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Introduction

Electricity is already used for 60% of space and water heating in Amer
commercial building$, and commercial powerhousedike Marriott,
McDonalds, Microsoft or the entirety of Manhattan, commerci
powerhouses are rapidlyelectrifying their buildings and servicesg
Sometimes this is the result of public policin 2016 thecity of Zurich,
Switzerlandstarted shutting off gas to the commercial and multifamily st
districts, and New York City has placed air pollution limits oildings
that will trigger electrification starting in 2024But nost electrification
has beenthe result of good business practiaeslectrificationof space K&
heating, boilers and servicgsovides access to the best technology an s
lowersoperatingcosts.

¢CKAA aGL}R2O1Si 3dzA RS ¢ KSf LA @2 @E
electrification, teaches Best Practices through case studiferences
nine interviewswith practicing engineersand finishes with an extensive :
product catalog of commercial appliances andupment. Benefits ¢tKS

9YLANB {at

include: planned electrification uses
! Outdoor swimming pools using heat pumpst bills in half. hydronic air source heat pmps.

1 25% more French frieere servedper hour from electric deep fryers
T ¢KS dza8S 2F KSI G LizyLla ¢2dzZ R f26SN) O2YYSNDAL €

Business Case StudglocPower was efounded by Donnel Baird (center) in 2011 to electrify commercial buildin:
b,/ tA1S {G® . FINIK2f2YSgQa / KdzZNOK Ay alyKFGdly of

Companies (ESCOs)odPower is contracted to electrify the entire town of Ithaca, NY (right) and dozens of ot
American cities like Milwaukee, WI and Oakland, CA

Ak

........

il Bl MR
y of Commercial Electrificatidhiom ER: The Anheuser dzi OK 0 NB ¢ S NB 1882; A
CKS ¢62NI RQa FANROG O0dzZAf RAY3 | ANJ O2YRAGAZ2YSNE RSaj
delivering ice during WWI; An ad for office air conditioning in the 1950s; Modern cruisesgafiselectricappliances
to avoid on flames on boardwith electric commercial k'tchel‘pgding up to 11,000 people a day

» W

.'*'
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Opportunities to Increase Restaurant Sales Safety and Skills

hours restaurants often struggle to serve |
popular fied foods quickly enough. Gas
fryers are half as efficient at transferring |
heat as electric fryerg35% vs. 75%)The
faster heating meanselectric fryers can
produce 25% more French fries per hour.
Similarly, induction ranges are more than

twice as efficient than gas ranges at heatoysterman Seafood Bar & Kitchén¢ KS Ay RdzOGA 2y dzy A
transfer (35% vs. 80%), and boil water twiceserve guests at aignificantly faster rate. We made the switch to induction

as fast as gas ranges. Because electrlzcause our chefs experience far fewer burns using induction, and cleanin

kitchens use halbr lessas much heat to SFa&ASN) G220 2S glydSR G2 YI1S 2dN
condltlonlng andincreasestaff productivity Twice Awarded Best Restaurant in London in 2019.

with a cooler work environmerift

The best restaurants of the world are awarded Th
Michelin Stars, charge an average of $3%€r diner,
and must demonstrate technical mastery every ys
to retain their rating. Chef Grant Achatz -Gavner of
Alinea in Chicago, retrofitted the Three Miche
Restaurant to alklectric, explaining:dTechnology
becomes a very powerful, creative tddor us It
gives us more ways to manipulate the food
lBYR ySg o1 &

A

An artful desert at alelectric Allnea

0

Chef and TikTok Sfar Jon Kung cooks on indus
for his 1.5M followers.

Examples of professional chefs switching ™
induction includeTikTok star Jon Kung, wt %
SELX IAya (2 KAAa The &

best chefs have already adopted thi 8
technology. Induction provides me with
the power | need, with portability and
cleanliress, and lack of fumes that require
YS 2 KIGS | Fl yoé

gy

First Lady Michelle Obanzad Oakland Warriors basketball sﬁlephen Curre
RFYyOSR (2 ac¢dzNYy 526y F2N 2KIGKE

vegetablesvhile Executive Chef Comerfardoksa turnip soup called ¢ dzNJ/
2Kl GKEé 2y GKS 2KAGS 12dzaS Ay RdzO0 A
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A 21’ Long Gas Cookline A 16’ Long Electric Cookline

21 : - 16'
Fast, Small and Flexible

Source: FISHNIK | hitps:/fishnick.comy
Electric equipment takes less space to do the same amount of cooking. The easiest way for a restaxpantithe
kittherRa O2 2 | A i¢ 8 refddcd.the Qds égripent with electric andree up30% more space.

Having Fun and
Saving Money with
Pool HeaPumps
Pool and hot tubheat
pumps use onlyl0% of
the energy of a gas pool
heater in the summer,
and just 30% in the
winter. They also lower
maintenance costs from
ey clearing clogged gas
- ] _— O e : burners and cleaning
Beach Club at Hammock Dunes, Palm Coast, Tamarack Ski Club, Ellicottville, NY sooty heat exchangers.

The Beach Club at Hammock Dunes in Palm Coast, Florida, cut thieiteatiag bills in half by replacing the propane
boilers with heat pumpsa dramatic savings for business based solely on heated water park entertaifimactording

to Joe, the Maintenance Supervisatrthe Tamarack Ski Club in Ellicottville, Mplaagng the propane boiler with a heat
pump boiler reducedmaintenance for the outdoor pool and hottubs.a I Ay G Sy yOS Aa ¢l & R24Yy
gKIG ¢S dBSR (2 R2®¢

ARRAY3I GCANBEé (2 / 2YYSNDAI§ L 0Sa
b g hd - - - -
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AS SEEN ON

i
Bl

Case Study t dzNJ& Sisiyiba, Utat isNdarfsfgrmed with an
electric mist fireplace at the entrande Season 7 of Bar Rescu

AlLElectric Leisure and Luxury
. 20K GKS ¢2NI RQ&

Fireplacesare a part of our favorite bars, ski lodges and
more, butthe gas and wood versions are expensive to
retrofit into a commerciabuilding Mist fireplacesare

less expensiveappear to be real fireand even offer
supplemental heatbut unlike gas and wood fireplaces,
theycanbe placel y @ 6 KSNB [ yR R2y Qi

Themista Ff | YS&¢
highly realistic, but a
remote control can match ¢
the flame colorsto those

of the winning home

team, arainbowfor Pride

celebrantsor green for St.
t I 0 NA OMis+-hased |
fireplaces are safe to
touch and come with

optional electric heatrs

to warm and entertain
customers

Mist fireplaces add B
ambiance and beauty.

T A y Bitbribin@uétrik hakezdnnfited tolreffditting (o Slegtrd asSphic of

their climate change reduction policigswhich can reduce uify bills while creating fine dining, shopping malls, luxury

housing and entertainment without fossil fuels.

t) b —“:;\m
= —§ FEFREY
e quvrrry

REEEFE __WENNNNN
amaannl BB

The Marcel (aboveyasa Brutalist/Bauhaus office buildint
in Connecticutand is nowan all-electric Hilton with heat
pumps. TheCanary Islands Ritz Carlton recently retrofitts
with Aermec heat pumps in its luxury hotel (top, righi
while (bottom, left to right) Colmac heat pump boilers wer;
retrofitted into the Alohilani Resort in WaikiBeach, the
Carlton Tower Hotel in Dubai, and the Asiana Plaza Hot
Ho Chi Minh City, Vietnam
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HVAGn Commercial Buildings

Since commercial buildings vary greatly in size and zone type, there are several different configurations for heatin
ventilation and air conditioning systems (HVAC). This section presents typical existing HVAC systems and discusses
various strategies to electrify them. This sectiwas developed in part by interviewsith (andin no particular order}

John Gautreyf Integral, Brandon Gilbf Taylor Engineeringred Tiffanyof Guttman & BlaevoetStet Sanbormf Smith
Group Reirhard Seidbf Taylor Engineeringcott Shelbf EHHD, an®osanna Lerma, EDesignC

The Most Common: Single Zone HVAC in Commercial Building

In Californie8% of commercial buildings use at least one of the four types of Single Zone system like those seen in Tal
1. Itis worth noting that not all of them need to be electrifie?ll% of commercial buildings in California already use heat
pumps for space heating and need no retréfit. 2 6 SGSNE GKS NBYIFIAYAy3 cdx 2F [ |
need to be electrified.

Packaged Unit Single Zone Split System

—ry

Packaged Terminal Unit
I

=

Tablel: Theabovefoun a Ay 3t S 1T A¢¥ 88§ SKSHAAWA NBLINSaSyid yez 2F (GKS
commercial buildings in the 201@65ee Appendix A for descriptions tfe equipment types.

