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Introduction  
Electricity is already used for 60% of space and water heating in American 
commercial buildings,1 and commercial powerhouses like Marriott, 
McDonalds, Microsoft or the entirety of Manhattan, commercial 
powerhouses are rapidly electrifying their buildings and services. 
Sometimes this is the result of public policyτin 2016 the city of Zurich, 
Switzerland started shutting off gas to the commercial and multifamily 
districts2, and New York City has placed air pollution limits on buildings 
that will trigger electrification starting in 2024.3 But most electrification 
has been the result of good business practicesτelectrification of space 
heating, boilers and services provides access to the best technology and 
lowers operating costs.   
 
¢Ƙƛǎ άǇƻŎƪŜǘ ƎǳƛŘŜέ ƘŜƭǇǎ ȅƻǳ ƛŘŜƴǘƛŦȅ ǘǊŜƴŘǎ ƛƴ ŎƻƳƳŜǊŎƛŀƭ 
electrification, teaches Best Practices through case studies, references 
nine interviews with practicing engineers, and finishes with an extensive 
product catalog of commercial appliances and equipment. Benefits 
include: 

¶ Outdoor swimming pools using heat pumps cut bills in half. 

¶ 25% more French fries are served per hour from electric deep fryers. 

¶ ¢ƘŜ ǳǎŜ ƻŦ ƘŜŀǘ ǇǳƳǇǎ ǿƻǳƭŘ ƭƻǿŜǊ ŎƻƳƳŜǊŎƛŀƭ ōǳƛƭŘƛƴƎǎΩ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ ōȅ пп҈.4 
 

Business Case Study: BlocPower was co- founded by Donnel Baird (center) in 2011 to electrify commercial buildings in 
b¸/ ƭƛƪŜ {ǘΦ .ŀǊǘƘƻƭƻƳŜǿΩǎ /ƘǳǊŎƘ ƛƴ aŀƴƘŀǘǘŀƴ όƭŜŦǘύΣ ŀƴŘ ƛǎ ŀ ƴŜǿ ƳƻŘŜƭ ŦƻǊ ǘƘŜ ŜȄƛǎǘƛƴƎ ǇǊŀŎǘƛŎŜ ƻŦ 9ƴŜǊƎȅ {ŜǊǾƛŎŜ 

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

 
A Brief Visual History of Commercial Electrification: From L-R: The Anheuser-.ǳǎŎƘ ōǊŜǿŜǊȅΩǎ ƛŎŜ ƳŀŎƘƛƴŜ ƛƴ 1882; 
¢ƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ōǳƛƭŘƛƴƎ ŀƛǊ ŎƻƴŘƛǘƛƻƴŜǊΣ ŘŜǎƛƎƴŜŘ ōȅ ²ƛƭƭƛǎ /ŀǊǊƛŜǊΣ ŀƭƭƻǿŜŘ ŀŎŎǳǊŀǘŜ ŎƻƭƻǊ ǇǊƛƴǘǎΤ ¸ƻǳƴƎ ǿƻƳŜƴ 

delivering ice during WWI; An ad for office air conditioning in the 1950s; Modern cruise ships use all-electric appliances 
to avoid open flames on board, with electric commercial kitchens feeding up to 11,000 people a day. 

 

¢ƘŜ 9ƳǇƛǊŜ {ǘŀǘŜ .ǳƛƭŘƛƴƎΩǎ 
planned electrification uses 

hydronic air source heat pumps. 
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Opportunities to Increase Restaurant Sales, Safety and Skills 
Restaurant are a great example of how a 
business can increase sales opportunities by 
switching to electric appliances. 85% of 
American restaurants use fryers. During rush 
hours, restaurants often struggle to serve 
popular fried foods quickly enough. Gas 
fryers are half as efficient at transferring 
heat as electric fryers (35% vs. 75%)5 The 
faster heating means electric fryers can 
produce 25% more French fries per hour. 
Similarly, induction ranges are more than 
twice as efficient than gas ranges at heat 
transfer (35% vs. 80%), and boil water twice 
as fast as gas ranges. Because electric 
kitchens use half or less as much heat to 
cook food, they require half as much air 
conditioning, and increase staff productivity 
with a cooler work environment.6  
 

 
!ƭƛƴŜŀΩǎ /ƘŜŦ DǊŀƴǘ !ŎƘŀǘȊΦ 

The best restaurants of the world are awarded Three 
Michelin Stars, charge an average of $3507 per diner, 
and must demonstrate technical mastery every year 
to retain their rating. Chef Grant Achatz, co-Owner of 
Alinea in Chicago, retrofitted the Three Michelin 
Restaurant to all-electric, explaining: άTechnology 
becomes a very powerful, creative tool for us. It 
gives us more ways to manipulate the food in 
ǳƴŜȄǇŜŎǘŜŘ ŀƴŘ ƴŜǿ ǿŀȅǎΦέ8   

An artful desert at all-electric Alinea. 

Chef and TikTok Star Jon Kung cooks on induction 
for his 1.5M followers. 

 
Examples of professional chefs switching to 
induction include TikTok star Jon Kung, who 
ŜȄǇƭŀƛƴǎ ǘƻ Ƙƛǎ мΦр Ƴƛƭƭƛƻƴ ŦƻƭƭƻǿŜǊǎΣ άThe 
best chefs have already adopted this 
technology.  Induction provides me with 
the power I need, with portability and 
cleanliness, and lack of fumes that requires 
ƳŜ ǘƻ ƘŀǾŜ ŀ ŦŀƴΦέ9 

 
First Lady Michelle Obama and Oakland Warriors basketball star Stephen Currey 
ŘŀƴŎŜŘ ǘƻ ά¢ǳǊƴ 5ƻǿƴ ŦƻǊ ²ƘŀǘΚέ ǘƻ ŜƴŎƻǳǊŀƎŜ !ƳŜǊƛŎŀƴǎ ǘƻ Ŏƻƻƪ ǿƛǘƘ 
vegetables while Executive Chef Comerford cooks a turnip soup called ά¢ǳǊƴƛǇ ŦƻǊ 
²ƘŀǘΚέ ƻƴ ǘƘŜ ²ƘƛǘŜ IƻǳǎŜ ƛƴŘǳŎǘƛƻƴ ǊŀƴƎŜ. 

 
 
Oysterman Seafood Bar & Kitchen: ά¢ƘŜ ƛƴŘǳŎǘƛƻƴ ǳƴƛǘǎΧ ƘŀǾŜ ŀƭƭƻǿŜŘ ǳǎ ǘƻ 
serve guests at a significantly faster rate. We made the switch to induction 
because our chefs experience far fewer burns using induction, and cleaning is 
ŜŀǎƛŜǊ ǘƻƻΦ ²Ŝ ǿŀƴǘŜŘ ǘƻ ƳŀƪŜ ƻǳǊ ŎƘŜŦǎΩ ƭƛǾŜǎ ŜŀǎƛŜǊ ŀƴŘ ƪŜŜǇ ŀ ƭƻǿ 
ǘǳǊƴƻǾŜǊ ƻŦ ǎǘŀŦŦΦέ1 Head Chef Alex Povall of Oystermen Seafood Bar & Kitchen. 
Twice Awarded Best Restaurant in London in 2019. 
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Electric equipment takes less space to do the same amount of cooking. The easiest way for a restaurant to expand the 
kitchenΩǎ ŎƻƻƪƛƴƎ ŎŀǇŀŎƛǘȅ is to replace the gas equipment with electric and free up 30% more space. 

 

Having Fun and 
Saving Money with 
Pool Heat Pumps 
Pool and hot tub heat 
pumps use only 10% of 
the energy of a gas pool 
heater in the summer, 
and just 30% in the 
winter.  They also lower 
maintenance costs from 
clearing clogged gas 
burners and cleaning  
sooty heat exchangers.10 

 
The Beach Club at Hammock Dunes in Palm Coast, Florida, cut their pool heating bills in half by replacing the propane 
boilers with heat pumps, a dramatic savings for business based solely on heated water park entertainment.11  According 
to Joe, the Maintenance Supervisor at the Tamarack Ski Club in Ellicottville, NY, replacing the propane boiler with a heat 
pump boiler reduced maintenance for the outdoor pool and hot tubs. άaŀƛƴǘŜƴŀƴŎŜ ƛǎ ǿŀȅ ŘƻǿƴΣ L ƳŜŀƴΣ ƭŜǎǎ ǘƘŀƴ ƘŀƭŦ 
ǿƘŀǘ ǿŜ ǳǎŜŘ ǘƻ ŘƻΦέ12  
 

AŘŘƛƴƎ άCƛǊŜέ ǘƻ /ƻƳƳŜǊŎƛŀƭ {ǇŀŎŜǎ 
 
 
 
 
 
 
 
 
 
 
 
 

 
Beach Club at Hammock Dunes, Palm Coast, FL Tamarack Ski Club, Ellicottville, NY 
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Fireplaces are a part of our favorite bars, ski lodges and 
more, but the gas and wood versions are expensive to 
retrofit into a commercial building. Mist fireplaces are 
less expensive, appear to be real fire, and even offer 
supplemental heat, but unlike gas and wood fireplaces, 
they can be placed ŀƴȅǿƘŜǊŜ ŀƴŘ ŘƻƴΩǘ ƴŜŜŘ ǾŜƴǘƛƴƎΦ   
 
The mist άŦƭŀƳŜǎέ Ŏŀƴ ōŜ 
highly realistic, but a 
remote control can match 
the flame colors to those 
of the winning home 
team, a rainbow for Pride 
celebrants or green for St. 
tŀǘǊƛŎƪΩǎ 5ŀȅ. Mist-based 
fireplaces are safe to 
touch and come with 
optional electric heaters 
to warm and entertain 
customers. 

 

All-Electric Leisure and Luxury 
.ƻǘƘ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛƴŜǎǘ ƻƭŘ ƘƻǘŜƭǎ ŀƴŘ ǘƘŜ ƴŜǿŜǊ Airbnb industry have committed to retrofitting to all-electric as part of 
their climate change reduction policies13, which can reduce utility bills while creating fine dining, shopping malls, luxury 
housing and entertainment without fossil fuels.  
 

 
 

 
Case StudyΥ tǳǊǎŜǊΩǎ .ŀǊ ƛƴ Layton, Utah is transformed with an 
electric mist fireplace at the entrance in Season 7 of Bar Rescue. 

 
Mist fireplaces add 

ambiance and beauty. 

The Marcel (above) was a Brutalist/Bauhaus office building 
in Connecticut and is now an all-electric Hilton with heat 
pumps. The Canary Islands Ritz Carlton recently retrofitted 
with Aermec heat pumps in its luxury hotel (top, right), 
while (bottom, left to right) Colmac heat pump boilers were 
retrofitted into the Alohilani Resort in Waikiki Beach, the 
Carlton Tower Hotel in Dubai, and the Asiana Plaza Hotel in 
Ho Chi Minh City, Vietnam.  
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HVAC in Commercial Buildings 
Since commercial buildings vary greatly in size and zone type, there are several different configurations for heating, 
ventilation and air conditioning systems (HVAC). This section presents typical existing HVAC systems and discusses the 
various strategies to electrify them. This section was developed in part by interviews with (and in no particular order) - 
John Gautrey of Integral, Brandon Gill of Taylor Engineering, Ted Tiffany of Guttman & Blaevoet, Stet Sanborn of Smith 
Group, Reinhard Seidl of Taylor Engineering, Scott Shell of EHHD, and Rosanna Lerma, EDesignC. 
 

