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‘o i What we’ll cover

Project overview
- Building info

. System design details
« M&V - The plan

Measurement & Verification Results
. Effectiveness

- Usage rates

- Operating costs

. Efficiency

Lessons Learned

« Piping matters!

. Standby losses

. Balancing & Commissioning are CRITICAL
. Contractor buy-in is not the default

Ultimate HP DHW Design
. Revised approach to Ironworks DHW plant
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Project overview

Building details

Ithaca Arthaus

« Low to Moderate Income (LMI) Multifamily
« 124 Apartments

« 264 Occupancy
o Started design in 2019

Ironworks Ithaca

« Market Rate (MR) Multifamily
« 129 Apartments

e 242 Occupancy
— o Started design in 2020




System sizing

Traditional DHW calculator
(ASHRAE HVAC Applications handbook)

Ithaca Arthaus (LMI)

Hourly peak load: 1248 gph

Ironworks Ithaca (MR)
Hourly peak load: 1961 gph

« Storage capacity to deliver full peak load
« Recovery rate (heat pump capacity)
o recover peak in 4hr rated, 6hr rated
« Derated heat pump capacity
o deliver total daily peak load in 16 hrs max

114" HW

FROM OHF-1 ARRAY

HF -1

VERW
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— Ithaca Arthaus w

Selected system

STORAGE 1240 gallons stored at 140 °F mixed down
to 125 °F out to building

PRIMARY HW 16 SanCO2 heat pumps 245,600 btu/hr
rated, 191,000 btu/hr derated at -5 °F

BACKUP HW (2) 36 KW electric resistance water |
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— Ithaca Arthaus

Design elements

Two parallel systems with storage tanks in
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lthaca Arthaus

Design elements

« De-energized back up electric resistance integrated into heat pump plant
o Buffer tank on hot return side of heat pumps in place of swing tank
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— |thaca Arthaus

Design limitations

« Small boiler room

. Limited exterior wall space
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— |thaca Arthaus

Design limitations and areas for improvement

o Stacked heat pump array on exterior wall
o Exterior piping manifold




— |thaca Arthaus i

Design limitations and areas for improvement

« Automatic drain back system 1.0
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— lronworks Ithaca

Selected system

STORAGE 1500 gallons stored at 140 °F mixed down to
125 °F out to building

PRIMARY HW 18 SanCO2 heat pumps 276,000 btu/hr
rated, 215,000 btu/hr derated at -5 °F

BACKUP HW 72 KW electric resistance boiler

{17) HPYWH-1 STACKED
(&) HIGH AND
STAGGERED.




— lronworks Ithaca

Design elements

« Staggered heat pump array on exterior wall
« Boiler room purpose built for the DHW plant
« Heat pump piping manifold within building envelope

HE-2 SHALL BE MOUNTED ABOVE DR
BELOW ADJACENT HEAT PUMF




Ironworks Ithaca ) 5 o B

Design elements

« Single heat pump array and supplemental electric boiler in parallel
 Storage tanks in parallel
« Omitted swing tank or buffer tank for recirculation water
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lronworks Ithaca

Design elements

Automatic drain back system 2.0
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— Contractor support

DRAWINGS of detailed system schematics and sequence

and a lot of

DISCUSSION about system operation
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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 @mﬂ’q SYSTEM PRIMARY WH-1 SUPPLEMENTARY
HEATING PROTOCOL -~

A IF ANY “‘ET’.‘,'.'J‘/FE&GE TANK TEMPERATURE DETECTS TEMPERATURE
BELOW (110°F/ADJ.) TURN ON P-2A

B. TURN-ONP-2B 30 SECONDS (ADJ.) AFTER P-2B PROVES RUNNING
STATUS

C. ENABLE WH-1 AND IT SHALL STAGE ELEMENTS DEPENDENT ON INLET
TEMPERATURE BASED ONITS INTERNALEGNTROLS.

D. ONCE ALL TANK TEMPS ARE ABOVE 130°F t'quJ.}. DISABLE WH-1, P-2A,
AND P-2B AR

— Change to 116 F

3. HOT WATER PLANT WH-1 EMERGENCY BACK UP HEATING PROTOCOL

A IF ANY STORAGE TANK TEMPERATURE SENSES HWT-1, 2, OR 31S BELOW
TARGET TEMPERATURE (110 *F, ADJ.) AND THERE IS A "NO-HEAT CALL",
P-2A TO TURN ON.

