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Disclaimer 

The greatest care has been taken to confirm the accuracy of this information. The authors, funder and publisher assume no liability for any damage, injury or  
expense that may be incurred or suffered as a result of the use of this publication including products, building techniques or practices. The views expressed 
do not necessarily represent those of any individual contributor or BC Housing. It is always advisable to seek specific information on the use of products in any  
application or detail from manufacturers or suppliers of the products and consultants with appropriate qualifications and experience. 

It is acknowledged that many product options exist. Materials and products depicted in figures are shown as examples and do not represent an endorsement 
of any specific brands or products.  

Visit BC Housing’s Research Centre at www.bchousing.org to find the latest workshops, research and publications  

on building and operating affordable, sustainable housing.

© 2024 BC Housing, all rights reserved

BC Housing 

701 - 4555 Kingsway	

Burnaby, British Columbia	  

V5H 4V8  Canada

This Design Guide and companion video is designed to provide practical information about DHW heat pump systems, best 

practices and case study examples. Produced by BC Housing, this Design Guide was prepared based on research conducted  

by Introba in collaboration with BC Hydro.
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Introduction
With the introduction of the BC Energy Step Code (BCESC) and Zero Carbon Step Code (ZCSC), the adoption of energy-

efficient and low-carbon buildings in B.C. has shifted the state of the market. Domestic hot water (DHW) energy 

consumption is now a primary energy use in new multi-unit residential buildings (MURBs).

In fact, DHW can represent 20-25 percent of the Energy Use Intensity (EUI) and 80-85 percent of the total Greenhouse Gas 

Intensity (GHGi) in buildings where all other energy uses are electrified (i.e. DHW remains the only natural gas powered 

system). At a provincial scale, DHW systems currently represent 40-45 percent of total residential emissions, equivalent to 

2 million tCO2/year.
1 As such, transitioning DHW systems to low-carbon alternatives will be key to meeting both local and 

provincial emissions reduction targets going forward.  

This guide aims to address the major knowledge gaps in the industry. It will support engineers, design teams and 

contractors in the design and installation of DHW heat pump systems in new MURBs and support the decarbonization of 

these systems. This guidance is based on the best available information to date.

Why DHW Heat Pumps?
Moving to Low-Carbon Energy Systems

Traditionally, policy and regulations intended to reduce energy use and emissions in the building sector have focused on 

energy efficiency, most notably with the introduction of the BCESC in 2017. Recent policy approaches, in recognition of 

the need to decarbonize and in support of the province’s CleanBC Roadmap to 2030, have shifted towards a focus on the 

greenhouse gas emissions of buildings. 

Image Credit: PUBLIC Architecture + Communication

1	 Province of B.C. (2023) Provincial Inventory of greenhouse gas emissions.

	 Estimate based on assumption 66 percent of the BC population use natural gas systems with a COP 0.8, assume 60 l/p/day,  
heat losses included.

https://www2.gov.bc.ca/assets/gov/environment/climate-change/action/cleanbc/cleanbc_roadmap_2030.pdf
https://www2.gov.bc.ca/gov/content/environment/climate-change/data/provincial-inventory
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In May 2023, the Province increased the energy efficiency requirements for all new Part 3 residential buildings. Buildings 

must meet at least BCESC Step 2 in the BC Building Code. A voluntary carbon pollution standard, the ZCSC, was also 

introduced. This new standard specifies the Greenhouse Gas Intensity (GHGi) requirements for various building types 

(including MURBs) that will see a gradual need to decarbonize space heating and domestic hot water systems (see Figure 1).

A number of municipalities have already adopted the ZCSC to support their decarbonization efforts. Although the standard 

is currently voluntary, the provincial government has indicated the most stringent zero carbon level will become mandatory 

across B.C. by 2030, with interim requirements introduced in 2024 and 2027. Understanding how to effectively design and 

implement domestic hot water heat pump systems will be critical to achieving these new GHGi performance levels. 

In addition to the roll-out of the voluntary ZCSC, the City of Vancouver has already enforced their own GHGi limits for new 

construction. These limits align with the top two tiers of the ZCSC, and by 2025 all applicable occupancy types will be 

required to meet the top zero carbon tier. 

Are DHW Loads Significant in MURBs?

The BCESC includes escalating Thermal Energy Demand Intensity (TEDI) performance requirements at each Step level 

for various building archetypes, including MURBs as illustrated in Figure 2. The implementation of BCESC has enhanced 

the energy efficiency of space heating systems to align with the TEDI performance criteria. In contrast, there has been a 

comparatively lesser emphasis on mitigating DHW demand, historically considered a smaller load in comparison to  

space heating. 

DHW now constitutes a significant portion of the primary energy load in MURBs. Looking ahead, designers will need to 

shift their focus to both reducing DHW demand and adopting highly efficient heat pump-based systems to effectively 

reduce the energy and GHG impact of MURBs and meet the new zero-carbon targets.

DHW Heat Pumps

To address the decarbonization of DHW systems, manufacturers have developed specialized DHW heat pump systems, or 

heat pump water heater (HPWH) systems, as low-carbon alternatives to traditional fossil fuel DHW systems. 

Figure 1: Zero Carbon Step Code GHGi targets for MURBs
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DHW heat pumps are different to traditional HVAC heat pumps. These systems are able to produce higher supply outlet 

water temperatures (typically 70°C) compared to traditional HVAC heat pumps (typically maximum 50°C). When a 

traditional HVAC heat pump is employed for a DHW system a second system is required to increase the water temperature 

to 60°C for Legionella protection, adding complexity and cost to the system. 

