LMOP Webinar
Don't Waste the Heat!

\

September 28, 2021 LANDFILL METHANE
OUTREACH PROGRAM




Welcome and Agenda

Agenda

Beneficially Using Engine Exhaust for Onsite Leachate Treatment
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Steve Gabrielle Beneficially Using Engine

Energy Power Partners

Exhaust for Onsite Leachate
Casey Cammann
Heartland Water Technology Treatment

© 2021Heartland Water Technology,Inc. ~» Heartland Water Technology



Cumberland County Im provem ent Authority

* Location: Cumberland County, NJ Landfill
e 275 acres permitted

e Over 6M tons of waste in place ’ AUTHORITY

.. . Improving your Tomaorrow.
* Receiving 540 tons solid waste per day
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Early 2018 ..The Situation

* Landfill generating highly
concentrated Reverse Osmosis (RO)
concentrate

* Hauling leachate over 40 miles to
Delaware

e Over 25 truck trips per week

y Opportunity to utilize waste heat from Concentrated Leachate from the RO Plant requires
3 CAT 3520 landfill gas engines treatment

Team worked together to

optimize asset utilization

Waste heat available from onsite landfill gas to
energy plant

© 2021Heartland Water Technology,Inc. ~ Heartland Water Technology




Concept: CoVAP™

Beneficial Use of Engine Exhaust For Onsite Leachate Treatm ent

e CoVAP™ = Cogeneration for
industrial wastewater evaporation

* 900° F engine exhaust

e Exhaust from three engines ducted
together and transferred to
Heartland Concentrator

e Concentrated leachate is evaporated

* Jacket water from the engines is
used to heat bio tanks that feed the
evaporator

(1) Hot generator exhaust gas is ducted together to

. provide thermal energy for evaporation in the Heartland
reduced the carbon footprint for the Concentrator™ (2)

authority

* Improve efficiency of the plant and

©2021Heartland Water Technology,Inc. ~ Heartland Water Technology




Onsite pilot

To prove conceptthe team completed a successful 5-daypilot

* Processed over 5,050 gallons of The
Authority’s RO Concentrate, using
Heartland’s 1,000 GPD pilot Concentrator.

* The trial achieved volume reduction targets,
yielding 332 gallons of residual slurry

* During the trial, the Concentrator did not
shutdown and required no maintenance. It
was automatically self-controlling, which
included overnight unattended operation.

* The concentration, precipitation, and
management of solids through the
Concentrator to the final residual tote were
performed successfully; no degradation of
performance was observed.

©2021Heartland Water Technology,Inc. ~» Heartland Water Technology




The Project

Combined 98% Volum e Reduction

Perm eate
e 45500 GPD
e 71%Recovery

RO CLEANING FLUID
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Raw Infeed RO Concentrate Residual Concentrate
e 64,00 GPD - 18,600 GPD e 940 GPD

e >989% Vol.Reduction
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System Performance Daily Average
June to August 2021




Integration ofthe Landfill Gas Engimne Exhaust
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System Performance

System Performance
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mmmm Total Solids (mg/l)  e====\Volume Reduction

Engine Thermal Efficiency

>98% system volume
reduction

* Generates concentrated
residual with over
300,000 mg/I TS

* Engine Thermal Efficiency
improvement from 36%
to 76%

Jacket/Other Electric Recovered Heartland Thermal

Exhaust Loss Loss Output Jacket Concentrator Efficiency
Prior to Project 36% 28% 36% 36%
After Project 0 24% 36% 4% 36% 76%

©2021Heartland Water Technology,Inc. ~ Heartland Water Technology




Financialand ESG Benefits for the Authority

* Thermal efficiency increased

* Beneficial reuse of waste heat
* Removed trucks from the road
e Reduced Carbon Footprint

e Positive Community Relations

 Significant leachate volume
reduction

* Annual cost savings 20-25%

©2021Heartland Water Technology,Inc. ~» Heartland Water Technology




Thank you!

Steve Gabrielle Casey Cammann
Partner Chief Marketing Officer
Energy Power Partners Heartland Water Technology
610-557-1873 603-490-9203
sgabrielle@eppservice.com ccammann@heartlandtech.com

© 2021Heartland Water Technology,Inc. ~» Heartland Water Technology
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GENERATOR

BY BITZER GROUP

ElectraTherm
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SUSTAINABLE AND ENERGY EFFICIENT SOLUTIONS
TURN LANDFILL GAS AND WASTE HEAT INTO ¥ ElectraTherm
PROFITABLE POWER e

Engineering world-class ORC heat to power generation systems since 2005. -




ABOUT ELECTRATHERM # ElectraTherm

BY BITZER GROUP

Established in 2005, we are a global leader in low temperature waste heat recovery, providing

simple and effective solutions that boost efficiency while reducing energy costs and emissions.

