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! Learning rates

2 Mainstream modules

% Thin film modules

4 Crystalline bifacial modules
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5 Passivated Emitter and Rear Contact(PERC)
® Heterojunction (HJT)

" Tunnel oxide passivated contact (TOPCon)
8 Interdigitated back contact (IBC)

® Half-cut cells

10 Multi- busbars

1 High-density cell packing pathways

12 Shingling
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14 Utility-scale
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28 Heat Exchangers

2 shell and tube heat exchanger

%0 Plate heat exchanger

31 Air-cooled heat exchanger

32 HVAC

33 Flue Gas Heat Recovery Systems

34 Combined Heat and Power Systems (CHP)
35 Heat Recovery Ventilation Systems (HRV)
3 Waste Heat Recovery Systems
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Primary energy sources
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/ Process heat \

Power-only plant CHP plant

» Heat wasted o= @
without heat fe=——
recovery CHP

CHP heat s
\' Electricity
d Industrial uses DHC
Waste
recovery

ORC ORC
power-only CHP
Key: Direct use Electricity ' I
ORC (organic rankine cycle) in DHC @ @
CHP (Combined heat & power)
DHC (District heating and cooling) CHP heat CHP Electricity
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% Organic Rankine Cycle (ORC)
40 Gas Expander technology(GEX)
4l Throttling valves
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E ELECTRICAL GRID
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e Energytechreview — the future of waste heat recovery- 25 September 20234
e jgbksaseo.medium.com - The Future of Heat Exchangers: Innovations and Emerging Technologies — 12
July 20234

e HEATLEAP - Waste Heat Recovery Potentials, applications and recommendations for better policies — 7
June 2023%

48 nhtips://www.energytechreview.com/news/the-future-of-waste-heat-recovery-nwid-1216.html
49 https://jghksaseo.medium.com/the-future-of-heat-exchangers-innovations-and-emerging-technologies-69ed01642157
50 https://heatleap-project.eu/wp-content/uploads/2023/06/HEATLEAP Policy Paper 7-June-2023.pdf
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10 New
Heat Recovery Solutions
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51 Waste Heat to Electricity

52 Heat Capture System

53 Immersion cooling

%% Turbo Compressor Technology

% Liquid-based Thermoelectric Cells
%6 Carbon-Neutral Process Heat

5" Heat Absorbing Coatings

% On-site Green Hydrogen Production
% Digital Twins for Heat Recovery

80 Pyramp

61 Thermophotovoltaic (TPV) technology
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Waste heat recovery can bring global energy savings of up to €140 billion
per year.

Potential savings from waste heat recovery,’ €

Heat-to-heat at
e em— - o

or

Heat-to-power at
10% to 15% efficiency and 56 9—E56
€30 to €140, per MWhH .2
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Reuse

Existing plants have been built with
hot-to-cold technologies in mind

Wasted sources {a) and unmet sinks

demand (b)
Heat Heat . Heat
source exchangers sink

1 1

v

—

1

Upgrade

Celd-to-hot electricity-based
technologies have become viable
over the last few years

Recycling opportunities and less
wasted heat

Heat pumps.
MVR, heat »
separation

1 1

>
e

Heat
source

Heat
sink

" -

{4

Lov emperat.
Convert to electricity

Heat to electricity-based

technologies; applicable especially
to sectors where extra heat is

not needed

Steam
Heat
source

1

organic
Rankine cycle
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B60% CO, abatement with costs of less than
€40 per tCO; additionally abated
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—120
Share of company emissions, %

Energy efficiency Utility switch
Classical energy efficiency Change electricity and
and novel technologies, steam source

already NPV positive today

-+ > Ll |

CO, emissions abatement cost curve for one site, in € per tCO.e’ (illustrative)

Too
diluted
for
CCcu/ccs

75% 100%

Call to innovate (mainly on
process emissions and furnaces)
Innovation reguired to make NPY
more positive
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8 Incremental improvements

8 Q-pinch

87 Additional reboiler

8 Tonnes (t) of carbon dioxide (CO2) equivalent () (tCOe)
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e mckinsey.com - Waste not: Unlocking the potential of waste heat recovery — 30 November 2023%

8 Energy-as-a-service model
% Savings-sharing agreement
9a https://www.mckinsey.com/capabilities/sustainability/our-insights/waste-not-unlocking-the-potential-of-waste-heat-recovery/#
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Stockholmdataparks - Stockholm Data Parks , Green computing redefined®-2024

9 Data Centers
9% Stockholm Data Parks
9 https://www.stockholmdataparks.com/
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Energy Storage
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Impact of Top 10 Energy Storage Trends

& Innovations in 2024
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100 Advanced Lithium-Ton Batteries

101 Lithium Alternatives

102 Short Term Response Energy Storage Devices
103 Battery Energy Storage Systems (BESS)

104 Advanced Thermal Energy Storage (TES)

195 Enhanced Redox Flow Batteries (RFB)

106 Distributed Storage Systems

107 Solid-State Batteries

108 Hydrogen Storage

109 Energy Storage as a Service

110 Short-duration energy storage (SDES) devices
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1 1 i-polymer

12 T j-air

113 Li-titanate

114 Li-sulfur

115 Lithium-Cobalt

116 Green Li-ion

117 Co-Precipitation Hydrometallurgical Technology
118 Teaching reagents

119 Echion Technologies

120 Mixed Niobium Oxide(XNO)
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121 Zinc-air

122 Sodium-sulfur

123 Offgrid Energy Labs

124 ZincGel

125 Self-healing

126 Altris

127 Superconducting magnetic storage
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