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Engineering Master-Planned Thermal Energy Networks
(TENs) to Reduce GHG Emissions and Create Jobs

Thermal Energy Networks (TENs)

Apartment ~ Surface Water
Buildings "l W o Office ENergy Transfer Energy Exchange
\ ) TR ¥ Buildings_f(SWET) )r . Facilities Mixed Use
el B )r _ Buildings
g
DatajCGenter; =
Recovery, T . '
Thermal - - Residentaial &
Energy e Multi-Family
Storage = W

\¥/astewater Hydronic
Energy Infrastruture
Transfer Exchange
(WET) Structur'al
Energy Piles
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District Thermal Energy Networks (TENs)

..making thermal network heat pumps a reality for all

* No more outdoor equipment to replace

* More hurricane and storm resilient (no
HVAC equipment outside)

 HVAC system longevity (a benefit of
having equipment inside)

* No combustion boilers, cooling towers or
furnaces (Decarbonization)

* Noticeably superior comfort in heating
and cooling modes

 Remarkable system efficiency at standard
equipment pricing

* Thermal Energy Network Wells /Piping
are permanent infrastructure

©Egg Geo LLC 2023 3



Thermal Energy Networks - Empire State;
Developed for NYSERDA
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Energy Exhausted from Commercial Buildings
IS piped to Residential Structures

©Egg Geo LLC 2023 5



Wastewater Energy Recover (WET); the first solution.
https://youtu.be/Ru0QXrM3150

H3ILVMILSYM

Energy NO STATE CHANGES, NO SMELL
and money
down the =i
drain CLOSED

LOOP:
WATER
SOURCES
NEVER MIX

PREHEATS HOLDING TANK USING RECYCLED HEAT ENERGY

RECOVERED

https://www.sharcenergy.com/how-it-works/

©Egg Geo LLC 2023 6


https://youtu.be/Ru0QXrM3l5o
https://www.sharcenergy.com/how-it-works/

Wastewater Energy Recovery - Basics

©Egg Geo LLC 2023



Infrastructure Coupled Geothermal Energy
Exchange (Toronto & Vancouver Examples)

Drinking Water
Energy Exchange
>Toronto<

4 Evaluation of the Impacts of Heat

'ORNL/TM-2017/382

Exchanger Operation on Quality of
Water Used as Heat Source and Sink

len D.
Xiaobing Liu

ORNL Report on
Drinking Water Wastewater Energy Exchange

Exchange ©FEgg Geo LLC 2023 >Vancouver< 8



Single Family
Home

Multi Family Building Waste Heat
Home (e.g., Data Center)
L] L

Utility-Owned
Energy Center 12
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SUPPLY AND INJECTION WELLS

1300000 STUH

CLOSED LOOP WELLS

1500000 BTUMH

SURFACE WATER

1500000 BTLWH

WATER TREATMENT FACILITY

S0OURCE,
-1

SOURCE,

Hix-2

SOURCE
HX-3

SOURCE,

HX-4

astewater Energy Recover

v Facility

125 TONS
1500000 BTUH

125 TONS
1500000 BTWH
TRANSFER

125 TONS
1500000 BTUMH
TRANSFER

©Egg Geo LLC 2023
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& The Amalgamated Towers

3975 and 3965 Sedgwick Avenue

Bronx, NY __ B
425,000 SF . s & \
Z affordable ¥t t :: l. %
multitamily g b ! il
building built in § §5; i) 'Jiﬁ
1968 and 1971 § 5E i it
20 stories g : : : JJ:;
376 apartments ¥ i ' by 4
! i
tH i
: : \
AMALGAMATED HOUSING COOPERATIVE ! | 2
Project Team: *
.‘ e’ AR -

eggy,
EN- f\g\eo
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Heating

The Towers Decarbonization Plan -

Affordable housing recapitalization, Tenant total cost reduction, Failing distribution
infrastructures, Eliminate fossil fuel usage, Improve comfort, Resilient systems