Packaged Single Zone HVAC Systems

Typically small to medium sized commercial buildings have packaged rooftop units that provide heating and cooling v
ducted blown air. In the United Statéise most common commercial HVAC system (46%) is packaged rooftog®units,
while in California they are even more commonly used (59%gplacing packaged rooftop AC units with heat pumps is
an uncomplicated retrofit, as they look the same and have theesagaeds.

Split Single Zone HVAC Systems 100%

(D .
The second most common Heating systen él m Nat. Gas - Radiant Heater
both nationally and i/ I £ A F2 Ny Al PASEL :
80% .
type, comprising 13% of commercial HVAC i -% ’ 39% m Nat. Gas - Boiler
California. They look similar to most home ail @ 53%
- . . 0 m Nat. Gas - Furnace
conditioners, but bigger. The outside TIU 60%
compressor is connected with a thin pipe of © ® Electric - Other
refrigerant to a single indoor famoil that % 40% 300/ 52%
blows warm or old air through ductwork in = Electric - Electrical
the building. The electric version uses a heg 8 20% Resistance
pump or electric resistance for Heating, but ail §’ o ¥ = Electric - Heat Pump
conditioners paired with gas furnaces are alst 0%
GaLX Ade aeaidSvyao wSL PG&E SCE SDG&E
with gas furnace with an equivalent HUMp  Figurel: Heat pumps in CA commercial buildings increase from 16% t
is a straight forward retrofit. 52% as the climate warms, North to South.

APocket Guide td\ll-ElectricRetofits of CommerciaBuildings/2aRedwood Energy 7



Theggestlmpact Multlzone HVAC in Commercial Buildings
: WITHOUT LOAD SHARING WITH LOAD SHARING

BREAK ROOMS
CONFERENCE ROOMS x
EAST OPEN OFFICE .

INTERIOR OPEN OFFICE [
CLOSED OFFICE E———/’— CLOSED OFFICE

NORTH OPEN OFFICE

BREAK ROOMS.

EAST OPEN OFFICE

COOLING
COOLING

INTERIOR OPEN OFFICE

NORTH OPEN OFFICE

LOBBY, VESTIBULE<
CORRIDOR, OTHERS

LOBBY, VESTIBULE<
CORRIDOR, OTHERS

EATING

]

Case Study: Multizone heat pumps can move heat from where it is being was
where it is needed. At 100 Avenue of the Americas in Manhattan, NY ,isceyered
i that all of the winter space heating needed for exterior offices could be met
| waste heat from air conditioning the interior core of the building during the win
(Empire Building Playbook, April 2022. NYSERDA)

H

Multizonesystems are found in only very largest and most diverse buildings, and comprise just 6% of all HVAC system:
California. They are often built up from multiple heat pump and storage systems with specialized tasks, requiring wel
trained engineers to integte their designs, and highly skilled installers that use tools and tactics not seen in residential
scale systems. While they pose the largest technical challenges, they are also the largest GHG reduction opportunity.

The buildings that use multizonestgms are just 1% to 4% of all buildings in US citigenerally those that are larger

than 20,000 square feetyet this tiny minority of buildings produce 37% to 75% of the greenhouse gas emissions of &
OA e Qa 0 dzrHede myltFHonasiiskids|desee special study because of their outsized role in addressing climate
change.

Table2: Typical multizone commercial HYAC heating and cooling equipment.
Packaged Multizone Built-up multizone systems VariableRefrigerant How

APocket Guide t@ll-ElectricRetofits of CommerciaBuildings/ZaRedwood Energy 8



TOTAL BUILDING FLOOR AREA BY SIZE
(percentage)

VYo wmemmmemens \ 2 =mememenn Ao -emmemmenems \ 2% emememeneen \
555 buildings P 2,896 buildings S 1,036 buildings = 2,856 buildings =
over 20k ft? over 20k ft? over 20k ft? over 20k ft?

99%
61,750 buildings
under 20k ft

98%
143,435 buildings
under 20k ft

96%
27,292 buildings
under 20k ft*

98%
117,027 buildings
under 20k ft?

Grand Rapids San Francisco Cambridge Washington D.C.

*20k ft2 is used here as the big buildings/small buildings threshold for the purposes of comparison. This threshold can be adjusted as appropriate to respond to local conditions.

TOTAL BUILDING GHG EMISSIONS BY SIZE'
(percentage)

(o)
200 ey
buildings buildings
49%

0, small
63% buildings
small
buildings

big
buildings

Grand Rapids San Francisco Cambridge Washington D.C.

“Modeled results based on publicly available data - may differ from actual emissions. Does not account for fugitive emissions of natural gas infrastructure and distribution.

Figure2:! NOKAGSOGdz2NB HnonQa lylfteéeara 2F GKS RAALINBLERZNIAZYIlGS
feet in cities'®

Further breaking down the California statistic of 6% of commercial H8G nnulti zone systems, 2.4% an®-pipe fan

coil systemswvhich have a fan coil (ducted or not) in each zone that is heated and cooled via a chilled and hot water loop:
The water loopgrovide heating in winter via hot water and cooling in summer via chilled water, but not both at the same
time. Four pipe fan coil systemzan deliver simultaneous heating and cooling to different zones from a heated water loop
and a chilled water loop.This is common in large office buildings, campuses or hospitals, and typically have chillers an
boilers to heat and cool the watewater loop heat pumpsre the next most common (1.5%), that also circulate a water
loop throughout the building, but at eAczone there is a water source heat pump that can provide heating and cooling to
a space. The next araultizone packaged systemél.1%) that look very similar to the single zone systems but provide
heating and cooling to more zond3uilt-up multizone sytemsare custom systems that include chillers, boilers, fan coils,
FAN) KIYyRft SNAZ YR O22ftAy3 G26SNAR GKFG aSNIBS YdzZ (ALK ¢
buildings.

Variable Refrigerant Flovheat pumps are 80%90% of all insti#fations in Eurasi& and are rapidly becoming popular
because they are designed to work in cold climates, which is still uncommon for many commercial scale heat pump
Thesesystems are so new that their saturation in the market has not yet been meashudheyc which are a more
complex and bigger version of a single family mini split heat punape common and are typical in high performance
retrofits and new construction. In this case, the heating and cooling are delivered to the space viaaefrigestead of

air or water.

APocket Guide t@ll-ElectricRetofits of CommerciaBuildings/ZaRedwood Energy 9



Commercial HVAC Retrofit Strategies

This section discusses in general the various strategies for electric high performance commercial HYAC systems. The H
system for a commercial building will depend mainly on the size of the building. Brandon Gil of Taylor Engineering, brea
down what atypical HVAC system for a commercial building may look like depending on the size of the building:

9 50-100 tons of cooling A smaller building with less zones would typically have rooftop units or-uguikir
handlers with VRF coils. (An example of this kind woulthé8erkeleyMental HealthServiceBuildingdiscussed
below.)

9 100-200 tons of coolingThis size of buildingould typically have air to water heat pumps that utilize water coils
(instead of DX caoils like mentioned above). The heating and cooling for these water coils would be-piitte a 4
heat pump or an air source heat pump chiller. These systems can suygliydold water and can reject or absorb
heat to and from the outsidair. (An example would S  (TWoSSistér Buildings in Mountain View O & S & (
discussed more below.)

9 200 and up tons of coolingThis is for large buildings or campuses where yanultave a watecooled system
(instead of air cooled in the other two categories). Large systems are also great candidates for thermal energ
storage, to store hot or cold water to use when the building needs it, not necessarily when this water is produced
Taylor Engineering has a preferred method of doing this, what they call the TIER system, discussed more belc
(An example of this kind of system would be tBtanford University Campus, atliecussed more below).

Ly FTRRAGAZ2Y G2 tarisdsaimportadtdThd téble Yeb@ areaksdighd typical HVAC systems further
depending on if the building is an Office, Retail or Hotel. This table is summarized from a resource by a group of indus
experts that summarizes the new construction eléatation strategies for all building typ&s Note this report and table

was in reference to new construction. However, this is still applicable to retrofits when the building it beirggrgiitted,
meaning all the existing mechanical infrastructurbaing taken out and the whole building is being deeply revamped. In
addition, this table represents the best practices of commercial HVAC design and the concepts presented within it will k
referenced throughout this section.

The following sections disss the most typical retrofit solutions for Commercial buildings, as discussed in the interviews

conducted for this Guide: packaged rooftop units, variable air volume (VAV) with reheat and variable refrigerant flov
(VRF) systems.

APocket Guide td\ll-ElectricRetofits of CommerciaBuildings/2aRedwood Energy 10



HVAC Systen
Type Options

Central Aitto-
Water Heat
Pump (AWHP)

Variable
Refrigerant
Flow (VRF)

Packaged Hea
Pump- Single
Zone System

Packaged
Rooftop Heat
Pump

Packaged
Variable Air
Volume (VAV)
Heat Pump
with Electric
Resistance
Reheat

Water Source
Heat Pump
Systems

Ground Source
Heat Pump
Systems

Large Hotel
Only:

rooms:
Ducted, Single
Zone (ASHP
Or Packaged
Terminal Heat
Pump (PTHP)

Nonrrooms:
Multizone
ASHP

Table3: Typical alelectric HYAC system types for new construction commercial buildifigs.

