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BASIS OF DESIGN LEGEND S —— 0 B J E C I IVES

THE SYSTEM WAS SIZED FOR: EQUIPMENT SELECTION: SYMBOL  DESCRIPTION SYMBOL  DESCRIPTION WC%N&P;HT?M
* SANCO2 WITH SWING TANK CENTRAL HEAT +  [HPWH-1-6] PRIMARY HPWHs; SIX (6) SANCO2, GS4-45HPC; PROVIDE SPRING CHECK VALVE ON

PLANT DESIGN 5 NOMINAL, 1 REDUNDANT UNIT PUMP HH PIPE-T HPWH. OPENING PRESSURE SHALL
+ MARKET RATE MULTI-FAMILY BUILDING . s PRIVARY STORAGE; ONE (1) SANCO2, BE IN CONFORMANCE WITH THE
+ 60 FULL TINE OCCUPANTS ECO-285GLNST: 285 GALLONS OF STORAGE UXING VALVE ¥ e e MANUFACTURERS  SPECIFICATION,
e N EUONL IR + [CTRL-1]  CENTRAL HEAT PLANT CONTROLLER; SANCO2 DIECTS RN FLOW At
+ 25 GALLONS OF HW PER PERSON PER DAY ot d J FROM OTHER HPWH y

(PEAK DALY HOT WATER USAGE) o [EWH-1]  TEMPERATURE MANTENANCE TANK (SWING TANK): PMPZ]  EQUPMENT TAG g\ g MANUAL AND AUTOMATIC AR BLEED EVAPORATOR COILS N
+ 1,500 GALLONS OF 120F HW PER DAY (PEAK 80 GALLONS. 6 KW ELEMENT ﬁ L |

DALY HOT WATER USAGE) « [PWP-1] 0.5 GPM PER RISER, TARGET 110F HOT WATER @ ROUTE_CONDENSATE T0 ' !
+ 16 HR PER DAY PRMARY HPWH RUN TINE B N e ot IE] T1CK TEMPERATURE. SENSOR N L APPROVED LOCATION e ametll
* 90 WATIS/APT HWC LOSSES « [Mv-1]  RECOMMEND SIZING FOR 0.25 GPM PER PERSON @ o »L

) PEAK, MINIMUM FLOWRATE SHALL BE LESS THAN FLOW METER PIPE FLOW DIRECTION =T =

I PANRTISIORAGE THE CONTINUOUS FLOWRATE OF [PMP—1] . = c'\l,,' o
« 668 KBTU/HR OF PRMARY HEAT CAPACITY * [EXP-1]  SIZED FOR THE THERMAL EXPANSION OF THE M4 BAL VAME i ez
O FRNEL P S PRIMARY STORAGE VOLUME —_— PROVIDE NEOPRENE PAD ISOLATION. INSTALL PROVIDE Y-PIPE STRAINER FOR
« 47 kW SWING TANK RESISTANCE ELEMENT o [EXP-2]  SIZED FOR THE THERMAL EXPANSION OF THE AT MINMUM 6" ABOVE GRADE/ROOF OR BAG FILTER ON THE SUPPLY

: TEMPERATURE MAINTENANCE STORAGE VOLUME ki BALANCING VALVE —-——-—-— W PIPING STRUCTURE. _ PROVIDE ADDITIONAL HEADER TO MULTIPLE HPWHs

AND THE VOLUME OF WATER IN THE HW CLEARANCE FOR LOCATIONS WITH SNOW FALL PROVIDE VALVES FOR
DISTRIBUTION PIPING. BACKFLUSHING
Nl SPRING CHECK VALVE —————— e —  HW PIPING o o o
@ HPWH EQUIPMENT DETAIL
A INUNE Y-STRANER e — HWC PPING ' NTS eep IVe I I I O eSIg I I

®) (14)(15)