BTURN OMN P-2B 30 SECONDS (ADJ.) AFTER P-2B PROVES RUNNING
STATUS.

C. ENABLE WH-1 AND IT SHALL STAGE ELEMENTS DEPENDENT OM INLET
TEMPERATURE BASED ONTRSINTERNAL CONTROLS.

D. IF TANK TEMP REACHES 130°F {ADJ.) AND A “HEAT CALL" IS DETECTED,

TURN OFF WH-1, P-2A, AND P28\~ gr e
~——— LChange 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/B (NORMALLY CLOSED WHEN DE-ENERGIZED) AND 2V-2A/B
(NORMALLY OPEN WHEN DE-ENERGIZED) WILL OPEN OR CLOSE TO THEIR
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— Ithaca Arthaus (LMI)

MEASUREMENT & VERIFICATION RESULTS

15 months — Sept. 2022-Nov 2023

eGauge based monitoring system
« Temperatures
. Flow Rates
« Power Consumption

Temp Sensor

v
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TempSensor  ~ 1
_F' 4 1 e ﬁ
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- r- -
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Flow Meter




— lronworks Ithaca v

MEASUREMENT & VERIFICATION RESULTS

12 months — Feb 2024-Feb 2025

eGauge based monitoring system DHW to Building Mixing

T Valve

« Temperatures

Temp Sensor

e Flow Rates

« Power Consumption

Recirculation Return

—»———O-
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.
!
!
!

T

Cold Water Supply TTemp Sensor
Flow Meter

Temp Sensor

o — s

turageéﬁ
r Tank
]
. | _
ﬁ; Electric
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—l'“‘-lﬂ-l Tank | @
o1 | o4
gt L. -
-——-|+ T ; From
Temp Sensor | Heat Pump
Storage @ Bank
Tank é
L5
o 2y

b Temp Sensor ga
Flow Meter



M&V Results

— Effectiveness

Both systems proved extremely reliable —- WITH NO ELECTRIC RESISTANCE

Arthaus: 99.6% Uptime* Ironworks: 99.99% Uptime*

Ithaca Arthaus

Ironworks lthaca
Hot Water Supply

Hot Water Consumption

——DHW Usage ——DHW Supply Temp. ——Outside Air Temp (Site) ——Outside Air Temp (NOAA) =~ —DHW Usage ——5chool Break Periods  ——OQutside Air Temp.  ——DHW Supply Temp.
32 140 o - 140
28 ‘ , ‘ 120 28 =TT T : = 120
24 100 24 100

£ 20 | } B0 5 | 20 80 -

S 2|8 | | 2

=16 - 60 ® = 16 Fe0 @

= v = U

@ 12 L4 E | = e

L | = 12 40 =

! Loes —

g PR 20 g 20
? o 4 iF 0
0 - - -20 :

n N s ™ g g R oy £ oy £ LB 0y £ " L) EI 'ED

oo o BB o g g § W O &M oW & 9 T 3 ¥ 3 23 3T 8 3 8 3 3 85 9

( - = b c L = — = - = o - R ] = L2 ' i i

8 ¢ 2 8 28 ¢ 3 32 32 % 32 & ¢ 8 & € 5 5 ¥ 5 2 9 g% 8 3 8 § %

e = o = = T v O > O = (I

*Fraction of time system provided at least 110 °F water to building loop



— Usage Rates

M&V Results

Both buildings had significantly lower DHW usage than ASHRAE Guidelines

Period
15 Min Peak
1 Hr Peak
1 Day Peak

1 Day Avg

Arthaus
1.0 ga
2.9 ga
33.1 ga
16.1 ga

lIronworks
0.7 ga
1.8 ga
15.5 ga
9.6 ga

Period

15 Min Peak
1 Hr Peak
1 Day Peak

1 Day Avg

Low
1.0
2.8

20.0
14.0

Med
1.7
4.8

49.0
30.0

High
3.0
8.5

90.0
54.0

Actual Measured Hot Water ASHRAE Handbook Hot Water Consumption
Consumption (Per Occupant) (Per Occupant)

ga
ga
gda
ga

Design guidelines based on 2019 ASHRAE Handbook HVAC Applications Ch. 51, Table 7



