CENTRAL HEAT PUMP
WATER HEATING:

ENGINEERING DEEP DIVE

Colin Grist, PE, Ecotope, Inc.
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Joining as a

participant’? We want to hear from you!

No account needed. GO TO

Enter event code;

e @ CHPWH
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LEARN THE
LANGUAGE

1



PRODUCT TYPES: LEARN THE LANGUAGE

e Compressor, tank, & controlsin a e Compressor, and tank in two separate
single package. packages
e Typically small residential product. e Both residential and commercial

products available



. RESIDENTIAL vs. COMMERCIAL SYSTEMS

RESIDENTIAL ( 120 gal ) COMMERCIAL
N

C SEE (NI ND

o)

A CHPWH system serves more than 4 dwelling units or commercial loads

requiring 2 120 gallons of storage volume and/or >6 kW of input power.
8




COMMERCIAL HPWH SYSTEMS TEC R ATEn o

HW supgly

it

Jackson Apartments




I EXAMPLES OF CHPWH SYSTEMS

Small Commercial System Large Commercial System Multiple Commercial Systems

(closet installation serving 5 apts) (basement installation serving 250 apts) (residential equipment serving 4-5 apts)

Multiple Sizes, Types, & Configurations




HW T
SUPPLY :

CIRC.
PUMP

THERMOSTATIC
MIXING VALVE

ELEC. (AUXILIARY)
HEATING ELEMENT

PRIMARY HPWH & HW STORAGE

Cw
SUPPLY




LARGE COMMERCIAL SYSTEM

HW HW
RETURN SUPPLY

@ CIRC.
PUMP

THERMOSTATIC
MIXING VALVE

(IF MULTIPLE)
SINGLE-PASS
HPWH

e Commercial equipment; engineered system

e 200 units

. MULTI-PASS

SINGLE-PASS HPWH

e Dedicated heating system: HPWH

o Single pass primary HPWH

o i ' PRIMARY PRIMARY PARALLEL
Multi pass temperature maintenance system el MARY o POIMARY C*W [TARALLEL  TEMP. MANT.



MULTIPLE COMMERCIAL SYSTEMS

e Smaller residential equipment used
INn a commercial application

e 100 units

e Multiple central/commercial HPWH
systems

COOL EXHAUST AIR

OUTDOOR
CONDENSING UNIT _\

FREEZE
PROTECTION
HEAT TRACE

3

OUTDOOR AIR

ROOF T

HOT WATER
OUTGOING STORAGE TANK
HW

TEMPERATURE
MAINTENANCE —/
HEAT TRACE

LEVEL 4

INCOMING
cw
HOT AND COLD
/_ WATER RISER

HOT AND
COLD WATER
DISTRIBUTION
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WHY CHPWH?

3

£
COP21-CMP11

PARIS 2015

4’—
R ’
Fas
LEAD
NITHEQUITY

N®
CREATE A
CLEAN ENERGY
FUTURE

@

REDUCE
CARBON
POLLUTION

Global, federal & state policies
Codes & standards

Capture incentives & rebates
Lower operating costs
Energy efficiency measures

Societal changes



I SEATTLE COMMERCIAL ENERGY CODE

C404.2.3

Group R-1and R-2* occupancies w/
central service water heating
systems.

Service hot water shall be provided
by an air-source heat pump water
heating system, not fossil fuel or
electric resistance.

*R-1 and R-2: Multifamily greater than 3 stories; any hotel/motel



I SUNSET ELECTRIC

70% Reduction in DHW Energy

e 67000 ft?
e 92 apartments
e R-134a air-source heat

pump water heaters in
parking garage




ELIZABETH JAMES

ELIZABETH JAMES: ENERGY USAGE
BY SYSTEM TYPE

100,000
83,940

80,000 Savings of
60,000 $6,441 per year

40,000

e "

James House

KWH/YEAR

25,388
20,000

0

™ Electric Water Heating System HPWH System

Senior/low income
60 apartments
4 Sanden C02 HPs

ZERO GHG emissions



WHY CHPWH?