Ecosizer: size effectively
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SHEET NOTES T " : .
(1) SEE HPWH EQUIPMENT DETAL 1.1 (1) || (12) -—-—tetet-—| CW C O I I S I e ra I O I I S
(2) DIRECT ~75% OF FLOW THROUGH PIPING PATH ) @)
HWC PUMP OPERATION
S 5
(3) DIRECT ~25% OF FLOW THROUGH PIPING PATH Z 2 (18) . ©)
HWC PUMP OPERATION (176
(4)  PROVIDE 12" HEAT TRAP o) T
(6)  ROUTE T&P RELIEF TO DRAIN w’ ()
(7) BAG FILTER (PENTAK) :
(9) AUTOMATIC AR BLEED 1) 1) 1) (10)3 @ W ﬁTQ 14
(10) MANUAL AR BLEED AT HIGH POINT IN SYSTEM 1 i S _[%,m B s W
HOT
PROVIDED THAT THE EQUIPMENT IS SHELTERED - r 3
FROM THE ELEMENTS AND PROVIDED WITH | 3 T JL@ 1 L@ 3 ’*’@% (10) ?
TEMPERATURES BELOW FREEZING ' e h _— L "§ 1._J
(13) WIRE TO CONTROLLER (TYPICAL) =
T0 CODE LEVELS. L f
15) ALL HORIZONTAL PIPE CLAMPS ON HOT WATER ,, ~ @
O e . TREE OF HEA BROCES [P | 3 TEW‘@ ‘ 3 E"I@ | 3
WITH A MINIMUM OF 2" WALL THICKNESS PIPE N v, o .
e 2 equipment selection
(17) CONTROL WIRE, CONNECT TO HPWH (TYPICAL) ] = =
(18) CONTROL WIRE, CONNECT TO SENSOR (TYPICAL) now ’ TS @T »
(20) PROVIDE SEISMIC BRACING WHERE REQUIRED BY — (‘3)5"’@ (°3)° *
JURISDICTION QT i” | 5” | (15)16)
LINE. DOUBLE CHECK VALVE ASSEMBLY AND J @ '
PRESSURE CONTROL DEVICES NOT SHOWN IN r —t03-]
(22) PROVIDE EQUAL DISTANCE PIPING TO HPWHs TO i (19)[ (19) ]
BALANCE FLOW. CW SUPPLY LINE TO HPWHs [ ]
DISTANCE PIPING. MINIMIZE OUTGOING HW N
SUPPLY LINE DISTANCE TO THE PRMARY 0, HPWH PIPING SCHEMATIC — BASIC CONTROLLER cegrare

UNDER NO LOAD CONDITION WITH CONTINUOUS CTRL-1

UNDER NO LOAD CONDITION WITH CONTINUOUS
(5)  EQUIPMENT DRAN S
(8) INUNE PIPE STRAINER 1"
(1) EXTERIOR ENVIRONMENT \ \ N
(12) INTERIOR ENVIRONMENT, CAN BE EXTERIOR HEHS HEWH HPWH:2 1§’ L exug (14)(15)

FREEZE PROTECTION IS AREAS SUBJECT TO @

i .
(14) ALL HW AND HWC PIPING SHALL BE INSULATED 1) 1) 1) — -] R ef r I e r a n t &
(6)
(16) ALL EXTERIOR PIPING SHALL BE INSULATED ( ( (
‘@

FROM PEST AND UV LIGHT DAMAGE ¥ =y == 1yl 1}
(19) R-10 THERMAL ISOLATION ¥ @
(21) CONNECT TO BUILDING COLD WATER SUPPLY

THIS SCHEMATIC. (22) (16)

SHALL BE EXTENDED TO ARCHIVE EQUAL

STORAGE [ST-1]. NTS




CASE STUDY:
JACKSON APTS



JACKSON APARTMENTS

BUILDING INFO:
o '/ Stories, 2 Buildings
m East-163 units e T
m West - 369 units =

IE lllll_ll‘_T.

)

]
;—___-

m /otal - 532 units l"f | iﬂH
o Mid-rise; Multi-Family L ._]!!i —m—y

o 2 Central HPWH systems
o Seattle, WA
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HOT WATER
STORAGE TANKS




AVAILABLE PRODUCTS

AO Smith
(2.5 ton)

Multi-Pass Unitary
Residential/Small Commercial
R-134a

Mitsubishi
(10 ton)

Single-Pass
CO,/R-744

Nyle
(10 - 30 ton)

Colmac
(10 - 30 ton)

Single- or Multi-Pass
R-1342a




JACKSON APARTMENTS

BUILDING INFRASTRUCTURE:

o DHW Room:
m 740 ft?
m ventilated enclosed parking garage

e 26 ft? exhaust air louver

e 36 ft? intake air opening (door)

o Electrical capacity for HPWH system

m W/ electric backup: 87.85 kW
(540 W/apt)

m w/out electric backup: 30.85 kW
(190 W/apt)




JACKSON APARTMENTS

o Primary:
m (2x) Colmac CxA 15-ton
e Single pass, R-1344a

m (1x) 36 kKW Electric WH
(lbackup)

m (3%x) 500g tanks =1,500 gallons

lcoLmacH

o Temperature Maintenance: e

P

m Dedicated storage tank
m (1x) Colmac CxV 5-ton
e Multi-pass, R-410a

m (1X) 21 kW Electric WH
(backup)

o Third-party controller




I JACKSON APARTMENTS

SHOWN HERE:

o Primary heaters:
m Two Single-pass Colmac HPWH

e 15-tons each
e CxA series (R-134A)

m |located in an buffered space
(enclosed ventilated below grade
parking structure)

m Full backup due to cool Seattle
climate & owner decision




JACKSON APARTMENTS
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JACKSON APARTMENTS