There are two types of DHW heat pump, a single-pass and a multi-pass. A single-pass heat pump elevates the temperature 

of the incoming Domestic Cold Water (DCW) (typically DCW supply temperature 10°C) to 70°C in a single-pass through the 

machine. This type of DHW heat pump is now available with CO2 or R-744 as the refrigerant. This refrigerant has very low 

global warming potential (GWP) relative to other synthetic refrigerants, that can have a GWP 600 to 2000 times higher than 

CO2. This makes it an appealing choice for use in DHW systems, given the focus on refrigerant leakage in upcoming policy. 

In addition, CO2 DHW heat pumps can operate at low ambient temperatures, while maintaining an elevated coefficient of 

performance (COP). This means that some CO2 DHW heat pumps can operate efficiently throughout the heating season, 

resulting in very low operating costs (see the Case Study Spotlight on Orion Development on page 8). Some synthetic 

refrigerants are used in single pass systems, however the heat source for these systems requires careful consideration, 

with outside air in winter being too cold in most B.C. climate zones. 

A multi-pass heat pump operates by passing the incoming fluid multiple times through the machine, increasing 

temperature by approximately 5oC with each pass. A multi-pass heat pump does not use CO2 refrigerant, but synthetic 

refrigerants such as R-410a or R-134a (or lower GWP alternatives). Multi-pass systems are typically less efficient than 

single-pass systems and result in longer recovery times since the water must pass through the heat pump multiple times 

to reach the required temperature (60°C). In addition, multi-pass systems cannot operate effectively at low ambient 

air temperatures, a key design consideration for colder climate zones. 

For more detailed information on the design theory and configuration of DHW heat pumps, refer to the 

Central Heat Pump Water Heater Design Guide from Energy Trust of Oregon.

Figure 2: Thermal Demand Intensity for DHW and Space Heating for MURBs in Climate Zone 4, at each level of the BC Energy Step Code.2 

2	 A 2019 study commissioned by the City of Vancouver (Calibrating the Zero Emissions Building Plan and BC Energy Step Code; Sarah Crosby, Patrick Enright) 
estimates DHW demand based on 16 gallons/per person/per day. DHW thermal demand intensity assumes one person per 30 m2.

https://www.energytrust.org/wp-content/uploads/2023/04/New-Buildings_Design-Guide-for-Central-Heat-Pump-Water-Heaters.pdf
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Design Philosophy
Design Approach

DHW heat pump systems prioritize DHW storage, in contrast with fossil fuel-based systems designed for larger heating 

capacity and less storage. Focusing on DHW storage is advantageous as this reduces the size of the heat pump, the most 

expensive component of the system, as well as electrical demand. 

The DHW use profile in MURBs is “peaky”, with a morning and evening peak; and a minimal, near-flat consumption 

between the two peaks. This profile is well suited to a heat pump system, where the longer low demand periods during 

the day and night allow for tanks to charge, ready for the morning and evening peaks respectively. Thinking of DHW tanks 

as a thermal battery is a useful concept, particularly when considering the electrical grid capacity and the opportunity for 

time-of-day load shifting. This will become increasingly important as more organizations decarbonize via electrification 

(i.e. replace fossil fuel-based systems with electric systems). This can be advantageous where time-of-use charges are in 

effect, with electricity rates typically lower during off-peak times. While this is not currently in effect in British Columbia, 

time-of-use charges are under consideration by BC Hydro and will be an option for single-family residential rates by mid-

2024, and are likely to be a consideration for MURBs in the near future.

Right-sizing

Traditionally fossil fuel DHW systems have been generously sized with multiple safety factors resulting in minimal 

impact to cost or spatial requirements. The design of traditional fossil fuel systems has generally focused on achieving 

a high one-hour recovery rate (i.e. design based on large capacity boilers with low storage volumes). As large amounts 

of energy can be delivered through a small gap pipe, the financial impact of a high capacity system (heat output rate) 

is minimal when considering natural gas systems. 

However, it is critical to determine the right size when designing a DHW heat pump system to avoid significant impacts to 

capital costs, spatial, structural and electrical requirements. New sizing tools have emerged alongside the development of 

DHW heat pumps to support designers. The Ecosizer tool developed by Ecotope Inc. is a free online tool for sizing central 

DHW heat pump systems for MURBs and commercial buildings. The tool requires a number of inputs from the designer 

including occupancy, number of suites, climate conditions, system configuration and assumed daily consumption per 

person. Ecosizer’s default sizing assumption is based on 25 gallons per person per day (95 l/p/day), however the designer 

can adjust this up or down. The tool results in a recommended minimum heating capacity and storage at the design 

conditions stated, as well as providing a primary sizing curve based on the DHW heat pump operating for 16 hours on a 

peak day. The user can adjust the curve to explore configurations that include greater storage with reduced capacity, or 

conversely, increased capacity and less storage.

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

Estimating DHW demand accurately is critical to right-sizing systems.  

DHW demand is not always clear cut due to a number of factors, including:

•	 Typology (e.g. senior, student, condominium, rental)

•	 Number and flow rate of fixtures

•	 Occupant density

•	 And most crucially, the behaviour of occupants.

Traditional sizing methodologies have been developed  

for fossil fuel systems, and result in generously sized 

systems. In addition, there has been little change in sizing 

guidance for many decades despite huge reductions in  

flow rates from plumbing fixtures. A recent study, 3  

commissioned by the City of Vancouver, explored the 

measured DHW consumption data from a sample 

of 37 MURBs. The daily per capita consumption was 

approximately 16 gallons/person/day (61 litres/p/day)  

lower than ASHRAE consumption assumptions and the 

default sizing assumption used in Ecosizer. 

Case Study Spotlight

	 Vienna House, Vancouver, B.C., BC Housing 

Vienna House is a 123-unit social housing project in Vancouver designed to meet the Passive House Standard. The 

below diagram illustrates the two different design approaches for a fossil fuel system vs. DHW heat pump system 

for this project. As shown, the DHW heat pump system focuses on larger storage and smaller heat pump capacity, 

compared to the fossil fuel system which focuses on larger capacity burner and minimal storage. 