(CALIFORNIA
(Deieeey

N
| Santa Rosa  {
. P4 \ ElkGrove

California greenhouse gas emissions by sector (1990-2015) and targets through 2050

million tons carbon dioxide (CO2) equivalent PN
cla
500
2020 target:
...... @ equal to 1990 level
400
2030 target:
300 ¢ 0% below 1990 leve
200
100 electric power e, 9
industrial 2050 goal: '@
transportation 80% below 1990 level
0 T T T ! g ‘\ i
1990 2000 2010 2020 2030 2040 2050 interactive RE/ASE] S0

https./localenergycodes.com/content/map



I LOWER FIRST COSTS

965 Weeks Street,
East Palo Alto, CA

Affordable apartment homes that include
at least 30% extremely low-income units
and 50% low-income units

GAS

4 hot water plants serve 4 buildings

e Plants contain gas
water heaters with
integral storage tanks

otal cost: $276,800

i

e Storage tanks on roof

e Outdoor unit on roof or
in mechanical room

Jar y Solar PV
1 system

-~

Equipment cost:
$169,262

Utility connection cost:
$27,000

Total cost: $196,262

=
- ~

—



OPERATING COST COMPARISON

FOSSIL GAS SYSTEM @ AIR TO WATER CO, HPWH

(no load shifting) (load shifting)

Gas usage/year:

18,722 therms Electricity usage/year: Electricity usage/year:

130,154 kWh 130,154 kWh

Average estimated
cost/therm: $1.75

Time-of-use rate Time-of-use rate
(peak, partial peak, off-peak) (peak, partial peak, off-peak)

Estimated gas

cost/year: Estimated electric Estimated electric

cost/year: cost/year:




I WHY CHPWH: TOU RATES & GRID FLEXIBILITY

300

N
o)
o

200

150

100

Gallons Hot Water Per Hour

o)
o

Sanden Multifamily Heat Pump

16 Hour Runtime

|

|

e

10 15

20

Heating Rate from 16 Hours

25
Hours

30 35 40 45 50

Heating Water Draw (22 Gal/p)



I WHY CHPWH?

DHW Temp. Maintenance, 3%

BASELINE MF BUILDING MF BUILDING W/ HPWH

DHW Primary Heating, 5%

Common Common
Plugs/Lights Plugs/Lights
25% / 25%

e DHW represents 25% of e CHPWH systems cut energy
annual building use usage down by 3x
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What aspects of CHPWH systems are
most appealing to you?
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CHPWH SYSTEM
COMPONENTS




I FOUR CHPWH SYSTEM COMPONENTS

cw HW HW
SUPPLY RETURN SUPPLY
CIRC.
PUMP

CONTROLS |
"~ . MIXING
~
- . VALVE
/’ ,/ \\
’/’ 7 So
- ’ Ny ~
PP S ! N
- ’ 1
/,/’ // 1
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PRIMARY HPWHs PRIMARY TEMPERATURE TEMP. MAINT.
HW STORAGE MAINTENANCE HPWH
TANK

Primary heat pump water
heater (HPWH)

Primary HW storage tank

Temperature
Mmaintenance system

Controls




COMPONENTS:
HPWH




PRIMARY HEAT PUMP

PRIMARY HP = ENGINE



HOW HEAT PUMPS WORK

Air Source Heat Pump with Storage Tank

Cool Exhaust Air

Compressor
/* P

Outgoing
4o

/ Condenser -> g
Evaporator / (Refrigerant-to-water 2
(Air-to-refrigerant / heat exchanger) 4
heat exchanger) \ I/ Q.
\ L !
T = 140F
1 l@
N i
e
Source Air
N HW
e i Incoming
Expansion Valve — -ﬁ cw CW
éﬁu

Refrigerant piping —— !
| |

L

d—

Triple point Energy Out, 3 units

(transfer to water)
o ‘ -
Condenser
Expansion
valve

Evaporator

Comp‘essor

Liquid + gas Energy In, 1 unit

S~

Air Source Heat Pump

[ ]
Storage Tank

Moving HEAT

(not making heat)