The Most Common: Single Zone HVAC in Commercial Buildings 
In California 98% of commercial buildings use at least one of the four types of Single Zone system like those seen in Table 
1. It is worth noting that not all of them need to be electrified--31% of commercial buildings in California already use heat 
pumps for space heating and need no retrofit.14 IƻǿŜǾŜǊΣ ǘƘŜ ǊŜƳŀƛƴƛƴƎ сф҈ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ŎƻƳƳŜǊŎƛŀƭ I±!/ ǎȅǎǘŜƳǎ 
need to be electrified. 

 

Packaged Unit Single Zone 

 

Split System 

 

Unit Ventilator or Unit Heater 

 

Packaged Terminal Unit 

 

Table 1: The above four άǎƛƴƎƭŜ ȊƻƴŜέ ƘŜŀǘƛƴƎ ǎȅǎǘŜƳ ǘȅǇŜǎ ǊŜǇǊŜǎŜƴǘ ус҈ ƻŦ ǘƘŜ IŜŀǘƛƴƎ ǎȅǎǘŜƳǎ ŦƻǳƴŘ ƛƴ /ŀƭƛŦƻǊƴƛŀΩǎ 
commercial buildings in the 2014 (See Appendix A for descriptions of the equipment types).      

 

Packaged Single Zone HVAC Systems 
Typically small to medium sized commercial buildings have packaged rooftop units that provide heating and cooling via 
ducted blown air. In the United States the most common commercial HVAC system (46%) is packaged rooftop units,15 
while in California they are even more commonly used (59%).16 Replacing packaged rooftop AC units with heat pumps is 
an uncomplicated retrofit, as they look the same and have the same needs.  
 

Split Single Zone HVAC Systems 
The second most common Heating system 
both nationally and in /ŀƭƛŦƻǊƴƛŀ ƛǎ ŀ άǎǇƭƛǘέ 
type, comprising 13% of commercial HVAC in 
California. They look similar to most home air 
conditioners, but bigger. The outside 
compressor is connected with a thin pipe of 
refrigerant to a single indoor fan coil that 
blows warm or cold air through ductwork in 
the building. The electric version uses a heat 
pump or electric resistance for Heating, but air 
conditioners paired with gas furnaces are also 
άǎǇƭƛǘέ ǎȅǎǘŜƳǎΦ wŜǇƭŀŎƛƴƎ ŀƴ !ƛǊ /ƻƴŘƛǘƛƻƴŜǊ 
with gas furnace with an equivalent Heat Pump 
is a straight forward retrofit. 

 
Figure 1: Heat pumps in CA commercial buildings increase from 16% to 

52% as the climate warms, North to South.17 
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The Biggest Impact: Multizone HVAC in Commercial Buildings 

  
 
 
 

 

 
Multizone systems are found in only very largest and most diverse buildings, and comprise just 6% of all HVAC systems in 
California. They are often built up from multiple heat pump and storage systems with specialized tasks, requiring well-
trained engineers to integrate 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 multizone systems are just 1% to 4% of all buildings in US citiesτgenerally those that are larger 
than 20,000 square feetτyet this tiny minority of buildings produce 37% to 75% of the greenhouse gas emissions of a 
ŎƛǘȅΩǎ ōǳƛƭŘƛƴƎ ǎǘƻŎƪΦ18 These multi-zone systems deserve special study because of their outsized role in addressing climate 
change. 
 

Table 2: Typical multizone commercial HVAC heating and cooling equipment. 

Packaged Multizone Built-up multizone systems Variable Refrigerant Flow 

 
 
 

 
 

 

 

 

 

Case Study: Multizone heat pumps can move heat from where it is being wasted to 
where it is needed. At 100 Avenue of the Americas in Manhattan, NY, they discovered 
that all of the winter space heating needed for exterior offices could be met with 
waste heat from air conditioning the interior core of the building during the winter. 
(Empire Building Playbook, April 2022. NYSERDA) 
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Figure 2: !ǊŎƘƛǘŜŎǘǳǊŜ нлолΩǎ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŘƛǎǇǊƻǇƻǊǘƛƻƴŀǘŜ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ ōȅ ōǳƛƭŘƛƴƎǎ ƭŀǊƎŜǊ ǘƘŀƴ нлΣллл ǎǉǳŀǊŜ 

feet in cities.16 

 
Further breaking down the California statistic of 6% of commercial HVAC using multi zone systems, 2.4% are two-pipe fan 
coil systems which have a fan coil (ducted or not) in each zone that is heated and cooled via a chilled and hot water loops. 
The water loops provide heating in winter via hot water and cooling in summer via chilled water, but not both at the same 
time. Four pipe fan coil systems can 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 and 
boilers to heat and cool the water. Water loop heat pumps are the next most common (1.5%), that also circulate a water 
loop throughout the building, but at each zone there is a water source heat pump that can provide heating and cooling to 
a space. The next are multizone packaged systems (1.1%) that look very similar to the single zone systems but provide 
heating and cooling to more zones. Built-up multizone systems are custom systems that include chillers, boilers, fan coils, 
ŀƛǊ ƘŀƴŘƭŜǊǎΣ ŀƴŘ ŎƻƻƭƛƴƎ ǘƻǿŜǊǎ ǘƘŀǘ ǎŜǊǾŜ ƳǳƭǘƛǇƭŜ ȊƻƴŜǎ ŀƴŘ ŎƻƳǇǊƛǎŜ ƻŦ ƭŜǎǎ ǘƘŀƴ м҈ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ŎƻƳƳŜǊŎƛŀƭ 
buildings.  
 
Variable Refrigerant Flow heat pumps are 80%-90% of all installations in Eurasia,19 and are rapidly becoming popular 
because they are designed to work in cold climates, which is still uncommon for many commercial scale heat pumps. 
These systems are so new that their saturation in the market has not yet been measured, but they ς which are a more 
complex and bigger version of a single family mini split heat pumps - are common and are typical in high performance 
retrofits and new construction. In this case, the heating and cooling are delivered to the space via refrigerant, instead of 
air or water.  
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Commercial HVAC Retrofit Strategies 
This section discusses in general the various strategies for electric high performance commercial HVAC systems. The HVAC 
system for a commercial building will depend mainly on the size of the building. Brandon Gil of Taylor Engineering, breaks 
down what a typical HVAC system for a commercial building may look like depending on the size of the building:  
 

¶ 50-100 tons of cooling: A smaller building with less zones would typically have rooftop units or built-up air 
handlers with VRF coils. (An example of this kind would be the Berkeley Mental Health Services Building discussed 
below.) 

¶ 100-200 tons of cooling: This size of building would typically have air to water heat pumps that utilize water coils 
(instead of DX coils like mentioned above). The heating and cooling for these water coils would be with a 4-pipe 
heat pump or an air source heat pump chiller. These systems can supply hot or cold water and can reject or absorb 
heat to and from the outside air. (An example would ōŜ ǘƘŜ άTwo Sister Buildings in Mountain Viewέ ŎŀǎŜ ǎǘǳŘȅΣ 
discussed more below.)  

¶ 200 and up tons of cooling: This is for large buildings or campuses where you can have a water-cooled system 
(instead of air cooled in the other two categories). Large systems are also great candidates for thermal energy 
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 below. 
(An example of this kind of system would be the Stanford University Campus, also discussed more below). 

 
Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǎƛȊŜΣ ŀ ōǳƛƭŘƛƴƎΩǎ ŦǳƴŎtion is also important. The table below breaks down 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 industry 
experts that summarizes the new construction electrification strategies for all building types20. Note this report and table 
was in reference to new construction. However, this is still applicable to retrofits when the building it being gut-retrofitted, 
meaning all the existing mechanical infrastructure is being 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 be 
referenced throughout this section. 
 
The following sections discuss 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 flow 
(VRF) systems. 
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Table 3: Typical all-electric HVAC system types for new construction commercial buildings.21 

HVAC System 
Type Options 

Image Description 
Small  
Office 

Large 
Office 

Small 
Retail 

Large 
Retail 

Large 
Hotel 

Central Air-to- 
Water Heat 
Pump (AWHP) 

 

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

X X   X X 

Variable 
Refrigerant 
Flow (VRF) 

 

Central heat pump system with refrigerant 
distribution 

X X X X X 

Packaged Heat 
Pump - Single 
Zone System  

 

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

X   X     

Packaged 
Rooftop Heat 
Pump  

 

Packaged, all-in-one system including 
heating, cooling, ventilation air, and return 
air all in a single unit. 

    X X   

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

 

 

Packaged rooftop system typical for small 
offices across the United States, except 
with a reversing valve enabling heat pump 
mode and electric reheat boxes (as 
opposed to hydronic reheat boxes) 

X         

Water Source 
Heat Pump  
Systems    

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

  X   X X 

Ground Source 
Heat Pump   
Systems 

 

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

  X   X X 

Large Hotel 
Only:  
 
rooms: 
Ducted, Single 
Zone (ASHP), 
Or Packaged 
Terminal Heat 
Pump (PTHP) 
 
Non-rooms: 
Multizone 
ASHP 

 
 

 
 

 

ASHP: A single-guest suite heat pump 
ducted with outdoor condenser 
 
PTHP: Reversible zonal packaged air 
conditioners that provide heating and 
cooling from the same unit 

        X 

 
 
 



A Pocket Guide to All-Electric Retrofits of Commercial Buildings ¼ Redwood Energy                                                             12 

Packaged Rooftop Units Retrofits 
Packaged rooftop units are typically used in small to medium sized 
commercial buildings that are one to two stories and less than 50,000 square 
feet. This HVAC type represents a huge market and a big opportunity for 
decarbonizing and reducing emissions in the commercial sector. Summarizing 
Stet Sanborn at Smith Group, most systems of this type are simple and the 
least expensive option; they are constant air volume and serve a single zone 
with a single thermostat, so the electrification retrofit of this system is 
straight forward ς replace the rooftop unit that has an air conditioner 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 necessary. 
Many manufactures make both options ς  the heat pump system includes a reversible 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 convert 
a system from a constant air volume to a variable air volume in buildings that are relatively small, with a single zone type.  
 
John Gautrey of Integral adds (paraphrasing) that there may be some structural work needed to accommodate the heat 
pump because they have a slightly different footprint than a gas unit. In addition, John mentions that for non-typical 
commercial buildings that require more outside air, about 40%, (typical is about 20%), you will need to add extra 
equipment to make sure the coils do not freeze the compressors. The solution for this can be to add an electric heater to 
prevent freezing and add an evaporator cooler to prevent overheating, but again, this is for non-typical commercial 
building.  
 

Case Study: Berkeley Mental Health Services Building22 
The retrofit of the city 
ƻŦ .ŜǊƪƭŜȅΩǎ aŜƴǘŀƭ 
Health Services 
building is net zero 
energy, following the 
ŎƛǘȅΩǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ 
environmentally 
responsible design. 
Built in 1925, it served 
as Rainbow Sign, 
BerkeƭŜȅΩǎ .ƭŀŎƪ 
Cultural Arts Center, 
from 1971 to 1977, 
and now provides 
mental health social 
services to adults in 
Berkley. Integral led 
the MEP design as well as designed signage to educate occupants about the building. The wood framed building was 
gutted and reprogramed, and underwent a seismic retrofit. Since it is a historic building, there were minimal changes to 
the envelope, however some insulation was added to improve thermal performance, and a new roof structure was added 
to support the additional mechanical 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.  
 