— Operating Costs

Arthaus was cost competitive with theoretical natural gas boiler system*

Ithaca Arthaus DHW Plant Operating Cost Comparisons

M&V Results

Heat Pump Electric Resistance Matural Gas
(Actual Values) (Theoretical Values) (Theoretical Values)

Peak Avg Peak Relative Relative
Month kWh kW Cost COP kWh kW Cost Cost Therm Cost Cost
Nov-22 9,684 30.9 $1,257 29 28,766 85.0 $3,651 290% 1,012 $1,012 81%
Dec-22 13,216 36.0 $1640 25 33,423 86.5 $4,0090 249% 1,176 $1,176 72%
Jan-23 13,180 31.3 $1,578 2.7 35,447 91.3 $4,331 274% 1,247 $1,247 79%
Feb-23 12,191 37.2 $1562 27 33,780 104.5 $4,347 278% 1,189 $1,189 76%
Mar-23 13,100 31.3 $1.570 29 38,758 101.2 $4,754 303% 1,364 $1,364 87%
Apr-23 9,238 30.3 $1,211 3.5 32,831 101.5 $4,223 349% 1,155 $1,155 95%
May-23 8517 26.4 $1,097 3.7 31,616 86.2 $3,923 358% 1,112 $1,112 101%
Jun-23 6,800 19.3 $854 40 27,245 91.1 $3,591 421% 959 $959 112%
Jul-23 5,844 19.3 $767 3.9 23,264 90.5 $3,225 420% 819 $819 107%
Aug-23 5,963 17.7 $758 3.8 22,900 72.9 $2,972 392% 806 $806 106%
Sep-23 6,223 18.1 $786 36 22,712 77.3 $3,010 383% 799 $799 102%
Oct-23 8,059 23.8 $1,023 34 27,333 79.3 $3,451 337% 962 $962 949
Annual | 108,103 316.9 $13,691 3.2 [349,415 1,060.6 $44,705 327% (12,295 $12,295 90%

*Based on local utility costs in 2023



M&V Results

— Operating Costs

Ironworks was more costly due to lower efficiency

Ironworks Ithaca DHW Plant Operating Cost Comparisons

Heat Pump Electric Resistance Natural Gas
(Actual Values) (Theoretical Values) (Theoretical Values)

Avg Relative Relative

Month kWh Peak kW Cost COP kWh Peak kW Cost Cost | Therm Cost Cost

Feb-24 15,597 38.0 $1,879 1.9 30434 946 $3,922  209% | 1071  $1071 57

Mar-24 12,993 34 4 $1,599 2.1 27,951 87.5 53610  226% 983 $983  62%

Apr-24 9,299 33.0 $1,249 3.0 28,151 79.3 $3,524  282% | 991 $991  79%
] L2 7= 247 r: 1) E.

~ 0N 'E L, ::__7;:
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M&V Results