Image

Description

Hydronic distribution system that us
heat pumps to heat the water to circula
to in-unit terminal space heating units

Central heat pump system with refrigera
distribution

Single zone packaged units each provic
heating and cooling to one zone.

Packaged, alin-one system includin
heating, cooling, ventilation air, and retul
air all in a single unit.

Packaged rooftop system typical for sm
offices across the United States, exc
with a reversing valve enabling heat pur
mode and electric reheat boxes (
opposed to hydronic reheat boxes)

Discharges/extracts heat from watt
flowing in a closed hydronic loop servi
four pipe indoor coil units (most likely)

Discharges/extracts heat from ground
body of water through an open/close
hydronic loop serving four pipe indoor ¢
units (most likely)

ASHP:A singleguest suite heat pumj
ducted with outdoor condenser

PTHP: Reversible zonal packaged
conditioners that provide heating ar
cooling from the same unit

Small Large Small Large Large
Office Office Retail Retail Hotel
X X X X
X X X X X

X X
X X
X
X X X
X X X
X

APocket Guide td\ll-ElectricRetofits of CommerciaBuildings/2aRedwood Energy 11



Packaged Rooftop UniRetrofits

Packaged rooftop units are typically used in small to mediunedsi
commercial buildings that are one to two stories and less than 50,000sqi ¢ ¢ KS 06A33Sad YINJS

feet. This HVAC type represents a huge market and a big opportunity move on actually getting gas out ¢
decarbonizing and reducing emissions in the commercial sector. Summat commercial buildings is to target th
Stet Sanborn at Smith Groumost systems of this type are simple andtt N2 Fd2L) LI Ol F 3SR dz
least expensive option; they are constant air volume and serve a single . ¢ Stet SanbornThe Smith Groug

with a single thermostat, so the electrification retrofit of this system

straight forwardg replace the rooftop unit that has anraconditioner and gas furnace with a heat pump that does both
heating and cooling, in addition to caping the gas line to the unit. No changes to the distribution system are necessar
Many manufactures make both optioms the heat pump system includes aversible valve so the system can provide
heating and cooling. In colder climates they may have to be upsized to meet the heating demand. It is not typical to conve
a system from a constant air volume to a variable air volume in buildings that areegfagmall, with a single zone type.

John Gautrey of Integraldds (paraphrasinghat there may be some structural work needed to accommodate the heat
pump because they have sightly different footprint than a gas unit. In addition, John mentions tfat non-typical
commercial buildings that require more outside air, about 40%, (typical is about 20%), you will need to add extr:
equipment to make sure the coils do not freeze the compressors. The solution for this can be to add an electric heater:
prevent freezing and add an evaporator cooler to prevent overheating, but again, this is faypioal commercial
building.

Case Study: Berkeley Mental Health Services B&ﬂdmg
The retrofit of the C|ty | i -
2T .SNJ f Se
Health Services
building is net zero
energy, following the
oOrteqQa 02Y
environmentally
responsible  design.
Built in 1925t served
as Rainbow  Sign,
Berkd S& Qa
Cultural Arts Center,
from 1971 to 1977,
and now provides
mental health social : X e
services to adults in Figure3: The Berkeley Mental HealtBervices Building rendering of the retroffé

Berkley. Integral led

the MEP design as well as designed signage to educate occupants about the building. The wood framed building v
gutted and reprogramed, and underwent a seismic retrofit. Since it is a historic building, there were minimal changes t
the envelope, however some insulation was added to improve thermal performance, and a nhew roof structure was adde
to support the additional mehanical heating, cooling and ventilation equipment and solar panels. In addition, Solatube
daylighting sky lights were installed to lower the lighting energy use and improve the occupant experience.

ourtesy ELS Architecture and Urban

Noah Zallen at Integral describes the project in naetail in the following paragraph. The existing HVAC system was not
functioning while the building was unoccupied for a number of years. The retrofitted HVAC system includes two Daiki
Rebel heat pump rooftop packages units that provide 100% outside thiravheat recovery and electric resistance back
up, which provide all the heating, cooling and ventilation for the building. There are two strategies to deliver variable ai
volume: the first is where occupancy is consistent, there is one VAV box foakewees, with each zone having an analog
GKSNXYIF FdzaSNJ GKI G O2yadNROla AN ¢6KSy AGQa G22 O2ftR 2
have a higher density so there is a VAV box for each zone that is digitally controlled basetbmperature and CO2 in
APocket Guide td\ll-ElectricRetofits of CommerciaBuildings/2aRedwood Energy 12



the spaces. This strategy results in a lot less VAV boxes with reheat than a typical apgisiamerit is possible to utilize
MAE: 2dziR22NJ AN I3ABSY GKS o0dzAif RAy3Qa f 2 Ohllérkdhiyig. Sofe
challenges to this design that were overcome since it was a historic structure were that the single pane windows on tr
south side of the building could not be upgraded, so two rooftop units instead of one were used. In 2020, ting hatdi

not yet been fully occupied and is undergoing its final HYAC calibration.

This retrofit was a participant in the California Energy Commission research project "IntegratedBMidieg Zero Net
Energy Retrofits for Small Commercial Offices", arndontract EPQ6-004. The research project developed the
Commercial Building Energy SaveRES.Ibl.gov, a free tool developed to help small commercial projects identify cost
effective low energy, ZNE and zero carbon designs in Califdmegral Group worked with Lawrence Berkeley National
Lab to develop packages of cost effective retrofit measures, whiate then demonstrated in the City of Berkeley's
Mental Health Services building.

CaseStudy:Sonoma Clean Power Headquarttrs

Another project that utilized Diakin rooftop units with variable air volume delivery and thermofusers at the zone level is
the Sonoma Clean Power Headquarters retrofit project. The two story, 15,000 square foot office building was original
built in 1979in Downtown Santa Rosa. It was retrofitted down to the studs, with all new insulation, all new windows, all
new sidingand all new mechanical systenms. additors (G KS LINRP2SO0 Ay Of dzRSa AdGQa 2
charging which required an kectrical servicaipgrade

I

Figure4: Sonoma Clean Power retroflttlng offlce bU|Id|r?§
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Variable Refrigerant Flow Retrofit Solutions

Variable refrigerant flow systems (VRF) can be attractive
commercial building retrofits because they are space compact,
refrigerant piping islexible and can be piped around a building usi
less space than air ducts or hydronic piping. Adding both air dt
and hydronic piping to a project can be an expensive alternati
However, in a VRF system leaking refrigerant in long pipe lengths We are certainly not using it as rchias we did

t?e he}rmful to the envirgnment (especially uAsing R4loa}). Withvv three years ago, just because of the concerns A
UKS NBFTNARISNIyu tftAySa | NBE aOF NBE T NA 3 § NBoyfniGadtreyinteqpat tS
for error and potential refrigerant leakage. Packaged units on L...

other hand are factory pressurized and tested for leaksl they only have a small volume of refrigerant. Although there
are potential leakage issues, VRF systems can be a cost effective way to retrofit existing buildings.

OVRF was a common strategiyhasa lot of
positives and a lot of negatives. The biggest probli
is the refrigerant leakage, and if you look at the da

A re@lly significant. We are tending to move aw:
from it but we have not abandoned it completely

Ted, Stet, John and Brandon all say that they prefer not to use; ¥R&ause of theefrigerantleakage global warming
impacts. However, there are scenarios that they will use them. For example, Ted mentioned a project in a rural locatic
in Northern California, where there were no contractors familiar with large central heat pump plartshey were
FEYAETAFN gAGK zwCo® Ly FRRAGAZ2YSE ¢SR adldSa dKIFd GKS
communicate the global warming impacts of VRF systems (compared to centralized systems), thus a mark
transformation needsd happen in this space.

NI yR2y adlriSa ¢6KSy (GKS& R2 dzaS +wCz (GKS& dzasS AdG Ay
typically for smaller commercial buildings {500 tons of cooling). Meaning, where instead of using the typigaict
SELIyaArzy o65-0 O2Aft&a e2dz Oy dzaS +wC O2Afa +a GKS &a2d:
asabetterwaytouse VRE)Y | RRAGA2y > . NryR2y aidldSa GKIFIG xwC ae
YR GKIFIG Aa 2yS 2F GKS YF22N Ftlga 27 VY #séliio eeconoBizidgdike (i
coastal California.

The most common way to use VRF in a commercial building is to use the VRF system as the source of heatiggand
and pair it with a dedicated outdoor air system. Tacking on heat recovery is a more specialized system, but can reduce 1
amount of VRF units that you need (see Immix Law Office case study below that uses Ventaogiydveayventilators).

