity for Resorts
. Heating for Pools, Amusement Parks

. Backup - Power

Island Operation

. Electrical Power Production,

. Fixed or mobile installations

(on trucks or ships)

Fuel cost for 6.500 operating hours

CH4-2022 ME-CH Fossil ME-OH Bie ME-OH Synthetic®
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Energy storage: Thermochemical batteries
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4MgMnO, 5 + heat «» 4MgMnO, + O,
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Energy storage: Charging phase

From
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Energy storage: discharging phase
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4MgMnO,, + O, = 4MgMnO, ; + heat
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5 MWh,, storage with 100 kWe micro-turbine

Thermal Energy
Storage Module

13 ft Container

Turbine-Storage Interface ——

20 ft Container -

Heat Recovery System —

Gas Turbine Generator System——

Electrical System

—

oxblox
-

Blower System

* Thermal storage capacity: 5 MWh

* Electrical power output: 100 kW

* Storage duration: 15 h

* Storage material mass: 8 t
* Max redox material temperature: 1500°C
. * Min redox material temperature: 1000°C

* Enclosure dimensions:

® H:6.8m
“L:6m
C W:25m

PARTNERSHIP REDOXBLOX - ANSALDO GREEN TECH — PILOT PLANT
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Disclaimer

All information contained in this document is the property of Ansaldo
Energia S.p.A. and/or all its controlled companies, whether directly or
indirectly (hereafter “Ansaldo Energia Group”).

No part of this document may be reproduced, distributed, or
transmitted in any form or by any means, without the prior written
permission of Ansaldo Energia Group.