— Operating Costs

Ithaca Arthaus DHW Plant Operating Cost Comparisons

A theoretical swing tank

System came at only a Heat Pump Heat Pump w/ Swing Tank
1 O% cost increase over (Actual Values) (Theoretical Values) '
Arthaus * Peak Avg Peak Avg Relative
Month kWh kW Cost CcOoP kWh kW Cost COP Cost
Nov-22 9,684 30.9 $1257 29 10,528 333 $1,364 27 108%
Dec-22 13,216 36.0 $1640 25 14,261 419 $1,807 2.3 110%
Jan-23 13,180 31.3 $1578 27 14,136 478 $1,870 25 118%
Feb-23 12,191 37.2 $1562 2.7 12,922 385 $1,644 26 105%
Mar-23 13,100 31.3 $1570 29 14,105 432 $1,809 27 115%
Apr-23 9,238 30.3 $1211 35 10,004 303 $1,280 3.2 106%
May-23 8517 26.4 $1,097 37 9,181 28.6 $1,184 34 108%
Jun-23 6,800 19.3 $§854 4.0 7,185 22.7 $§931 3.8 109%
Jul-23 5,844 19.3 $§767 3.9 6,111 193 $§791 3.8 103%
Aug-23 5,963 17.7 §758 3.8 6,242 18.7 $§795 3.6 105%
Sep-23 6,223 18.1 $§786 3.6 6,451 203 $834 35 106%
Oct-23 8,059 23.8 $1,023 34 8,405 29.7 $1,128 3.2 110%
Annual (108,103 316.9 $13,691 3.2 |{115,501 367.8 $14,992 3.0 110%

*If properly tuned (140 °F storage temp, 125 °F swing tank temp)




M&V Results

— Quick Aside

Tank Terminology

SWING TANK BUFFER TANK

Recirculation Recirculation

Return from Building Return from Building
Hot Water

to Building

Hot Water
to Building

Hot Water
from Heat Pump

Hot Water
from Heat Pumps

Cold Water
to Heat Pumps

Cold Water
—

to Heat Pumps

Recirculation water is reheated with Recirculation water is reheated with
electric resistance heat pump system



Efficiency

Arthaus annual average COP: 3.2

Heat pump COP

6.0

5.0

4.0

3.0

2.0

1.0

0.0

Heat pump COP variation with return water and outside air temperatures

» < 40 °F OAT « 40 - 60 °F OAT * > 60 °F OAT =
®@ MFRDATA @ 33°F O MFRDATA @50°F @ MFR DATA @ 70°F
30 110 120

40 50 60 70 80 90 100

Return water temperature

130

M&V Results



M&V Results

— Efficiency

Ironworks annual average COP: 2.2

Heat pump COP variation with return water and outside air temperatures
6.0

i
s

s

Heat pump COP

1.0

M | oY k3 2
s < 40 °F OAT s 40 - 60 °F OAT s > 60 °F OAT s ';.' otm Shutaa o

® MFRDATA @ 33°F OMFRDATA @ 51° @MFRDATA @ 72 °F

0.0
30 40 50 60 70 80 90 100 110 120 130

Return water temperatﬁre



— Efficiency

Big difference between system efficiencies is related to RETURN WATER TEMPS

6.0

5.0

Heat Pump COP
& B

g
=

1.0

00

Arthaus = Colder return water

Ithaca Arthaus
Heat Pump COP Variation with Return Water
and Outside Air Temperatures

= < 40°F OAT » 40 - 60 °F QAT = > 60 °F OAT =
O®MFRDATA @ 33°F @MIRDATA @ S0°F @ MFR DATA @ 70 °F
30 40 30 &0 70 a0 90 100 110 120 130

Return Water Temperature (°F)

6.0

2.0

Heat Pump COP
‘ o -
= (=

s
2

1.0

0.0

M&V Results

Ironworks = Warmer return water

Ironworks
Heat Pump COP with Return Water
and Outside Air Temperatures

« < 40 °F OAT . 40 - 60 °F OAT 3 GOFOAT =
®MFRDATA @ 23°%F OMFRDATA@51F @MFRDATA @ 72°%F A .
40 50 60 70 80 a0 100 110 120 130

Return Water Temperature (“F)
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Lessons learned

— Piping matters!
Arthaus buffer tank design allowed for colder return water to heat pumps

DHW to Building

—>

Recirculation Return

| from Building
g
West From ‘me East
Bank Bank
Heat To | = Heat
Pumps = = = —» Pumps
E———______________J] Coleiter
- Supply

@




Lessons learned
Piping matters

Arthaus buffer tank design allowed for colder return water to heat pumps

Heat pump COP variation with return water and outside air temperatures
6.0 '

5.0
4.0

3.0

Heat pump COP

2.0

1.0 g
* < 40 °F OAT * 40 - 60 °F OAT * > 60 °F OAT a

@ MFRDATA @ 33°% OMFRDATA@50°% @ MFR DATA @ 70 °F

0.0
30 40 50 60 /0 80 90 100 110 120 130

Return water temperature




Lessons learned

— Piping matters!