Cae Study: Immix Law Office Retrofit, Portland, Oégon
The Immix Law Office was moving to a new building, but was worried about the high energy bills to operate the 12,0C
square foot, 1909 constructed building. By installing four Ventacity heat recovery ventilators (HRVS) they were able |
reduce their equiprent capacity requirements by more than 50%, and ended up replacing the nine very old, packagec
rooftop units. They replaced the previous 35 tons of cooling and 43 tons of heating with a variable refrigerant flow (VRI
system with 16 tons of cooling and iéhs of heating. Indoor air quality was also a high priority for this project because

they are located in a high traffic (cars and trains) area, so the ventilation system provides excellent indoor air quality fc
GKS odzAf RAy3aQa 2 O hduddds jbirzohes of Kedtilafioh, and feighRz8ried dll yeating or cooling. Their

energy bills to heat, cool and ventilate the 12,000 square foot space range from $300 to $700 a month, with outdoo
temperatures ranglng from 100F degrees in the summer towdteezing in the winter.

Figure5: The efore and after HVAC system of a Law Offl trefit in Portland regon. Old rooftop unitsy(ZB tons
heating) were replaced (left) with four heat recoverventilators (right) and a variable refrigerant flow system (center) (1
tons of heating), reducing the buildings heating demand by 56%.
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Case StudyBitkaPublicLibrary Alask#&
The island village Sitka in Alaskanted to
NERdzOS AGQa RSLISYRI yO
fuel oil while also reducing electricity use on the
constrained hydroelectric grid. One of two of the
buildings retrofitted was the Sitka Public Library
that replaced its oil boiler with efficient héa
pumps, completely getting rid of the need forg
F2aaAf FdzSftao ¢KS tigB i
costs nearly cut in half, with money staying i
the community rather than paying for imported
fuelé LYy FTRRAGAZ2Y GKS 0o
efficiency ygrades: super insulation {30
walls, R50 roof, R20 slab, tripleglazed
windows), 100% LED lighting with dimming, low flow plumbing fixtures and heat pumps for water heating. Heating is no
being provided by variable refrigerant flow heat pumps withiaad floor distribution in the large open spaces and wall
cassettes in smaller rooms, with a dedicated outdoor air system with 80%+ energy recovery from the exhausted air. Re
moreonl t . Y I Jwebsikey SQa

Figure6: The Sitka Public Library in Alaska that fuel switched from a fu
oil boiler to VRF heating system.

VariableAir Volume with Reheat Retrofits and Replacing Gas Boilers with Heat Pumps
This section discusses the design strategies to replace gas boilers that

provide reheat with electric heat pumpé. w S K Sfer$ £ a coil that VAV with Reheat systerase the most
contains water [figure?) or an electric resistance cofigure8) that is in ubiquitous commercial system out thefoe

each air delivery box in each zone, that heats the stream of air to large buildingsIf | had to call a percentage ou
desired zone temperatured = I NA | 6 f S (VAVNInedn2 that of my head it would be 85%90% of every

when the zone is too warm or cool, the air being delivered is eitl buildh y 3 2 ¥ StetGanbogh®naith Group
constricted or increased to maintaia comfortable temperature. The
typical configuration for reheat systems use a water loop and a gas boiler to heat it.

Figure7: VAV Box with water reheat Coil. Figure8: VAV Box with Electric ResistanBeheat Coil.

Itis common now for VAV with reheat systems to vary the volume of air, but also vary the temperature of the air using

supply air reset schemeessentially a reset scheme will look at the demand of the zone and the outside air temperature,
then decidehe best temperature and air volume to deliver to each zone, this optimizes fan speed and reduces the amoun
of reheat needed.

Even though variable air volume with reheat is a relatively older solution for building HVAC, it is still consideretan effic
way to heat and cooling buildings today and is preferred by both Integral, Taylor Engineering and Guttmann & Blaevoe
F2N) a2YS 2F GKSANI LIN22SOdGad . NIyR2y DAff 2F ¢l @tBNJ 9
years like tilizing dual max VAV logic that was added to the California energy code if? 2@fi8can reduce the need for
NEKSIFIG® Ly FTRRAGAZ2YZ Ay YAfR OfAYIGSAa @&2dz Oy GF1S
temperatures are favorable, making KA & 2LJiA2y S@SYy Y2NB STFAOASYyldé
predominately based in Californijand Taylor Engineering works in the California San Francisco Bay area where
economizing is favorable.
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The biggest challenge to retrofitting vabia air volume systems with boiler reheat to use a heat pump instead is that the
systems were originally designed for 1680F water delivery temperaturavhich has been the typical design range for
the past 20 years. This is a challenge because typrcabaice heat pumps produce water only up to 120 to 130F.

Instead of using a gas boiler for reheat hot water, other options include:

1 Using aTypical Airto-Water Heat PumpTurn down the reheat water loop temperature to :280F and use a
typical air towater heat pump, with existing fan coils or making minor adjustments to the fan coils. Can provide a
backup electric resistance boiler if heat pumps cannot provide enough heat for coldest times of the year.

1 Using aHigh-Temperature Aisto-Water Heat PumpUse the same reheat water temperature and use a newer
air source heat pump. Examples of heat pumps that exist that can produce high temperature water are Mayekaw
Unimo Serie¥ (up to 194F water) and Lync Aegis by WAttsp to 185F water). Althougbossible solutions, these
heat pumps are newer to the market and are usually more expensive to purchase.

9 UsingElectric Resistancédnstead of using a hot water loop reheat, utilize electric resistance reheat. This would
be for a gut retrofit project where most of the existing system is already being replaced, and this includes addin
electrical capacity where necessary in the zonpdwer the new electric resistance coils. The motivation for this
strategy, which was actually the preferred way to provide reheat before gas boilers became more p@pular
because$ KSI GAYy 3 gAGK | 02Af SN Thereisaiugelatourd a Rehatdas$hydlgh thet 7
pipes as the hot water is distributed to the reheat cditsoughout the building The Center for the Built
Environment did a study on the energy loss in hot water reheat systems specifically in VAV with rehézunénd
that an 11,000 m2 building with 98 terminal reheat coils only used about 21% of the converted gas energy for th
reheat. In addition, the heat distribution losses from the boiler to the reheat systems was about #titever,
reheat can be optimizetb be comparably efficient, with the appropriate reset schemes that reduce the amount

2T NBKSIFG ySSRSR>X a2 Ay | LINRP2SOlG AdGQa y20 NBIazyl
pump can be an effective solution.
I Using a Cascading Heat Pump Configuration -(8ir
Water then Waterto-Water heat pumps):Examples of BANOME [OAD
this strategy are outlined in a presentation by Johai Building Loop 180F
TS

Martenssonat Transom Corporation, where he discusse

a theoretical system that produce 180F degree water at | |
30F ambient air with a COP of 223 They have :

designed 16 systems using this cascading strategy (w ! s ! -
varying ambient air design and supply temperas)re \ I »
going from air source heat pumps to water source hee l
pumps. This strategy is applicable for radiators wher |
temperatures cannot be turned down and in colder L
climates.

A

Primary Loop 90F }

Temperature Ambient OF

Figure9: Transom cascading system to product 180
degrees at OF outdoor air.
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1 UsingaCascading Heat Pump Configuration

with Thermal Energy Storage and Heat ﬂ High Eficiency _.__:“___:_
Recovery Chillersfaylor Engineering writes pﬂggggg []emnfugEH El E]
about their heating strategy for |2 [ T —>

electrification of large buildings, what they |22 |42 Water-Cooled Heat

name the Time Independent Energy |::cac: §§5§§§§ \Rgcover%/

Recovery (TIER) design, that incorporate |::i:: gﬁéégﬁg Bﬁ{ﬁg Condenser
thermal energy storage and heat recovery to | 22268 |2 _ / Water TES
improve existing strategies of alectric, ﬁIVI’DSEJFSB EE' >
large building HVAC desighin essence, Heat Pump

their suggested and preferred approach is tc CHW HW CW

utilize condenser water storage (@DF) FigurelO: The energy transfer of a condenser water Ti§Rtem, as

with cooling only chillers, heat recovery outlined in Taylor Engineering ASHRAE artR4€TES = thermal
OKAfEtSNEXZ YR GGNAYE | ANJ a2 dzNgDehoy storgde)(i  LJdzY LJa

(Figurel0). Alternatively, electric boilers can

be used as the trim heat source instead of air source heat pumps, where space is limited. (Note that large wate
storage tanks can take up a lot of space, so utilizing storage is more applicaiges construction).