Free Energy In, 2 units /

(Energy from air)

Enthalpy (energy content) e



TWO TYPES OF HEATING CYCLES

HW Supply HW Supply

SINGLE-PASS MULTI-PASS

Heats water to working temp. in single pass Heats water to working temp. in multiple passes
(usually for primary heating load) (typical temperature maintenance systems)




AVAILABLE PRODUCTS

AO Smith

SanCO2
1.25 ton)

Nyle
(10 - 30 ton)

Mitsubishi
(10 ton) Colmac
(10 - 30 ton)

Multi-Pass Unitary Single-Pass Single- or Multi-Pass
Residential/Small Commercial CO,/R-744 R-134a
R-134a




HPWH CONSIDERATIONS

e Airsource/heat source
e Heating cycle (single pass / multipass)
e Electrical connection

e \Water connections
(freeze protection required?)

e Condensate management
(10 - 30 ton)

e Maintenance and access

e Sound level, noise considerations




LET’S PAUSE FOR QUESTIONS



COMPONENTS:
PRIMARY STORAGE

L)

0
(%)
-
o
b
>
[0
m



PRIMARY STORAGE TANK(S)




PRIMARY STORAGE PLUMBING

IN SERIES

CW Supply

IN PARALLEL




HW STORAGE CONSIDERATIONS

OUTLET T&P RELIEF

R16 TOP COAT
INSULATION

AQUASTAT

VERTICAL STORAGE TANK

Physical space, room & door size
Vertical is better than horizontal
Multiple tanks, series or parallel?
Height of control sensor(s)

Pipe connections, size & location
Insulation level

Thermal isolation

Maintenance & access



LET’S PAUSE FOR QUESTIONS
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COMPONENTS:
TEMPERATURE
MAINTENANCE




I TEMPERATURE MAINTENANCE SYSTEM

Keeping the water in the -2

distribution system HOT

llllllll
CONTROLS
, ) MIXING VALVE
271
.
// II ~
g / Vs
. II \\ S .
/I ‘\ s ~
~

The TMS includes:
e Distribution piping

e Mixing valve

.
.
.
.
p—— .
L l
14 !
I
[~ 1
S [
S i
N h
N 7
~
~
1
-— -— '
1
- -—

HPWHSs PRIMARY
STORAGE

e Circulation pump

e Dedicated storage
tank w/heat source

ELEC. HEATING
ELEMENT

TEMPERATURE MAINT.
SWING TANK




I TEMPERATURE MAINTENANCE SYSTEM VALUE HW Supply HW Return

CIRC.
PUMP

e HPs are very efficient at
making cold water hot

MIXING
VALVE

e HW circulates through
the distribution piping

CONTROLS

e \Water returns from the
building slightly cooled

e Return water causes
mixing & destratification
iNn the storage tank

e HPsare not very good at
making water hot

CW Supply




TWO RELIABLE TEMPERATURE MAINTENANCE REHEAT STRATEGIES

THERMOSTATIC

THERMOSTATIC MIXING VALVE
MIXING VALVE

ELEC. HEATING
ELEMENT

PRIMARY PRIMARY RATURE  TEMP. MAINT. PRIMARY PRIMARY TEMPERATURE
HEATING SYSTEM HW STORAGE NANCE HEATING SYSTEM HEATING SYSTEM HW STORAGE MAINTENANCE TANK
ANK (SWING TANK)

“Parallel Loop Tank” “Series Loop Tank”
or “Swing Tank”