By using utilizing an Organic Rankine Cycle (ORC) along with proprietary technologies, our heat
recovery systems generate up to 125 kW of clean electricity from heat sources as low as 70°C.
There are no additional emissions or fuel consumption and the power generated is ready

i
a
a
’ immediately.
a
a
E
!

ElectraTherm’s heat recovery solutions are modular, scalable, and robust so you can use them

however, whenever, and wherever you need to.

© ElectraTherm



ABOUT BITZER GROUP # ElectraTherm

BY BITZER GROUP

In 2016 ElectraTherm was acquired by BITZER, the world’s largest manufacturer of refrigeration compressors, the
centerpiece of our waste heat recovery technology.

BITZER is represented across the globe, with 3,400+ employees generating sales approaching $1 Billion.

The combined advantage of ElectraTherm’s engineering along with the value of being supported by such a reputable
company allows us to dedicate all our energy to the advancement of our technology in the marketplace. With BITZER's
support, we can keep the bigger picture in mind.

North America

(o}
o]

South
America

53

BITZER’s semi-hermetic twin screw expander,
centerpiece of the ElectraTherm ORC system.

© ElectraTherm



FLEET OVERVIEW *ElectraTherm

After years of research and development the Power+ Generator saw a
successful commercial release in 2011.

// 100+ applications worldwide

// Operating in 13 countries

// 1,700,000+ operating hours

// Fully supported worldwide by BITZER Greenpoint
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METHANE OPTIMIZATION ¥ ElectraTherm

BY BITZER GROUP

For industries dealing with natural gases — landfill or wastewater treatment
gases — integrating an ORC heat recovery system provides a reliable
baseload power supply that boosts engine efficiency, decreases energy /
fuel costs, and could even eliminate flaring.

HOW IT WORKS

// Engines and boilers are extensively used to provide power to landfills
and heat to wastewater treatment plants.

site calls for heat.

// An ORC heat recovery system, such as the Power+ or Active Cooler,
produces power and consumes hot water 24/7.

// By increasing hot water production, power output can be maximized and
flares can be 100% eliminated.

// This not only reduces emissions but creates a sustainable baseload
power supply.

a
E // Typically, the boilers only work for a small portion of the time, when the
E
/
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FLARE ELIMINATION

THE PROBLEM

Flaring is the open-air burning of natural gases —
commonly occurring in biogas production, landfills,
wastewater treatment, and during oil extraction.

// Flaring releases large amounts of greenhouse gases
that are major contributors to global warming.

// Flaring is a waste of a natural resource. Due to the
difficulty associated with storing and transporting natural
gases at oil plays, the easiest choice is to burn it off.

// Recent government programs incentivize the reduction
of flaring while beginning to impose fees for those in
violation.

// Flaring has a negative impact on the environment and
health of those nearby. Prolonged exposure can cause
headaches, dizziness, weakness, nausea, and vomiting.



FLARE ELIMINATION # ElectraTherm

BY BITZER GROUP

SOLUTION & RESULTS

Working in tandem with a boiler, the ElectraTherm Power+ Generator is fueled by gas that would otherwise be flared. This
results in the combined output of both power and heat with no additional fuel consumption or emissions.

After completing a 2,000-hour product demonstration at a HESS oil well in the Bakken, the Power+ Generator showed to
have an on-stream reliability greater than 98% and showed to be effective in reducing emissions of carbon monoxide by
98%, nitrogen oxide by 48%, and VOCs by 93%.

// Reduce or eliminate flaring, lowering emissions

// Exceed air quality and EPA emission standards

// Generate power for pumpjack, controls, wellhead

// Generate heat for heater/treater and oil flow

© ElectraTherm



*¥ ElectraTherm

BY BITZER GROUP

PORT RICHMOND, STATEN ISLAND, NY

New boilers use a combination of biogas and
natural gas, and replace equipment dating to
the 1970s that ran on heating oil.

Y BITZER GROUP
—

By capturing the flared biogas and using it in
the plant's operations and lowering the reliance
on fossil fuels, greenhouse gas emissions will

———— | Dbe significantly reduced.