Case Stud Typical Aito-Water Heat Pumpg:wo Sister Buildings in Mountain View, California

Reinhard Seidl discusses one of dlisctrification projects of two D y

buildings located in Mountain View California. The two buildir 4Ly Y2ad ’ Ot "’}IS & k: = LJAIC)' f

were similar in their original desigywith large aircooled packaged Vﬁg giger;z‘gﬁgg‘l’l\grri;t::tgy‘gg% ,e:ch;rl?gu;csil?r?Sy

%ngszorg tf;\e}rfogf, Wl,ljth;h”il,]erz gnd go&lgs fsuff ?Ily;rggi?ﬁgggf have two row coilswhich most buildings dbg
) } ! o ¢ Reinhard SeidlTaylor Engineerinc'

and the other had three 6@on chillers, bothwith a boiler providing

reheat.

Both buildings retrofitted to use heat pumps instead of a boiler for their reheat systems. One used a heat recovery ¢
pipe heat pump, and one kept their original chillers and went with a heating only heat pumtipe building that kept the
heating and cooling as separate heat pungpswas found that it was a less expensive strategy to replace theoaied
chillers on the roof with newer, more efficient ones because they were at the end of theithiéa ging with a 4pipe

heat pump.

Analysis was done to determine the best route to retrofit the systems and initially there was some hesitancy from the
design team to use heat pumps for heating. The main issue was that the reheat water loop was desig86¢ foater,

and the new heat pumps can only provide 120F. So in April, the design team did a turn down test, and turned the wat
down to 120 F to see if the spaces were still getting the optimal temperatures at each zone and if the existing coils c:
deliver the heat needed through a typical morning warm up test. The test went well, and the temperaturescould
provide sufficient heat, and it only lengthened the warm up cycle of the buildings by about a half hour. From this test the
found that some zpnes needed maintenance on their coils (bad actuators on their reheat valves) and this was the only
reason that any zone was too cold. As an aside, Reinhard Seid| states that older systems were actually designed
atmospheric boilers that have to operatg 180F or they will corrode at lower temperatures (unlike stainless steel
condensing boilers today). In reality, the coils themselves only need a temperature differencdexirgd@s so in theory

you can supply water down to 90 degrees.

The next big deision of the design team was to decide whether to provide a back up electric resistance water heater a:
6Stfd® CNRBY ¢lF@ft2NJ 9yIAYSSNAYIQa SELISNASYOS Al Aa deL
electric resistance heater wiboost the capacity when temperatures are low. Based on the turn down test it was
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determined that they would not need electric resistance back up, however the design team did all the engineering checl
and determined there was enough power if the clientuleblike to put in electric resistance back up at a later date.

In the several projects that Taylor Engineer has done where there is an existing boiler reheat gybteynhave
successfully been able to turn down the hot water loop temperature, so &nthe coils at the zones have two rqws
which all the projects they have worked on do. Where you may need to make a change to a VAV box, Beieisaitht

GAG Ada y20 GKIFG RATTA Oodrerizedicdil initiwith$wo duténsitio? ritecess adtl hagically give L
it a bigger coil icaseitneedsié. | 2 6 SHEBRNBESKB8AY Y2ad OFrasSa GeLAOLFf KSI
actually workfine inVVAV reheat buildings as long taey have two row coils. Ly  ( Kefe ydd haieSsingde row coils,
which is not as common, you would have to retrofit each VAV box, which would be costly but a manageable.

Adding to this, Brandon Gil of Taylor Engineering states (paraphrasing)dlsasystems have been oversized infGalia

and will have two row coils already and two row coils are typical for manufactures to offer. Also, newer high efficienc
condensing boilers are more efficient with lower incoming water temperatures, so two row coils are typically specified fo
thesel & ¢Sttt d® . NIYR2y DAt 27F ¢ &f 20WreheatXailyis genefaly A viable ketiofit  d
A0NFGS3e F2NJ I €20 2F o0dzAt RAy3aéd yR KS FTRRAUGAZ2YIFE &
most ergineers are conservative when designing their supply fans.

Case Study: A City College in Northern California

W2 Ky DFdziNBe 2F LYyGS3INIfQa LISNBRLSOGAGS 2y o02Af SNI NB
discusses one projethey are working on for a City Collagbey want to electrify to an aklectric central plant by
replacing their existing boilers with heat pumps. The main issue they wanted to avoid was to not have to renovate eac
building to accommodate the lower meperatures that heat pumps provide. The solution for this was to look at each coill
individually by running analyses with the manufacturer under the new operating parameters to make sure the coils coulc
handle the new flow rates. With this and tweaks t@ ttemperature of the central plant, they were able to show that heat
pumps will work without a lot of modifications to the existing equipment. The only equipment they did have to change
were some of the piping controls valves, but that was all. John atifbthe less invasive retrofit to the fact that coils are
typically oversized in the more temperate climates of California, so the existing system was able to provide enough he
even at lower temperatures. In addition the heat pump central plant at tbkkeGe can also recover waste heat from the
OKAfftSR 61 0GSNJ aeaiasSy (2 3ISYSNIGS K20 61 GSNE 6KAOK AyC
chilled water temperature up and the hot water temperature down makes the plant excelgdifijcient, you can get

/ ht & dzLJ G2 Tonér K2oSOSNI &2dz NB fAYAGSR Ay 6KIFG NBO:z

Case Study: Office to Laboratory Retrofit

Typical VAV with water loop reheat HVAC systems are becoming common again for retrofits, partentdily where

GKS SEAAGAY3 o0dAfRAY3I A& 0SAy3d RSSLI & NBGNBFAGGSRy | yF
a major occupancy and building type chang®ng with this it is typical to replace all the interior furnishargl take out

the existing mechanical work. For exale amedical companis retrofitting oneof their buildings from a traditional office
building to a lab building, so the new building required new mechanical systems and new zoning. For this project th
mechanical system chosen was a conventional variable air volume with reheat, with an advanced heat pump central pla
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Case Studyancouver City Hallgipe heat pump retrofit (2012017 Phase |, Phase Il and Phase Il ongbing)
The Vancouver City Hall campus ha
retrofitted its facility with a highly
efficient Air Source Heat Pump (ASHF g
for space heating and ofing and &8
domestic hot water. As stated in the
atdzRes ¢KS /AGe 27
to achieve 100% renewable energy anc yo
zero emissions in its own facilities by %=
Hanné®d® ¢KS FT2fF20A
that were focused on as stated in the
case study
1. Build new Cityowned facilities
to zero emissions standards g
from 2018 onwards
2. Upgrade existing facilities to
make them more energy
efficient and converting natural
gas to higkefficiency electric heating
3. Connect closdy civic facilities to lowarbon Neighborhood Renewable Energy systems

Figurell: Vancouver city hall and the Aermecpipe heat pump installed and
being installed with a crane.

Another major reason for the retrofit of the City Hall campus was for seismic safety issues. The retrofit is dividedénto thr
phases (Phase |, Phase Il, and Phase lll). During Phase 1 of the project, whilgvelap between 201fall of 2017,
included demolition on the East Wing and evaluation of different heating and cooling systems. A few heating and coolir
aedaidtsSvya adzOK lFaz al KStAOFf NERUG I-foidike @fakeneintl aivaiccdoledchiller, dzA |
andairO2 2t SR OKAff SN gAGK | RSadzZLISNKSFGSNE YR I KSF{ N&F
2016 the ASHP was decided on as the most energy efficient solution. Demolition of the East Wing wasdampld.6

and by 2017 the new ASHP was installed.

The City of Vancouver selected the AERMEC NPR ASHP for their space heating and cooling source and DHW prehea
aeaidusSy gla dz GAYFriSte asStSOGSR F2NJ GKS F2ft2¢gAy3a NBI
witha Total EfDA Sy Oé wlk GA2 ¢9w 2F cdod LYy |RRAGAZ2YS (KA&a aea
independently be used to provide space heating, space cooling, and DHW and it had been successfully installed in anot

building and tested.

The systems design for the Vancouver City Hall is adipersystem with the AERMEC ASHP as the main heating a cooling
42 dz2NOS @ la (GKS adtdzRRe adlrdiSaszs a¢KS SldaA LISyl KFa ¥F2dz
of from the cooling loop and sends the heat to either the space heating or DHW system; excess heat can be rejected
0KS FTANES® | 26SOSNE (KS RSaAdy R2Sa KI@S Ada ftAYAGEGA
delivered by the ASHPismuch 2t SNJ Ky GKS 0dzZAf RAy3aQa RAAGNAROdzIAZ2Y
cool weather a gas boiler is used for bagkheat.

The total cost of installation for the system was $534K with an additional fee of $138K for the ASHP equipmen
installation, adding DHW preheat, piping, and controls. The life span of the system is expected to be 15 to 20 years. F
the first two phases, the retrofit of the project estimates to decrease the annual consumption of natural gas by 45% an
electricity useincreased by 6%. The annual energy cost savings is $20,000 for Vancouver City Hall and the GHG emiss
is expected to decrease by 34%.

