


Heat Pumps in NYS

If you haven't heard, electrifcation is HOT water

Informed Design

We'll look at the M&V data collected from our
multifamily all-eletric ASHP DHW system
project at Ithaca Arthaus and how it can
inform future projects

Ironworks Case Study

We'll share the story of one of our most
recent urban infill projects which includes an
all electric ASHP DHW systems

Q8&A

Discussion

Certified

Corporation



Learning Objectives o

Understand the importance of
commissioning and M&V and
how these processes can help
Inform design

Understand challenges with
central domestic hot water

ASHP designs

Review design solutions to
further improve future designs
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Replacing fossil fuel-powered
systems with electric and

Heat pumps are
the primary path S

necessary step to achieve
statewide energy and carbon

to bu i Id i ng emission reduction goals.

Building electrification also

provides substantial cost

elecl!rifica tion savings as well as increased

efficiency and overall safety.
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new construction
community renewal

100,000SF _
all-electric on Cayuga inlet

Ithaca Arthaus

5-story | affordable housing
124 units

supportive housing

NYSERDA & Energy Star

art gallery

energy efficient




DHW SYSTEM SELECTION

SANCO2 SYSTEM

with de-energized emergency
electric resistance back up

FROVIDE FLOW SWITCH
WITH MINIMURM FLOW OF
0.5 GPM AND WIRE INTO
D=1 FOR OPTIOMAL
FLOWY SWITCH, 5ET
LIMIT WALVE POSITION
TO 5% TO 5TART

FROVIDE ACQUASTAT TO
CONTROL
CIRCULATION FUMP
P-1, LOCATED
ADQUASTAT AT THE
HIGHEST AVILAGLE
FPORT AND ADJUST TO
—— SETTING OF 150 F
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FROM BUILDING
RECIRCULATION
SYSTEM

FPROVIDE ALQUASTAT 0N

e SOUTHERN WING 5TH
¢ "I*"" FLOGR RECIRCULATION

RISER AND SETTO 100 F.

& Hw\l SET SAFETY VALVE TRIGGER SETTING TO 135 F

=h=:l\::=|.-—

112" RW

— .? —1 172" HW

1T HW 3T HW 102 HW

FROM ADDITIOMNAL 7
SAMNDEM QDL

|
i DHP-17=
1

150 F OMy-1——

150 F

1 104

TO ADDITIONAL 7
SANDEN QDU

WA
L .

COLD WATER SERVICE

f —
MANUAL BALAMGE VALVE —J ﬂ;‘“z'w“'
..._..._..._..._..._..._..._...ZF..._...

STRAINER DOWN STREAM OF ALL
HEATPUMPS

CONMELT TEMFERATURE SENSOR FOR
EACH SANDEM 5YSTEM PER
MAMUFACTUERERS RECOMENDATION
TEMPERATRUE SENSORS TO BE SOURCED
FER SANDEN RECOMMENDATIONS

Ithaca Arthaus




Commissioning

Ithaca Arthaus



Measurement & Verification

Bluetooth Bluetooth
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Ithaca Arthaus




measurement verification
EIEIDAEAEIEAEE] - PR sookw | 100kw | sokw | 10kw | skw | 1kw | s00w | 100w |
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results



measurement verification
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Hot water complaints...

'Hot

b istor 1 like {|.t hot!

Hot water, please




measurement verification

"

_— —_— T

|

J\

e

M %

DHW Supply Mixed Temp

I

(RO P J | WWW M f

"U?"r

2rffry  12pm  28(%at) = 12pm  29(5um)

3333333




measurement verification

DHW Supply Mixed Temp

6 (Mon) 12pm T (Tue) 12pm 8 (Wed) 12pm 9 (Thu) 12pm 10 (Fri) 12pm 11 (Sat) 12pm 12 (Sun) 12pm
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Hot water complaints continue...
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More Commissioning...