7 ElectraTherm

——

Location site: on rooftop,
above boiler room

© ElectraTherm




% ElectraTherm
BY BITZER GROUP

SIMILAR TO STEAM CYCLE BUT DRIVES THE SYSTEM

WWTP/Landfill Gas Example:

POWER+ 4400B

Gas Boiler

3 Hot Water

é kWh Power
Output

© ElectraTherm



EMISSIONS COMPARISON AMONG BIOGAS R —
ELECTRICAL GENERATION TECHNOLOGIES
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Boiler

Gas Turbine Microturbine

|C Engine

Source: http://ocacs.sites.acs.org/resources/OrellanaPresentn BiogasEngines.pdf



http://ocacs.sites.acs.org/resources/OrellanaPresentn_BiogasEngines.pdf

ENGINE AND TURBINE APPLICATIONS # ElectraTherm

BY BITZER GROUP

Heat from the jacket water in reciprocating engines can be used for power production, exhaust heat
from engines and turbines can act as a great heat source as well.

ElectraTherm
BY BITZER GROUP

Simple solution for immediate action

© ElectraTherm



ACTIVE COOLER % ElectraTherm

BY BITZER GROUP

/ 800 KW ENGINE APPLICATION \

COOLING TO POWER

All engines produce heat. All radiators consume power. Having to
cool your system results in losses of efficiency, increased energy o 8,500 operating hours per year

costs, and increased emissions. o Parasitic Cooling Load (Eliminated): 8 kW (68 MWh per annum)
o Newly Available Power (Net): 43 kW (365 MWh per annum)
By using the excess heat produced instead of expelling it, the
Active Co_oler gene_rgt_es clean eIe_ctr|C|ty_wh|Ie pr0\_/|_d|ng 100% full o Radiator Cost: $6,800 per year at $0.10/kWh
load cooling capabilities for the site — with no additional energy Active Cooler Savings: §36,500 per vear at §0.10/kWh

1, i H r Savings. , ryear a .
costs. It's the radiator with a payback. © J pery

E
E
’ o Total Annual Savings: $43,300 /
E
/

o Efficiency Increase: ~5.4%

© ElectraTherm



HOW IT WORKS % ElectraTherm

BY BITZER GROUP

ElectraTherm’s heat recovery system uses a closed-loop Organic Rankine
Cycle (ORC), taking advantage of the change in temperature in order to

generate electricity.

1)  Surplus heat is used to boil refrigerant in the evaporator.

spinning an electric generator which then produces power.

3) The vapor is then cooled and condensed back into a liquid in the
condenser.

4)  The refrigerant is pumped to higher pressure and returned to the
evaporator.

E
a 2) Under pressure, the vapor is forced through a twin-screw expander,
a
E
!
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EXPANDER ADVANTAGES ¥ ElectraTherm

BY BITZER GROUP

Unlike most other ORC technologies, our method utilizes a twin-screw expander instead of a turbine. This leads to
numerous benefits such as higher turndown rations and transient operations.

// Turbines typically have rotational speeds close to 10,000 rpm. Our twin-screw expanders have rotational speeds
between 1,800 and 4,900 rpm — leading to significantly less wear and tear as well as noise reduction.

// Unlike high-speed turbo expanders, our twin-screw expander can tolerate
“wet” dual phase flow. This means our system can accept disruptions in both
temperature and flow, while even allowing for a turbine’s worst nightmare —

E
E
!

// Our ORC solutions are simple and compact, much less labor intensive than
the leading turbine technologies. This translates to less maintenance and less
down time, making for a smoother power generation experience.

© ElectraTherm



ELECTRATHERM PRODUCT LINE ¥ ElectraTherm

BY BITZER GROUP

GENERATOR POWER+ GENERATOR

65008 / 6500 B+ | —-;ﬂ - e

Up to *150 kWe

BY BITZER GROUP
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ACTIVE COOLER

Ele m— AC-800 (800 kWth)
POWER+ GENERATOR £le | // Up to 75 kWe

('] o
4400B / 4400 B+ e AC-1800 (1800 kWth)
Up to 75 kWe ol L // Up to 125 kWe
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*60 Hz grid system only; 50 Hz is 125 kWe maximum
© ElectraTherm