Figure 3: Traditional fossil fuel system vs. DHW heat pump system.

3	 Crosby, Enright (2019) Calibrating the Zero Emissions Building Plan and BC Energy Step Code.

4	 Mayer, DeOreo, Armstrong, Van Decker, Schein, Klein, Sherman, Dryden, Brook, Stone, Selover, Lutz, and Ownby (2023).  
Residential Water Use Calculator. 

Table 1: REUWS Residential Water Use Calculator:4  

DHW Use for a single occupant 

WITH CLOTHES WASHER (G/PP/DAY)

National baseline water loads for single-family 

residences from research
20

Actual residence budgeted baseline water and 

energy loads based upon California regulations 

and national research

17

Optimization: durable infrastructure (e.g. Efficient 

plumbing & drain water heat recovery) and fixtures
13
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Figure 4: DHW Consumption Assumptions

This indicates there may be opportunities to further optimize the sizing of these systems. In addition, the REUWS 

Residential Water Use Calculator 4 was developed in the US, based primarily on a large-scale study completed on the 

Residential End Uses of Water (Mayer and DeOreo, 1999) to explore consumption patterns. This calculator highlighted 

the different DHW consumption values based on different levels of regulation and the assumptions regarding efficiency 

of fixtures. Table 1 highlights the opportunity to optimize DHW demand through efficient fixtures and behavioral waste 

reduction technology.  

Figure 4 shows the wide range of daily consumption guidance from industry. Lower numbers are achievable with efficient 

plumbing system design including the architectural layout of the hot water fixtures.

Introba recently conduced a comprehensive analysis comparing the sizing, cost and operational efficiency of three 

CO2 DHW heat pump systems within a MURB in Vancouver.
5 The study explored the sizing methodologies of specific 

manufacturers’ representatives, all of which used the Ecosizer tool alongside additional calculations to determine the 

optimal equipment sizes. This study highlighted the Ecosizer tool as an effective reference. However, it is critical the 

engineer of record reviews the sizing estimate and makes any adjustments to ensure the system has sufficient redundancy 

and adequate backups (e.g. Specifying modular heat pumps as opposed to one single heat pump). This should be done in 

line with the client’s design requirements and risk tolerance.

Heat Losses

Minimizing heat loss from DHW piping systems is critical to both right-sizing the DHW system and reducing energy 

consumption and emissions associated with DHW. Traditionally, there has been limited focus on reducing heat losses in 

DHW systems. In addition, most energy modelling codes ignore DHW pipe distribution heat losses, and as such there is 

little focus on mitigating their source. Only the Passive House standard requires all piping systems, their insulation, and any 

thermal bridging to be accounted for in the energy models. Even in these projects, heat losses from recirculation systems can 

equal over 1.5 times the maximum total thermal demand of usable hot water, highlighting the magnitude of this overlooked 

issue. During the heating season, much of this heat loss offsets the heating demand in a building. The Passive House standard 

considers the portion of this heat that is provided as “useful” heat loss and reduces the heating demand or TEDI accordingly. 

However, in MURBs with high-performing envelopes and high levels of air tightness, these losses often contribute to 

overheating and/or cooling loads for at least six months of the year and are detrimental to the overall building performance. 

5	 Introba (2021) CO2 ASHPs for Domestic Hot Water – Vienna House Case Study, BC Housing.

https://viennahouse.ca/wp-content/uploads/2021/09/CO2-ASHPs-for-Domestic-Hot-Water_Final_Sealed.pdf


Page 10 of 25

DESIGN GUIDE FOR DHW HEAT PUMPS IN NEW MURBS

Recirculation

	▶ Continuous insulation of pipes to avoid thermal bridging and associated heat losses, particularly with regard to pipe 

hanger and support locations. 

	▶ Increase insulation thicknesses from 1x pipe diameter to 2x pipe diameter.

	▶ Use the smallest pipe size possible for DHW to minimize surface area of pipe and maximize amount of insulation that 

can fit around the pipes in standard stud walls. Avoid copper piping where codes dictate very low water velocities and 

larger pipe diameters compared to stainless steel or PEX. Consider IAMPO method of sizing pipework. 

	▶ Use temperature activated recirculation pumps and avoid continuous running of pumps, which still delivers timely 

hot water in well insulated piping systems.

	▶ Novel systems are emerging using pipe-in-pipe recirculation systems to reduce surface area of exposed pipes. 

	▶ Avoid uninsulated pipes embedded in concrete, a common practice in MURBs for in suite, distribution pipes.

Architectural Layout

	▶ Design efficient fixture layouts to minimize pipe lengths and associated losses. Encourage use of back-to-back 

bathrooms and kitchens.

	▶ Consider ways to eliminate recirculation systems (e.g. decentralized systems) by positioning distributed heat pump 

hot water heaters close to the plumbing fixtures. 

	▶ Use a hot water system rectangle to assess designs. A system that Habitat for Humanity has mastered drastically 

reducing the wet area ratio from 100 percent to 1 percent through efficient design, reducing both plumbing piping 

costs and heat losses.

Wait Times & Use Behaviour

	▶ Avoid long “dead legs”6 that require long wait times for hot water to reach fixtures by keeping recirculating risers 

close to showers. Some jurisdictions allow use of 3/8" (10mm) pipes instead of minimum ½" (15mm) to sinks. This 

results in adequate flow to typical low flow fixtures with half the wait time for the same length of pipe and half the 

wasted water and heat, for each faucet opening. 

	▶ Consider metering hot water so users pay for their consumption to discourage excessive use. Decentralized systems 

provide this benefit.

	▶ Use cold draw faucets in bathrooms where the default position of the mixer in the centre is cold, so a positive turn 

action is required to draw warm water. Many faucet openings draw hot water through the pipe, but never reach the 

outlet and therefore are completely wasted. 