Noah Zallen at Integral describes the project in more detail 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 Daikin 
Rebel heat pump rooftop packages units that provide 100% outside air with a heat recovery and electric resistance back 
up, which provide all the heating, cooling and ventilation for the building. There are two strategies to deliver variable air 
volume: the first is where occupancy is consistent, there is one VAV box for several zones, with each zone having an analog 
ǘƘŜǊƳŀŦǳǎŜǊ ǘƘŀǘ ŎƻƴǎǘǊƛŎǘǎ ŀƛǊ ǿƘŜƴ ƛǘΩǎ ǘƻƻ ŎƻƭŘ ƻǊ ƻǇŜƴǎ ǿƘŜƴ ǘƘŜ ǎǇŀŎŜ ƛǎ ǘƻƻ ǿŀǊƳΦ ¢ƘŜ ǎŜŎƻƴŘ ƛǎ ǿƘŜǊŜ ǘƘŜ ȊƻƴŜǎ 
have a higher density so there is a VAV box for each zone that is digitally controlled based on air temperature and CO2 in 

Figure 3: The Berkeley Mental Health Services Building rendering of the retrofit.23 

ά¢ƘŜ ōƛƎƎŜǎǘ ƳŀǊƪŜǘ ƛŦ ȅƻǳ ǿŀƴǘ ǘƻ ƳŀƪŜ ŀ 

move on actually getting gas out of 

commercial buildings is to target the 

ǊƻƻŦǘƻǇ ǇŀŎƪŀƎŜŘ ǳƴƛǘ ǿƛǘƘ Ŝŀǎȅ ǊŜǘǊƻŦƛǘǎΦέ 

ς Stet Sanborn, The Smith Group 
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the spaces. This strategy results in a lot less VAV boxes with reheat than a typical application ς since it is possible to utilize 
млл҈ ƻǳǘŘƻƻǊ ŀƛǊ ƎƛǾŜƴ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ƭƻŎŀǘƛƻƴ ŀƴŘ ǘƘŜǊƳƻŦǳǎŜǊǎ ŀƭƭƻǿ ŦƻǊ ƴƻǘ ƘŀǾƛƴƎ ǊŜƘŜŀǘ ŀƴŘ ǎƳaller zoning.  Some 
challenges to this design that were overcome since it was a historic structure were that the single pane windows on the 
south side of the building could not be upgraded, so two rooftop units instead of one were used. In 2020, the building has 
not yet been fully occupied and is undergoing its final HVAC calibration.   
 
This retrofit was a participant in the California Energy Commission research project "Integrated Whole-Building Zero Net 
Energy Retrofits for Small Commercial Offices", under contract EPC-16-004.  The research project developed the 
Commercial Building Energy Saver, CBES.lbl.gov, a free tool developed to help small commercial projects identify cost 
effective low energy, ZNE and zero carbon designs in California.  Integral Group worked with Lawrence Berkeley National 
Lab to develop packages of cost effective retrofit measures, which were then demonstrated in the City of Berkeley's 
Mental Health Services building. 
 

Case Study: Sonoma Clean Power Headquarters24 
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 originally 
built in 1979 in Downtown Santa Rosa. It was retrofitted down to the studs, with all new insulation, all new windows, all 
new siding and all new mechanical systems. In additionΣ ǘƘŜ ǇǊƻƧŜŎǘ ƛƴŎƭǳŘŜǎ ƛǘΩǎ ƻǿƴ ƳƛŎǊƻƎǊƛŘ ŀƴŘ ŜƭŜŎǘǊƛŎŀƭ ǾŜƘƛŎƭŜ 
charging- which required an electrical service upgrade. 
   

 
Figure 4: Sonoma Clean Power retrofitting office building.25 

 

  

http://cbes.lbl.gov/
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Variable Refrigerant Flow Retrofit Solutions 
Variable refrigerant flow systems (VRF) can be attractive for 
commercial building retrofits because they are space compact, and 
refrigerant piping is flexible and can be piped around a building using 
less space than air ducts or hydronic piping. Adding both air ducts 
and hydronic piping to a project can be an expensive alternative. 
However, in a VRF system leaking refrigerant in long pipe lengths can 
be harmful to the environment (especially using R410a). With VRF, 
ǘƘŜ ǊŜŦǊƛƎŜǊŀƴǘ ƭƛƴŜǎ ŀǊŜ άŎƘŀǊƎŜŘέ ƻƴ ǎƛǘŜ ǿƘƛŎƘ ƭŜŀǾŜǎ ƳƻǊŜ ǊƻƻƳ 
for error and potential refrigerant leakage. Packaged units on the 
other hand are factory pressurized and tested for leaks, and 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.  
 
Ted, Stet, John and Brandon all say that they prefer not to use VRF ς because of the refrigerant leakage global warming 
impacts. However, there are scenarios that they will use them. For example, Ted mentioned a project in a rural location 
in Northern California, where there were no contractors familiar with large central heat pump plants, but they were 
ŦŀƳƛƭƛŀǊ ǿƛǘƘ ±wCΦ Lƴ ŀŘŘƛǘƛƻƴΣ ¢ŜŘ ǎǘŀǘŜǎ ǘƘŀǘ ǘƘŜȅ ŜƴŘ ǳǇ ǇǳǘǘƛƴƎ ƛƴ ±wC ǎȅǎǘŜƳǎ ōŜŎŀǳǎŜ ƛǘΩǎ ƘŀǊŘ ǘƻ ŜŦŦŜŎǘƛǾŜƭȅ 
communicate the global warming impacts of VRF systems (compared to centralized systems), thus a market 
transformation needs to happen in this space.  
 
.ǊŀƴŘƻƴ ǎǘŀǘŜǎ ǿƘŜƴ ǘƘŜȅ Řƻ ǳǎŜ ±wCΣ ǘƘŜȅ ǳǎŜ ƛǘ ƛƴ ŀ άōǳƛƭǘ ǳǇέ ŀƛǊ ƘŀƴŘƭŜǊ ǿƛǘƘ ŀ Řǳŀƭ Ŧŀƴ Řǳŀƭ ŘǳŎǘ ŎƻƴŦƛƎǳǊŀǘƛƻƴΣ 
typically for smaller commercial buildings (50-100 tons of cooling). Meaning, where instead of using the typical direct 
ŜȄǇŀƴǎƛƻƴ ό5·ύ Ŏƻƛƭǎ ȅƻǳ Ŏŀƴ ǳǎŜ ±wC Ŏƻƛƭǎ ŀǎ ǘƘŜ ǎƻǳǊŎŜ ƻŦ ƘŜŀǘƛƴƎ ŀƴŘ ŎƻƻƭƛƴƎΦ ό¢ŜŘ ŀƭǎƻ ƳŜƴǘƛƻƴŜŘ ǘƘƛǎ άōǳƛƭǘ ǳǇέ ǎǘǊŀǘŜƎȅ 
as a better way to use VRF). Lƴ ŀŘŘƛǘƛƻƴΣ .ǊŀƴŘƻƴ ǎǘŀǘŜǎ ǘƘŀǘ ±wC ǎȅǎǘŜƳǎ άŘƻ ƴƻǘ ǇǊƻǾƛŘŜ ŀƴȅ ŜŎƻƴƻƳƛȊƛƴƎ ōŜƴŜŦƛǘǎ ǊŜŀƭƭȅΣ 
ŀƴŘ ǘƘŀǘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ƳŀƧƻǊ Ŧƭŀǿǎ ƻŦ Ƴƻǎǘ ±wC ǎȅǎǘŜƳǎέΣ ŜǎǇŜŎƛŀƭƭȅ ǿƘŜƴ ƛƴ ŀ ŎƭƛƳŀǘŜ ǘƘŀǘ ƭŜƴŘǎ itself to economizing like 
coastal California. 
 
The most common way to use VRF in a commercial building is to use the VRF system as the source of heating and cooling 
and pair it with a dedicated outdoor air system. Tacking on heat recovery is a more specialized system, but can reduce the 
amount of VRF units that you need (see Immix Law Office case study below that uses Ventacity heat recovery ventilators).  
 

Case Study: Immix Law Office Retrofit, Portland, Oregon26 
The Immix Law Office was moving to a new building, but was worried about the high energy bills to operate the 12,000 
square foot, 1909 constructed building. By installing four Ventacity heat recovery ventilators (HRVs) they were able to 
reduce their equipment capacity requirements by more than 50%, and ended up replacing the nine very old, packaged 
rooftop units. They replaced the previous 35 tons of cooling and 43 tons of heating with a variable refrigerant flow (VRF) 
system with 16 tons of cooling and 18 tons 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 for 
ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ƻŎŎǳǇŀƴǘǎΦ ¢ƘŜ Ŧƛƴŀƭ ŘŜǎƛƎƴ includes four zones of ventilation, and eight zones of heating or cooling. Their 
energy bills to heat, cool and ventilate the 12,000 square foot space range from $300 to $700 a month, with outdoor 
temperatures ranging from 100F degrees in the summer to below freezing in the winter.  

   
Figure 5: The before and after HVAC system of a Law Office retrofit in Portland Oregon. Old rooftop units (43 tons of 

heating) were replaced (left) with four heat recovery ventilators (right) and a variable refrigerant flow system (center) (18 
tons of heating), reducing the buildings heating demand by 50%.27 

άVRF was a common strategy, it has a lot of 

positives and a lot of negatives. The biggest problem 

is the refrigerant leakage, and if you look at the data 

ƛǘΩǎ really significant. We are tending to move away 

from it but we have not abandoned it completely. 

We are certainly not using it as much as we did 

three years ago, just because of the concerns of 

ǊŜŦǊƛƎŜǊŀƴǘ ƭƻǎǎΦέ  ς John Gautrey, Integral 
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Case Study: Sitka Public Library, Alaska28 
The island village Sitka in Alaska wanted to 
ǊŜŘǳŎŜ ƛǘΩǎ ŘŜǇŜƴŘŀƴŎŜ ƻƴ ŜȄǇŜƴǎƛǾŜ ƛƳǇƻǊǘŜŘ 
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 heat 
pumps, completely getting rid of the need for 
Ŧƻǎǎƛƭ ŦǳŜƭǎΦ ¢ƘŜ ǊŜǘǊƻŦƛǘ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜƛǊ άǳtility 
costs nearly cut in half, with money staying in 
the community rather than paying for imported 
fuel.έ Lƴ ŀŘŘƛǘƛƻƴ ǘƘŜ ōǳƛƭŘƛƴƎ ǳƴŘŜǊǿŜƴǘ ƻǘƘŜǊ 
efficiency upgrades: super insulation (R-30 
walls, R-50 roof, R-20 slab, triple-glazed 
windows), 100% LED lighting with dimming, low flow plumbing fixtures and heat pumps for water heating. Heating is now 
being provided by variable refrigerant flow heat pumps with radiant 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. Read 
more on It. ƳŀƎŀȊƛƴŜΩǎ website.  
 