Ironworks design limited return water temps to heat pumps

DHW to Building : Storage
5 A | Tank

E:Electriiz
Boiler
Recirculation Return S O
—p - s | |
from Building : @
| |
g 14 T
¥ From
| Heat Pump
é’ Bank
—p | L
"'G =] = Tﬂ

Cold Water Supply — —— >




Lessons learned
— Piping matters

Ironworks design limited return water temps to heat pumps

Heat pump COP variation with return water and outside air temperatures
6.0

e
o
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Heat pump COP
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Lessons learned

— Standby losses are significant

Heat Loss to surroundings was similar for both buildings

Ithaca Arthaus Ironworks Ithaca
DHW Storage/Distribution Losses Storage/Distribution Losses

Whole Building Per Apartment Whole Building Per Apartment
Heat Pump Output 1,196 MMBTU/yr 323 W Heat Pump Output 916 MMBTU/yr 238 W
Delivered Heat 746 MMBTU/yr 201 W Delivered Heat 446 MMBTU/yr 116 W
System Losses 450 MMBTU/yr 121 W System Losses 470 MMBTU/yr 122 W
38% of HP Output 51% of HP Qutput




Unique attributes

Ithaca Arthaus Ironworks Ithaca

Tempered water mains on each floor Box & riser design

Complicated building shapes

Balancing valves atop each riser

WATTS PER APARTMENT

TARGET
100 Watts/apartment

s 7y, - E e
ol i:*' —m - —
- .-.'::-.L

MEASURED
121 Watts/apartment




Lessons learned

Balancing and Cx are CRITICAL

Projects were successful due in large part to EARLY performance monitoring

1.Storage tanks rebalanced: maximized storage capacity + lowest return water temps
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2.Distribution system balanced: ensured hot water for apts at lowest recirc flowrate




Lessons learned

Balancing and Cx are CRITICAL

Projects were successful due in large part to EARLY performance monitoring

1.Storage tanks rebalanced: maximized storage capacity + lowest return water temps
2.Distribution system balanced: ensured hot water for apts at lowest recirc flowrate
3.Recirc pumps run lowest flowrate: improved mixing valve stability and storage tank disruption




Lessons learned

Contractor buy-in is not the default

e=pp Contractors at both sites were skeptical of new, complex systems




Lessons learned

Contractor buy-in is not the default

ey Making time to talk about the design and function early on eased jitters




Lessons learned

Contractor buy-in is not the default

e=pp Listening to feedback and concerns helped improve designs and contractor
relationships

'




Lessons learned

Contractor buy-in is not the default

ey Low number of call backs or performance issues turned skeptics into proponents
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5
— lronworks revised

« Split the 18 heat pumps into 3 separate arrays of 6 heat pumps

. Provide a 119 gallon 24 kw buffer tank on the supply side of the storage tanks set to 120 °F

« Pipe each of the 3 system sub assemblies in parallel, provide circuit setters on supply and
return to the building

Rl b bt PROVIDE FLOW SWITCH
g%g.f&'%mu PUME : WITH MINIMUM FLOW OF
F.1, LOCATED = 0.8 GPM AND WIRE INTD
ACUASTAT AT THE =T DNV-1 FOR OPTIOMAL
HIGHEST AVILABLE ELOW SWITCH. SET
FORT AND ADJUST TO LIMIT VALVE POSITION
: 20 | : TO 50% TO START.
— SETTING OF 150 F pr— =

. \ SET SAPETY VALVE TRIGGER SETTING TO 138F —

21&]:.‘.’

o 5o s — FROWM BUILDING
|II RECIRCULATION
k 1 12 RW SYSTEM

FROVIDE AQUASTAT ON
SOUTHERN WING 5TH
FLOOR RECIRCULATION
RISER AND SET TO 100 F.