Modification and calibratiorof the system will be done during Phase II. In Phase Ill the ASHP heating and cetdimg sy

will be completed, and, in this phase, a Dedicated Outdoor Air System (DOAS) will be installed in the entire building. Ph:
Il may be completed by 2030.
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Case Study: (New Constructi@sy Area Laboratory, heating load electrification

Astudy ne for a new laboratory project in the Bay Area has summarized the energy efficiency measures to take to ful
electrify the building. The buildingisa7i 2 N®B YAE 2F dcm: f1 02N 2N aLl OS |
2021). The building mostly heating dominated due to the Bay area mild climate and a larger percent of laboratory space.
Therefore, high air change rates for laboratory spaces is nheeded, 100% outside air (OA), and reheat will be provided
each zone.

The initial design inaded a higkefficient gasfired boiler to provide hot water for space heating and domestic hot water
(DHW) until the design team further investigated the steps necessary to electrify the systems in the building. They als
integrated energy efficiency medaNB & & dzO Kerformitg window gldzing and wall construction, decoupled
ventilation and space conditioning for the office spaces to reduce reheat loads, auto sash closers on fume hoods, a
variable flow rate exhaust fans with exhaust air velocifyRe LJ dzYS KSA3IKG SGF NASR o6l 4SR
and Gunther, 2021)Electrifying the DHW systemasan easy modification as the design team swédfrom a gadfired

water heater to an air source heat pump (ASHP).

As for space heating and @ing, the initial sources of space cooling and heating systems were-as@abdded chillers and
high-efficientgasF ANBR 062Af SNA® ¢KS 5SaArdy GSIYQa lylteara 7T2dzy
method of electrification, howeverwhy O2 YLI NBR G2 /I fAFT2NYAIQa ¢AGES wun
NBadzZ & Ay FYyR SySNHe LISylfde oKSy O2YLI NBR (G2 GKS / 2F
using annual heating and cooling load profiles and wescovered that 48% of the annual heating demand would be
electrified by using a heat recovery chillgitimately, the design team was able to electrify more than 99% of the annual
heating demand by incorporating a heat recovery chiller with energy reery from the exhaust airA small electric
boiler was included to provide the remaining heating demand. The changes have not only reduced the amount of enert
O2yadzYSRXZ odzi FTNRY G(GKS aiddzRé GKS T2 dzy R ovief koinpletely framithe = ¢
LIN2E2SO(G¢ 6DAfTESa YR DdzyiKSNE HAHMO D

Case Study: The University of California and Stanford University

In 2019 the 137 million square feet of University of California buildings will no longer use fossil fuels in major redrofits,

in new construction at any of the ten campuses. By 2025 the entire UC systebewarbon neutral 6000 buildings.
{AftAO2y zxlffSeqQa {GFrYyT2NR | YyAOSNEAGE KIFIa | fNBFER& St S
a central water source heat pump with one hot storage tank and two cold water tanks. Thexoeanger produces hot
water by pulling heat from groundwater, reducing heating energy needs by 93%, and the combined efficiencies of the ne
system reduce water use by 709%Tlhe system is so efficient because it utilizes a significant amount of heat recavery,
yearly profile in the figure below shows that mostof thd Y LJdza Qa f 2 R A& YSi o0& KSIFG 1

Stanford Annual Heating & Cooling Profile

Stanford University
Hot Water & Chilled Water Production Source (2016)

mmbtu

Heat Recovery

4000

6000
o & o o & ¢ o & & & e

Figurel2: The Stanford Energy System Innovation (SESI) diagfrand the annual heating and cooling profifé.
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The Exploratorium: &ence Museum
San Francisco, CA, 200,000 sq.ft., ZNE expected

Architect: EHDD, MEP: Integral Group

LinkedIn: Office

Sunnyvale, CA, 40,000 sq.ft.,
Architect: Studios Architecture, MEP: Integral Group

415 N. Mathilda: Office
Sunnyvale, CA, 33,750 sq.ft., NZE, Zero Carbon,
Architect: Studio G, MEP: Integral Group

380 N. Pastoria: Office
Mountain View, CA, 42,00@st., NZE, Zero Carbon, Architect:
WRNS Studio, MEP: Integral Group
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Pier 70,~
San Francisco, CA,
MEP BOD: Point Energy Innovations

435 Indio: Office
Sunnyvale CA, 31,000 sq.ft., ZNE, Zero Carbon,

AP+l Office: Office
Mountain View, CA14,300 sq.ft., NZE, Zero Carbon,
Architect: AP+|, MEP: Integral Group

IBEW Local 595: ZNE Center
San Leandro, CA, 46,000 sq.ft., NZE,
Architect: FCGA, MEP: ACCO
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Heat Pump Water Heating in Commercial Buildings

This section was developed from interviews with Evan Green a Research Engineer at Ecotope, and Brain Culler the Ger
Manager of Small Planet Supply, and discusses the best practices of centralized heat pump water heating for domestic |
water (DHW) itommercial buildings.

The biggest benefits of using HPWHs for DHW in commercial buildings is the ability to electrify the water heating loa
GKSNEF2NBE NBRdzOAYy3 | 0dzAf RAYy3Qa 3INBSYK2dzaS 3l & ciBrir(h a a A
they are roughly 300% more efficient than gas boilers and electric resistance water heaters, wildebreaseoperating
costsLY FRRAGAZ2YS 9@y DNBSYy |G 902621 adlrdsSa dKIFGzZ ad
pr2 JARSa OF LI o0AfAGASE gAGK f2FR aKAFTFOGAY3I & oSttt de aSl
lower at different times of the day by storing hot water to use at the desired times.

When regarding water based commercial spheating systems, space heating and domestic hot water heating (DHW) in
commercial buildings are typically divided in two systems. DHW typically is a different system because potable wat
requirements can increase system costs, so it can be cost effecth@ve a smaller system dedicated just for domestic
hot water. Also, the temperature requirements have historically been different as well, many commercial buildings tha
use hot water for space heating use temperatures up to 180F, where water for denhestivater is usually around 125

to 140F. This leads to commercial buildings generally needing smaller capacity of air to water heat pumps for domes
water heating than the size of heat pumps they need for space conditioning. There are advantagesedwdndages for
combining and separating the two heating functions, and both Evan and Brian have seen systems designed both wa
The focus of this section is on dedicated HPWH systems for domestic hot water production.

Challenges with retrofittingd PWI4

There are three major challengesth retrofitting heat pump water heatersfrom a design perspectiv&paceg When
designing a HPWH system to match the previous heating capacity of the gas system, this usually results in more devi
to provide the required amount of heating, and they are usually larger in size than gas boilers. In addition, centralize
large HPWH systems require a lot more storage, so fitting the extra storage tanks and the heat pumps themselves in
existing mechanical roorran be a challeng&lectrical capacity the existing mechanical room electrical panels are sized
for the electrical load of the boiler, and whatever miscellaneous loads are in this room, like lights and outlets, so oftel
times a panel upgrade isneddee 2 NJ aé2dz KI @S (2 R2 I t24G 2F ONARGAOL
Ayaalrtt olFl&SR 2y (KS SEA &iifloy Bquiehm& @& HRWHS lalso requiré #ndighgodk
amount of airflow to sufficiently pull heat oubf the air. Existing boilers typically have a flue going out of the building, but
these aregenerallynot big enough. A solution for this is to locate the heat pumps outside, but if they are on the roof, then
youmustconsider the additional weight that ¢hroof was not designed fowhich can introduce the need for a structural
engineer. Fom the 2 ¢ y SpliEpactivethe capitalcostfor a new heat pump water heateran be a major prohibiting
factor as wellHowever, recent incentives in California have expanded their reach, so utilizing them can make HPWF
more accessible for more owners.