Variable Air 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 pumps. άwŜƘŜŀǘέ refers to a coil that 
contains water (Figure 7) or an electric resistance coil (Figure 8) that is in 
each air delivery box in each zone, that heats the stream of air to the 
desired zone temperature. ά±ŀǊƛŀōƭŜ ŀƛǊ ǾƻƭǳƳŜέ (VAV) means that 
when the zone is too warm or cool, the air being delivered is either 
constricted or increased to maintain a comfortable temperature. The 
typical configuration for reheat systems use a water loop and a gas boiler to heat it.  
 

 

 

Figure 7: VAV Box with water reheat Coil. Figure 8: VAV Box with Electric Resistance Reheat Coil. 

 
It is common now for VAV with reheat systems to vary the volume of air, but also vary the temperature of the air using a 
supply air reset scheme. Essentially a reset scheme will look at the demand of the zone and the outside air temperature, 
then decide the best temperature and air volume to deliver to each zone, this optimizes fan speed and reduces the amount 
of reheat needed.  
 
Even though variable air volume with reheat is a relatively older solution for building HVAC, it is still considered an efficient 
way to heat and cooling buildings today and is preferred by both Integral, Taylor Engineering and Guttmann & Blaevoet, 
ŦƻǊ ǎƻƳŜ ƻŦ ǘƘŜƛǊ ǇǊƻƧŜŎǘǎΦ .ǊŀƴŘƻƴ Dƛƭƭ ƻŦ ¢ŀȅƭƻǊ 9ƴƎƛƴŜŜǊƛƴƎ ǎŀȅǎ άǿƛǘƘ ŀŘǾŀƴŎŜƳŜƴǘǎ ƛƴ ŜŦŦƛŎƛŜƴŎȅ ƻǾŜǊ ǘƘŜ ƭŀǎǘ мл-15 
years like utilizing dual max VAV logic that was added to the California energy code in 200829, you can reduce the need for 
ǊŜƘŜŀǘΦ Lƴ ŀŘŘƛǘƛƻƴΣ ƛƴ ƳƛƭŘ ŎƭƛƳŀǘŜǎ ȅƻǳ Ŏŀƴ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ άŦǊŜŜέ ƻǳǘŘƻƻǊ ŀƛǊ ŎƻƻƭƛƴƎ όŜŎƻƴƻƳƛȊƛƴƎύ ǿƘŜƴ 
temperatures are favorable, making ǘƘƛǎ ƻǇǘƛƻƴ ŜǾŜƴ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘΦέ ¢ƘŜ ŜƴƎƛƴŜŜǊƛƴƎ ŦƛǊƳǎ ƛƴǘŜǊǾƛŜǿŜŘ ǿŜǊŜ 
predominately based in California- and Taylor Engineering works in the California San Francisco Bay area where 
economizing is favorable.  

 
Figure 6: The Sitka Public Library in Alaska that fuel switched from a fuel 

oil boiler to VRF heating system. 

άVAV with Reheat systems are the most 
ubiquitous commercial system out there for 

large buildings. If I had to call a percentage out 
of my head, it would be 85%-90% of every 

buildƛƴƎ ƻŦ ǎŎŀƭŜΦέ ς Stet Sanborn, Smith Group  

https://www.hpbmagazine.org/powering-an-alaska-village-sitka-alaska/
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The biggest challenge to retrofitting variable air volume systems with boiler reheat to use a heat pump instead is that the 
systems were originally designed for 160-180F water delivery temperature- which has been the typical design range for 
the past 20 years. This is a challenge because typical air source heat pumps produce water only up to 120 to 130F.  
 
Instead of using a gas boiler for reheat hot water, other options include: 
 

¶ Using a Typical Air-to-Water Heat Pump: Turn down the reheat water loop temperature to 120-130F and use a 
typical air to water 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. 
 

¶ Using a High-Temperature Air-to-Water Heat Pump: Use 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 Mayekawa 
Unimo Series30 (up to 194F water) and Lync Aegis by Watts31 (up to 185F water). Although possible solutions, these 
heat pumps are newer to the market and are usually more expensive to purchase. 
 

¶ Using Electric Resistance: Instead 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 adding 
electrical capacity where necessary in the zone to power the new electric resistance coils. The motivation for this 
strategy, which was actually the preferred way to provide reheat before gas boilers became more popular, is 
because rŜƘŜŀǘƛƴƎ ǿƛǘƘ ŀ ōƻƛƭŜǊ ƛǎƴΩǘ ŀǎ ŜŦŦƛŎƛŜƴǘ ŀǎ ƛǘ ƳƛƎƘǘ ǎŜŜƳΦ There is a huge amount of heat loss through the 
pipes as the hot water is distributed to the reheat coils throughout the building. The Center for the Built 
Environment did a study on the energy loss in hot water reheat systems specifically in VAV with reheat. And found 
that an 11,000 m2 building with 98 terminal reheat coils only used about 21% of the converted gas energy for the 
reheat. In addition, the heat distribution losses from the boiler to the reheat systems was about 44%.32 However, 
reheat can be optimized to be comparably efficient, with the appropriate reset schemes that reduce the amount 
ƻŦ ǊŜƘŜŀǘ ƴŜŜŘŜŘΣ ǎƻ ƛƴ ŀ ǇǊƻƧŜŎǘ ƛǘΩǎ ƴƻǘ ǊŜŀǎƻƴŀōƭŜ ǘƻ ǊŜǇƭŀŎŜ ǇƛǇƛƴƎΣ ǊŜǇƭŀŎƛƴƎ ǘƘŜ ōƻƛƭŜǊ ƻƴŜ ǘƻ ƻƴŜ ǿƛǘƘ ŀ ƘŜŀǘ 
pump can be an effective solution.  
 

¶ Using a Cascading Heat Pump Configuration (Air-to-
Water then Water-to-Water heat pumps): Examples of 
this strategy are outlined in a presentation by Johan 
Martensson at Transom Corporation, where he discusses 
a theoretical system that produce 180F degree water at -
30F ambient air with a COP of 2.2-2.433. They have 
designed 16 systems using this cascading strategy (with 
varying ambient air design and supply temperatures) 
going from air source heat pumps to water source heat 
pumps. This strategy is applicable for radiators where 
temperatures cannot be turned down and in colder 
climates.  
 

 
Figure 9: Transom cascading system to product 180F 

degrees at 0F outdoor air. 
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¶ Using a Cascading Heat Pump Configuration 
with Thermal Energy Storage and Heat 
Recovery Chillers: Taylor Engineering writes 
about their heating strategy for 
electrification of large buildings, what they 
name the Time Independent Energy 
Recovery (TIER) design, that incorporates 
thermal energy storage and heat recovery to 
improve existing strategies of all-electric, 
large building HVAC design.35 In essence, 
their suggested and preferred approach is to 
utilize condenser water storage (60-80F) 
with cooling only chillers, heat recovery 
ŎƘƛƭƭŜǊǎΣ ŀƴŘ άǘǊƛƳέ ŀƛǊ ǎƻǳǊŎŜ ƘŜŀǘ ǇǳƳǇǎ 
(Figure 10). Alternatively, electric boilers can 
be used as the trim heat source instead of air source heat pumps, where space is limited. (Note that large water 
storage tanks can take up a lot of space, so utilizing storage is more applicable to new construction).  

 
 

Case Study: Typical Air-to-Water Heat Pumps: Two Sister Buildings in Mountain View, California 
Reinhard Seidl discusses one of his electrification projects of two 
buildings located in Mountain View California. The two buildings 
were similar in their original design ς with large air-cooled packaged 
units on the roof, with chillers and boilers suppling the heating and 
ŎƻƻƭƛƴƎ ǘƻ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ǎǇŀŎŜǎΦ hƴŜ ōǳƛƭŘƛƴƎ ƘŀŘ ǘǿƻ сл-ton chillers 
and the other had three 60-ton chillers, both with a boiler providing 
reheat.  
 
Both buildings retrofitted to use  heat pumps instead of a boiler for their reheat systems.  One used a heat recovery 4-
pipe heat pump, and one kept their original chillers and went with a heating only heat pump.  In the building that kept the 
heating and cooling as separate heat pumps ς it was found that it was a less expensive strategy to replace the air-cooled 
chillers on the roof with newer, more efficient ones because they were at the end of their life - than going with a 4-pipe 
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 designed for 180F water, 
and the new heat pumps can only provide 120F. So in April, the design team did a turn down test, and turned the water 
down to 120 F to see if the spaces were still getting the optimal temperatures at each zone and if the existing coils can 
deliver the heat needed through a typical morning warm up test. The test went well, and the lower temperatures could 
provide sufficient heat, and it only lengthened the warm up cycle of the buildings by about a half hour. From this test they 
found that some zones 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 Seidl states that older systems were actually designed for 
atmospheric boilers that have to operate at 180F or they will corrode at lower temperatures (unlike stainless steel 
condensing boilers today). In reality, the coils themselves only need a temperature difference of 30 degrees, so in theory 
you can supply water down to 90 degrees.  
 
The next big decision of the design team was to decide whether to provide a back up electric resistance water heater as 
ǿŜƭƭΦ CǊƻƳ ¢ŀȅƭƻǊ 9ƴƎƛƴŜŜǊƛƴƎΩǎ ŜȄǇŜǊƛŜƴŎŜ ƛǘ ƛǎ ǘȅǇƛŎŀƭ ǘƘŀǘ ŀ ƘŜŀǘ ǇǳƳǇ ǿƛƭƭ ŎŀǊǊȅ ǘƘŜ ƭƻŀŘ Ƴƻǎǘ ƻŦ ǘƘŜ ǘƛƳŜΣ ŀƴŘ ǘƘŜ 
electric resistance heater will boost the capacity when temperatures are low. Based on the turn down test it was 

 
Figure 10: The energy transfer of a condenser water TIER system, as 

outlined in Taylor Engineering ASHRAE article.34 (TES = thermal 
energy storage)  

 

άLƴ Ƴƻǎǘ ŎŀǎŜǎ ǘȅǇƛŎŀƭ ƘŜŀǘ ǇǳƳǇǎ ǘƘŀǘ Ŏŀƴ ǇǊƻŘǳŎŜ 
120-degree water will actually work fine in buildings 
with an existing boiler reheat system, as long as they 

have two row coils, which most buildings doΦέ  
ς Reinhard Seidl, Taylor Engineering 
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determined that they would not need electric resistance back up, however the design team did all the engineering checks 
and determined there was enough power if the client would like 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 system ς they have 
successfully been able to turn down the hot water loop temperature, so long as the coils at the zones have two rows, 
which all the projects they have worked on do. Where you may need to make a change to a VAV box, Reinhard states, that 
άƛǘ ƛǎ ƴƻǘ ǘƘŀǘ ŘƛŦŦƛŎǳƭǘ ǘƻ ǘŀƪŜ ǘƘŜ ōƻȄ ŀǇŀǊǘ ŀƴŘ Ǉǳǘ ŀƴ oversized coil in it with two duct transition pieces and basically give 
it a bigger coil in case it needs it.έ IƻǿŜǾŜǊΣ ƘŜ ǎŀȅǎΣ άƛƴ Ƴƻǎǘ ŎŀǎŜǎ ǘȅǇƛŎŀƭ ƘŜŀǘ ǇǳƳǇǎ ǘƘŀǘ Ŏŀƴ ǇǊƻŘǳŎŜ мнл ŘŜƎǊŜŜǎ ǿƛƭƭ 
actually work fine in VAV reheat buildings as long as they have two row coils.έ Lƴ ǘƘŜ ŎŀǎŜ ǿhere you have single 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) that most systems have been oversized in California 
and will have two row coils already and two row coils are typical for manufactures to offer. Also, newer high efficiency 
condensing boilers are more efficient with lower incoming water temperatures, so two row coils are typically specified for 
these ŀǎ ǿŜƭƭΦ .ǊŀƴŘƻƴ Dƛƭ ƻŦ ¢ŀȅƭƻǊ 9ƴƎƛƴŜŜǊƛƴƎ ǎŀȅǎΣ άŀŘŘƛƴƎ ǘƘǊŜŜ ƻǊ ŦƻǳǊ row reheat coils is generally a viable retrofit 
ǎǘǊŀǘŜƎȅ ŦƻǊ ŀ ƭƻǘ ƻŦ ōǳƛƭŘƛƴƎǎέ ŀƴŘ ǘƘŜ ŀŘŘƛǘƛƻƴŀƭ ǎǘŀǘƛŎ ǇǊŜǎǎǳǊŜ ŀŘŘŜŘ ǘƻ ǘƘŜ ŀƛǊ ƘŀƴŘƭŜǊ ƛǎ ǳǎǳŀƭƭȅ ƴƻǘ ŀ ǇǊƻōƭŜƳ ōŜŎŀǳǎŜ 
most engineers are conservative when designing their supply fans.   
 