BEFORE AFTER

Retrofit Dual-Temp Hydronic System

Cooling Existing distribution system and terminal units
TS 2024: beyond EUL. Install new dual-use dual-temp 2-pipe
hydronic piping, designed for simultaneous heating [re— — — —

and cooling, with new FCUs in apartments. Envelope
Improvements

(Roof, Windows, Fan
v Air Sealing) [ Coils
Supply Z /
| Fan Wastewater Energy Transfer (WET) System [ —
Coils
Install sewage tank and use Sharc Energy heat pumps

to produce heating, cooling and DHW C—
\N Z4

' —

Ventilation System Maintenance
Cleaning and balancing of existing ventilation system
"' ~ Dual-use

Dual-temp 2- I

pipe Hydronic

2026 Envelope Improvements System

: Insulate roofs, replace windows and air seal walls.

\ J

' .

a\

Geothermal System ]

Drill geothermal boreholes on property land and install

ground source heat pumps to produce heating,

cooling and DHW DHW.
& Production

DHW. ' 4
Production
Y metering an ntrol r Ground
4 Submetering and Controls Upgrades ] Source fon ’—I—‘ Heat Redbvery
-v- PUMp Heat Purpp
- |

Solar PV
AHC Steam 2028: Take advantage of rooftop space to install solar PV -_

Absorpti - .
CZTLZ“nf Chiller system for clean electricity generation Geothermal

Solar PV

f
L

4

r

Single-use
Dual-temp 2-
pipe Hydronic
System

~
J

HEEENEN
HHEEENN

111)
HHHH\

Return

SR

)

Steam to HHW
Heat
Exchangers

Boreholes 1nnnn
A 4 T
2030+: [ Laundry and cooking appliance electrification ] il l/;/ra]it/ez.vtayter

main 1 2




Making clean
energy from
dirty water to
eliminate carbon
emissions.

AMALGAMATED HOUSING COOPERATIVE

Project Team:

aS99 ¢,
EN-POWER {?;;eo

GROUP

Disclaimer: The project plan outlined in this
presentation is in its early design stage and can be
subjectito potential changes in the future.

Amalgamated Housing Corporation (AHC) is the oldest limited equity co-
operative in the United States. The Towers are two of 13-buildings that
together comprise this multifamily campus located in the Bronx. Many of
systems at the property, including the piping distribution system, are beyond
useful life and in extremely poor condition, causing leaks and requiring
constant repairs and maintenance. The campus uses a central gas-powered
boiler plant to produce steam for heating, cooling and domestic hot water.

As part of its recapitalization cycle, the property is embarking on a
decarbonization journey which will include a comprehensive retrofit of the
heating, cooling and domestic hot water systems, a facade upgrade, and on-
site renewable generation in the form of geothermal and solar PV.

This project will increase thermal comfort and secure utility affordability for its
low-and-moderate income residents, as well as enhance the energy efficiency
and climate resilience of the property.

From the full carbon neutrality roadmap, the Empire Building Challenge is
funding the first two enabling measures: hydronic system retrofit and
wastewater heat recovery.

NYSERDA Investment EBC Funded Measures Full Roadmap
Private Investment Private Investment

$3 Million $16.6 Million $27 Million

13



Enabling step: New hydronic piping

Amalgamated Replace the dual temperature hydronic system with new piping supplying
d h both heating hot water and chilled water simultaneously to provide
emonstrates Now heating or cooling year-round improving tenant comfort. The measure

" includes new fan coil units with more efficient motors and designed for low
€nd b| | ng StepS pave temperature heating hot water to reduce the load on the buildings and

the Way ]COI’ an a | |— facilitate heat pump technology integration.
electric, renewables- Integrate different heat sources:

IOOV\/e red ]CUtU LE. Wastewater heat recovery: Recapture heat from wastewater lines (sinks,
showers, toilets) using a wastewater energy transfer (WET) system.

Geothermal System: Drill boreholes on property land and install ground
source heat pumps (GSHP) to meet the remaining energy loads of the
buildings.