DHW Tanks

	▶ Install sufficient insulation on hot water tanks – especially if water is stored at higher temperatures from CO2 systems. 

	▶ A recent study by Lync by Watts7 reported increasing insulation from 3" (ASHRAE recommended standard) to 6" at 

60oC stored water temperature reduces tank losses by approximately 30 percent.

	▶ Storing water at 70oC increases the stored hot water by 20 percent, effectively allowing smaller tanks.

6	 Dead legs – a run of pipework that has become isolated from the regular flow of water. 

7	 Lync by Watts (2023). Heat Pump and Hot Water Storage: How to Evaluate the Economic Benefits of Thicker Tank Insulation.

The following section outlines key design considerations to reduce heat losses in centralized DHW systems.  

https://www.habitatgv.ca/
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Key Takeaways

	▶ DHW heat pump systems prioritize DHW storage, in contrast with fossil fuel-based systems designed for maximum 

capacity and minimal storage.

	▶ Right-sizing of the DHW system is critical when designing a DHW heat pump system to avoid significant impacts to 

capital costs, spatial, structural and electrical requirements.  

	▶ 	Designers should refer to sizing methodologies developed specifically for DHW heat pump systems (Ecosizer) 

rather than traditional sizing methodologies from technical institutions which will likely result in oversized and 

uneconomical DHW systems. 

	▶ 	Designers should focus on reducing heat losses throughout the DHW system as far as possible, to avoid unintended 

overheating in the summer season and achieve a cost-effective solution. This starts with efficient architectural 

layouts and groupings of bathrooms, kitchens and laundry closets and the associated hot water fixtures. 

Case Study Spotlight

	 Orion Development, Pemberton BC, Innovation Building Group 

Orion is a 45-unit residential building designed to meet Step 4 of the BC Energy Step Code in Climate Zone 6. The building 

includes a Centralized DHW heat pump system utilizing eight SanCO2 air to water DHW heat pumps, four 119-gallon tanks 

and a 27kW swing tank heater coupled with two 119 gallon (450 litres) swing tanks. The measured data from the DHW 

system shows the average annual electrical energy consumed for DHW heating per apartment with an average of three 

people per apartment, was 1200 kWh with water heating costs between $117 and $124 per year. This highly efficient 

design focused on effective layouts and pipe insulation to minimize heat losses in the DHW distribution system.
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System Configuration
There are three system configurations for DHW heat pump systems:

1.	 Centralized 

2.	 Decentralized 

3.	 Semi-Centralized

Centralized systems have been the typical arrangement for fossil fuel DHW systems in MURBs for many years, and remain 

a common configuration for DHW heat pump systems. However, some engineers are starting to explore ways to drastically 

reduce or eliminate recirculation system losses through alternate designs using decentralized or semi-centralized 

configurations.  

The following section explores each configuration, the main components and associated design considerations, and 

concludes with a comparative assessment of the advantages and disadvantages of each configuration. 

Centralized Configuration

Centralized systems leverage the diversity of occupancy in larger buildings. This significantly reduces the overall system 

size compared to having individual DHW heat pumps and tanks for each residential suite. Figure 5 shows a typical 

centralized heat pump system layout, with the main system components explained in more detail below. 

Figure 5: Centralized system configuration for a DHW heat pump system.
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Single Pass DHW Heat Pumps

Both large DHW heat pumps, as well as an array of smaller single pass DHW heat pumps, are suitable for a centralized 

system (the latter is suitable for residential buildings up to approximately 100 units). To ensure effective operation, the 

DHW heat pumps require a low incoming water temperature. The heat pumps are piped to draw water from the lower 

section of the first primary storage tank (where the water temperature is coldest) to ensure a consistent low inlet water 

temperature. 

Any incoming municipal water supply should not be connected directly to the heat pumps to avoid instability and 

fluctuations resulting from varying flows during draw-off from the system. It is important that the DHW recirculation is not 

connected directly to the heat pump primary storage. This may warm up the tanks preventing the heat pumps from 

receiving cold water and operating effectively.  

The location of the heat pumps will depend on the local climate and the specific project constraints. Typically, air source 

heat pumps are located outside, either at ground level or on the roof. However, designers should understand local climate 

conditions and operating limits of the specific heat pump product specified. CO2 DHW heat pumps are able to operate at 

lower outdoor ambient air conditions (typically -25o C) than synthetic refrigerant-based heat pumps.

In colder climates and when utilizing synthetic refrigerant-based heat pumps, designers have located heat pumps in 

underground parking garages to avoid lower outdoor ambient air temperatures. In this configuration, there may also be 

opportunities to recover waste heat from electrical rooms within the parking garage. Designers should remove cold air 

discharge from the heat pumps in a garage by ducting or by using a fan. This also prevents problems with air recirculation. 

Clustering large numbers of heat pumps is not advisable and building owners need to be aware the underground garages 

will feel artificially cold from the heat pump discharge. Removal of condensate from defrosting and avoiding ice buildup 

around the units is also very important, requiring heat tracing of drains. 

When located outside, consideration should be given to their location with respect to noise both for residents of the 

building and neighbours, particularly in large MURB developments with larger heat pump arrays. The inclusion of acoustic 

enclosures in designs with large exterior heat pump arrays will screen the DHW heat pumps from acoustic line of sight 

to residential windows. Enclosures should be carefully located however, to avoid reducing airflow and impacting the 

efficiency of condensing units.

Freeze Protection

The most common problems encountered in the early DHW heat pump projects were associated with freeze protection. 

This was a particular issue when potable water was circulated to the heat pumps located outside. With this setup, heat 

tracing connected to backup power (provided by either batteries or a generator) is recommended.