Ithaca Arthaus




measurement verification

—HP Water Flow - East —HP Water Flow - West ——HP COP - East HP COP - West
8.0 5.0

()
g e A
f T ww. s

0.0 1.0 - - .
06/30/22 07/15/22 07/30/22 08/14/22 08/29/22 09/13/22 09/28/22 10/13/22 10/28/22 More commissioni ng...

=
=
=
Ln

o
=

ol
=

Flowrate
(gpm)
P
[}

w
=

=]
=

results



measurement verification

SanCO2 Heat Pump Input Power

- 10 kW

Lower outdoor temperature
Lower cold water temperature

0 kW

[
|2023

results



measurement verification

Measured Monthly Peak KW

Peal: [\W
[l
|
.
»
.

15

Jan Feb Mar Apr May Jun  Jul Aug
Month

results

Sep

Oct

Now

Dec

. Central Heat Pump System
Peak Input Power: 37 kW
~0.3 kW/apartment

. Individual Electric Resistance Tanks
4.5 kW * 124 =558 kW * NEC
220.84 demand factor 23% = 128.3
kW or ~1.0 kW/apt



measurement verification

Heat Pump COP vs OAT

Heat Pump COP
= I I E-U L - = Ln L =)
L = LA - LA = Wy = LA =

=
-

-10 0 10 20

results efficiency

e East « West Mfr

30 40 50 60
Outside Air Temperature (°F)

70

80

90

100

June 4, 2022 - February 27, 2023

East HP Bank COP: 3.17
West HP Bank COP: 3.62
Measured Heat Pump COP: 3.41

B System COP:2.01

. System Losses: 37%

Includes Standby Losses + Recirc Losses



measurement verification
Total DHW Energy Usage and Costs February 15, 2022 - February 14, 2023

105,403 kWh/yr
850 kWh/yr/apartment
S15,969/yr
S129/yr/apartment

. Based on Current Commercial Utility Rates
S12.38/kW and $S0.114/kWh

results usage & costs



measurement verification
Assuming Electric Resistance In-Unit Water Heaters

~227,625 kWh/yr
1,836 kWh/yr/apartment
S30,502/yr
S246/yr/apartment

. Based on Current Residential Utility Rates $S0.134/kWh

. ~$14,533 yearly energy cost savings from going with central
heat pump DHW

results ER baseline



measurement verification

Summary

e System is meeting load and temperature requirements

e No electric resistance needed!

e Delivered hot water issues were distribution related

e Balancing of systems very important

e Heat pumps operating efficiently

e System losses are high, needs more attention

o Cost effective solution over electric resistance

results



construction costs

Equipment Equipment Install Central Distribution
Costs Costs System Costs Total Cost™ Total Cost/SF  Cost Premium”
Central 5anCO2 $86,000 $107,000 545,000 $238,000 $2.33 $125,800
Central LG Hydro Kit 591,000 $77,000 545,000 $213,000 $2.09 $100,800
Central Electric Resistance 525,000 5412200 515,000 5112200 51.10
Individual Electric Resistance S60,000 5192, 200 S0 5252200 52.47

Pricing Assumptions
e Pricing based on 2021 costs
e Pricing based off the Ithaca Arthaus, 124 Unit Building, ~102,000sf in Ithaca, NY
e Costs exclude apartment distribution which would be the same in each scenario
e Cost premium is calculated off of central electric resistance system

<10 year payback

results installed costs
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new construction

_ urban infill
mixed-use
~113,000SF = _
all-electric Downtown Revitilization Sessey

lronworks

5-story 129 units

NYSERDA & Energy Star




Design Goals

Efficient
Provide an energy efficient all

electric central DHW system.

Smart

Minimize electric resistance with a
focus on minimizing demand
charges.

Consistant
Durable and reliable system in all
operation conditions.

Constructable

A system that was as simple as
possible to reduce cost and
complexity while still achieving our
design and energy goals.