This system will use the wastewater and boreholes as heat sinks in cooling

mode.
Current Baseline
1.6 kBtu/SF/yr 32.5 kBtu/SF/yr 11%
84% Natural Gas + 14% Electricity + 2% Oil 100% Electricity

2,771 Ton CO2e/yr 202 Ton CO2e/yr 93%

14



Resource Efficient
Decarbonization
(RED):

An incremental methodology
and integrated design process
combined with strategic capital
planning creates a path towards
carbon neutral buildings.

A holistic approach and phasing
can make decarbonization
technically and economically
feasible.

Fossil Fuel
Powered

Building Energy

Existing
Conditions

Reduce

| |

A 4

Recover

A 4

Reduce Energy Load

New hydronic distribution: Replace
existing infrastructure that is beyond
EUL and install dual-temperature 2-
pipe hydronic system (in-series
configuration allowing the benefits of
4-pipe system), with new FCUs in
apartments. Designed with lower
heating supply temperature
Envelope Improvements: roof
insulation, window replacement and
air sealing walls

Ventilation Maintenance: balancing
and sealing of ventilation system to
reduce exhaust air

Controls Upgrades: Install modern
control system to automate and
optimize new heat pump systems

~

A 4

/

/

Recover Wasted Heat

Wastewater Heat Recovery:
Recapture heat from
wastewater using WSHPs to
produce heating, cooling and
DHW. Use wastewater as heat
sink in cooling mode to enable
removal of old cooling towers.

\

/

Full

Electrification

/ Full Electrification \

Ground Source Heat
Pumps: Drill boreholes on
property land and install
WSHPs to produce
heating, cooling and
DHW. Use boreholes as
heat sink in cooling mode
Solar PV: Install solar PV
system on rooftop
Electrify Appliances:
install electric dryers and
cooking equipment

/
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Drinking Water Energy
Exchange
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= e A
| emetery
\
A\ E
i
z m
2 Hernage
Fiope H e
Lodge P z T
b g
i i
i = il
£ 5 , |
> z P
E 3 H Pz P 9
: i : H 2
% A st street Northwest \ 15t Sureet Northeast 2 | z
: EY E 2
f g
b= P P P . 5
et ] 8 East Center Street E
P M
|
|
H
CoiCathedral | 5 2
ofSc.john |2 &
theEvangelist| § 2
H s
I F4 t Southeast
g i s
a5 " [
B i E
| 2 %
ommin | 2 Buildings
as | &
= il < wayo rarkl [ 53 - 410
jaina [ 410 - 1299

1299 - 5767
. | 5767 - 20833

U 20833 - 465741 g
OpenStreetMap

ILSR INSTITUTE FOR A
Local Self-Reliance

3rd Street Sauthwes? 3rd street Southwest fl B

~ Bow,
Douniou
-

e

ISIMPNOS ANUINY Ui+

TSEoNIN0S anua
sEhw

enue Southwest

Opus.
Building

Water Main Geothermal: =

3rd Avenue Southwest
o
\samipInog anuany puz

o
|

3

= 1t Av

|
]
=)
ml

f '
Ba

4th Street Southeast ath StSE —
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Geothermal System:
Final Configuration

i7T' x 13 Geothermal Units
Equipment {two por classroom)

Building i I | | | |

40,000 S.F. School

-

Heat
Exchanger

Water/Glycol
noebe{m',: LT I AMERICAN WATER

-

Geothermal Units
(two per classroom)
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Figure 2. Typical coupon-derived biofilm suspension used

for ATP determination.

ransmission
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ORNL/TM-2017/382

Evaluation of the Impacts of Heat
Exchanger Operation on Quality of
Water Used as Heat Source and Sink

Ellen D. Smith
Xiaobing Liu
June 30, 2018
‘{\'\egg ), Approved for public release.
geo Distribution is unlimited.