Case Study: A City College in Northern California 
WƻƘƴ DŀǳǘǊŜȅ ƻŦ LƴǘŜƎǊŀƭΩǎ ǇŜǊǎǇŜŎǘƛǾŜ ƻƴ ōƻƛƭŜǊ ǊŜǘǊƻŦƛǘǎ ƛǎ ǘƘŀǘ ƛǘ ƛǎ ǘƻǳƎƘ ƛƴ ŀ ǇŀǊǘƛŀƭ ǊŜǘǊƻŦƛǘ ōǳǘ ƛǘ Ŏŀƴ ōŜ ŘƻƴŜΦ IŜ 

discusses one project they are working on for a City Collage- they want to electrify to an all-electric central plant by 

replacing their existing boilers with heat pumps. The main issue they wanted to avoid was to not have to renovate each 

building to accommodate the lower temperatures that heat pumps provide. The solution for this was to look at each coil 

individually- by running analyses with the manufacturer under the new operating parameters to make sure the coils could 

handle the new flow rates. With this and tweaks to the temperature 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 attributes the 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 heat 

even at lower temperatures. In addition the heat pump central plant at the College can also recover waste heat from the 

ŎƘƛƭƭŜŘ ǿŀǘŜǊ ǎȅǎǘŜƳ ǘƻ ƎŜƴŜǊŀǘŜ Ƙƻǘ ǿŀǘŜǊΣ ǿƘƛŎƘ ƛƴŎǊŜŀǎŜǎ ǘƘŜ ŎŜƴǘǊŀƭ Ǉƭŀƴǘ ŜŦŦƛŎƛŜƴŎȅΦ WƻƘƴ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ άǇǳǎƘƛƴƎ ǘƘŜ 

chilled water temperature up and the hot water temperature down makes the plant exceedingly efficient, you can get 

/htǎ ǳǇ ǘƻ тΦлέΣ ƘƻǿŜǾŜǊ ȅƻǳ ŀǊŜ ƭƛƳƛǘŜŘ ƛƴ ǿƘŀǘ ǊŜŎƻǾŜǊȅ ǘŜƳǇŜǊŀǘǳǊŜ ȅƻǳ Ŏŀƴ ƎŜǘΦ  

 

Case Study: Office to Laboratory Retrofit 
Typical VAV with water loop reheat HVAC systems are becoming common again for retrofits, particularly retrofits where 

ǘƘŜ ŜȄƛǎǘƛƴƎ ōǳƛƭŘƛƴƎ ƛǎ ōŜƛƴƎ ŘŜŜǇƭȅ ǊŜǘǊƻŦƛǘǘŜŘ ŀƴŘ ƎǳǘǘŜŘΣ ǎƻ ƛǘ ƛǎ ƭƛƪŜ ŀ ƴŜǿ ōǳƛƭŘƛƴƎΦ hŦǘŜƴ ŀ άƎǳǘέ ǊŜǘǊƻŦƛǘ ƛǎ ƳƻǘƛǾŜŘ by 

a major occupancy and building type change- along with this it is typical to replace all the interior furnishing and take out 

the existing mechanical work. For example, a medical company is retrofitting one of 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 the 

mechanical system chosen was a conventional variable air volume with reheat, with an advanced heat pump central plant.  
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Case Study: Vancouver City Hall 4-pipe heat pump retrofit (2014-2017 Phase I, Phase II and Phase II ongoing)36  
The Vancouver City Hall campus has 
retrofitted its facility with a highly 
efficient Air Source Heat Pump (ASHP) 
for space heating and cooling and 
domestic hot water. As stated in the 
ǎǘǳŘȅΣ ¢ƘŜ /ƛǘȅ ƻŦ ±ŀƴŎƻǳǾŜǊ Ƙŀǎ άǇƭŀƴǎ 
to achieve 100% renewable energy and 
zero emissions in its own facilities by 
нлплέΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƭƛǎǘ ŀǊŜ ǘƘǊŜŜ ǇƛƭƭŀǊǎ 
that were focused on as stated in the 
case study: 

1. Build new City-owned facilities 
to zero emissions standards 
from 2018 onwards 

2. Upgrade existing facilities to 
make them more energy 
efficient and converting natural 
gas to high-efficiency electric heating 

3. Connect close-by civic facilities to low carbon Neighborhood Renewable Energy systems 
 
Another major reason for the retrofit of the City Hall campus was for seismic safety issues. The retrofit is divided into three 
phases (Phase I, Phase II, and Phase III). During Phase 1 of the project, which was develop between 2014-fall of 2017, 
included demolition on the East Wing and evaluation of different heating and cooling systems. A few heating and cooling 
ǎȅǎǘŜƳǎ ǎǳŎƘ ŀǎΣ άŀ ƘŜƭƛŎŀƭ ǊƻǘŀǊȅ ŎƘƛƭƭŜǊ ǿƛǘƘ ŦƭǳƛŘ ōŀǎŜŘ ŎƻƻƭƛƴƎ ǘƻǿŜǊ όŀ ƭƛƪŜ-for-like replacement), an air-cooled chiller, 
and air-ŎƻƻƭŜŘ ŎƘƛƭƭŜǊ ǿƛǘƘ ŀ ŘŜǎǳǇŜǊƘŜŀǘŜǊΣ ŀƴŘ ŀ ƘŜŀǘ ǊŜŎƻǾŜǊȅ ŀƛǊ ǎƻǳǊŎŜ ƘŜŀǘ ǇǳƳǇ ό!{Itύέ ǿŜǊŜ ŜǾŀƭǳŀǘŜŘ ƛƴ нлмрΦ Lƴ 
2016 the ASHP was decided on as the most energy efficient solution. Demolition of the East Wing was completed in 2016 
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 preheat. This 
ǎȅǎǘŜƳ ǿŀǎ ǳƭǘƛƳŀǘŜƭȅ ǎŜƭŜŎǘŜŘ ŦƻǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜŀǎƻƴǎΦ 5ǳŜ ǘƻ ƛǘΩǎ ƘŜŀǘ ǊŜŎƻǾŜǊȅΣ ǘƘƛǎ ǎǇŜŎƛŦƛŎ ƳƻŘŜƭ ƛǎ ǾŜǊȅ ŜŦŦƛŎƛŜƴǘ 
with a Total EffiŎƛŜƴŎȅ wŀǘƛƻ ¢9w ƻŦ сΦоΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘƛǎ ǎȅǎǘŜƳ ǿŀǎ ǎŜƭŜŎǘŜŘ ŘǳŜ ǘƻ ƛǘΩǎ ŎŀǇŀōƛƭƛǘƛŜǎ ǘƻ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ŀƴŘ 
independently be used to provide space heating, space cooling, and DHW and it had been successfully installed in another 
building and tested. 
 
The systems design for the Vancouver City Hall is a four-pipe system with the AERMEC ASHP as the main heating a cooling 
ǎƻǳǊŎŜΦ  !ǎ ǘƘŜ ǎǘǳŘȅ ǎǘŀǘŜǎΣ ά¢ƘŜ ŜǉǳƛǇƳŜƴǘ Ƙŀǎ ŦƻǳǊ ŘƛŦŦŜǊŜƴǘ ƻǇŜǊŀǘƛƴƎ ƳƻŘŜǎΥ ƛǘ Ǉǳƭƭǎ ƘŜŀǘ ŦǊƻƳ ǘƘŜ ŀƛǊ ƻǊ ŦǊƻƳ ǘƘŜ ŀƛǊ 
of from the cooling loop and sends the heat to either the space heating or DHW system; excess heat can be rejected to 
ǘƘŜ ŀƛǊέΦ IƻǿŜǾŜǊΣ ǘƘŜ ŘŜǎƛƎƴ ŘƻŜǎ ƘŀǾŜ ƛǘǎ ƭƛƳƛǘŀǘƛƻƴǎ ŘǳǊƛƴƎ ǾŜǊȅ ŎƻƭŘ ǿŜŀǘƘŜǊΦ ¢ƘŜ ǎǳǇǇƭȅ ǿŀǘŜǊ ǘŜƳǇŜǊŀǘǳǊŜ ǘƘŀǘ ƛǎ 
delivered by the ASHP is much cƻƻƭŜǊ ǘƘŀƴ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ Ƙƻǘ ǿŀǘŜǊ ǎǳǇǇƭȅ ǘŜƳǇŜǊŀǘǳǊŜΦ 5ǳǊƛƴƎ ǘƘƛǎ 
cool weather a gas boiler is used for back-up heat. 
 
The total cost of installation for the system was $534K with an additional fee of $138K for the ASHP equipment, 
installation, adding DHW preheat, piping, and controls. The life span of the system is expected to be 15 to 20 years. For  
the first two phases, the retrofit of the project estimates to decrease the annual consumption of natural gas by 45% and 
electricity use increased by 6%. The annual energy cost savings is $20,000 for Vancouver City Hall and the GHG emissions 
is expected to decrease by 34%. 
 
Modification and calibration of the system will be done during Phase II. In Phase III the ASHP heating and cooling system 
will be completed, and, in this phase, a Dedicated Outdoor Air System (DOAS) will be installed in the entire building. Phase 
III may be completed by 2030. 
 

 
 

Figure 11: Vancouver city hall and the Aermec 4-pipe heat pump installed and 
being installed with a crane. 
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Case Study: (New Construction) Bay Area Laboratory, heating load electrification37 
A study done for a new laboratory project in the Bay Area has summarized the energy efficiency measures to take to fully 
electrify the building. The building is a 7-ǎǘƻǊȅ ƳƛȄ ƻŦ άсл҈ ƭŀōƻǊŀǘƻǊȅ ǎǇŀŎŜ ŀƴŘ пл҈ ƻŦŦƛŎŜ ǎǇŀŎŜέ όDƛƭƭŜǎ ŀƴŘ DǳƴǘƘŜǊΣ 
2021). The building is 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 needed, 100% outside air (OA), and reheat will be provided at 
each zone.  
 
