Generating Clean Power from Waste Heat

INTRODUCTION
Q3 2018



) :
WASTE HEAT TO POWER ELECSTRA, THERM

FN

' BY BITZER GROUP

Highlights
— Founded in 2005
— Patented & Patent-Pending Technology

— 72 Operational Machines
— Acquired by BITZER in 2016
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ElectraTherm’s Power+ Generator®

— Commercial Release August 2011

— Up to *150 kWe Power Output

— More than 980,000 Hours Run Time

p—
AR
ARTERR VR
ALY
ALY
RN R ERREY

==
===

THIS IS SMART POWER"®




BITZER INTEGRATION ELECTRA THERM

'+ BY BITZER GROUP

BITZER is the world’s largest
independent manufacturer of
refrigeration compressors

* BITZER 2016 Revenue: ~S680M Euros
* Employees Worldwide: 3,400

June 2017: ElectraTherm headquarters
relocated to the BITZER production
facility in Flowery Branch, Georgia.
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DIVERSE APPLICATIONS ELECTRATHERM
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HOT WATER is the fuel (85-150°C/185-302°F)
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* Biomass Boilers

* Reciprocating Engines

e Methane Utilization

 Geothermal/Oil & Gas Wells

* Process Heat




FLEET PROFILE BY APPLICATION Eheemg\/{n..gnm

(Operational is the running Fleet, In Process is pending commissioning, production and backlog)
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POWER+ GENERATOR CUMULATIVE FLEET E.heeq-_nf}\ifrHERM’

(Includes demonstration sites and R&D projects) 7\ By errzer Grour
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G E N E RATI O N / \ By BITZER GROUP
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Source: US EIA’s Annual Energy Outlook Data, ElectraTherm, Caterpillar
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Similar to Steam Cycle but Hot Water is the Fuel
.
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pOWER+ 4400 ‘ Generator ) :
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~OWER+ FAMILY OF PRODUCTS

Model

Product

~,OWER+ 6500B
Up to 150kW*

~OWER+1400B
Up to 65kW

~POWER+4200B
Up to 35kW

40°x8'x8’ / 12.2x2.4x2.4 m
Packaged Solution __

7'x7°x7’ / 2.1x2.1x2.1 m
Standalone

40°'x8’x8’ / 12.2x2.4x2.4 m
Packaged Solution :
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ElectraTherm offers 3
output levels packaged

with cooling circuit or
standalone |
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ELECTRA THERM
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Micro Geothermal

Generate Fuel-Free, Emission-Free Power with the POWER+ Generator™

BENEFITS OF THE POWER+ GENERATOR:
v’ Distributed, renewable power generation

v’ Ease of installation, operation and maintenance
v’ Speed in start-up

v’ Low operational costs

v Robust, proven technology

v Modular and scalable to heat source

v" Digital controls and remote monitoring
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Micro Geothermal

Generate Fuel-Free, Emission-Free Power with the POWER+ Generator™

Case Study: Japan
* 110°C Hot Water

e 12.6L/sec

* 60 kWe Gross Output

ElectraTherm’s first Power+ Generator in Japan commissioned at an onsen in the town of Ogura.
The machine has accrued more than 15,000 hours of runtime & over 720,000 kWh to date.




Geothermal - FL Turnkey System
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Additional external
parasitic loads may be
present on hot water
loop(s) and will need
to be accounted for as
applicable

ElectraTherm Power+ W, \ /aste Heat Solutions

EEECTRA THERM

Clean water
Closed loop
Up to 150°C (302°F)

/" \' BY BITZER GROUP

Generator

Evaporator

Geothermal
fluid

Geothermal
Heat Source

Heat
Exchanger
~5°F (2°C)
approach
across HX

Heat exchangers
are outside of ET
scope of Supply

Condenser

Generator

ElectraTherm Scope of Supply

POWER
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water cooling loop

Liquid Loop Radiator I

Beneficial Heat: up to
85°C

>

Please Note: This is a draft drawing of the
principle operation concept. Final system design
requires additional engineering work.
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Geothermal with On Site cooling 7"\ By BITZER GROUP

ElectraTherm Power+ He\ t-to-Power Solutions
EEECTRA THERM
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Additional external parasitic

Ioads may b present on hot ElectraTherm Scope of Supply
water loop(s) and will need — — —
to be accounted for as -
applicable I
Clean water
closed loop
Upto 150°C (302°F) Evaporator i Expander| Heat
5 Exchanger

Condensar

Pump ‘_G r ﬁ
Heat Exchanger .
w Geothermal fluid ~r'e(s’r) { I

approach J
across HE. 20 Ex+ ) Heat Exchanger is mandatory for
W cooling tower applications. -
Generator l Cooling Tower
— — Heat Exchanger may not be
Heat exchangers are necessary for other cooling sources )
outside of ET scope of if cooling water meets required
Supply standards (see Water Quality
Guidelines document)

Heat exchanger is not required On-site Cold
with FL Turnkey package Water Source

Heat exchangers are outside of
ElectraTherm scope of supply.

Geothermal Heat

Please Note: This is a draft drawing of the
principle operational concept only. Final system
design requires additional engineering work.
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WASTE HEAT FROM ELECTRA THERM
STATIONARY ENGINES AAEEE I

Engines used for prime power ,landfill gas, wastewater treatment plants, CHP

Ex. Jenbacher 316 (834 kWe)

40% Effective Power

100%
Applied Fuel

Energy
(Combustion) LOW TEMP WASTE HE

12 % Friction, low temp AC and

Radiant Heat Losses
HIGH TEMP WASTE HEAT

25% Radiator

A 4
A
il

Organic Rankine Cycle (ORC) converts

Source: GE Jenbacher J316 factory Spec. sheet L l
waste heat to electricity

15% Usable Exhaust Gas
8% Unrecoverable Exhaust Gas

100,000+ Stationary Engines
Installed Worldwide

.5-2 MW, Continuous Duty e
A

16




~\/ .
US DEPT OF DEFENSE DEMONSTRATION ~ EEESTRAFHERM

'+ BY BITZER GROUP

Development of the Radiator with a Payback

1.1 MW Cummins Genset and

. Exhaust Gas Heat Exchanger
Benefits:

= Complete Engine Radiator Replacement

= Engine Cooling Independent of ORC Operation
= ORC Provides Hot Ambient Cooling Benefits

= 10% - 12%+ Improved Fuel Efficiency

= Easily Transportable

= Limited Site Construction

= Payback 2-3 years (diesel)

T T
- Sy o y

“The Radiator with a Payback”
Video at https://youtu.be/fcaOfaX8R84

Combined Engine
and ORC Radiator
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https://youtu.be/fca0faX8R84

SHOWCASE INSTALLATIONS E-hEeT—Rﬂ}X‘—‘\/FHERM‘

(Unalaska/Wisewood/Ogura) 7\ By BITZER GROUP

| N
Unalaska, Remote Diesel

Japan, Micro-Geothermal
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Bratcice, Czech Rep. Inning, Austria

Drahobudice, Czech Rep. Slapanov, Czech Rep. Kosova Hora, Czech Rep.
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ElectraTherm’s Heat to Power Generator Delivers:

e Distributed, renewable power production

e Ease of installation, operation and maintenance
 Low operational costs with strong ROI

* Robust, reliable, off-the-shelf components

e A modular solution that can scale to the heat source

* Digital controls with remote monitoring & standard interface
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Thank you!
Simon Hiebendaal

Technical Sales Engineer

BITZER
www.bitzer.de

ElectraTherm
www.electratherm.com
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