General Contractor

250 North Genesee Street
A Montour Falls, NY 14865

i — Ph: (607) 535-5400

WELLIVER Fax: (607) 535-9254

PLAN | MANAGE | BUILD Email: shartsing@buildwelliver.com

Plumbing SubContractor

85 Main Street

Johnson City, NY 13790

Ph: (607) 354-1234

Email: info@slavikandco.com

Construction team



mailto:shartsing@buildwelliver.com
tel:607-354-1234
mailto:info@slavikandco.com

Lessons Learned
From Original Design

We applied lessons learned from our first generation
SanCO2 central heat pump domestic hot water system at
Arthaus and applied to the Iron works project with the
goal to develop a more consistent second generation

design.

Ice build up

e o
-~ e R

SanCO2 heat pumps produce excessive
amounts of ice during defrost cycles causing ice

lronworks Ty, b | build up.

l:
Automatic drain back design complications

The first generation of our automatics drain
back system design presented problems during
refill.




Challenges Ice build up

ORIGINAL ISSUE

Heat pumps at Arthaus were stacked directly
above each other. during a defrost operation the
heat pumps would drip water on the units below
causing large amounts of ice build up.

SOLUTION

We staggered the heat pumps and added a small
flexible PVC drain hose directly behind the units to
drain water away from the equipment below.




FAIL CLOSED SCLEMOID ZONE
WALWE 1.

AUTOMATIC AIRVENT Av-1

Challenges Auto drain back complications P

VACUUM BREAKER VE-1

_||__L 112 REFER TD 3P601 FOR HEADER SIEING
ORIGINAL ISSUE E _r]{r FROM ADDITIONAL (17} HPWH-1, PROVIDE BALL VALVE O EACH LINE

FAIL OPEM I_(;}
SOLEMOID Z0ME

At the Arthaus project the automatic drain back system would operate \j
properly during a power outage event but upon re-energizing the system D N -

SET TO 2 MINUTES. HPVH-1

TDH.&JRI____[’/_“E ]

FROGRAMMASLE
wouldn't purge all air from the heat pumps causing airlock error code at the g
water circulator.

DRAIN

J_F% TOADCITIONAL (17) HFWH-1, FRCOVIDE BALL WALVE OM EACH LIME
LQ P
SOLUTION B i
FLOCAWW SWITCH 1 j/ EIE FAIL OPEN SOLENQID Z0ME WALVE 2W-2
1 1 1 FAIL CLOSED SOLENOID ZOME WALVE 21 TO FLOOR DRAIN
We added a an automatic air vent at the high —

point of the system with a fourth solenoid
valve that will revert to an open state when
de-energized with a 2 minute time delay
when the system regained power.

During a system restart after a drain back
operation water will flow through the system
to a drain allowing for air to be trapped at the
air vent high point which will slowly purge
over time.




DESIGN PARAMETERS

Studios: 66

1 Bedrooms: 16

2 Bedrooms: 47 (2 Bathrooms)

Clothes washers in each apartment

Common space fixtures: (2) Lavatories, (8) Sinks
Peak demand: 1900 Gallons for 1-3 hour peak at 120
F delivery temperature.

FINAL SYSTEM SIZING

SIZING CALCULATIONS

Store for peak demand, recover after

1500 gallons of water stored at 140 F with
81 KW (276 kBTU/hr) of recovery rate

The system is designed to meet peak DHW demand
with storage and recover following the peak usage
period in 4 hours at rated capacity or 6 hours at
derated capacity.

Recover maximum daily usage

The system is designed to meet peak daily usage of
21 gallons of tempered water per person per day.




172" HW

Challenges during
design

Design challenges specific to this buildings needs

1

System recovery rate

The building required a recovery rate larger
then the heat pump array was able to produce
in de-rated conditions.

Automatic electric resistance

To address system recovery rate we decided to
include automatic supplemental electric
resistance and back up electric resistance when
required in emergencies.

Pipe length

The total pipe length of the heat pump array
exceeded the manufacturers allowable pipe
length per heat pump.



Challenges

System recovery rate & S S Vi
Automatic electric T mypEEe
resistance po

ISSUE

The system required 81 KW of heating capacity, but
due to wall space and pipe length limitations we were
only able to fit 18 SanCO2 heat pumps in the system
without increased complexity. During extreme cold
weather events the heat pump system was rated to
produce ~7/7% of required capacity.