The initial design included a high-efficient gas-fired 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 also 
integrated energy efficiency measǳǊŜǎ ǎǳŎƘ ŀǎΣ άƘƛƎƘ-performing window glazing and wall construction, decoupled 
ventilation and space conditioning for the office spaces to reduce reheat loads, auto sash closers on fume hoods, and 
variable flow rate exhaust fans with exhaust air velocity aƴŘ ǇƭǳƳŜ ƘŜƛƎƘǘ ǾŀǊƛŜŘ ōŀǎŜŘ ƻƴ ƳŜŀǎǳǊŜŘ ǿƛƴŘ ǎǇŜŜŘέ όDƛƭƭŜǎ 
and Gunther, 2021).  Electrifying the DHW system was an easy modification as the design team switched from a gas-fired 
water heater to an air source heat pump (ASHP). 
 
As for space heating and cooling, the initial sources of space cooling and heating systems were water-cooled chillers and 
high-efficient gas-ŦƛǊŜŘ ōƻƛƭŜǊǎΦ ¢ƘŜ 5ŜǎƛƎƴ ǘŜŀƳΩǎ ŀƴŀƭȅǎƛǎ ŦƻǳƴŘ ǘƘŀǘ άŀƛǊ ǎƻǳǊŎŜ ƘŜŀǘ ǇǳƳǇǎ ǿƻǳƭŘ ƘŀǾŜ ǇǊƻǾƛŘŜŘ ŀ ōŜǘǘŜǊ 
method of electrification, however whŜƴ ŎƻƳǇŀǊŜŘ ǘƻ /ŀƭƛŦƻǊƴƛŀΩǎ ¢ƛǘƭŜ нп 9ƴŜǊƎȅ /ƻŘŜΣ ŀƛǊ ǎƻǳǊŎŜ ƘŜŀǘ ǇǳƳǇǎ ǎǘƛƭƭ ǿƻǳƭŘ 
ǊŜǎǳƭǘ ƛƴ ŀƴŘ ŜƴŜǊƎȅ ǇŜƴŀƭǘȅ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ /ƻŘŜ ōŀǎŜƭƛƴŜέ όDƛƭƭŜǎ ŀƴŘ DǳƴǘƘŜǊΣ нлнмύΦ CǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎ ǿŀǎ ŘƻƴŜ 
using annual heating and cooling load profiles and was discovered that 48% of the annual heating demand would be 
electrified by using a heat recovery chiller. Ultimately, the design team was able to electrify more than 99% of the annual 
heating demand by incorporating a heat recovery chiller with energy recovery from the exhaust air. A small electric 
boiler was included to provide the remaining heating demand.  The changes have not only reduced the amount of energy 
ŎƻƴǎǳƳŜŘΣ ōǳǘ ŦǊƻƳ ǘƘŜ ǎǘǳŘȅ ǘƘŜ ŦƻǳƴŘ ǘƘŀǘ ƛǘ ǿŀǎΣ άǿŀǘŜǊ ŜŦŦƛŎƛŜƴǘ ŀǎ ƛǘ ŜƭƛƳƛƴŀǘŜŘ ŎƻƻƭƛƴƎ ǘowers completely from the 
ǇǊƻƧŜŎǘέ όDƛƭƭŜǎ ŀƴŘ DǳƴǘƘŜǊΣ нлнмύΦ  
 

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 retrofits, nor 
in new construction at any of the ten campuses. By 2025 the entire UC system will be carbon neutralτ6000 buildings. 
{ƛƭƛŎƻƴ ±ŀƭƭŜȅΩǎ {ǘŀƴŦƻǊŘ ¦ƴƛǾŜǊǎƛǘȅ Ƙŀǎ ŀƭǊŜŀŘȅ ŜƭŜŎǘǊƛŦƛŜŘ Ƴƻǎǘ ƻŦ ǘƘŜƛǊ ŎŀƳǇǳǎ ƻŦ мн Ƴƛƭƭƛƻƴ ǎǉǳŀǊŜ ŦŜŜǘ ƻŦ ōǳƛƭŘƛƴƎǎ ǿƛǘƘ 
a central water source heat pump with one hot storage tank and two cold water tanks. The heat exchanger produces hot 
water by pulling heat from groundwater, reducing heating energy needs by 93%, and the combined efficiencies of the new 
system reduce water use by 70%.40 The system is so efficient because it utilizes a significant amount of heat recovery, a 
yearly profile in the figure below shows that most of the ŎŀƳǇǳǎΩǎ ƭƻŀŘ ƛǎ ƳŜǘ ōȅ ƘŜŀǘ ǊŜŎƻǾŜǊȅΦ 

 

 
Figure 12: The Stanford Energy System Innovation (SESI) diagram38 and the annual heating and cooling profile.39 
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Additional All-Electric Commercial Retrofits41 

 
The Exploratorium: Science Museum 

San Francisco, CA, 200,000 sq.ft., ZNE expected 
Architect: EHDD, MEP: Integral Group 

 
Pier 70, Building 12: Muti-use 

San Francisco, CA,  
MEP BOD: Point Energy Innovations 

 
LinkedIn: Office 

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

 
435 Indio: Office 

Sunnyvale CA, 31,000 sq.ft., ZNE, Zero Carbon,  
Architect:  RMW, MEP:  Integral Group 

 
415 N. Mathilda: Office 

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

 
AP+I Office: Office 

Mountain View, CA, 14,300 sq.ft., NZE, Zero Carbon, 
Architect: AP+I, MEP:  Integral Group 

 
380 N. Pastoria: Office 

Mountain View, CA, 42,000 sq.ft., NZE, Zero Carbon, Architect:  
WRNS Studio, 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 General 
Manager of Small Planet Supply, and discusses the best practices of centralized heat pump water heating for domestic hot 
water (DHW) in commercial buildings.  
 
The biggest benefits of using HPWHs for DHW in commercial buildings is the ability to electrify the water heating load, 
ǘƘŜǊŜŦƻǊŜ ǊŜŘǳŎƛƴƎ ŀ ōǳƛƭŘƛƴƎΩǎ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ ōȅ ƴƻǘ ǳǎƛƴƎ Ǝŀǎ ōƻƛƭŜǊǎΦ It²Iǎ ŀǊŜ ŀƭǎƻ ƳǳŎƘ ƳƻǊŜ ŜŦŦƛcient ς 
they are roughly 300% more efficient than gas boilers and electric resistance water heaters, which can decrease  operating 
costs. Lƴ ŀŘŘƛǘƛƻƴΣ 9Ǿŀƴ DǊŜŜƴ ŀǘ 9ŎƻǘƻǇŜ ǎǘŀǘŜǎ ǘƘŀǘΣ άǘƘŜ ƛƴƘŜǊŜƴǘ ǎǘƻǊŀƎŜ ǘƘŀǘΩǎ ǇŀƛǊŜŘ ǿƛǘƘ ƘŜŀǘ ǇǳƳǇ ǿŀǘŜǊ ƘŜŀǘŜǊǎ 
prƻǾƛŘŜǎ ŎŀǇŀōƛƭƛǘƛŜǎ ǿƛǘƘ ƭƻŀŘ ǎƘƛŦǘƛƴƎ ŀǎ ǿŜƭƭΦέ aŜŀƴƛƴƎ ǘƘŀǘ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜ Ŏŀƴ ōŜ ǎƘƛŦǘŜŘ ǘƻ ǿƘŜƴ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎŜǎ ŀǊŜ 
lower at different times of the day by storing hot water to use at the desired times.  
 
When regarding water based commercial space heating 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 water 
requirements can increase system costs, so it can be cost effective to have a smaller system dedicated just for domestic 
hot water. Also, the temperature requirements have historically been different as well, many commercial buildings that 
use hot water for space heating use temperatures up to 180F, where water for domestic hot water is usually around 125 
to 140F. This leads to commercial buildings generally needing smaller capacity of air to water heat pumps for domestic 
water heating than the size of heat pumps they need for space conditioning. There are advantages and disadvantages for 
combining and separating the two heating functions, and both Evan and Brian have seen systems designed both ways. 
The focus of this section is on dedicated HPWH systems for domestic hot water production. 
 

Challenges with retrofitting HPWHs 
There are three major challenges with retrofitting heat pump water heaters, from a design perspective. Space ς When 
designing a HPWH system to match the previous heating capacity of the gas system, this usually results in more devices 
to provide the required amount of heating, and they are usually larger in size than gas boilers. In addition, centralized 
large HPWH systems require a lot more storage, so fitting the extra storage tanks and the heat pumps themselves in an 
existing mechanical room can be a challenge. Electrical capacity ς 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 often 
times a panel upgrade is needeŘΣ ƻǊ άȅƻǳ ƘŀǾŜ ǘƻ Řƻ ŀ ƭƻǘ ƻŦ ŎǊƛǘƛŎŀƭ ǘƘƛƴƪƛƴƎ ƻƴ Ƙƻǿ ƳǳŎƘ ƘŜŀǘ ǇǳƳǇ ȅƻǳ Ŏŀƴ ŀŎǘǳŀƭƭȅ 
ƛƴǎǘŀƭƭ ōŀǎŜŘ ƻƴ ǘƘŜ ŜȄƛǎǘƛƴƎ ŜƭŜŎǘǊƛŎŀƭ ŎŀǇŀŎƛǘȅέΣ ǎŀȅǎ 9ǾŀƴΦ Air flow requirementsς HPWHs also require enough a good 
amount of air flow to sufficiently pull heat out of the air. Existing boilers typically have a flue going out of the building, but 
these are generally not big enough. A solution for this is to locate the heat pumps outside, but if they are on the roof, then 
you must consider the additional weight that the roof was not designed for, which can introduce the need for a structural 
engineer.  From the ƻǿƴŜǊΩǎ perspective, the capital cost for a new heat pump water heater can be a major prohibiting 
factor as well. However, recent incentives in California have expanded their reach, so utilizing them can make HPWHs 
more accessible for more owners.  
 

Solutions to HPWH Retrofit Challenges 
The shortest-term solution for these challenges is a recent innovation in the induǎǘǊȅ ŎŀƭƭŜŘ άǎƪƛŘέ ǇŀŎƪŀƎŜŘ It²I 
systems. This is a factory-built packaged HPWH system that includes the heat pumps, storage, and the enclosure they 
require. They are pre-plumbed and wired, so you can place them outside on top of the building or next to it. This speeds 
up the retrofit process and reduces the amount of engineering needed by contractors by providing a more plug and play 
solution. The packaged design also ŀƭƭƻǿǎ ŘŜǎƛƎƴŜǊǎ ǿƘƻ ŀǊŜƴΩǘ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ǘƘŜ ƴƛǘǘȅ ƎǊƛǘǘȅ ƻŦ It²I ŘŜǎƛƎƴ ǘƻ ǎǇŜŎƛŦȅ 
them in their projects.  A few products available are shown in Table 4 below. There are some challenges with skid systems, 
like having a constrained overall dimension that now needs to fit at the project site somewhere. The applicability of these 
systems depends on the project itself, and maybe a decentralized custom solution is more appropriate.  
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Table 4Υ !ǾŀƛƭŀōƭŜ ǇŀŎƪŀƎŜŘ ƘŜŀǘ ǇǳƳǇ ǿŀǘŜǊ ƘŜŀǘŜǊ άǎƪƛŘέ ǎȅǎǘŜƳǎΦ 

Nyle42 

 

Colmac43 

 

Lync44 

 
Origin by Steffes45 

(Mitsubishi CO2 heat pump) 

 

WaterDrop by Small Planet Supply46 
(SANCO2 ECO2, CO2 heat pump) 

 

 
In talking with Brian Culler of Small Plant Supply he discussed 
how their skid system will address these challenges. A long 
with being able to place the packaged system on the roof, it 
Ŏŀƴ ŀƭǎƻ άǎƛƳǇƭƛŦy things with a single electrical drop for the 
skid, it can make it easier to find a power supply and may not 
require another electrical panel to be installed. They can find 
electrical capacity elsewhere in the building and run a feeder 
line ǘƻ ƻǳǊ ǇŀƴŜƭΦέ In their particular skid system they use the ECO2 heat pumps by SANCO2 so it they can άŘƛǎǘǊƛōǳǘŜ 
multiple plants throughout the building instead of just a large central plant, which distributes the equipment but also the 
ŜƭŜŎǘǊƛŎŀƭ ƭƻŀŘΣ ŀƴŘ ƳŀȅōŜ ŘƻŜǎƴΩǘ ƘŀǾŜ ǘƻ Ŧƛǘ ƛƴ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ƳŜŎƘŀƴƛŎŀƭ ǊƻƻƳΦέ !ǎ ŀƴ ŜȄŀƳǇƭŜΣ ǘƘŜȅ ƘŀŘ ŀ ǇǊƻƧŜŎǘ ǘƘŀǘ 
broke their centralize water heating network and system in half, so one skid was on the roof and one was in the basement.  
 