Solutions to HPWRetrofit Challenges

The shortesterm solution for these challenges is a recent innovation in the duN® O ¢t f ISIRO 1alad SARR
systems. This is a factebpilt packaged HPWH system that includes the heat pumps, storage, and the enclosure they
require. They arepre-plumbed and wiredsoyou can placéhem outside on top of the building or next to. iThis speeds

up the retrofit process and reduces the amount of engineering needed by contractors by providing a more plug and ple
solution The packaged designalkd f 264 RSaAIYSNB 6K2 | NBYyQlhG FlFYATALFN ¢
themin their projects. A few products available af@wnin Table4 below. There are some challenges with skid systems,
like having a constrained overall dimensiontthaw needs to fit at the project site somewhefehe applicability of these
systemsdependson the project itself, and maybe a decentralized custom solution is more appropriate.
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Tabledy ! @l Af+FofS LI O ISRAIKASREI Aadavil$ veal ati SNJ KSI| G S
Colmad? Lync4

Origin by Steffe® WaterDrop by Small Planet Suppfy
(SANCOECO02C02 heat pump)

In talking with Brian Culler of Small Plant Supagiscussed
how their skid systenwill address these challengeslagng

with being able to place the packaged system on the rool 5. hympsso they have everything, the whole hot wate
Ob y I t ay2hingsamkhvalsingle Blectricarop for the 15 andmechanical roonare on the skid with controlso

Skid’_ it can make it ea§ier tofinda power supply and may. youcan set itconnect the water pipes and electrical and |
require another electrical panel to be installed. They can fi ready to gab & Brian CullerSmall Planet Suppl)

electrical capacity elsewhere in the building and alieeder

lineli 2 2 dzNJn thkirypSrficded skid systerthey use theECO2 heat pumps by SANCG®Ztthey cand RA & (4 NR 0
multiple plants throughout the building instead of just a large central plant, which distributes the equipment but also the
St SOGNROIE t2FRZI YR YI &0 Sy RESayrdil tK | NBS2 Yideé FIA&T AW SIEKKS
broke their centrakze water heating network anslystem in half, so one skid was on the roof and one was in the basement

a h deditlaid waterdrop configuration has a primar
storage a swing tankmixingvalve, circulator pump anc

Small Planet Supply provides redundancy by using electric resistanceswitiggtank, that can back up the heat pumps

by providing more capacity for the system when necessary or provide hot water if all the heat pumps malfuimction
addition, because they use multiple smaller units (the ECO2 heat pump), this creates redusslasmdtly if one heat pump

goes offline, then there is still the bulk of the generation capacity available. Brian Culler also points out that begause tf
SANCO2 ECO2 heat pumps have been used for residential applications for gt lwesgymade them veryeliable and

easy to apply to commercial applications, because there is little to no maintermmdbem. Another benefit of the
modular design is that if one heat pump needs maintenance, any contractor can drop in a new replacement unit, withou
having aspecialized contractor to come to the site, open the machine, and work on the specific components. The module
design also allows their skid to be appliégd®? ¢l aAy3If S o6F GKNR2Y dzLJ 42 Sy dGdANBS
units give us a lot nte flexibility in the output capacity, so we can match it to any small to medium sized building in a
aAy3atsS alAR aeadsSys I yR f I NFESalPlazkt Supplywsrks wih2titgt dRentd frotn $he |
GAYAGAL T Ay lidethddagh the verifiéa®on dngtaitipR Ff HE &S a2 adSYéE YR gAff ¢
the right sizedskid orhelp develop a custom solution.
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Best practices of HPWH Design

Using heat pumps to provide space cooling dates to the 1920spfare heating to the 1940s, but using compressors to
heat domestic hot water for cafeterias, apartment complexes, ddifi@sd other large uses dates only to the 1970s, and
has advanced further in Asia where efficiency is more valued. Consequentlyishess familiarity among North American
designers of the products and practice for designing commercial hot water systems using heat pumps. Below is help
guidance from the engineers at Ecotope of Seattle, the most experienced designers of centratiddraewater heat

pumps in North America.

Heat pumps are not boilersDo not oversize the central hea
pump up to the same recovery rate and capaecitya boiler,
this leads to both higher construction costs and equipme
failure. Correct sizing of a heat pump water heater w
consider longer recovery times and thus include more wa
a02NF 35S0 ! (iBcdsikeki @ @02 &2 WG Az
pump water heater system. The calculator provides t
proper sizes of storage and of heating capacity of the hi
pumps.

@The challenge when replacing a boiler with a heat pui
when it comes to sizing, contractors will say that there i
400,000BTUboiler so we are going to replace this with
400,000BTUheat pumps, they find that they need 8 or
heat pumps to replace thione boiler, when in reality yo
have to flip the sizing on its head and size it specifically
a heat pump water heatef ¢ Evan GreenEcotope

Design Conditions, Heat Pump Selection, and EleRésistance Backup

Thecorrect design of the HPWH system also depends on the climat
where the building is located, and the type of heat pump the projeci
using. For example, HPWHs that use CO2 as the refrigerant can op
in much lower temperatures. As an example, dding that has a 99.6%

Use theEcosizeto design heat pump water
heating system for youvlultifamily project:
https://ecosizer.ecotope.com/sizer.

design temperature of 32F, using a CO2 heat pump you can meet .
demand at this design condition, but with another type of heat pump that stops working at 40F, you will need electric
resistance back up tmeet the demand of the building for a few hours out of the year. Adding to this, and summarizing a
presentation by Yohan Martensson of Transom Corporaithioosing the right design conditions depends on the project

¢ he gives an example where a project changed it's design temperatmre ¥6F to 25F, which reduced the heat pump
capacity needed by 34%. There were only 63 hours out of the year they needed additional capacity so the design decic
to go with a backup electric resistance boiler for these additional hours, which ended ug deirore cost effective
strategy. (Note that Yohan was referring to an HVAC system design, but these sizing best practices can be applied to b

HVAC and DHW systems)

-20 -10 0 10 20 30 40

TEMPERATURE RANGE (°F)

50 60 70 80 20

100 mno

Refrigerant: CO,

Manufacturers: SanCO2, Mitsubishi

1430

Refrigerant: R-134a

Manufacturers: Colmac, Nyle, AO Smith, Rheem

2088

GLOBAL WARMING POTENTIAL (CWP)

Refrigerant: R-410a

Manufacturers: Colmac

Figurel3: The temperature range of typical refrigerants thare in heat pump water heaters. Image by Ecotdpe

Split the pipe recirculation heat loss load from the usage lod@mperature maintenance of the recirculation loop can
be a high energy use in large hot water systewisere the piping networkprawls throughout a large buildingeparating
this load from the primary hot water heating creates a more efficient system by improving thermal stratification across
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https://ecosizer.ecotope.com/sizer/
https://www.youtube.com/watch?v=sLH2sJwMJwk&ab_channel=RedwoodEnergy
https://ecosizer.ecotope.com/sizer/

the storage tanks of the system. This separation of duties allows the heat pumpsetea ¢heir optimal temperature of
gl G4SN {SLINIFGAYT GKS NBOANDdzZ I GA2y KSI (A yHureldl R O y

In thecontext of retrofits, if you have an existing system that is still in good working condition, you can use it as the swin
tank systemThis can be a good strategy to build comfortability with the nesat pumptechnology for some building
owners. In the ed the system will still be using gas, but much less, and be an overall much more efficient system.

ELEC. HEATING
ELEMENT

PRIMARY PRIMARY TEMPERATURE PRIMARY PRIMARY TEMPERATURE TEMP. MAINT.
HPWH

HPWHSs HW STORAGE MAI(:LEI:QNT“;\ENL‘;\NK HPWHSs HW STORAGE MAINTENANCE TANK

IN SERIES SWING TANK IN PARALLEL MULTI-PASS HPWH

Figurel4: The best practice designs of separating the temperature maintenance load from the primary hot water loge by
Ecobpe.*®

¢SYLISNI GdzZNB YIFAYGiSylFyOS 2F NBOANKHZA & (RS13G sUIdZSING ABK H- iy
water (e.g. Aermec, Daiken) and perform 10F temperature bupg Meeting primary peak loads is a task best done
GAGK | F@&®aXY XSS (GLILIzYL) 6S®ad {FyRSysz /2fYIFIO0 GKIFG dzaSs
temperatures from 50F to 150Examples of both are show kFigurel5.

AO Smith
(2.5ton) SanCOz
(1.25 ton)

Nyle
(10 - 30 ton)

Mitsubishi
= Colmac
(10 ton)
Rheem 4 ] (10 - 30 ton)

(>1ton)

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

Figurel5: The categories of heat pump water heaters, muyttass, singlgpass and singleor multi-pass.Image by Ecotopé&®
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Provide redundancy in heat pumps and choos

electric resistance storage tank$or a durable, "Until there is more reliability and repeatability in heat pump wal
dependable design for the eventuality that syster KS+H G SNJ a@adSyaz St SOUNAO NbBa
components need maintenance. Usingl Zmaller have that extra back, up so occqpants have hot wqter %65 da)js

heat pumps provides more resilience and stagil 2% UKS €Sl NE ¢Hvidn Gieénscetepd
opportunitiesthan using a single large heat pump.

Reduce pipe surface aréa2 INB I 1 S&80 SEGSyld LR &aaArAo-hEP2Eyaad VIS REBIE
availability. Insulate tanks to at leastlR, same as an outside wall, due to the even more exérémat loss than found in

a wall. In addition, utilizing more efficient pipe sizing methods can significantly reduce pipe sizes and heat losses, li
Appendix M of the Uniform Plumbing CodBlote that Appendix M is fasingle family and multifamily homebut it still
highlights the importance of rigkgizing piping).

Lyadl ff arkbSth bt addbld d@tér sides of storage tanks to prevent migration and mixing.

Design diagnostics into crucial points in the heat plant aditribution systent electrical gauges to measure power
guality, temperature gauges to monitor heat gain and loss, and control valves on the discharge side of pumps to meast
pump flow It is typical that a system will be malfunctioning (whether HVAC demreeater, etc), without the use of
monitoring equipmentit can be hard tginpoint issues or know there are issugs begin with.Have the appropriate
alarms set up so you know that the heat pumps aoé functioning.