6 Ways to use Existing Water for Energy

Effluent and Infrastructure>>
Dewatering>>

=Thermal Exchange

Conduit Hydropower:

covery

Kinetic Energy

I

Moving water

Potential Energy

Hydraulic Head Pressure
!
N

Figure 3. Sources of energy recover in water management infrastructure which can be harnessed by CH
technologies (Source: Sebastian Grimm).

Potable water spur
{optional)

- . Drinking

m Exchanger Water
+

Energy

Giycol Exchange

Loop

4

el — &l

Heat Pump

Sharing
{\l\egg L Knowledge
geO Engineering and

Education

DOMESTIC PREHEATED WATER PRODUCTION

- I

Lo
—
Mixer Motor
r—— L ag—
I D b Lyoiesriow,
Water OUT p—‘lR ‘-NHA ‘Wastewater gran.
OUT downstream
{ of holding tank
‘Water IN E
cP } N
— N
S r—— —
IN ouT
(RS soin
Handing | p. b
L N
| WASTEWATER TANK

Wastewater

Energy

Figure 3: Schematic of a standard layout of a Piranha system

Deep Lake Water Cooling System

Three intake pipes draw 4'C water from Lake Ontario at a depth of
83 meters. The water is then filtered and treated for the City's potable
water supply.

e At the ETS, the icy cold water Is used to cool Enwave's closed chilled
water supply loop through 36 heat exchangers. The ETS is adjacent
to the City of Toranto’s John Street Pumping Station.

e Chilled water can bypass the cooling plant and continue to the customer
building. If necessary, waler can be further chilled by two 4700 ton CUSTOMER
steam-driven centrifugal chillers. SITE

o Heat exchangers at the customer building cool the internal building
loop, providing chilled water for the building cooling system.

e Enwave chilled water loop extends to other buildings

Chilled water is returned to the Enwave Energy

Transler Station to repeal the cycle. ENWAVE ENERGY

LAKE ONTARIO

© 2023 Egg Geo, LLC
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Hydroelectric facilities should also provide
Thermal Exchange and take care of the Heating
and Cooling needs of nearby communities

© 2023 Egg Geo, LLC
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Toronto’s Drinking Water Energy System

SRR EE 1\

i_f

g__ i _;_,_

..... i h.h
N\ w
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The Drinking water Exchange Design for the

Toronto Deep Lake Cooling System
Deep Lake Water Cooling System

o Three intake pipes draw 4°C water from Lake Ontario at a depth of
83 meters. The water is then filtered and treated for the City's potable
water supply.
e At the ETS, the icy cold water is used %o cool Enwave's closed chilled
water supply loop through 36 heat exchangers. The ETS is adjacent
to the City of Toranto's John Street Pumping Station.
Chilled water can bypass the cooling plant and continue to the customer
building, If necessary, water can be further chilled by two 4700 ton CUSTOMER
steam-driven centrifugal chillers. SITE
o Heat exchangers af the costomer building conl the internal huilding -
loop, providing chilled water for the building cooling system.

@ CHILLED WATER
SUPPLY TO
PTHER CUSTOMERS

Benefils:

. Uses 90% less electricity

RETUAN . Reduces thermal discharge

@ ENWAVE CLOSED from power plants to the lake

COOLING LOOP . Reduces air pollution
. Reduces CO. emissions

9 Enwave chilled water loop extends to other buildings

Chilled water is returned to the Enwave Energy

Transfer Station to repeat the cycle. ENWAVE ENERGY

TRANSFER . Eliminates ozone depleting

STATION
© EMWAVE SIMCOE CFCs
STREET COOLING . Eliminates cooling towers
PLANT and improves water
efficiency
| LEGEND
LAKE ONTARIO ki @ oue

* DIRECTION OF WATER FLOW

f HEMT EXCHANGER

© 2023 Egg Geo, LLC
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Drinking Water Exchange with Refrigeration
Systems

CFromCity  ToHouse

t
L
[T [

Dedicated Potable Dedicated and passive Domestic Dedicated Hot Water GHP
Water Cooler Hot Water Generators (water-to-water GHP)

© 2019 EggGeo Consulting

/{\T\egg .