Small Planet Supply provides redundancy by using electric resistance in the swing tank, 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 malfunction. In 

addition, because they use multiple smaller units (the ECO2 heat pump), this creates redundancy as well, if one heat pump 

goes offline, then there is still the bulk of the generation capacity available. Brian Culler also points out that because the 

SANCO2 ECO2 heat pumps have been used for residential applications for so long ς it has made them very reliable and 

easy to apply to commercial applications, because there is little to no maintenance on them. Another benefit of the 

modular design is that if one heat pump needs maintenance, any contractor can drop in a new replacement unit, without 

having a specialized contractor to come to the site, open the machine, and work on the specific components. The modular 

design also allows their skid to be applied ǘƻ άŀ ǎƛƴƎƭŜ ōŀǘƘǊƻƻƳ ǳǇ ǘƻ ŜƴǘƛǊŜ ōǳƛƭŘƛƴƎǎέ ǎŀȅǎ .ǊƛŀƴΦ ¢ƘŜ άǎƳŀƭƭŜǊ ƻǳǘǇǳǘ 

units give us a lot more flexibility in the output capacity, so we can match it to any small to medium sized building in a 

ǎƛƴƎƭŜ ǎƪƛŘ ǎȅǎǘŜƳΣ ŀƴŘ ƭŀǊƎŜ ōǳƛƭŘƛƴƎǎ ǿƻǳƭŘ ǘŀƪŜ ŀ ŎƻǳǇƭŜ ǎƪƛŘǎΦέ Small Planet Supply works with their clients from the 

άƛƴƛǘƛŀƭ ƛƴǉǳƛǊȅ ǘƻ ǘƘŜ ƛƴǎǘŀƭƭŀǘion through the verification and startup ƻŦ ǘƘŜ ǎȅǎǘŜƳέ ŀƴŘ ǿƛƭƭ ǿƻǊƪ ǿƛǘƘ ǘƘŜ ŎƭƛŜƴǘ ǘƻ ǎŜƭŜŎǘ 

the right sized skid or help develop a custom solution. 

άhǳǊ ǎtandard waterdrop configuration has a primary 

storage, a swing tank, mixing valve, circulator pump and 

heat pumps. So, they have everything, the whole hot water 

plant and mechanical room are on the skid with controls, so 

you can set it, connect the water pipes and electrical and its 

ready to goΦέ ς Brian Culler, Small Planet Supply  
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Best practices of HPWH Design  
Using heat pumps to provide space cooling dates to the 1920s, for space heating to the 1940s, but using compressors to 
heat domestic hot water for cafeterias, apartment complexes, dairies47 and other large uses dates only to the 1970s, and 
has advanced further in Asia where efficiency is more valued. Consequently, there is less familiarity among North American 
designers of the products and practice for designing commercial hot water systems using heat pumps.  Below is helpful 
guidance from the engineers at Ecotope of Seattle, the most experienced designers of central domestic hot water heat 
pumps in North America.  
 
Heat pumps are not boilers. Do not oversize the central heat 
pump up to the same recovery rate and capacity as a boiler, 
this leads to both higher construction costs and equipment 
failure. Correct sizing of a heat pump water heater will 
consider longer recovery times and thus include more water 
ǎǘƻǊŀƎŜΦ ¦ǘƛƭƛȊŜ 9ŎƻǘƻǇŜΩǎ Ecosizer ǘƻ ǎƛȊŜ ȅƻǳǊ ǇǊƻƧŜŎǘΩǎ ƘŜŀǘ 
pump water heater system.  The calculator provides the 
proper sizes of storage and of heating capacity of the heat 
pumps. 

 

Design Conditions, Heat Pump Selection, and Electric Resistance Backup 

The correct design of the HPWH system also depends on the climate of 
where the building is located, and the type of heat pump the project is 
using. For example, HPWHs that use CO2 as the refrigerant can operate 
in much lower temperatures. As an example, a building that has a 99.6% 
design temperature of 32F, using a CO2 heat pump you can meet the 
demand at this design condition, but with another type of heat pump that stops working at 40F, you will need electric 
resistance back up to meet 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 Corporation, choosing the right design conditions depends on the project 
ς he gives an example  where a project changed it's design temperature from 15F 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 decided 
to go with a backup electric resistance boiler for these additional hours, which ended up being a more cost effective 
strategy. (Note that Yohan was referring to an HVAC system design, but these sizing best practices can be applied to both 
HVAC and DHW systems) 

 

Split the pipe recirculation heat loss load from the usage load. Temperature maintenance of the recirculation loop can 
be a high energy use in large hot water systems, where the piping network sprawls throughout a large building.  Separating 
this load from the primary hot water heating creates a more efficient system by improving thermal stratification across 

 
Figure 13: The temperature range of typical refrigerants that are in heat pump water heaters. Image by Ecotope48 

άThe challenge when replacing a boiler with a heat pump 

when it comes to sizing, contractors will say that there is a 

400,000 BTU boiler so we are going to replace this with a 

400,000 BTU heat pumps, they find that they need 8 or 9 

heat pumps to replace this one boiler, when in reality you 

have to flip the sizing on its head and size it specifically for 

a heat pump water heater.έ ς Evan Green, Ecotope 

Use the Ecosizer to design heat pump water 
heating system for your Multifamily project: 

https://ecosizer.ecotope.com/sizer/ 

https://ecosizer.ecotope.com/sizer/
https://www.youtube.com/watch?v=sLH2sJwMJwk&ab_channel=RedwoodEnergy
https://ecosizer.ecotope.com/sizer/
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the storage tanks of the system.  This separation of duties allows the heat pumps to receive their optimal temperature of 
ǿŀǘŜǊΦ  {ŜǇŀǊŀǘƛƴƎ ǘƘŜ ǊŜŎƛǊŎǳƭŀǘƛƻƴ ƘŜŀǘƛƴƎ ƭƻŀŘ Ŏŀƴ ōŜ ŘƻƴŜ ǿƛǘƘ ŀ άǎǿƛƴƎέ ƻǊ ōȅ ŀ άǇŀǊŀƭƭŜƭ ƭƻƻǇέ ǘŀƴƪ (Figure 14). 

 

In the context of retrofits, if you have an existing system that is still in good working condition, you can use it as the swing 
tank system. This can be a good strategy to build comfortability with the new heat pump technology for some building 
owners. In the end the system will still be using gas, but much less, and be an overall much more efficient system.  

 

 
Figure 14: The best practice designs of separating the temperature maintenance load from the primary hot water load. Image by 

Ecotope.49 

 

¢ŜƳǇŜǊŀǘǳǊŜ ƳŀƛƴǘŜƴŀƴŎŜ ƻŦ ǊŜŎƛǊŎǳƭŀǘƛƴƎ ǿŀǘŜǊ ƛǎ ŀƴ ƛŘŜŀƭ ǘŀǎƪ ŦƻǊ άƳǳƭǘƛ-Ǉŀǎǎέ ƘŜŀǘ ǇǳƳǇǎ ǘƘŀǘ ƘŀƴŘƭŜ ммлC ƛƴŎƻƳƛƴƎ 
water (e.g. Aermec, Daiken) and perform 10F temperature bump-ups.  Meeting primary peak loads is a task best done 
ǿƛǘƘ ŀ άǎƛƴƎƭŜ Ǉŀǎǎέ ƘŜŀǘ ǇǳƳǇ όŜΦƎΦ {ŀƴŘŜƴΣ /ƻƭƳŀŎύ ǘƘŀǘ ǳǎŜǎ ŎƻƭŘ ƛƴŎƻƳƛƴƎ ǿŀǘŜǊΣ ƴƻǘ ǊŜŎƛǊŎ ǿŀǘŜǊΣ ǘƻ ŜŦŦƛŎƛŜƴǘƭȅ ƭƛŦǘ 
temperatures from 50F to 150F, examples of both are show in Figure 15.  

 

 
Figure 15: The categories of heat pump water heaters, multi-pass, single-pass and single- or multi-pass. Image by Ecotope.50 
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Provide redundancy in heat pumps and choose 
electric resistance storage tanks for a durable, 
dependable design for the eventuality that system 
components need maintenance.  Using 2-4 smaller 
heat pumps provides more resilience and staging 
opportunities than using a single large heat pump.  
 

Reduce pipe surface area ǘƻ ƎǊŜŀǘŜǎǘ ŜȄǘŜƴǘ ǇƻǎǎƛōƭŜΦ LƴǎǳƭŀǘŜ ǊŜƳŀƛƴƛƴƎ ǇƛǇŜǎ ǿƛǘƘ мέ-пέ ƻŦ ŦƻŀƳΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǎǇŀŎŜ 
availability. Insulate tanks to at least R-19, same as an outside wall, due to the even more extreme heat loss than found in 
a wall. In addition, utilizing more efficient pipe sizing methods can significantly reduce pipe sizes and heat losses, like 
Appendix M of the Uniform Plumbing Code. (Note that Appendix M is for single family and multifamily homes, but it still 
highlights the importance of right-sizing piping). 

 

Lƴǎǘŀƭƭ άƘŜŀǘ ǘǊŀǇǎέ on both hot and cold water sides of storage tanks to prevent migration and mixing. 

 

Design diagnostics into crucial points in the heat plant and distribution systemτelectrical gauges to measure power 
quality, temperature gauges to monitor heat gain and loss, and control valves on the discharge side of pumps to measure 
pump flow. It is typical that a system will be malfunctioning (whether HVAC or water heater, etc), without the use of 
monitoring equipment it can be hard to pinpoint issues or know there are issues to begin with. Have the appropriate 
alarms set up so you know that the heat pumps are not functioning. 