In addition, any automatic freeze protection drain-down system should also be placed on a battery or uninterruptible 

power supply, to avoid unnecessary drain down from nuisance tripping. Some manufacturers have adopted a 2-stage 

heat exchange to avoid circulating potable water outside and this is a more robust solution; however, this does add cost. 
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Primary Storage Tanks

DHW heat pump systems focus on storage and require multiple large storage tanks. An engineer must verify that the 

structural system can accommodate the tanks when full and all seismic requirements are adhered to. It is crucial the 

storage tanks are configured in series to allow for the greatest temperature stratification and cycle run time of the heat 

pumps. However, this setup does mean that failure in one tank can take the whole system out of order. Historically in fossil 

fuel-based systems, tanks were connected in parallel and easily isolated to maintain water flow through the remaining 

tanks. We recommend considering bypass valves to quickly get the system back into working order. However, avoiding 

dead legs 8 in the system that can harbor bacterial growth is also critically important. Various tank options are available, 

including high-quality stainless-steel tanks that offer warranties exceeding 10 years and a corresponding design life of 

30-40 years. In contrast, glass-lined tanks typically necessitate replacement after 10 years. Although the former option is 

more expensive, it entails significantly lower maintenance requirements and replacement cycles.

Other features of tanks that should be considered (especially as they are not standard features of off-the-shelf tanks) 

include the following:

•	 Correctly sized pipe connections – these are often designed for parallel arrangement and are therefore too small for the 

total system flow associated with a series arrangement. 

•	 Thermowells that can accept high- and low-level temperature sensors for use in DHW heat pump control.

•	 Inlet diffusers to bring cold water right to the bottom of the tank and avoid mixing, thereby maintaining the stratified 

water levels.

•	 Top outlets rather than top-side outlets are desired to maximize usable volume.

•	 Increased insulation thickness to prevent the large surface area and high temperatures delivered by heat pumps from 

overheating mechanical rooms. The use of a small heat pump to recover this heat back into the DHW system is an 

option, however, adequate ventilation should be included as part of the design.

Temperature Maintenance Tank (Swing Tank)

The temperature maintenance tank is commonly referred to as a swing tank. Its main purpose is to maintain the circulation 

temperature within the distributed piping network so that when a hot water faucet or shower is opened, hot water arrives 

with a minimal wait time. However, the swing tank is also often designed as a backup or peaking heater to support the 

primary DHW heat pumps for short periods during the coldest winter outdoor air temperatures and/or if a heat pump fails or 

is unavailable.

During the day when there is a steady consumption of DHW, the hot water in the primary storage tank at 65°C to 70°C will 

move through the swing tank and maintain the control set point (55°C to 60°C) without any call for the electric heater. If 

there is no flow from the system (e.g. during the night in smaller buildings), then there may be a call for the swing tank 

electric heater.

Within a centralized system setup, it is critical that recirculation return water is connected to the swing tank, 

rather than the primary storage tank. This avoids the elevated return water temperature (55oC) from disrupting the 

temperature stratification (e.g. lower temperatures) in the primary storage tanks.

8	 Dead legs – a run of pipework that has become isolated from the regular flow of water.
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Opportunities for Energy Recovery 

Waste Heat from Cooling

With centralized and semi-centralized systems there are opportunities for energy recovery from rooms that have a 

continuous need for cooling. The waste heat extracted in the cooling process can be used to heat the domestic hot water. 

In larger MURBs and mixed-use buildings, large electrical rooms have transformers that continuously emit heat equivalent 

to 0.6percent-1percent of the rated capacity of the transformers. With the uptake of electric vehicle charging, larger 

transformers are required, resulting in an increase in the waste heat from electrical rooms. Other sources of heat include 

server rooms, restaurants and grocery store refrigeration. While not every building has one of these functions, nearly every 

building with over 100 residential units has an electrical substation that constantly emits heat.

Backup Systems

There are a number of case study examples of installed DHW CO2 heat pumps operating effectively in cold climates below 

-30oC. Temperatures this low are outside of the manufacturer's rated temperature range (refer to Orion Case study, 

Climate Zone 6). As field experience continues to validate the system operating ranges, manufacturers will gain increased 

confidence in deploying heat pumps in colder climates. In addition, extreme cold temperatures, falling outside the heat 

pump’s typical operating ranges, are brief occurrences in the majority of the major population zones in B.C.

A backup system may be included for systems that employ synthetic refrigerant-based DHW heat pumps which cannot 

operate effectively at low outdoor ambient air temperatures. Backup systems do not need to be sized to equal the heat 

pump output capacity, typically these are sized to two-thirds of the output capacity, in line with the target heat pump 

run time of 16 hours per day. We recommend interlocking the backup heater to avoid oversizing the size of the overall 

building electrical service, which can be costly. In addition, it is important to include redundancy (e.g. modular heat 

pumps) within the DHW heat pump system design to ensure continuity of supply, in the event of a heat pump failure.  

Case Study Spotlight
Orion Development, Pemberton BC, 	
Innovation Building Group 

This graph shows the energy consumption associated 

with the installed DHW heat pumps and the swing tank at 

the Orion development in Pemberton with 45 residential 

units (Climate zone 6). The measured energy data shows 

the swing tank only operates significantly during the 

peak winter to support the DHW heat pumps. The graph 

highlights that the heat pump efficiency is higher during the 

summer period.

This building has an energy use intensity of 9.8 kWh/m2/yr. 

associated with DHW. By applying the DHW heat pump COP 

at the average outdoor air temperature to monthly energy 

usage, total DHW demand is calculated as 36 kWh/m2/yr. 

After allowing for pipe losses, a consumption of 10 g/p/day 

is estimated.
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Figure 6: Centralized DHW heat pump system in the parkade drawing waste heat from an electrical room.