TEMPERATURE MAINTENANCE: HW CIRCULATION

MF BUILDING

A SMALL CONSTANT LOAD THAT ADDS UP



OPTIONS FOR REDUCING THE TEMPERATURE MAINTENANCE LOSSES

PSR ' Spetl 558 (°F $FLIR
¢ X AP T N L A

GOOD EXAMPLE: PIPE CLAMP ACTS AS ATHERMAL BREAK



OPTIONS FOR REDUCING THE TEMPERATURE MAINTENANCE LOSSES




HIGH EFFICIENCY PLUMBING DISTRIBUTION SYSTEMS

APPENDIX M SIZING
UPC 2018

®

®

Reduces pipe size In
building

Reduces volume of
water & associated
losses

Jurisdiction dependent
in CA

AN AMERICAN NATIONAL STANDARD
IAPMO/ANSI UPC | - 2018

2018
UNIFORM
PLUMBIN

CODE

APPENDIX M
PEAK WATER DEMAND CALCULATOR

M 101.0 General. Demand Calculator and run Ca

M 1011 Applicability. This sppendi . fixture branch and one fixture supply shall be the design flow

estimating the dem ad foe the building ate of the fixture according 1o
ipal branches for single- and mul-£

water-conscrving plumbing fix n s in gallons per minute

M 1025 Continuous Supply Demand.

Sizing Method

Appendix A+ C
Appendix M

Flowrate
(GPM)
05

TABLE M 1023
WATER DEMAND CALCULATOR EXAMPLE

= i
INTER MUMBER OF | PROBABILITY

)
COMMENDED Fix

o1
R POCTURE  MATIMUM R
PIXTURES. OFUSE(%)  FLOWRATE(GPM) TURE FLOW RATE (GPM)

Bar Sk 0
Bahuub 0

alculator. The flow rate for one

Table M 102.1 Bidet 0
Contingous supply Clothes Washer

(gpm) for lawn sprinklers, Combenation Hath Shower

appliance: aers, hose bibbs, etc., shall be added to the total Disirwasivr

d demand for the buikling
o M 1023, Where these
M 102.0 Demand Load. 2 kil
M 102.1 Water-Conserving Fixtures. Plumbing fixtu dded to the total ¢
fixture fittings, and appliances shall not cxceed the design oot
] o Toble M 102.1

DESIGN FLOW RATE ATER.C ther Fixtures
FIXTURES AND APPL

FOCTURE AN A

Bar Sink
Bahub ze of Water P)
Bider
Combination Bath'Sh
Distrwashs
Kischen Fauce
ry Fauces (with
Lavatory Faveet
Shower. per heo

Section A 107.0. Appendix I, F
permitted when sizing PEX sy

Water Close, F Graviy Tank
oo wanbers o b shll v &
amum fixture branch size
M 102.2 Water Demand Calculator. The estimated design o
for the buildng supply and principal bran
tisers shall be determined by the IAPMO Water D
Cakculator available for download at
WEStund Pages WaterDemandCale
M 102.3 Meter and Bullding Supply. To determ
flow rate for  meter and building supp
al mumber of indoor plu
tamn (B] of the Water
. Sce Table M 102.3 for an example
M 102.4 Fixture Branches and Fixture Supplies. T
determine the design flow rate for fixture branches and risers.
enter the total number of plumbing fixtures and appliances
for the fixture branch or riser in Column [B] of the Water

2018 UNIFORM PLUMBING CODE

bibh shall be added to the des

M102.7:1 Minimum Fixture Branch Size. The min

supply as determined by Sc Kitchen Faucet

than one hose bibb installed - =

temand for only oae hose bibh Sy

e Lavatory Faveet

ol Shawer. per head

Water Closet. 1 28 GPF Graviry Tank

ined by Secti Oster Fixtur

tun Ot Fixiure 2

[ 14 in the Water

ixturc. The probability

s shall be added by selectis
ind flow ratc from Columns

tal Number of Fivtures

99nh Perccnie Demand Flow =

79 per Appendix A. Exce
o

extimating the demand

M 102.8 Examples lllustrating Use of Demand Calculator with
Sotonch Example 1: Indoor W Only !

idential building with six. inds i
Given Information.

(30 480 mm) of pipe Type of construction
14.0 and the demand flow in

aand Calculator, the diameter Fixture number/type

+ shall be in accordance with
and Figure 4 shall be

ing Supply
The Water De
determine the
shall be "2 inch (15 mm) in The WDC b

The valucs in

AU VATER DEMAND
ALCULATOR

Appendix A

1 of I Demand Load for the Build-

mand Calculator [WDC] in F
demand load expected from indoor water usc.
white-shaded cells and light gray-shadod cels,
the light gray cells arc derived from a national
Joor water use al homes with efficient fixtures

and cannot be changed.