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

 

Sizing HPWHs for Commercial Buildings 
Commercial buildings present a somewhat harder 

challenge to design HPWH systems because there is less 

known about how water is used within them. For 

multifamily buildings, there have been quite a few studies 

on their hot water use, so you can better predict the water 

ǳǎŜ ǇŀǘǘŜǊƴǎΦ Lƴ 9ǾŀƴΩǎ ǿƻǊŘǎ ǘƘƛǎ ƳŜŀƴǎ ǘƘŀǘ άȅƻǳǊ ǎƛȊƛƴƎ 

can be a lot more well-tuned in multifamily buildings, you 

Ŏŀƴ ƘƻƴŜ ƛƴ ŜȄŀŎǘƭȅ Ƙƻǿ ƳǳŎƘ ǎǘƻǊŀƎŜ ȅƻǳΩƭƭ ƴŜŜŘ ŦƻǊ ǇŜŀƪ 

usage rates, as well as how much recovery you need to 

recharge your storage tanks for the next peak usage 

ŜǾŜƴǘΦέ The solution to this, that engineers typically apply, is to size conservatively. One method is to consider the worst 

case peak hour and then look at how much storage and heat pump recovery you need to satisfy this for three hours, which 

is a relatively conservative approach.  

AO Smith (a leading HPWH manufacturer) has developed a tool they named 

Pro-Size to size a HPWH for commercial buildings. You start by choosing your 

building type (hotel/motel, school, office, restaurant, car wash, laundry, etc.). 

Then you enter in a metric that describes the hot water use of the building - 

for example in a restaurant its meals served per day, number of sinks, and 

other fixtures, and for ŀƴŘ ƻŦŦƛŎŜ ƛǘΩǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƻŎŎǳǇŀƴǘǎΣ ōŀǘƘǊƻƻƳǎΣ 

water fountains, etc. 

 

Looking at a restaurant example in more detail, Figure 17 shows the inputs for the Pro-Size calculator. The result of these 

inputs is the design suggestion to use one AHPA-125 Air Source HPWH, that will meet the demand down to 45F ambient 

άCƻǊ ŎƻƳ ōǳƛƭŘƛƴƎǎ ǿŜ ŘƻƴΩǘ ƘŀǾŜ ŀǎ ƳǳŎƘ ŘŀǘŀΣ ǎƻ ŘŜǇŜƴŘƛƴƎ 

on the building and occupancy type, your usage profiles can be 

totally different. People are more likely to size off of the peak 

hour, according to ASHRAE, that are used to size boilers, that 

gives you a really high recovery rate, but with the proper 

amount of storage, you almost never need that much capacity 

with a heat pump. There are a lot more unknowns around 

commercial buildings and finding that sweet spot between 

storage and heat recoveryΦέ ς Evan Green, Ecotope 

¦ǎŜ !h {ƳƛǘƘΩǎ Pro-Size tool to help 
design heat pump water heating 

system for your commercial project:  
http://www.hotwatersizing.com/Application.aspx 

"Until there is more reliability and repeatability in heat pump water 

ƘŜŀǘŜǊ ǎȅǎǘŜƳǎΣ ŜƭŜŎǘǊƛŎ ǊŜǎƛǎǘŀƴŎŜ ƛǎ ǇǊŜǘǘȅ ƛƳǇƻǊǘŀƴǘΦ LǘΩǎ ǿƻǊǘƘ ǘƻ 

have that extra back up so occupants have hot water 365 days out 

ƻŦ ǘƘŜ ȅŜŀǊΣ ŀǎ ǘƘŜȅ ŘŜǎŜǊǾŜΦέ ς Evan Green, Ecotope 

http://www.hotwatersizing.com/Application.aspx
http://www.hotwatersizing.com/Application.aspx
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ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜΣ ŀƴŘ ǘƻ ǳǎŜ ǎǘƻǊŀƎŜ ƻŦ рлл Ǝŀƭƭƻƴǎ ŀǘ мплC όŜȄŀƳǇƭŜ ƻŦ !h {ƳƛǘƘΩǎ ǇǊƻŘǳŎǘǎ ǿƻǳƭŘ ōŜ ƻƴŜ ¢W±¢-500A, and 

two TJV-250A tanks) (Figure 16). 

 

 

 

 
 

Figure 16: AO Smith AHPA-125 air source heat 
pump and two TJV-250A hot water storage tank. 

Figure 17Υ ¢ƘŜ ƛƴǇǳǘǎ ŦƻǊ !h {ƳƛǘƘΩǎ tǊƻ-Size heat pump water 
heater sizing tool for a restaurant. 

 

Lƴ ǎƳŀƭƭŜǊ ŎƻƳƳŜǊŎƛŀƭ ōǳƛƭŘƛƴƎǎ ǿƘŜǊŜ ǘƘŜǊŜ ƛǎƴΩǘ ŀ ƭƻǘ ƻŦ ǿŀǘŜǊ ŎƻƴǎǳƳǇǘƛƻƴ ȅƻǳ Ŏŀƴ ǳǎŜ ǊŜǎƛŘŜƴǘƛŀƭ ǘȅǇŜ ǿŀǘŜǊ ƘŜŀǘers, 

AO Smith has a water heater that is integrated (the heat pump is connected to the storage tank), that has 119 gallons of 

storage that is bigger than residential sized tanks. In addition, where you may have even less hot water use, the use of 

under sink, tankless or mini tank water heaters can be used, for example in an office bathroom. Another added benefit of 

ǳǎƛƴƎ It²IΩǎ ƛǎ ǘƘŀǘ ǘƘŜȅ Ŏŀƴ ŀŎǘǳŀƭƭȅ Ŏƻƻƭ ǘƘŜ ǎǇŀŎŜ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ƭƻŎŀǘŜŘ ƛƴΣ ǎƻ ŦƻǊ ŀ ǎƳŀƭƭŜǊ ƪƛǘŎƘŜƴ ŜȄŀƳǇƭŜΣ ŀ ǊŜǎƛŘŜƴǘƛal 

type water heateǊ ƻǊ ǘƘŜ !h {ƳƛǘƘ ǿŀǘŜǊ ƘŜŀǘŜǊ ƳŜƴǘƛƻƴŜŘ ŀōƻǾŜ Ŏŀƴ ŀŎǘǳŀƭƭȅ Ŏƻƻƭ ǘƘŜ ǊƻƻƳ ƛǘΩǎ ƭƻŎŀǘŜŘ ƛǘΦ  
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Case Study: Arthur Erickson Place, Vancouver BC51 
The Arthur Erickson Place is a 26-story large office tower in downtown Vancouver, Canada, built in 1968 and retrofitted in 
2019. The building is LEED platinum certified and retrofitted its gas-fired domestic hot water boiler with a CO2 based 
SANCO2 heat pump 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 (the 
property management company) and SES Consulting (the lead mechanical consultant) are now working on a zero-carbon 
retrofit plan for the rest of the building. Read the full case study online at Z9.ȄΩǎ website.  
 

 
Figure 18: Arthur Erickson Place (left)52, the original gas-fired hot water boiler (center left), and the electrified heat pump water 

heater plant storage tanks (center right) and CO2 heat pumps (right). 

 

Additional Case Studies by Small Planet Supply  
(Note this was before the development of their skid system) 

 
Walter Gage Housing, University of British Columbia 

Vancouver BC; 50 unit Apartment, Boiler Replacement, 

~2,000 gallons/day usage, (6) SanCO2 heat pumps; new 

storage and swing tanks. Image53 

Northwest School 

Seattle, WA; 27 unit Dormitory; Boiler replacement;  

~1,500 gal/day usage, (4) SanCO2 heat pumps, (1) Existing 

200 gal tank re-used, new 83 gallon swing tank. Image54 

 
 
  

https://www.zebx.org/decarbonization-of-a-commercial-domestic-hot-water-system/
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Case Study: (Multifamily) Bayview Tower, Seattle, WA 
Bayview Tower in Seattle Washington, originally built in 1979 and with 100 low-income public housing units, is serving as 
a demonstration project of the Origin heat pump water heater system that was designed by Ecotope and assembled on a 
skid by Steffes. The Origin system is a large-volume packaged heat pump water heater system that contains a Mitsubishi 
CO2 heat pump, storage tank, swing tank, pumps, valves, and controls, everything you need for a plug-in-play water 
ƘŜŀǘƛƴƎ ǎƻƭǳǘƛƻƴΣ ŀƴŘ ǾŀǊƛŜǎ ƛƴ ƛǘǎ ŎƻƳǇƻƴŜƴǘǎ ōŀǎŜŘ ƻƴ ǘƘŜ ōǳƛƭŘƛƴƎ ƛǘΩǎ ŀǎǎŜƳōƭŜŘ ŦƻǊΦ ¢Ƙƛǎ ƴŜǿ ǿŀǘŜǊ ƘŜŀǘŜǊ ŘŜǎign 
approach standardizes and simplifies heat pump water heating installations, reducing costs and commissioning errors. 
The original electric resistance water heating system at Bayview Towers was kept in place as back up to the Origin system. 
For this building, the primary storage is within the Origin skid, and the existing storage tank is being used as the swing 
ǘŀƴƪΦ ¢ƘŜ ǎȅǎǘŜƳΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ǿƛƭƭ ōŜ ǎǘǳŘƛŜŘ ŦƻǊ ŀ ȅŜŀǊΣ ƛǘ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ŜƴŜǊƎȅ ǳǎŜ ŎƻƳǇŀǊŜŘ ǘƻ ŀ 
conventional system by 59%. Read more about this case study on the !ŘǾŀƴŎŜŘ ²ŀǘŜǊ IŜŀǘƛƴƎ LƴƛǘƛŀǘƛǾŜΩǎ website.  
 

   
Figure 19: Bayview Tower in Seattle (left)55 and the Origin heat pump water heater skid system being installed (right)56. 

 

Case Study: (Multifamily) Elizabeth James House, Seattle, WA 
Another case study by Ecotope is the Elizabeth James House in Seattle, Washington which is a four story, 60 unit low-
income senior apartment building built in 1968.59 This 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 heaters, and 
a 175 gallon swing tank was installed.  

 
Figure 20: Images of the heat pumps57 at Elizabeth James and the building itself58 

https://www.steffes.com/origin/#sec_download
https://www.advancedwaterheatinginitiative.org/chpwh-project-spotlight
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Additional Case Studies by Colmac60 
Colmac has been a leading company in the implementation of heat pump water heaters in commercial buildings. Over the 
years, Colmac had led many installations of their systems in commercial spaces, with a majority being hospitals, clinics, 
schools, and hotels.  
 

 
Clark Regional Medical Center, Kentucky 

 
Mount Caramel Hospital, Washington 

 
Berea College, Kentucky 

 
Franklin Monroe School, Ohio 

 
Fort Bragg, North Carolina 

 
Forrest Road School, Illinois 

 
Maluhai Hospital, Hawaii 

 
Pikeville Medical Center, Kentucky 

 
VA Hospital, Kentucky 

 
Seeing this potential, Colmac has also installed a number of their systems in various hotels across the country, but 
specifically in Hawaii where temperatures are favorable for heat pump water heaters and electricity is the main heating 
ŦǳŜƭ ǎƻǳǊŎŜ ǎƛƴŎŜ ŀŎŎŜǎǎ ǘƻ Ǝŀǎ ƛǎ ƭƛƳƛǘŜŘ ƻƴ IŀǿŀƛƛΩǎ LǎƭŀƴŘǎΦ 
 

 
Alohilani Resort Waikiki 

 
Park Shore Hotel 

 
Scenic Towers Maile Towers 

 
 
 
 




















































































































































