FROM ADDITIONAL 7 ; HIW 152" MW
SANDEN QDU 2 B
DHP-1—= | T DHP-1
[ bbb AMALLY P=
NORMALLY A wil :
150 F CLOSED _LLH_
TO ADDITIONAL 7 L = I / \ [ e X MW
SANDEN QDU —rf"f i ! RT
COLD WATER SERVICI
MARUAL BALANCE VALVE —1 -1
= AR JE SR  EassS - SsEsS - AAaARk  EESSA- &l T T R
STRAINER DOWN STREAM OF ALL ' =
HEATRUMPS

COMNECT TEMPERATURE SENSOR FOR
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— lronworks revised

. Stagger heat pumps on exterior wall

FAIL CLCSED SOLENQID ZONE
VALVE 21
AUTOMATIC AIR VENT AW-1

. Provide automatic drain back system 2.0

» Reduce size of recirc pump, provide better balancing controls / e EREER

E E HEAT TRAF, MINIMUM OF 1°- 7
VACLUUM BREAKER VB-1

'1."2':;_’,;— REFER TO ZP601 FOR HEADER SIZING

—'aHL i

E Hﬁ— FROM ADDITIONAL {17} HPWH-1, PROVIDE BALL VALVE {
1w _R\: 1
! FAIL OPEN -C-
: SOLENQID ZOME
VALVE ZW-2, ! -
- PROVIDE : :
ol MANUALLY
T PROGRAMMABLE N N N N R

TIME DELAY RELAY

x SET 70O 2 MINUTES. 1z HFWH-1
TORLOOR o

DRAIN
F% TOADDITIOMNAL {17 HPFWH-1, PROVIDE BALL VALVE
112"
iy it T kAt

EI‘U_TI-.____ FAIL OPEN SOLENOID ZONE VALVE V-2

L——__— TO FLOCR DRAIN
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lronworks revised

Provide balancing and measurement points within key
points of the hot water plant

FAIL CLCSED SOLENQID ZONE
VALVE 21
AUTOMATIC AIR VENT AW-1

VACLUUM BREAKER VE-1
HEAT TRAF, MINIMUM OF 1°- 7

VACLUUM BREAKER VB-1
i AL‘E'F— REFER TO ZP601 FOR HEADER SIZING

[ T1

Hﬁ-— FROM ADDITIONAL (17} HPWH-1, PROVIDE BALL WALVE ¢

FAIL OPEN I_{:}

SOLENQID ZONE
VALVE 22,

PROVIDE ’ e
MANUALLY
FROGRAMMABLE e ]

TIME DELAY RELAY

x SET TO 2 MINUTES. HFWWR-1
TUFLD‘C-R J/:____

DRAIN
F% TOADDITIOMNAL {17 HPFWH-1, PROVIDE BALL VALVE

Jffl‘_?.u i1

FAIL OPEN SOLENDID ZONE VALVE 2v-2
TO FLOCR DRAIN




Drawings

« Detailed system schematics
« Describe

- system operation in each mode
- how it differs from traditional
systems

eI

Contractor support

DOMESTIC HOT WATER PLANT SECAIENCE OF OFERATIONE
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DOMESTIC HOT WATER PLANT SEQUENCE OF OPERAT!

DOMESTIC HOT WATER PLANT GEMHERAL HIOTES:
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1.

HOT WATER PLANT HPWH-1 PRIMARY HEATING PROTOCOL

A HPWH-1 HAS INTEGRAL CONTROLS, HFWH-1 SHALL BE SET TO 150 F AND INTERNAL CONTROL
OPERATION.

HOT WATER PLANT WH-1 PRIMARY BACK UP HEATING PROTOCOL

IF WH-1 AQUASTAT 1 SENSES HWT-1 15 BELOW TARGET TEMPERATLURE (33X F) AND FLOYY ME

TO TURM OR.

IF P-24 15 ON AND AQUASTAT 2 DETECTS TEMPERATURE BELDOW 150 F TURN ON F-2ZB.

WiH-1 SHALL STAGE ELEMENTS DEPENDEMNT ON INLET TEMPERATURE

IF FLOWY SWITCH 1 DETECTS FLOW TURN OFF P-24 AND P-2B.