•	 All year-round cooling loads (e.g. electrical rooms, server rooms):  

Water-to-water DHW heat pumps producing chilled water on one side and DHW on the other can produce DHW more 

efficiently than an air source heat pump. This is especially the case when ambient outdoor air temperatures are below 

-10°C. Hydronic terminal units should not be placed within the electrical room, however, the air within the space can be 

ducted to an air handling unit outside the room. The air is then cooled by the hydronic cooling coil and recirculated back to 

the space. The heat extracted in this process by the water-to water DHW heat pump is transferred to the DHW heating side.

•	 Seasonal cooling loads and the integration of HVAC heat pumps (e.g. building chilled water system) 

Most high-performance buildings in southern B.C. now operate in cooling mode for at least six months annually. 

Consequently, the heat rejected from these air conditioning systems could effectively meet the full domestic hot water 

load for at least half of the year. Designers can achieve significant efficiency gains in larger high-performance buildings 

by linking building chilled water systems to DHW heat pumps. The integration of HVAC heat pumps for producing 

domestic hot water warrants consideration. In typical high-performance buildings, the objective is to utilize the lowest 

possible heating water temperature, usually around 40°C, to maximize efficiency. However, the BC Building Code 

mandates that DHW must be stored at a minimum temperature of 60°C to prevent legionella growth. Unfortunately, 

HVAC heat pumps are only capable of raising the heating water to approximately ~40°C at design outdoor air 

temperatures of -10°C. This requires a second-stage heat pump to elevate the heating water to the required 60°C.  

This system configuration presents an excellent opportunity for energy recovery, however, they introduce 

considerable complexity and are best suited for larger facilities with professional full-time plant operators.



Page 17 of 25

DESIGN GUIDE FOR DHW HEAT PUMPS IN NEW MURBS

In-Suite Heat Exchanger Panels

Another centralized system configuration involves a hydronic heating system paired with in-suite heat exchanger panels. 

The in-suite panel is fed domestic cold water which is heated in a single pass (instantaneously) through the heat exchanger 

fed by the hydronic heating system. Heating water is diverted from the heating systems while it heats DHW on demand.  

The DHW water is then delivered to the suite locally at 49°C. This system configuration avoids any storage of DHW, with 

only small runs of piping within the residential suite, as such the required temperatures associated with Legionella control 

are not applied here as there is no storage. 

These systems manage the overall capacity by diverting heat from the heating system while DHW is being consumed. In 

Europe, these systems are commonplace with combustion-based hydronic heating systems serving radiators with high-

temperature hot water. 

The primary advantage of this system is the removal of DHW storage and distribution pipework, resulting in significant 

capital cost savings. 

However, a downside is that the hydronic heating water system needs to operate year-round at an elevated temperature, 

regardless of the need for space heating. Many social and rental housing projects are transitioning away from hydronic-

based heating systems. New designs include very small electric baseboard heaters, supported by:

•	 Heat pump-based heating and cooling of ventilation air

•	 Central CO2-based DHW heat pumps 

Case Study Spotlight

	 Coal Harbour Development, City of Vancouver

 	

 

 

Coal Harbour is a 60-unit social housing project constructed above a new elementary school and childcare. Located in 

Vancouver it is designed to meet the Passive House standard. The housing includes a centralized DHW heat pump system 

utilizing two Colmac water-to-water DHW heat pumps, which recover heat from the buildings main electrical room while 

cooling this space and generating heat to use for DHW heating. The design includes redundancy with two heat pumps and with 

back up electrical heaters to provide full backup in the event of insufficient heat in the electrical room or a heat pump failure.  

Image Credit: Henriquez Partners Architects
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Case Study Spotlight

leləm̓ village, Musqueam Capital Corporation 

 

 

 

The leləm̓ village is comprised of 1250 residential units as well as 30,00ft2 of retail space. The village is connected to a 

sewer heat recovery system, with a SHARC 660 installed at the central plant. The central energy plant includes two large 

wastewater tanks that temporarily store wastewater and act as a thermal battery. The tanks include submersible solid 

handling pumps that transfer the wastewater to the SHARC skid. The wastewater is passed through a macerator and series 

of filters on route to a specialist heat exchanger. Heating water is circulated through the heat exchanger and lifted to the 

design outlet temperature. At the leləm̓ Village the buildings are connected to an ambient loop. Individual building energy 

transfer stations include a second stage heat pump to lift the heating water to the higer DHW temperature (60ᵒC). This 

system can operate year-round and provides significant carbon savings and energy efficiency compared to traditional 

fossil fuel systems. 

Image Credit: SHARC Energy

Sewer Heat Recovery

These systems are typically deployed for larger buildings and large district energy scale systems. Sewage flows coincide 

with DHW use and hold a lot of energy that can be extracted and upgraded by heat pumps. The larger district energy 

scale systems include a heating loop connected to buildings via an energy transfer station. The heating water loop may 

be operated at a high or low temperature depending on the heat pump plant installed at the central plant (For example, 

industrial two stage lift heat pumps, or single lift heat pumps). The below case study is an example of a large scale system 

using the SHARC product. Building level systems can also be implemented using the smaller PIRANHA product line.
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Figure 7: Decentralized heat pump system

Decentralized Configuration

Decentralized systems are now being considered in increasing numbers of high-performance buildings to avoid heat 

losses associated with circulation systems and to improve energy efficiency.

Figure 7 illustrates the concept of the in-suite hybrid heat pump hot water heater. The hybrid heat pump hot water heater 

has two sources of heat: a heat pump and conventional electric heating elements. 

The heat pump sits on top of a hot water storage tank and extracts “heat” from the air within the space it sits, transferring 

this heat into the domestic hot water storage tank. The surrounding air is cooled by the heat pump, providing some 

air conditioning and dehumidification to the space. If the unit is located in a small closet, the discharge air must be 

ducted out of the room to ensure adequate circulation and to maintain effective operation. Sometimes louvred doors 

are provided, but this can lead to noise breakout and insufficient dispersion of the cold air. To minimize wait times, pipe 

lengths to fixtures should be kept short due to the absence of a recirculation system. 

