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Presentation Goals

1. High-Level AtmosZero Overview
2.Why an Air-Sourced High Temperature Heat Pump?



AtmosZero High-Level Intro



The power of steam

Steam accounts for:

50% 8

of process heat of global primary
used in industry energy use

Steam drove the industrial revolution.
AtmosZero will drive the next.

c.ca bl

GHG emissions
per year
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Presentation Notes
8-10% of global primary energy use
Describe some sectors and end-uses



The sweet spot: Steam temperatures

50% of all process heat is delivered by steam.

cumulative thermal energy (TBtu])

12,000

10,000
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4,000

2,000

Total US thermal energy use

o
A AtmosZero range can decarbonize

50% of industry heat needs

Industrial
l steam |
| |
200 400 600 800 1000
Chemicals Food process heat temperature (°C)

- Distillation (100-300°C] - Pasturizing (60-140°C)
- Drying (150-200°C) - Cooking (95-200°C])
- Sterilizing (110-120°C)

Source: Renewable Thermal Collaborative, “"RTC Vision Report”



Redefining boiler room efficiency

2.0X more efficient than today’s electric boilers and emissions free

CO2
+ OTHER
POLLUTANTS

Combustlun Boilers Resistive & 41’ Boiler 2.0
Electrode Boilers

2/ 100%

EFFICIENCY EFFICIENCY EFFICIENCY

LOSS LOSS GAIN




Introducing:

Modular Air-Sourced
Steam Heat Pump

No waste heat required

Product...not a Project

New technology delivers
zero-carbon steam, making

net zero goals technologically
and economically achievable
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Presentation Notes
Highlight global scalability and need for quickly deployable product (not project) to meet manufacturing industry needs.


First Customer

PHASE 1 - The Pilot
Meet 1/3 of steam demand

= Replace one natural gas boiler in Fort
Collins facility

= 165°C, 2200 Ib/hour saturated steam
= In-field, in-revenue service. Q1'25.
PHASE 2 - Full deployment

Go all-in and grow

= Full replacement in Fort Collins

= Expand to other brewery locations in VA,
MI, and NC

ll°+=“
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Presentation Notes
Incredible partnership with first customer NBB
Going into the field with NBB next year
From there, do a full steam replacement at Colorado location and beyond (3 other locations in the US)
Decarbonized Fat Tire by Super Bowl 2025


Prototyped Key supply chain
Rea d y to Modular product partnership
650 kW4, building blocks JDA with key global
S I f delivering up to 200°C supplier Danfoss
World-class Established
G I O ba I research global presence
Colorado State EU subsidiary in the Netherlands

University partnership

Impact

M (%) ColoradoState University e /\ AENU SHRLICHT — Qrpa-e

ENERGY IMPACT PARTNERS
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Designed the company to scale for global impact
Prototype is at same scale as first pilot for quick de-risking
Highlight partnerships
Danfoss
CSU – technical and operational expertise and capability to support full-scale prototype
Highlight new European office in the Netherlands – strategic b/c of expensive gas and supply chain risks.
ETS – emissions trading scheme, also CBAM


Technoeconomics of decarbonized
electrified steam boiler
technologies



Introduction — Steam Generation

Fuel Boiler

State-of-the-art, requires combusting
fuel such as natural gas

Combustible

Steam
Fuel
- (—
Electricity Steam
:@:
o 0
udg dd

Electric Boiler

i~

Commercially available and low-CAPEX, efficiencies <100%

Waste Heat Driven Heat Pump

High efficiency, requires site specific engineering for
facility integration

Steam

—

Waste Heat

ilmai

Steam

v

Electricity

Electricity

Air-Sourced Heat Pump

Lowered efficiency, reduced integration challenges



Heat Pump System Configurations

t

Heat sink
Water
c
2 Condenser
5
Electricity
u:?j' High temperature cycle

Intermediate
heat exchanger
Low temperature cycle  Electricity
Evaporator

Expansion

Air heat source

Air-Sourced Steam
Generating Heat Pump

Jossaidwo)