IF ACUASTAT 2 DETECTS TEMPERATURE (XXX Fl TURM OFF P-24 AND P-ZB.

OT WATER PLANT HPWH-1 PRIMARY WH-1 SUPPLEMENTARY HEATING PROTOCOL

IF ACUASTAT 1 DETECTS TEMPERATURE BELOW (XXX F} TURM OMN B-24

IF P-24 15 OMN AND AQUASTAT 2 DETECTS TEMPERATURE BELOW 130 F TURN ON F-2B.

WiH-1 SHALL STAGE ELEMENTS DEPENDEMNT ON INLET TEMPERATURE

IF FLOWY SWITCH 1 DETECTS FLOW TURN OFF P-24 AND P-2B.

IF AQUASTAT 2 DETECTS TEMPERATURE (XX F) TURM OFF P-24 AND P-ZE.

COWER DUTAGE DURING HPWH-1 OFPERATICHN

DURIMG A POWER OUTAGE EVENT, THE 5YSTEM IS DESIGHED TO AUTOMATICALLY PURGE HF

Iv-1 (NORMALLY CLOSED WHEN DE-ENERGIZED]) AMD ZW-2 (NORMALLY OFEM WHEN GE-EMER

THEIR DE-EMERGIZED STATE. Av=1 SHALL COMPLETELY ISOLATE THE HPAWH-1 FIPING FROM T

TMoO@PEIMOOQ@D =

=

B. ONCE POWER |15 RESTORED, Zv-1 AMD Z2V-2 WILL REVERT TO THEIR ENERGIZED STATE AND T
AUTOMATICALLY.
o THE ZOME VALYE ZV-2 ON THE HEAT PUMP HOT WATER RETURN TO TANKS WITH 2 MINUTE TI

MINUTES TO ALLOW FOR WATER AND AR TO PURGE FROM THE REFILLIMG LIMES.

DOMESTIC HOT WATER PLANT GENERAL NOTES:

—_

SR

1

12

13

15

16.

THE FRIMARY WATER HEATING SYSTEM SHALL BE PROVIDED BY & TOTAL OF (18) HFWH-1, {3} HWT-1,
EACH HEAT PUMP WATER HEATER SYSTEM SHALL BE PROVIDED WITH AN ALUTOMATIC DRAIN BACK 5
VALVES, VACUUM BREAKERS AND AIR ADMITTAMCE VALVES.

VACLUUM BREAKERS AND AIR ADMITTANMCE VALVE SHALL BE MOUMTED ABOWE THE TOP OF HWT-1
5W/FT SELF REGULATING HEAT-TRALE TAFE SHALL BE PROVIDED ON ALL WATER PIFING LEAVING Tt
COLD WATER LIMES BETWEEN FAIL OPEMN SOLENGID VALVE AND HFWH-1 SHALL BE SLOPED BACK TO
GO ABOVE HPWH-1 ELEVATION.

DRAIN PIPING FROM FAIL OPEM SOLEMOID VALVE TO FLOOR DRAIN WITH 6% AIR GAFR,

THE HFWH-1 INLET AKND QUTLET FIPES SHALL BE PIPED IM REVERSE RETURN ORDER TO ALLOW FOR
BALAMCIMNG. THE FIRST HEAT PUMP IMLET SHALL BE THE LAST HEAT PUMP CUTLET.

THE HWT-1 INLET AND QUTLET PIFES ON BOTH THE LOAD AND HEAT PLIMP SIDE OF THE SYSTEM SHA
ORDER TO ALLOW FOR PROPER PRESSURE AMND FLOW BALANCING. THE FIRST TANEK INLET SHaLL BE
THE ELECTRIC RESISTANCE BOILER WH-1 SHALL BE FIPED IN A "CLOSE SPACED TEE" ARRANGEMEN
RACILINT EACH HPWH-1 WITH QUICK SLING RAGK. HEAT PUMPS MOUNTED ABOVE OTHER HEAT PLUMPE
FOR DREAIN FAN DRAINAGE TO ROOF DECK WITHOUT THE DRAINAGE WATER AND ICE BUILD UP OM HE
ELECTRICAL COMPONENTS BELOW.