This approach is simple, cost-effective, and well-understood by plumbers. Implementing a suite level DHW system 

simplifies metering, and may lead to reduced DHW usage as the user pays directly for the energy consumed. However, 

these systems require increased maintenance and life cycle replacement, and poses a leak risk with tanks in multiple 

locations throughout multi-storey buildings. Consequently, floor drains and drain pans are necessary, and leak detection 

systems with auto shut off are strongly recommended. Installing the heat pump within the suite occupies valuable space 

and adds to the heating load during winter. While the electrical load in each residential suite will rise, opportunities for 

demand sharing with appliances like ovens and dryers exist. This potentially offsets the need for oversized electrical 

distribution to each suite. 

Semi-Centralized Configuration

Engineers are exploring semi-centralized systems using either the same hybrid DHW heat pump tanks applied in the 

decentralized approach, or smaller capacity DHW heat pumps designed for single-family residential systems. These  

semi-centralized systems aim to minimize recirculation losses with manifolds located very close to the suites they serve. 

They also utilize single-run small distribution pipe sizes within the suite, with no return or very short return pipes. 
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Figure 8: Semi-Centralized DHW heat pump system on the rooftop. 

This configuration also aims to take advantage of the benefits of diversity in load among the suites served to reduce 

equipment sizes and electrical demand. This system configuration achieves a compromise between the centralized and 

decentralized approach. There are many different approaches and design teams can get creative using corridor cooling  

or basement cooling systems. The Onion Flats development in Pittsburgh is one such example.

Deciding on a System Configuration

In terms of the decision-making process of the developer and building owner, there are three main ownership models 

when approaching DHW heat pump design in MURBs:

1.	 Developer-based stratified condominiums.

2.	 Developer-based rental apartment buildings.

3.	 Housing Agency affordable or social rental housing.

https://passivehouseaccelerator.com/articles/evolving-practices-of-onion-flats
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The designer of a heat pump system must consider their clients’ business model when choosing a system configuration. 

Driving factors that differ between these three ownership types are as follows:

•	 Capital cost of the DHW heat pump system

•	 Operating energy costs of the system and who is paying the energy bill (including the Carbon Tax)

•	 Long-term maintenance costs and who bears these costs

•	 Space planning within residential suites relative to the sale value of the floor area

•	 Space planning for externally located heat pump systems and associated noise nuisance

•	 Source of energy for the heat pumps (outdoor air, room air, cooling systems, sewer, geothermal)

•	 Greenhouse gas emissions and regulatory forces driving building owners to reduce emissions

•	 Climate zone and the ability of heat pumps to operate in worst-case winter conditions

•	 The sophistication of the building operator

The advantages and disadvantages of each system configuration must be considered in the context of all the above factors 

and the ownership model, making decision-making quite complex. The following table outlines the comparative analysis 

of each system configuration. 

Table 2: Decision Matrix of Centralized, Decentralized, and Semi-centralized DHW Heat Pump Systems

LEGEND:      Green - High performance          Yellow - Medium performance                Red - Low performance 
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Figure 9: Case study DHW heat pump projects – Total Number of Occupants vs. Heat Pump Output (kW)

Market Adoption
The commercial DHW heat pump market is growing rapidly. Table 3 provides an overview of the DHW heat pump products 

available in the B.C. market that are being used in MURBs. In general, single-family residential dedicated DHW heat pumps 

have been available in the market for a longer period and therefore, these system applications are more established. 

Larger DHW heat pump systems within high-rise condominium buildings is expected to become more common. This is  

due to regulations focused on GHG emissions becoming part of the Building Code. As well as due to the widespread 

availability and maturing market of larger DHW heat pump products. During the research phase of this bulletin, 

practitioners in the industry were asked to share details of the projects that they were involved with that included DHW 

Heat Pumps. We collected project data that included 

•	 number of suites

•	 occupants

•	 manufacturer

•	 size of heat pumps

•	 size of storage tank

•	 size of swing tanks and heaters. 

Over 50 projects were assembled with a range of building sizes and equipment. Figure 9 shows the range of buildings 

by number of occupants and capacity of heat pump system. The intention of this information is to make the reader 

aware that they are not the first team to design these systems. DHW heat pump manufacturers have developed a wealth 

of knowledge thanks to lessons learned from trail blazer projects. Package skid products with control systems are 

now available to simplify installation and operation. Some design teams are now using smaller storage capacities as 

monitoring reveals how low demand can be.
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Table 3: DHW heat pump products*

Light blue rows represent CO2 DHW heat pump products.  

This list is not exhaustive but covers the majority of heat pump types.  

New products are coming to market as adoption increases. 1

Manufacturer Model
Output power 

(kW) (select 
conditions)

Refrigerant
Simultaneous 

hydronic 
cooling

Multi-pass or 
single- pass Notes Typical 

Configuration

Sanden SanCO2 4.5 CO 2 No Single Pass Air-source
Centralized and Semi 

Centralized

Mitsubishi QAHV 40 CO 2

CO 2

No Single Pass Air-source Centralized

Lync by Watts Aegis Series 56.5/85/124 Yes (optional) Single Pass

Air-source and water-
source are available. 