Collaboration with the Manufactures. Another key element of a good HPWH design is the collaboration between all
parties involved in the projeat the manufacturers, the project engineer, and the building owner and maintenance staff.
This suggestion was echoed by Evan and Brian both.

Sizng HPWHSs fatbommerciaBuildings

Commercial buildings present a somewhat hard

challenge to design HPWH systems because there is ¢ 2NJ O02Y odzAf RAy3da 6S R2yQl
known about how water is used within them. F¢ on the building and occupancy type, your usage profiles cai
multifamily buildings, there have been quite a fetudies totally different. People are more likely to size off of the pe

on their hot water useso you can better predithe water hour,_according to ASHRAE,uhae used to size poilers, tha
dzs 8 L GG S NYyad Ly 9 G yQa ¢ gives you a really high recovery rate, but with the PO N3

. . . o amount of storage, you almost never need that much capa
can be a lot more welluned in multifamily buildings, you ;
with a heat pump. There are a lot more unknowns arou_

Oy K2ysS Ay SElOute Kzg Y commerciabuildings andinding that sweet spobetween
usage rates, as well as how much recovery you neec storage and heat recovedyé Evan GreenEcotope
recharge yourstorage tanks for the next peak usag

S @ S ylie ®dlution to thisthat engineergypicallyapply, is to size conservatively. One method is to consider the worst
case peakour andthenlook at how much storage and heat pump recovery you need to sattiisfydr three hours, which
is a relatively conservative approach.

2 NJ

AO Smith (a leading HPWH manufacturer) has develogedldhey named

Pro-Sizeto size a HPWH for commercial buildings. You start by choosing ' 48 1 h PfoBikelod @ Eelp
, !

building type (hotel/motel, school, office, restaurant, car wash, laundry, et design heat pump water heating

Then you enter in a metric that describes the hot water use of the buildir system for youcommercialproject:

for example in a restaurant its meals served per day, number of sinks, htp:/www.hotwatersizing.com/Application.aspx

other fixtures, and fol YR 2 FFAOS AlQa GKS ydzh c .o o L CCuiu , a2 ol

water fountains, etc.

Looking at a restaurant example in more detBigurel7 shows the inputs for the Pr8izecalculator. The result of these
inputs is the design suggestion to use one AHPA Air Source HPWH, that will meet the demand down to 45F ambient
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FANJ G§SYLISNI (dzNB =

two TJV250A tanks)Kigurel6).

a0G2NF3S 2F pnan

Application Data

Temperatures

Cold Water Temp:

Stored Water Temp:

Load Profile

Peak Demand Period:

Unit Application Loads

Meals Served:
Vegetable Sink:
Single Pot Sink:
Double Pot Sink:
Triple Pot Sink:

Pre-scraper (open type):

Pre-flush (closed type):
Recirculating Pre-flush:
Bar Sink:

Lavatories:

Mop/Slop Sink:

Dishwashers

Model 1 - Quantity:

Model 2 - Quantity:

Pot Washers
Model 1 - Quantity:

Model 2 - Quantity:

Pre-flush (hand operated):

5|[®
¥4

| Hours

Per Day

=1

==

e][@)

S|

[Nl[e)[a|fa)

[’1' | Capacity: ,i7

| userH@ (140 v|oF

"1 1 Capacity: |18

|0 Capacity: |0

}0 Capacity: |0

View squipment lizts

USGPH @ [140 v |°F

Yiew equipme
USGPH @ [180  v|°F

USGPH @ [180 v |°F

ddi I Load and

| Oversize

Additional Load:

Design Oversize

lo USGPH (@ stored temp)

0% v/

3 | HA0A, frdl

G

Load Summary

515 USGPH Temperature Rise: 90 °F

Peak Demand:

180 °F Demand: 0 USGPH

¢ KS Ay Llzia -BizeMéat pump{witdr
heater sizing tool for a restaurant.

Figurel6: AO Smith AHPAZ25 air source heat | Figurel7Y

pump and two TJ\250A hot waterstorage tank.

Ly &avYlFftftSNI O2YYSNOAIf o6dzAif RAyda oKSNB GKSNB Aay Qeiis, | f
AO Smith has a water heater that is integrated (the heat pump is connected to the storage tank), that has 119 gallons
storage that is bigger than residential sized tanks. In addition, where you may have even less hot water use, the use
under sirk, tankless or mini tank water heaters can be used, for example in an office bathroom. Another added benefit o

dzaAy3a 1t21Qa Aa GKFd GKS& Oly | OhGdz2tte O22f GKS aal OS
typewaterheat®Nd 2 NJ 6 KS ' h { YAOGK 61 GSNI KSFGSN) YSYGA2yYSR 62 @€
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Case Study: Arthur Erickson Place, Vancouter BC

The Arthur Erickson Place is ast6ry large office tower in downtown Vancouver, Canada, built in 1968 and retrofitted in
2019. The building is LEED platinum certified and retrofitted itsfiges domestic hot water boiler with a CO2 based
SANCO?2 heat pop water heater system, and won an international Innovation in Sustainability competition hosted by
one of its building owners, Kingsett Capital in 2020. After the success of the domestic hot water conversion, Colliers (tl
property management company) al8ES Consulting (the lead mechanical consultant) are now working on-carkom
retrofit plan for the rest of the building. Read the full case study onlirgat Evebsite.

LU | gl o Original gas-fired A.O. Smith boiler Hot water storage tanks and electric swing tank SANCO2™heat pump units

Figurel8: Arthur Erickso Place (lef}, the original gasfired hot water boiler (center left), and the electrified heat pump wate
heater plant storage tanks (center right) and CO2 heat pumps (right).

AdditionalCase Studies I8mall Planet Supply

(Note this was before the development of ihskid system)

T LR R

WSS FREERESF

e % ¥
T Lo
e < > i

- - . — == — T y
Walter Gage Housing, University of British Columbi Northwest School
Vancouver BC; 50 unit Apartment, Boiler Replaceme Seattle, WA; 27 unDormitory; Boiler replacement;
~2,000 gallons/day usage, (6) SanCO2 heat pumps; ~1,500 gal/day usage, (4) SanCO2 heat pumps, (1) Exi
storage and swing tanks. Image 200 gal tank raused, new 83 gallon swing tank. Imébe

s
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https://www.zebx.org/decarbonization-of-a-commercial-domestic-hot-water-system/

Case StudyMultifamily)Bayview Tower, Seattle, WA

Bayview Tower in Seattle Washington, originally built in 1979 and with 10éhlmwne public housing units, is serving as

a demonstration project of th@riginheat pump water heater system that was designed by Ecotope and assembled on a
skid by Steffes. The Origin system is a largleme packaged heat pump water heater systivat contains a Mitsubishi

CO2 heat pump, storage tank, swing tank, pumps, valves, and controls, everything you need femspialyugvater
KSFGAYy3 az2fdziAzy YR GFENASa&a Ay Ada O2YLRySyida dghaSR
approach standardizes and simplifies heat pump water heating installations, reducing costs and commissioning errol
The original electric resistance water heating system at Bayview Towers was kept in place as back up to the Origin syst
For this buding, the primary storage is within the Origin skid, and the existing storage tank is being used as the swin
GFryl1e® ¢KS a2aisSyQa LISNF2NXYIyOS gAaftt 06S &aGdZRASR F2NJ
conventional system by 59%. Readre about this case study ontheR @I Y OSR 2 I G SNJ webditai A y3 L
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Figure19: Bayview Tower in Seattle (left) and the Origin heat pump wateheater skid system being installed (rigfif)
Case StudyMultifamily)Elizabeth James HouSxzattle, WA
Another case study by Ecotope is the Elizabeth James House in Seattle, Washington which is a four story, 60 unit |
income senior apartment building built in 1968This project had a central plan of four ECO2 heat pumps, with three

existing 120 gallon tanks in a series swing configuration. In addition, the system kept the three electric water hahters, ar
a 175 gallon swing tank was installed.
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Additional Case Stied by Colm4e

Colmac has been a leading company in the implementation of heat pump water heaters in commercial buildings. Over tt

years, Colmac had led many installations of their systems in commercial spaces, with a majority being hospitals, clini
schools, and hots.

Maluhai Hospital, Hawaii PikevilleMedical Center, Kentucky VA Hospital, Kentucky

Seeing this potential, Colmac has also installed a number of their systems in various hotels across the country,
specifically in Hawaii where temperatures are favorable for heat pump water heaterslaediicity is the main heating
FdzSt a2dz2NOS aAyOS | 00Saa G2 3Ira Aa fAYAGSR 2y | Fgl AAC

Alohilani Resort Waikiki Park Shore Hotel Scenic Towers Maile Towers
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