LMOP data Flare Elimination examples

*¥ ElectraTherm

BY BITZER GROUP

Virginia Landfill

Approx. 502cfm @ 39.5% CH4= enough gas for 214kW NET= approx. 4 year ROI

Units

Metric (_ Imperial

Cooling Method

Water ‘__ Radiator

ElectraTherm

Cooling Load Calculation

Automatic ) Manual

Inputs Power+ Evaluation [AVErage Estimated Outputs i
e a Hot Water Inlet -
o %6y  158-302°F 2050 |F ™ | Tomperaturs Series 6500B+ v | 18
L | 122.9 |
95.1- 3645 gom 130.8| |gpm Y [ reiinie System Type Grid
Typel ®) 60 Hz
e Thermal Power :
Use All Thermal Power? 1342 |k | P 3 Type M Bl
Show Negative TP ol kW Additional Thermal Typel
b Power
® Type H
v - Cold Water Inlet
VAo CWin  53.6-176°F 754 |F Y All Types
142.7 - 412.1 gpm 350.0| | gpm v ‘F:I;'i‘::::' Working Fluid | R245fa v Ea
Ambient Air
0| %GlY 338-113°F 520 |F v e ‘ Calculate ‘ Optimize 107.4

Estimate assumes pure water (0% propylene glycol by volume.)

10 Jun 2021 (150 kW at 60Hz)

BY BITZER GROUP

Kevin Kirkeby / ET

4 N
295.0] F ( '
Gross Power Generated LLR Approach Thermal Power Rejected
130.8 | gpm Expander 143.8 kwe 234| F 1199 kW
> sy Evaporator Ambient Air Temperature
i s 8 — 520 F 1 t 12,0
T 988 F =0 (>
1341 kw Condenser ™~ I
1] kw ¢
Pump 350.0 gpm Water Pump [ i
221.0 |F %
754| F / T t \
- - 3.5 kw iqui i
Power + Generator 2 e Liquid Loop Radiator
1.3.13
Input History |
This contains ial and proprietary information and is supplied purely to enable the recipient to evaluate details concerning ElectraTherm products. No part of this document may be disclosed or transferred outside

rorn.

ElectraTherm or the current i d parties. C d heat, rejected heat, and electrical output values are based on propriety deling data. This di is @ guideline only.
Convrinht @ FlectraTherm. Tnc. 2021, All Rinhis Reserved.

© ElectraTherm



LMOP data Flare Elimination examples

Maryland Landfill

*¥ ElectraTherm

BY BITZER GROUP

Approx. 405.9cfm @ 47.9% CH4= enough gas for 94kW NET

Units Cooling Method

Metric 'Imoenal \-'.'ater‘ Radiator

Cooling Load Calculation

ElectraTherm ooing Lood kot

Inputs Power+ Evaluation [AVErage Estimated Outpus s

BY BITZER GROUP

. I e Hiod Watar nlet =
Ul % GLY 158 - 302 °F 00| |F W TEW‘FETJ'[II’C Series 6500B+ i Sl
.
95.1 - 3645 gpm 247.5| | gom v | HotWater System Type id
95.1- 3645 a5 G Flow Rate Gri
Type L *) 50 Hz
Thermal Power
2659 [Iw - [l Type M - 1381
ol kw Additianal Thermal Type 1 1152
o * Type b 250,
] Auto CW In 12 - B0 °C 33| [ A gz;:;::’;;:{l""[ All Types a5l
. dd W i i v 3.0
9-261s 20,0 |ue * flf?:‘;;::' Working Fluid R245fa | 3.0
0| %GLY  338-113°F 5.0 |F - #::E;‘;’;ﬁ:e Click Here  Click Here 540
to Calculate  to Reset
Estimate assumes pure water (0% propylene glycol by volume.) Jessie Howell [ ET
4 ™
/0.0 F ’ 3
Gross Power Generated LLR Approach Thermal Power Rejected
“re o H30] ke =2 © 115 W
> Evaporator Ambient Air Temperature
E i b o’ 650 F 1 1
451 ¢ =) =3
1273 kw Condenser ™
1381 | kwy
Pump 2 ) 200 s Watar Ramp 1
2920 F < . : v
313 ¢ / " "‘ \
L/ _J
A vy