Only available in 
480V

Centralized

Nyle E-Series 105 R-513a No Single Pass
Air-source and water-
source are available Centralized

Nyle C-Series 32.5/66/80 R-134a Yes (optional) Multi-pass
Air-source and water-
source are available Centralized

Colmac CX-Series 40/60/81/95/12
3

R-134a / R- 513a / 
R-410a

Yes (optional) Multi-pass and 
Single Pass

Air-source and water-
source equipment 

are available
Centralized

Rheem
ProTerra 

(40 to 50 gal)
Plug in

3.5KW HP
50 to 80 G 120V 15A

R-134a No Multi-pass* Air-source Decentralized

Rheem
ProTerra 

(40 to 80 gal)
1.2kw HP +

4.5kw 240V 30A R-134a No Multi-pass* Hybrid Decentralized

Rheem
ProTerra 

(40 to80 gal)
1.2kw HP +

4.5kw 240V 15A R-134a No Multi-pass* Hybrid Decentralized

AO Smith Voltex 50 to 80Gal
1.2kw HP +

4.5kw 240V 30A R134a No Multi-pass* Hybrid Decentralized

AO Smith Voltex
3.2kw HP
120V 15A R-134a No Multi-pass* Hybrid Decentralized

Stiebel Eltron Accelera 220E 58Gal 
/300E 80Gal

1.7kw HP +
1.5kw electric 240V 15A

R-134a No Multi-pass* Hybrid Decentralized

Sharc Piranha T5, T10, T15 17.5 / 35
/52.5kW

R513a Yes Single Pass Sewer wastewater 
cooling available

Centralized

Gree Versati III and 
VersatiIV

15kw HP + 6kw Elec + 
3kw DHW Elec
240V 40A + 20A

R410a / R32 No Multi-pass* Hybrid Decentralized or Semi-
centralized

Stiebel Eltron WPL A2W
7 kW HP, 

6.75 kW Elec
15 kW, 6.75 kW Elec

R410A No Multi-pass*

Cold climate air-
water heat pump – 

produces DHW, 
heating and cooling 
(operate down to -

200C)

Decentralized or Semi-
centralized

Viessman Vitocal 100-AW
6kW HP, 6kW Elec

10kW, 9kW Elec
17kW 9kW Elec

R32 No Multi-pass*

Cold climate air-
water heat pump – 

produces DHW, 
heating and cooling 
(operate down to -

250C)

Decentralized or Semi-
centralized

Daikin Altherma

Low temperature
9 kW HP, 3kW Elec

11 kW HP, 6kW Elec
12 kW HP, 6kW Elec

High temperature
10 kW HP, 6kW Elec
12 kW HP, 6kW Elec 

R32 No Multi-pass*

Cold climate air-
water heat pump – 

produces DHW, 
heating and cooling 
(operate down to -

250C)

Decentralized or Semi-
centralized

*Heat pump integrated with storage, so flow pass method is not especially relevant to design

*	 Heat pump integrated with storage, so flow pass method is not especially relevant to design
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Key Takeaways 
	▶ The design and implementation of DHW heat pump 

systems will be critical to achieving the new GHGi 

performance levels coming into place via the ZCSC  

and the CleanBC roadmap to 2030. 

	▶ The DHW heat pump market offers a well-established 

range of products from manufacturers suitable for  

small to large residential MURBs. 

	▶ Right-sizing DHW heat pump systems is central to 

ensuring cost-effective designs. 

	▶ Designers should refer to sizing methodologies 

developed specifically for DHW heat pump systems 

(e.g. Ecosizer). Traditional sizing methodologies from 

technical institutions will likely result in oversized and 

uneconomical DHW systems.

	▶ Traditional sizing methodologies from technical 

institutions will likely result in oversized and 

uneconomical DHW systems. 

	▶ The design philosophy focuses on larger volumes of 

storage than traditional fossil fuel systems. Thinking 

of DHW storage tanks as a thermal battery is a useful 

concept, particularly when considering the electrical 

grid capacity and the opportunity for time-of-day load 

shifting and potential to optimize time-of-use rate 

offerings. 

	▶ The piping arrangement and controls for DHW heat 

pump systems differ from traditional fossil fuel 

configurations. As such, close coordination between  

the designers and contractors is required to ensure  

the system is implemented correctly. 
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	▶ Considering redundancy, frost protection and backup 

heat sources are crucial to ensure continued operation 

and resilience, particularly in cold climate applications. 

	▶ A number of case studies show DHW CO2 heat pumps 

operating effectively in cold climates with outdoor 

air temperatures reaching below -30oC, lower than 

the manufacturer’s rated temperature range. As field 

experience continues to validate the system operating 

ranges, manufacturers will gain increased confidence in 

deploying heat pumps in colder climates.

	▶ Based on current typical designs, DHW system thermal 

energy demand is typically three times the building 

heating thermal demand. DHW systems require more 

attention considering the time and attention given to 

building envelope design.

	▶ Architectural layouts and groupings of the wet rooms 

containing other plumbing fixtures are critical first steps 

in achieving an efficient DHW system.

	▶ Backup/peaking systems may be required for DHW 

heat pumps systems using synthetic refrigerants, as 

these systems cannot operate effectively at low outdoor 

ambient air temperatures. Backup systems do not need 

to be sized to equal the heat pump output capacity, 

typically these are sized to two-thirds of the output 

capacity, in line with the target heat pump run time of 

16 hours per day. Interlocking the backup heater with 

the heat pumps is a possibility if the size of the overall 

building electrical service is limited. 

	▶ There are three common system configurations; 

centralized, semi-centralized and decentralized. Each 

have advantages and disadvantages. Centralized 

systems have traditionally been used in small and large 

MURBs. Semi-centralized and decentralized systems 

have been used as alternative solutions to minimize 

heat losses in DHW distribution systems in small-

medium sized MURBs. In all configurations, designers 

should consider the structural, electrical and acoustic 

implications at the onset of the project. 

	▶ Care should be taken to minimize heat losses 

throughout DHW distribution systems, as well as 

from the storage tanks, both in the system design and 

installation. 

	▶ In very cold climates consideration of sewer, 

geothermal or electrical room cooling as a source of 

heat for DHW heat pumps, rather than outside air is 

recommended. 

http://www.bchousing.org/subscribe