© 2023 Egg Geo, LLC geo 23



One Drinking Water Energy Exchange Facility can provide

comfort heating, cooling, and domestic hot water

Water Main

Potable water spur
(optional)

+

58|

N

Heat Pump

Heat
Exchanger

Glycol
Loop

PIJIIF*
Drinking | L 1@ L L 188
TY-UTILITY OWNED
Water EXCHANGE FACLITY Amalgamated IFF‘
mpg, | EXCHANGER H 0 u s i n PRIVATE HOUSING =
Energy , e
Cooperative ﬁ ;W F‘:‘
EXChange Buildings O HousiG corporaTION
Drinking Water ﬂl ' ][
P Energy System -
‘l\f@eo nnnnnnnnnnnnnn
| m APARTMENTS  |——Or—_—limlli |
DISCHARGE TO:
il A WATER TREATMENT FACILITY

IIIII
OOOOOOOOOOOOOOOOOOO

© 2023 Egg Geo, LLC
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Drinking Water Energy Exchange

Drinking Water Energy Exchange will have significant benefit to the Campuses around Jerome Park Reservaoir.

“".ri-"mu"a FE A 37 { SALLE R PR, R T

® Potential Drinking Water

Jerome Park Reservoir

N =4 g

g

DOMESTIC SUPPLY

cP 5 el ot : gl X
B i ; i scl i L o
. L5 : Bronx Schaol of
: Each of these buildings mn;i:n:: °
SOURCE TRANSFER represents another Campus 'uu

on Clean Water Energy

CITY-UTILITY OWNED PUMP tl_‘ ﬁ if_l_‘
AND THERMAL EXCHANGE FACILITY

cn.i* m+ cp«é

Jerome Park
Reservoir

WATER TREATMENT FACILTY

S 2018 EggGeo Consufing

© 2023 Egg Geo, LLC
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Two Ways Rochester may use Drinking Water for

Energy

Drinking Water Thermal Exchange Rochester

Jerome Park Reservoir

DOMESTIC SUPPLY

HX-1

4 O !

I
SOURCE TRANSFER

L

CITY-UTILITY OWNED PUMP
AND THERMAL EXCHANGE FACILITY

WATER TREATMENT FACILTY

Each of these buildings
represents another Campus
on Clean Water Energy

-4 A
| 1

"3
B

| o

f

© 2019 EggGan Consuling

Drinking Water Thermal Exchange in Toronto

Figure 1: DLWC Process (Source: Toronto Hydro)

The Next Evolution for DLWC

© 2023 Egg Geo, LLC

1 Arenewable, year-round resource

Pipes draw the very cold, dense water (4°C)
that sinks to the bottom of Lake Ontario.

2 Water treatment

Water is treated and filtered as drinking
water to ultimately supply the city.

3 Heat exchange process

Heat exchangers at the John Street Pumping
Station transfer heat into the city's drinking
water supply, in the process cooling Enwave's
closed-loop system. Water from the two
systems never mix.

4 Built-in redundancy

During periods of peak demand, additional
cooling is available at the Simcoe St. Cooling
Plant, and a number of other plants in
Enwave's network.

5 Sustainable building cooling

Chilled water circulates through the building’s
cooling system.

6 Closed cooling loop

Warm water then returns to the John Street
Pumping Station where the cycle is repeated.
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Simplified Schematic View of Thermal Energy vs.
Natural Gas for Heating and Cooling Systems

n)
Heati 8
Thermal Ener HeatPainp S =
& ) Pipe in the Ground ) (Compression) — & o
(Earth Exchange) - -
300%+ Efficiency \ Cooling 3
' V)
Energy Input Infrastructure Utilization Technology Functional Output
2
/ Q
Natural Gas Furnace/Rolier ' Heatin e
a— B) Pipeinthe Ground ) (Combustion) - (only) 8 o
~95% Efficiency = Q
7
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The Water Energy Nexus:
https://bit.ly/SESI TEN Stanford

© 2023 Egg Geo, LLC 28
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