The »
For instance

entered in €

shaded cells accept input from the designer.
fixture counts from the given information arc
amn [B]; the correspa

duced only if the mans
Jumn [E] estab-

Hishes the upper limits for the flow

D) Clicking

FIOURE | in Figure 2
RESIDENTIAL BUILDING WITH SIX INDOOR FIXTURES

the Run Water Demand Calculator button gr

gray bax of the WDC

2018 UNIFORM PLUMBING CODE
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THERMOSTATIC MIXING VALVE SIZIN(:? $ —— —— A y=—B N

¢

Requires accurate sizing for DHW load.
Response time is essential.

— o — —— .. | &
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There will be A LOT more on this next time,
but what questions do you have now?
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COMPONENTS:
CONTROLS

J I B



I CONTROLS OPTIONS

Equipment |

SRR

FAE Vsl —

VA S Z 2 4 y/ J [
¢?¢;’ ; < = . I nawidasi

d Party Contfols

communicates
through CONTROLS
to fulfill design intent.

Internal Controls



CHPWH CONTROL SYSTEM: INTERNAL

COOL EXHAUST AIR
A K
OUTDOOR |
CONDENSING UNIT ~\
«
FREEZE
PROTECTION
HEAT TRACE

(

DOOR AIR

HOT WATER
OUTGOING STORAGE TANK

TEMPERATURE
MAINTENANCE —
HEAT TRACE

INCOMING
cw

LEVEL 4

___HOT AND COLD
/" WATER RISER
3

HOT AND
COLD WATER
DISTRIBUTION

INTERNAL



CHPWH CONTROL SYSTEM: THIRD PARTY

CcwW - (p— HW HW
SUPPLY b= i Vi RETURN SUPPLY
Block_11
System Information

WWHP Order: 1_2
System Enable: On Click on WWHP
Reset Cycle Count: Normal

P
Reset Run Time: Normal &

THERMOSTATIC
MIXING VALVE
€8
| o8
BE~-
Bire

(

o PRIMARY PRIMARY HW STORAGE
HEATING SYSTEM

TEMPERATURE MAINTENANCE SYSTEM

THIRD PARTY
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E Take a moment to reflect!
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Why choose a CHPWH
system?

What is a CHPWH system?

What makes a good CHPWH

system candidate?

CHPWH system components

A=l

MMIH g; ..!m“m
MIII




CHPWH
COMPONENTS:

Heat pump

Primary storage tank

Temperature
Mmaintenance system

Controls
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What questions remain for you? Write them
here so we know to tackle them next time!
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NEXT TIME

e HW System Designs

e Sizing

e Refrigerant Types &
Equipment Selection

e Case Studies




UPCOMING TRAINING & RESOURCES

Seattle City Light, in collaboration
w/ the Lighting Design Lab 2022

(https://www.lightingdesignlab.com/education)

CHPWH: Engineering Deep Dive (Pt 2)
January 18th, I0AM-12PM

CHPWH: Design, Maintenance & Operation

January 25th, February 1st, 8th, 15th
10AM - 12PM

To host a training session, or for more information, contact:
Thomasena Philen at: TPHILEN@DRINTL.COM

)} Seattle City Light



https://www.lightingdesignlab.com/education

THANK YOU




I HOW DOES IT COMPARE?

HW
Supply
TEMP. MAINT. SYSTEM
CONTROLS vy
Supply PRIMARY STORAGE




I TEMPERATURE MAINTENANCE SYSTEM

Keeping the water in the distribution system HOT

ﬂ MIXING VALVE

ELEC. HEATING

%U ~
~
~
N
~
~
~
~
C——
- -
~
~
e— ~
~
~ < N
~-a ~
— —

ENERGY USAGE IN FEVET
MULTIFAMILY MIDRISE
HPWHs PRIMARY TEMPERATURE
STORAGE MAINTENANCE TANK

(SWING TANK)