SHOWN HERE:

o Controls:

m Manages:
e Primary heaters

e Temperature maintenance
heaters

e Backup equipment

m Sends alarms and notifications to
building maintenance personal




I BIRDS EYE REVIEW

CHPWH

System
Components

Temperature
Maintenance
System

B =




LET'S PAUSE FOR QUESTIONS
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HW SYSTEM DESIGN:
A DEEP DIVE

o




EQUIPMENT EFFICIENCY BOUNDARIES

HW Supply
to Loop

Secondary
Primary Hot Water Outlet Cold Inlet

Temp. Maintenance Plant COP

Equipment COP

Maintenance

Temperature
Maintenance
Heat Pump
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® HW distribution systems

KEY DESIGN @® System sizing
CONSIDERATIONS @® Refrigerant & equipment

selection

o



HW DISTRIBUTION SYSTEMS & IMPACT ON THERMAL STRATIFICATION

Figure 3: Vertical distribution piping schematic — one riser per apartment stack




HW STORAGE SYSTEMS: THERMAL STRATIFICATION

HWC
Return

Outgoing HW Outgoing HW

Air Source Heat Pump Storage Tank Air Source Heat Pump Storage Tank




HEAT PUMP PERFORMANCE

QOutlet water temperature 150°F (66°C)
Max capacity operation mode

EFFICIENCY IMPACTS:

58.6 200,000
» 45°F (7°C)

56°F (13°C)
180,000

® [ower Air Temperature

160,000

® \Warmer Entering Water o 14000

120,000

® \Warmer Leaving Water

100,000

_— E

e
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=7 m
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®© ©
Q. ©
o Q
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CAPACITY IMPACTS: | ——
_J.

. Limits Of Refrigera nt Inlet water temperature
® |[ower Air Temperature

® Defrost Effects

Intake air temperature ( F D.B.)



LET'S PAUSE FOR QUESTIONS



TEMPERATURE MAINTENANCE SYSTEMS: INTRO

. Dedicated HPWH connected b
O] Dedicated Parallel Y

parallel piping

4 OPTIONS



W/ PARALLEL
TEMPERATURE MAINTENANCE TANK &

KEY CONSIDERATIONS:

® Single pass heating system
for primary

® Dedicated heating system for
temperature maintenance

® Two systems work in parallel

PRIMARY TEMP. MAINT.
HW STORAGE HPWH




SINGLE-PASS PARALLEL EQUIPMENT

YESLER IlI:
CYPRESS COLMAC




TEMPERATURE MAINTENANCE SYSTEMS: INTRO

Dedicated swing tank connected In

(O2? Dedicated Series

series

4 OPTIONS



PRIMARY
HW STORAGE

TEMPERATURE
MAINTENANCE TANK
(SWING TANK)

KEY CONSIDERATIONS:

e Single pass heating system
for primary

® Dedicated heating system for
temperature maintenance

® Two systems work In series
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Primary Storage
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SINGLE-PASS SERIES EQUIPMENT
ELIZABETH JAMES
SANDEN GENS3 CO, |



SINGLE-PASS SERIES SKID EQUIPMENT

Manutacturers are working to provide
skid options that are easy to install,
reliable and result in energy savings.

Mitsubishi




That's a lot to think about!
LET’S PAUSE FOR QUESTIONS
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TEMP. MAINT. SYSTEM



RECAP: DEDICATED HPWH SYSTEMS

CIRC.
PUMP
CONTROLS
. MIXING VALVE
// I\\\
|

/,/ S 1 AN
- ,'/ \\\
e ELEC. HEATING
* ELEMENT
|| ||

ORIMARY TEMPERATURE
PRIMARY MAINTENANCE TANK
HPWHs HW STORAGE (SWING TANK)

IN SERIES SWING TANK
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IN PARALLEL MULTI-PASS HPWH



TEMPERATURE MAINTENANCE SYSTEMS: INTRO

Primary & Temperature Maintenance

O34 Combined

System are combined

4 OPTIONS




COMBINED SYSTEM

Air Source Heat Pump

A
Outgoing HW

Incoming CW

.
Storage Tank

KEY CONSIDERATIONS:

® “All eggs in one basket.”

® Both primary & maintenance
loads done by one system.