PROVIDE BALL WALVE OM EACH INLET AND QUTLET OF HPWH-1

PROVIDE PROGRAMMABLE LOGIC CONTROLLER. CONTRACTOR RESPOMSIBELE FOR CONFIGURING Ct
OPFERATIONS.

ADJUET FLOW RATE FOR P28 AND P-ZB VIa BUTTERFLY VALVE AMD MANLIAL CIRCLUIT SETTER TO PRI
PROVIDE AQUASTAT 1 AND 3 IN EACH HWT-1, CHAIN TOGETHER TO READ IDENTICAL TEMPERATURE !
REFER TO MAMUFACTURERS INSTRUCTIONS FOR WIRING REQUIREMEMNTS.

ALL DISCONNECTS PROVIDED BY ELECTRICAL CONTRACTOR

THE WACLIUM BEREAKER WVB-1 AND AUTOMATIC AIR VENT AV-1 ON THE HEAT PUMP HOT WATER RETUR
BE MOUMTED AT THE TOP OF A 1°- 0° HEAT TRAP TO ASSIST WITH AIR TRAPPING AND REMOWVAL.




Contractor support

Discussion

 Preconstruction meeting with contractor leading the hot water plant work

o Discuss how system operation differs from traditional systems
« Early attentions to bottle necks (control systems, coordination with trades/mfr.)
« Discuss pinch points and areas of complexity




Ironworks large capacity CO2

Explore different central heat pump hot water plant options
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lronworks Cascade

Explore different central heat pump hot water plant options
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T ADDITICHAL HPYH- ASSEWELIES, REFER
T ELILDING SPECIAC PLAK FOR DUAKTITY.
HOT WATER RETURN AMD COLD WATER
SUPPLY BEHALL 5 PPED |k FEVEREE RETURK

~—— TYPICAL HEAT EXCHAMNGER DETAIL

TEWPERATURE SAUGE, TYF. BALANCING VALVE
\QFLCW METER HEAT EXCHANGER, PIPE INLET AND OUTLET FOR BOTH SIDE OF HEAT EXCHANGER PER

PRESSLRE BND
TEMFERATURE FELIEF 'WALVE

CHECE WaLvE

MANUFACTURES REQUIREMENTS. REFER TO BUILDING SPECIFIC PLAN FOR HEAT

EXCHAMGER MODEL NUMEBER.

PRESS_RE GALGE, T¥1*
Ball valLWVE Ty

PRESELURE SAUGE, TYR. \ ERALAMEING WL Ve
TO AND FROM HOT WATER TANKS, REFER TQ o S TG HPWH-1 ARRAY. REFER T0 BUILDING O B TIN: SPELFIC PN FOR CETAILE

WITH FLCWY WETER
ALTOBATIC AR
. FERAARTDR
BUILDING SFECIFIC PLAN FOR DETAILS ) / SPECIFIC PLAN FOR MORE DETAILS. — e vapee
//_ UE

R T SR it Y . .
- . - . - T FOM SINGLE HPWH-S SYSTEM \_
§ 17" FOR DOUBLE AKD TRIFLE HPWH - SYETEME 1
: H-':'E.KJ.IIJI
FLOWW SWITCH, TRIGGER AT 0.5 GPM 1 -
. H‘“— HYDROMIC REFILL, REFER TD BUILDIMG . ETRAIKER
FLMF P-2 SPECIFIC PLAN FOR DETAILE ! L
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In H Ot Water Key design details for effective & efficient DHW systems
Let's talk about it...

Brendan Mangino
Senior Engineer
bmangino@taitem.com

George Aiken
Project Engineer
gaiken@taitem.com

Taitem Engineering, DPC

Taitem is a full-service consulting engineering firm whose projects include
buildings in multiple sectors.

During 30 years of continuous operation, Taitem has continued to expand
its offerings in energy efficiency and net-zero energy, leading the market,

- t e m while maintaining its commitment to its mission as reflected in its name —
a ' Technology As If The Earth Mattered.
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