SOLUTION

We designed in a multi stage electric resistance boiler
with a controller to coordinate sequence of
operations. The boiler will act as supplementary and
100% back up depending on the capacity and
operation of the primary heat pump plant.




Challenges

System recovery rate &

Automatic electric
resistance

ISSUE

The system required 72 KW of heating capacity,
but due to wall space and pipe length limitations
we were only able to fit 18 SanCO2 heat pumps
in the system without increased complexity.

During extreme cold weather events the heat
pump system was rated to produce ~77% of
required capacity.

SOLUTION

We designed in a multi stage electric resistance

boiler with a controller to coordinate sequence of

operations. The boiler will act as supplementary

and 100% back up depending on the capacity and

operation of the primary heat pump plant.

SEQUENCE OF OPERATION

1. HOT WATER PLANT HPWH-1 SYSTEM PRIMARY HEATING PROTOCOL
A. HPWH-1 ECO2 SYSTEM HAS INTEGRAL CONTROLS. THE SYSTEM SHALL
BE SET TO 150°F AND INTERNAL CONTROLS WILL DETERMINE STAGING
OPERATIONS.
- Change 1o 95 F
2. HOT WATER PLANT HPWH-1 SYSTEM PRIMARY WH-1 SUPPLEMENTARY
HEATING PROTOCOL
A. IF ANY STORAGE TANK TEMPERATURE DETECTS TEMPERATURE
BELOW(110°FADJ.) TURN ON P-2A
B. TURR-ON-P-2B 30 SECONDS (ADJ.) AFTER P-2B PROVES RUNNING
STATUS
C. ENABLE WH-1 AND IT SHALL STAGE ELEMENTS DEPENDENT ON INLET
TEMPERATURE BASED ON ITS INTERNALEGNTROLS.
D. ONCE ALL TANK TEMPS ARE ABOVE 130°F {ADJ.), DISABLE WH-1, P-2A,
AND P-2B. SN

Change to 115 F

3. HOT WATER PLANT WH-1 EMERGENCY BACK UP HEATING PROTOCOL
A.IF ANY STORAGE TANK TEMPERATURE SENSES HWT-1,2, OR 3 ISBELOW

TARGET TEMPERATURE (110 °F, ADJ.) AND THERE IS A "NO-HEAT CALL",
P-2ATO TURN ON.
B.TURN ON P-2B 30 SECONDS (ADJ.) AFTER P-2B PROVES RUNNING
STATUS
C. ENABLE WH-1 AND IT SHALL STAGE ELEMENTS DEPENDENT ON INLET
TEMPERATURE BASED ONTRS{NTERNAL CONTROLS.
D. IF TANK TEMP REACHES 130°F {ADJ.) AND A “HEAT CALL" IS DETECTED,
TURN OFF WH-1, P-2A, AND 28— , _
- Change 1o 140 F

4. POWER OUTAGE DURING HPWH-1 SYSTEM OPERATION
A DURING A POWER OUTAGE EVENT, THE SYSTEM IS DESIGNED TO
AUTOMATICALLY PURGE HPWH-1 ECO2 SYSTEM OF ALL WATER. ZONE
VALVES ZV-1A/8 (NORMALLY CLOSED WHEN DE-ENERGIZED) AND ZV-2A/B
(NORMALLY OPEN WHEN DE-ENERGIZED) WILL OPEN OR CLOSE TO THEIR
DE-ENERGIZED STATE. ZV-1A/B SHALL COMPLETELY ISOLATE THE HPWH-
1 ECO2 SYSTEM PIPING FROM THE REST OF THE PLANT
B. ONCE POWER 1S RESTORED, ZVv-1B SHALL CLOSE AND ZV-2B SHALL
OPEN SO THE HPWH-1 SYSTEM WILL FILL AUTOMATICALLY
C. AFTER 1 MINUTE, ZV-2A SHALL OPEN AND AFTER 2 MINUTES ZV-1A
SHALL CLOSE. THIS WILL ALLOW FOR WATER AND AIR TO BE PURGED
FROM THE REFILLING LINES




