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Executive Summary 

Throughout 2020, Ecotope worked with 

Mitsubishi Electric Trane US (METUS) to 

develop a fully packaged system for product 

launch in the United States. A full set of 

components for the heat exchanger and 

pump assembly, thermal energy storage, and 

temperature maintenance were selected. 

Piping and controls details were developed 

to provide a well-operating system that can 

serve up to 20 stories. Applications testing 

was successfully performed at both METUS’s 

lab in Atlanta and as part of commissioning 

for the demonstration project that is now in 

place in Seattle. 

While the product is ready for market,  

there are opportunities for improvement. 

The heat exchanger and pump assembly,  

thermal energy storage system, and 

temperature maintenance system all have 

areas that could be improved with another 

design iteration.  

This study follows both a product Feasibility 

Studyi and Load Shift Feasibility Studyii. 

Measurement and verificationiii (M&V) is the 

next step in the Technology Innovation 

Model (TIM) and will help identify other 

potential design improvements; optimize 

performance by fine-tuning controls 

sequences; calculate system COPs; and 

assess demand-response capability.  

Packaged System 

Components 

The following sections discuss development 

and test findings for the major components 

in the QAHV packaged system. See Figure 1 

for a simplified schematic of the system 

identifying the heat exchanger and pump 

assembly, thermal energy storage, and 

Figure 1. QAHV packaged system simplified schematic 
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temperature maintenance discussed 

subsequently.  

Heat Exchanger  
and Pump Assembly 

The QAHV requires a heat exchanger 

between it and the potable water to protect 

its internal CO2 gas cooler from variable 

potable water quality. The additional heat 

exchanger means a separate pump on  

the potable water side is needed. The heat 

exchanger, pump, connected piping, and 

ancillary piping equipment – strainers,  

shut off valves, air separator, pressure  

and temperature sensors, flow meter, 

expansion tank, and buffer tank – are, 

together, considered the heat exchanger  

and pump assembly.  

A flow-through expansion tank is used to act 

as both a buffer tank and expansion tank. 

While this design strategy simplifies the 

assembly, it also requires the expansion  

tank hold 10-gallons of water at cold fill, 

which requires a special commissioning 

procedure. To ensure commissioning is done 

correctly, METUS’s Diamond Builder software 

will include a calculation that was developed 

to provide air and water pressure settings in 

the flow-through expansion tank for each 

installation. Ecotope recommends this 

procedure be added to the “start-up  

wizard” built into the control panel sold  

with the QAHV.  

METUS has considered offering the heat 

exchanger and pump assembly as a pre-

packaged skid by contracting with a local US 

manufacturer. This assembly would be 

comparable to the Thermal Exchange Module 

currently sold in France with the QAHV and 

shown in Figure 2. A pre-packaged skid for 

the assembly would simplify installations.  

 

The US packaged system uses a variable 

speed pump to control flow through the 

heat exchanger on the potable water side. 

The heat exchanger and pump assembly is 

unusual because very low flow rates are 

required through the heat exchanger. The 

CO2 refrigerant cycle operates most 

efficiently with cold entering water and hot 

leaving water temperatures, which are ideal 

for domestic water systems, but require low 

flow rates.  

The flow range required in mild climates is at 

the limits of what can be controlled using a 

standard (centrifugal) pump. In climates 

where winter temperature drop below 10°F a 

pump alone may not be able to meet a 

150°F outlet water setpoint. At -10°F, the 

current approach may not be able to 

produce 120°F in a single pass through the 

heat exchanger.  

Figure 2. Thermal exchange module sold in France 
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While a control valve could be added to the 

assembly to meet setpoint under extremely 

cold conditions, it would likely be costly to 

develop. There are no currently available 

NSF-rated control valves. So, to add a 

control valve to the assembly, a valve  

would need to be NSF-certified, or a  

low-lead valve could be packaged with  

an NSF-certified pre-packaged skid – like  

the one discussed previously.  

Additionally, a method of controlling the 

valve would have to be developed. A 

convenience of using a variable-speed pump 

to modulate water flow is that it can adjust 

its speed to meet a setpoint on the outlet of 

the heat exchanger using built-in controls.  

Although a control valve-based option may 

not be made available until future market 

adoption of the technology allows for 

economic feasibility, METUS has started 

investigating options. Appendix A includes 

the test setup for Applications Testing. The 

detail Heat Exchanger and Pump Assembly 

Test shows a piping configuration that will 

allow METUS to test different control valves. 

Figure 3 shows a picture of the test setup  

in Atlanta. 

Parallel Electric Water Heater 

Another way to meet setpoint in cold 

climates is by using parallel electric water 

heater design – shown in Appendix B. The 

design allows the same electric water heater 

to provide four functions: 

1. Swing tank heating 

2. Backup heating in case of heat pump 

failure. 

3. Temperature boost to meet setpoint 

in cold conditions. 

4. Temperature boost for demand 

response “Load Up” conditions.  

Because it reduces the total electrical service 

required, it is also discussed below under 

Swing Tanks. 

Using a parallel electric water heater to 

boost temperature to meet setpoint in cold 

conditions will slightly increase energy 

usage. However, because the QAHV 

efficiency drops with colder outdoor air 

temperatures, energy increases will usually 

be small and the economic and functional 

benefits likely outweigh the small increase in 

energy usage. 

In many cases it will not make sense to add 

additional QAHVs to meet demand in cold 

conditions. QAHV capacity also drops with 

Figure 3. Heat exchanger and pump assembly 

control valve test setup 
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outdoor air temperature, and the cost of 

adding additional capacity with additional 

QAHV is high compared to adding a small 

instantaneous electrical water heater. 