RISKS:

® Cycling & Sizing Issues

® | ow effective storage
volume

® | ow HPWH COP
® Technology dependent



TEMPERATURE MAINTENANCE SYSTEMS: INTRO

4 OPTIONS

Heat Tape




TEMPERATURE MAINTENANCE SYSTEM: NO RECIRCULATION

® | ack of Recirculation System is
uncommon

® Heat tape/trace is an option
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TEMPERATURE MAINTENANCE SYSTEMS: REVIEW

Break




LET'S PAUSE FOR QUESTIONS



HW SYSTEM
DESIGN: SIZING




SYSTEM SIZING

e Gas systems are sized w/ low
storage and high heat capacity

e HPWH systems are sized w/
Nigh storage and low

neat capacity ) = ®
O STORAGE

EAT CAPACITY

[ ]
[ ]

O STORAGE
EAT CAPACITY

[ ]
[ ]



SYSTEM SIZING

Multi Family Domestic Hot Water (DHW) Demand

Volume of primary storage
(ASHRAE)

. | Men’'s Dormitories . .| | Women’s Dormitories | |
‘ | !
3 - 3 . - - - - » - . = 4 - - - L -
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-
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10 15
Hour of Day

—DHW Demand




ECOSIZER
ecosizer.Ecotope.com
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HW SYSTEM DESIGN:
REFRIGERANT &
EQUIPMENT




AVAILABLE PRODUCTS

Mitsubishi
(10 ton)

Single Pass
CO,/R-744

Nyle
(10 - 30 ton)

Colmac
(10 - 30 ton)

Single or Multi-Pass
R-1343a

AO Smith

Single Pass Unitary
Residential/Small Commercial
R-134a




REFRIGERANTS: GWP OF SELECTED REFRIGERANTS

(CARBON DIOXIDE EQUIVALENTS, CO_e)

BETTER Refrigerant
0 variable Capacity | SANDEN, > jnet 170 R744 | p123ayf | R-134a | R-410A
i , - - a -
| MAYEKAWA, MITSUBISHI Eco-Cute L R=144 1 (Co,) Y
________________ s 9,
R-1270 - COoP* 3.2 2.7 7 2.7 2.5
R-290 3

- -p- - :j ;F-O- -I- - -t “a R-600a = Low Ambient Air Temp | -25 °F 35°F 7 35 °F -5 °F
| ropose replacemen .
] refrigerant , /| R-1 234yf 4
"""""""" R-1150 4 Max Discharge H.O Temp | 190 °F | 160 °F ? | 160 °F | 140 °F

R-1234ze ¢

R_1 70 6 *COPs are for Seattle - expect better performance in warmer climates
R152a ) 124
e Capaciey IosT Hiovars s o2 HR_675
ixed Capacity S

| COLMAC, AO SMITH ,2LR-134a IR 1430
--------------- /° R-407C mmmmmm 1744
Variable Capacity | PHNIX, R-22 BN 1810
ALTHERMA, VERSATI, VRF R-410A

Fixed Capacity | AERMEC, NYLE

R-125 S 3500

R-404A I 5027

R-502 e 4657
20 e

WORST R-12 10900




REFRIGERANT & EQUIPMENT SELECTION

R744 (CO,) Air Temperature vs. Heat Capacity

=100 F LWT 58.6 200,000
HPA15 Heating Capacity
VS. 120 F LWT

180,000

Entering Air Temperature ——140 FLWT
——160 F LWT

160,000

330
310 : 140,000
290
270
250
230
210 - ' |
190 - | B
170 |
150

120,000

100,000

Capacity (kW)
Capacity (Btu/h)

— 120°F (49°C)

T
m
e
2
o
©
o
©
o
o)
=
e
©
]
L

Inlet water temperature

60 80
Entering Air Wet Bulb ( F)

40 60 80
Intake air temperature (°F D.B.)




REFRIGERANT & EQUIPMENT: DEFROST

CONSIDERATIONS:

e During defrost, HPs
[ 7% ==\ : typically don't provide
;’! U :.ii'l'ﬂ'lﬂlllf:’,'??\‘%;.' 4 A% ‘ heat

e
RO

® Defrost cycles vary
depending on MFGs. and
refrigerant used

® Active vs Passive:
o Active: unit operates
IN reverse

O Passive: fan is used to
melt frost/ice
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PUTTING THE
PIECES TOGETHER

o



PUTTING THE PIECES TOGETHER

System

e Components of a CHPWH Components
system

e How HPWHs work

e Primary Storage

Temperature

e Temperature Maintenance Maintenance
System

e Controls




UPCOMING TRAINING &
RESOURCES

Seattle City Light, in collaboration with the
Lighting Design Lab 2021
(https://www.lightingdesignlab.com/education)
CHPWH: Design, Operations, and
Maintenance

(8-hour seminar)
Oct 26, Nowv. 3, 10, 17
10am-12pm

To host a training session, or for more information, contact:
Lauren Bhaskar at: LBHASKAR@DRINTL.COM

)} Seattle City Light



mailto:LBHASKAR@DRINTL.COM

THANK YOU




AWHIi@ ©

lechnologies

ADVANCED WATER HEATING INITIATIVE

THANK YOU TO OUR

Bonneaville

POWER ADMINISTRATION

COLLABORATORS