HE-2 SHALL BE MOUNTED ABCNVE DR {17) HPYWH-1 STACKED
BELOW ADJACENT HEAT PUMF (&) HIGH AND

! HPH-1

Challenges Pipe length

Zv-2 ||
ORIGINAL ISSUE —TT— I
The SanCO2 system allows for roughly ~70' of . { | L e e QI 1
combined hot and cold piping between the tanks 1 g_ig j‘ :H I .

and the heat pump. With the large central system - (I
the maximum pipe length exceeded 140'. )

SOLUTION

We worked with SanCO2 engineers directly. This

lead to an approved piping layout that oversized N e \
the main distribution piping to 1 1/2" to minimize miﬂ:_\ N o

ﬁ? | HP
head loss through the piping at peak flow. ALHOT WATER COMECTONS TONEADER Rl T e T el I s B ) I e I AN e \‘j
S TV A L v TR [
W | - R
J I-I'I‘:"q'd-ll-l-‘I 1 H I-H'-i-l—ll.l] | l I:IT.‘_."
i : o H:'z' HIWTO FLDOR DRAIN




System Selection

Storage: (3) 505 gallon hot water storage tanks stored at 140 F
Primary heating system: (18) SanC0O2 GS54-45HPA-US heat
pump water heaters.

Secondary/ back up heating system: (1) 72 KW Electric resistance
boilers.

Digital mixing valve: (1) 2 1/2" Heat-Timer digital mixing station.

1‘»; h‘[-"' i -1

: | WP HPWH-T
“%' s %




Final system
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Reduce parasitic load from recirculation system

Add sensors throughout the system to allow for proper
commissioning, balancing, tuning and verification

Ensure the system is properly balanced between
tanks and heat pumps and out to the building

Verify every sequence and operation works before
project close out

Explain the systems intended operation and how it differs
from traditional natural gas hot water systems to contractor




INFORMED DESIGN

Reduce parasitic load from
recirculation system

Add sensors to allow for proper Cx,
alancing, tuning and verification

TOaULDNG
T
FROM BLILDING P Fune
THERMOMETER
FROM BUILDNG

A\

CHECK VALVE

FLOAW BIMITCH

21

—

AOLABTAT

THERMOWETER

RECIRCULATION PUMP . PUMF BHALL
START UK RECEMNG A BIONAL
FROM THE ACTIDN OF ALBER OF A
FIXTURE OF APPLIAMCE, SEMEING THE
FLOW OF HOT OR TEMPERED 'WATER
TO A FECTURE FITTING OR APPLUANCE.
THE CONTROL SMALL LIVIT THE
TOMPERATURE OF THE WATER
MENTIFANG THE COLD WATER PIPING T
HAF,

2

GROUKD FLOOR

BECOND FLOOR

2
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BALL WALVE TYPICAL, EVERY BALL WALVE
RO & O i SCHEMATIC. PROVIDE
BALL VALYE DN NLET AND BUPPLY EACH
FIECE OF PLIMBING EOUIFVENT,

PRl

WATER TD WATER HEAT PLIMP SYBTEM WITHIN FLLIMBikG
B

COMTRACTOR

BCOPE.ITH

FTASLE FOR PLUMEIRG

COMTRACTOR T0 BUBCONTRACT WATER T WATER
HEATPLIMP SCOPE TO MECHAKICAL SONTRACTOR O

PFROIEET

COLMAC
TR

oo HP#WH-1

CHECH VALVE

ETRANER
BUTTERFLY WALVE

L3

SOURCE WATER
Tk, PR GROUND
LOOP MAMIFOLD COMMECT TO GROUND LODP
MAHIFOLD. PR G
COMMECTING TO OROUND
LOOP EHALL LSE IDERTICAL

PIPRIG MATERIALS AND
EYSTEWS USED N GROUND
LODF. COORTINATE WITH
. MECHA KICAL CONTRACTOR
PL2 PUMA
SOURCE WATER

OWIT, TO GRIHMD
LODF MANIFOLD
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