Jossaudwo)

Expansion

t

Heat sink

b) l_ Water

Condenser

Electricity

Expansion

High temperature cycle

Jossaudwon

>

Intermediate
heat exchanger

Low temperature cycle Electricity
Evaporator

P

Waste heat source

Jossaidwo)

Low-Temperature Waste Heat
Sourced (£45°C) Steam
Generating Heat Pump

c) f

Heat sink

Steam Water

Condenser

High temperature cycle  gieciricity

Expansion

Evaporator

iy

Waste heat source

Jossalidwod

High-Temperature Waste Heat
Sourced (=260°C) Steam

Generating Heat Pump



Waste Heat Recovery is Good, Right?

1100

=
O O
o O
o O

800
700
600
500
400
300
200

Heat Recovery or Electricity, kW

100

Electricity m Waste Heat Recovery

Electric Boiler,
98%

Air-Sourced,
COP 1.81

15°C Waste 30°C Waste 45°C Waste 60°C Waste 90°C Waste
Heat, COP 1.88 Heat, COP 2.12 Heat, COP 2.42 Heat, COP 2.82 Heat, COP 4.23

* COP values assume 60% of Carnot COP and a steam delivery temperature of 150°C
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Presentation Notes
Air source based on average monthly air temperature in Fort Collins, CO
COP assumes 60% of Carnot limit. Assumes 150 C steam delivery temp
1 MW/COP is electricity, 1000 kW – electricity is waste heat


Invisible Costs

Costs, $

$3,500,000

$3,000,000

$2,500,000

$2,000,000

$1,500,000

$1,000,000

$500,000

$-

Equipment + Installation Cost
Heat Recovery Equipment
Labor/Materials

= Project and Construction

Engineering and Fees
Facility Downtime Costs
Operating Cost

Electric Boiler Air-Sourced

* All costs shown are for a 1MW steam capacity installation
** Revenue lost assumes $100M per annum company and 5 days of lost revenue for the installation period

AO

15°C Waste
Heat

30°C Waste
Heat

45°C Waste
Heat

60°C Waste
Heat

90°C Waste
Heat

14
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Equipment costs based on "Updated Buildings Sector Appliance and Equipment Costs and Efficiencies," June 2018. [Online]. Available: https://www.eia.gov/analysis/studies/buildings/equipcosts/archive/2018/pdf/full.pdf.
Waste heat costs based on K. Darrow, R. Tidball, J. Wang and A. Hampson, "Catalog of CHP Technologies," U.S. Environmental Protection Agency, 2015.
Assumptions:
HP: each cycle costs $225k lump sum
Air source: $50k lump sum
$250k installation cost for all HP options
See backup slide for waste heat $/kW cost breakdown
Facility downtime costs assumes $100M/yr company (approx. size of NBB), 5 days down time




Invisible Costs

Costs, $

$3,500,000

$3,000,000

$2,500,000

$2,000,000

$1,500,000

$1,000,000

$500,000

$-

Equipment + Installation Cost
Heat Recovery Equipment
m Labor/Materials

— HmProject and Construction

B Engineering and Fees
Facility Downtime Costs
Operating Cost

Electric Boiler Air-Sourced

* All costs shown are for a 1MW steam capacity installation
** Revenue lost assumes $100M per annum company and 5 days of lost revenue for the installation period

AO

15°C Waste
Heat

30°C Waste
Heat

45°C Waste
Heat

60°C Waste
Heat

90°C Waste
Heat
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Equipment costs based on "Updated Buildings Sector Appliance and Equipment Costs and Efficiencies," June 2018. [Online]. Available: https://www.eia.gov/analysis/studies/buildings/equipcosts/archive/2018/pdf/full.pdf.
Waste heat costs based on K. Darrow, R. Tidball, J. Wang and A. Hampson, "Catalog of CHP Technologies," U.S. Environmental Protection Agency, 2015.
Assumptions:
HP: each cycle costs $225k lump sum
Air source: $50k lump sum
$250k installation cost for all HP options
See backup slide for waste heat $/kW cost breakdown
Facility downtime costs assumes $100M/yr company (approx. size of NBB), 5 days down time