Power + Generator
13.12

3.0 kwe Liquid Loop Radiator

10 May 2021

11.5 | kwe

© ElectraTherm



LMOP data Flare Elimination examples

Hawaii Landfill

*¥ ElectraTherm

BY BITZER GROUP

Approx. 941cfm @ 53.2% CH4= enough gas for over 500kW NET

Units

Metric ’ Imperial

Cooling Method

Water ‘ Radiator

ElectraTherm

BY BITZER GROUP

Power+ Evaluation [AVErage Estimated OuEputs

Cooling Load Calculation

Autematic ’ Manual

Thermal Power Rejected

1329 kw
t t 13.3
= =3

30 Jun 2

ke

Inputs
“ = Hot Water Inlet = m
GL 156 - 302 *F 2.0 ¥ | Temperature Series 6500B+ v
95.1 - 364.5 ggm 00.0| | gpe v ;;:.,jl.“':a';' System Type Grid 1473
Type L * 60 Hz
Thermal Fower
780 kW it Availabla Type M 50 Hz m
ol Additional Thermal Type I ]
et * Type H
= ¢ - Cold Water Inlet
| Auto CW In 12 - 80 °C 31.8| |C A Temperature All Types | 36.4 |
142.7 - 412.1 gpm 350.0| | gam - ;‘;‘i“;:t’:' Working Fluid  R245fa v 35|
:
Y _ Ambient Alr
g0 WG 338-113°F s6.0| |F ™ | Temperature Calculate Optimize | 1107
LY Estimate assumes pure water (0% propylene ghycol by volume.) Jussie Howell | ET -
oot e \
2050/ F F: 3
Gross Power Generated LLR Approach
200.0 gpm Expander 150.0 | kwe 130 C
Evaporator Ambient Air Temperature
E i _— 850 F
: 44| ¢
1473 kW Condenser A" = [
5307 | kw
Pump $ 350.0 gpm Water Fumg f
M41.9|F &
31%| C .l
L vy
- Power + Generator mi| Ko

Tt

(-

Liquid Loop Radiator

© ElectraTherm



CAT 3520C Jacket Water Example B

BY BITZER GROUP

Pennsylvania

’ Gain over 50kW NET by replacing the radiator
’ tnputs O Actvecookerperormance
’ sa-2008%F | 20| [F |
' Grid Hz
’ 50| %6LY (@ 257.7| | gom v [ Py
’ 20 5 s |
' 47553 | BTU/min v E:F:;me”
’ ’ Manual r Automatic 1 ::::‘hl;:ﬂ‘ﬁ
5 =
’ 50| %GLY  32-113°F 65.0 | |F v ?;“:p?,ﬂ:t
’ System Efficiency System Type
' Zero Net Power ) Type L @ Type |
’ * Added Efficiency Type M () Type H

© ElectraTherm



CAT 3520C Exhaust Example S ElectraTherm

BY BITZER GROUP

Pennsylvania

Gain over 93kW NET by replacing the radiator
B e wiElectraTherm — W

BY BITZER GROUP 10 Jun 2021 (150 kKW at 60H;

Inputs Power+ Evaluation [AVErage Estimated Outputs s

Hot Water Inlet

Temperalure Series 6500B+ v

s GLY 155 . 302 °F 2715.7 F v

F Hot Water -
21.6 - 82.8 m~3fhr 80.0 | | m~3/hr * | Fow Rate System Type Grid

Thermal Power Typel ®) 60 Hz
Avallable Type M 50 Hz
Additicnal Thermal Typel

Power

& Type H

o kW

" Cald Water Inlet
W N Al T
L 12-80°%C 324 | € r Temperature | Types

Cold Water Working Fluid | R245fa v
Flow Rate

|_124.1
1081
1250
1141
| 247.7
461
3.0
114

Estimate assumes pure water (090 propylene glycol by volume.) Jessie Howell | ET

_— s ~

- N

275.7| F
Gross Power Generated LLR Approach Thermal Power Rejected

80.0| m~3/hr Expander 124.1 kWe 130 C 1141 kw

Ambient Air Temperature
_— 870 F " T 114 kwe

46.1] ¢ == A
1259 | W Condenser 4™~ f

Evaporator

— T8

3 kW

0.0 Us Water Pump

Pump

247.7 | F

< b I

24 c VA U

. L )
Power + Generator 30 kwe Liquid Loop Radiator

13

E
E
!
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% ElectraTherm
T B BITZER GROUP

Thank you!

Jessie Howell
Sales Manager North America
jhowell@electratherm.com

ElectraTherm
www.electratherm.com

© ElectraTherm
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To learn more about
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Have a webinar ideas
. LMOP is a voluntary program that works cooperatively with industry stakeholders and waste officials to reduce or avoid methane
D ro p U S O n O -I-e Wl -I- h emissions from landfills. LMOP encourages the recovery and beneficial use of biogas generated from organic municipal solid waste.
Learn more about LMOP or join the LMOP listserv.
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box or email — M

lmop@epa.gov
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Thank You

Please reach out with any questions or comments

Ellen Meyer
meyer.ellen@epa.gov
(202) 748-7888

Lauren Aepli
aepli.lauren@epa.gov
(202) 343-9423
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