Invisible Costs

Costs, $

$3,500,000

$3,000,000

$2,500,000

$2,000,000

$1,500,000

$1,000,000

$500,000

$-

Equipment + Installation Cost
Heat Recovery Equipment
m Labor/Materials

— HmProject and Construction

B Engineering and Fees
& Facility Downtime Costs
Operating Cost

Electric Boiler Air-Sourced

* All costs shown are for a 1MW steam capacity installation
** Revenue lost assumes $100M per annum company and 5 days of lost revenue for the installation period

AO

15°C Waste
Heat

30°C Waste
Heat

45°C Waste
Heat

60°C Waste
Heat

90°C Waste
Heat
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Equipment costs based on "Updated Buildings Sector Appliance and Equipment Costs and Efficiencies," June 2018. [Online]. Available: https://www.eia.gov/analysis/studies/buildings/equipcosts/archive/2018/pdf/full.pdf.
Waste heat costs based on K. Darrow, R. Tidball, J. Wang and A. Hampson, "Catalog of CHP Technologies," U.S. Environmental Protection Agency, 2015.
Assumptions:
HP: each cycle costs $225k lump sum
Air source: $50k lump sum
$250k installation cost for all HP options
See backup slide for waste heat $/kW cost breakdown
Facility downtime costs assumes $100M/yr company (approx. size of NBB), 5 days down time




Invisible Costs

Costs, $

$3,500,000

$3,000,000

$2,500,000

$2,000,000

$1,500,000

$1,000,000

$500,000

$-

Equipment + Installation Cost
Heat Recovery Equipment
mm | abor/Materials
— mmm Project and Construction
mmm Fngineering and Fees
oo Facility Downtime Costs
=8—Operating Cost

$715,919
— $399,220  $383,634 L
\r H342'239—$300182ﬁ259,423
® —— —— - $176,615
—.
Electric Boiler Air-Sourced 15°C Waste 30°C Waste 45°C Waste 60°C Waste 90°C Waste
Heat Heat Heat Heat Heat

* All costs shown are for a 1MW steam capacity installation
** Revenue lost assumes $100M per annum company and 5 days of lost revenue for the installation period

AO
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Equipment costs based on "Updated Buildings Sector Appliance and Equipment Costs and Efficiencies," June 2018. [Online]. Available: https://www.eia.gov/analysis/studies/buildings/equipcosts/archive/2018/pdf/full.pdf.
Waste heat costs based on K. Darrow, R. Tidball, J. Wang and A. Hampson, "Catalog of CHP Technologies," U.S. Environmental Protection Agency, 2015.
Assumptions:
HP: each cycle costs $225k lump sum
Air source: $50k lump sum
$250k installation cost for all HP options
See backup slide for waste heat $/kW cost breakdown
Facility downtime costs assumes $100M/yr company (approx. size of NBB), 5 days down time
OPEX: electricity at $80/MWh + O&M ($11k/yr for HPs, $817/yr for electric boiler, based on EIA report)





Simple Incremental Payback Period

80 - —

5% 70 - 140yrs

8 60 -

c |

o Payback period is
50 -

Y2 longer than

& 1 product lifetime

o 40

>

= 1

8 39

© 1

€

o 20 — Approx. Product

= T Lifetime

g 10 E

o

< 1

15°C 30°C 45°C 60°C 90°C
Heat Source Temperature

* All costs shown are for a 1MW steam capacity installation
** Revenue lost (upper bound) assumes $100M per annum facility and 5 days of lost revenue for the installation period. Lower bound assumes no facility downtime.

(o]
A 18
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Presentation Notes
Payback w/ air-source as baseline. Lower end of range is no facility downtime, upper end is 5 days downtime.
Any system with PBP above 20 years essentially has higher LCOS than AZ air-source HP
Does not account for intermittency in WH availability or temperature
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