Engineers and building owners may prefer to 

allow electric resistance heating to 

supplement QAHV heating during the 

coldest few days of the year. Fortunately, it is 

only during the coldest days of the year that 

the QAHV will not be able to reach setpoint 

without a control valve. The electric water 

heater can both provide supplemental heat 

and boost temperature to meet setpoint on 

those days.  

Figure 4 illustrates a cold climate sizing 

method for a QAHV system with a parallel 

electric water heater. A “Redundancy 

Temperature” of 18°F was chosen – this 

means the number of QAHVs selected can 

meet the design load at 18°F. However, there 

is a design temperature of -4°F at this 

location. The electric water heater is selected 

to provide supplemental heating at low 

temperatures and backup heating in case a 

QAHV fails.  

Thermal Energy Storage 

Tank Design 

QAHV thermal storage tanks are specifically 

designed to increase stratification and 

thermal energy storage performance.  

Figures 5 and 6 show side and top views  

of the storage tank offering. The tanks are 

provided with six thermowells for more 

detailed monitoring and control. Specially 

designed sparged fittings are used on  

top and bottom inlet/outlets to increase 

stratification. The sparged fittings both  

lower the entering velocity and divert  

the flow direction from vertical to  

horizontal, which prevents mixing. Figure 7, 

illustrates how vertical inlets can create 

undesirable flows within a storage tank  

that degrade stratification.iv  

 

 

Figure 4. Cold climate sizing methodology with 

parallel electric water heater 

Figure 5. Stratified storage tank side view 
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The QAHV packaged system currently offers 

three tank sizes: 175-gal, 285-gal, and 500-

gal. The 175-gal tank will primarily be used 

for retrofits and tight spaces. The 285- and 

500-gal tanks are ideal for new construction 

or retrofits with more space and flexibility. 

METUS is adding 750-gal and 1,000-gal tank 

options for larger buildings that should be 

available early in 2022.  

Unfortunately, during construction of the 

demonstration project it was discovered that 

the thermowell on the bottom of the tank 

does not have enough clearance to be used. 

METUS is in the process of having this 

thermowell moved to the side of the tank in 

their standard offering. 

Multiple Tanks 

Both series and parallel configurations, 

shown in Figures 8 and 9, were discussed  

as options when more than one tank is 

required. Key advantages to each option  

are below. 

Series Configuration:  

1. Different sized tanks can be used. 

2. Simple balancing with just one set of 

inlets/outlets for the system.  

3. When multiple tanks are used, staging 

can be achieved using one 

temperature sensor per tank.  

 

 

 

Figure 7. Piping design to promote stratification 

Figure 8. Series thermal storage system piping 

Figure 6. Stratified storage tank top view 
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Parallel Configuration: 

1. Ability to isolate, drain, and perform 

maintenance on a tank without 

interrupting the system.  

2. Potentially increases stratification 

through low inlet/outlet velocities and 

a single thermocline region across 

tanks.  

3. Lower pressure-drop through storage 

system.  

4. More consistent control setup with 

different numbers of tanks.  

The initial tank offering will be series, due to 

balancing concerns, but parallel is being 

tested at the demonstration project in 

Seattle. If M&V results indicate the system 

can be balanced METUS will allow  

a parallel offering. 

Swing Tanks 

Initially, two electric resistance heating tanks 

were selected as swing tanks – a 150-gallon 

tank, and a 200-gallon tank. The swing tanks 

selected each have three electric resistance 

heating elements and three relays that allow 

them to engage a different number of 

electric elements and alter the setpoint. 

During normal operation, the swing tank will 

operate with the minimum electric 

resistance. During a demand response Load 

Up condition, additional electric resistance 

capacity can be used to rapidly elevate 

temperature. And should the QAHV fail for 

any reason, the swing tank can be used as a 

temporary electric resistance backup. 

METUS is expanding its swing tank options 

in 2022. Swing tanks with lower electrical 

input will be offered, as well as additional 

tank volumes, and options for 460V power.  

Applications testing was done using a 

traditional swing tank design, which will be 

offered in the first iteration of the QAHV 

packaged product. However, in order to 

reduce the amount of electric resistance 

needed in the system, Mitsubishi may test 

alternate configurations, and, if those 

configurations prove successful, alter the 

packaged system in the future.  

System Configuration Updates to 

Reduce Connected Electric Load 

Unfortunately, the current swing tank 

configuration has high power draws, which, 

increases electrical service requirements. 

High power draws can create higher demand 

charges, are more difficult to install in 

retrofits, and are more difficult for utilities  

to serve. METUS understands this issue  

and is looking for ways to reduce the  

overall peak-power draw without 

compromising functionality.  

Figure 9. Parallel thermal storage system piping 
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Preferably, QAHV systems would have no 

electric resistance heating. However, that 

may not be feasible, especially in cold 

climates. Three design changes to reduce 

electrical requirement are: 

1. Parallel electric water heater.  

2. Return to primary 

3. Controlled return to primary. 

The parallel electric water heater design 

allows a single electric water heater to heat 

both the primary storage and the swing 

tank. Although the electric resistance is not 

removed entirely, this configuration makes 

the most use of a small amount of electric 

resistance capacity. Additional benefits  

were described previously under Heat 

Exchanger and Pump Assembly: Parallel 

Electric Water Heater. 

Return to primary is the simplest approach. 

The swing tank is removed, and recirculation 

water is returned directly to the primary 

storage. While all electric resistance capacity 

could be removed, QAHV COP and ability  

to provide demand response would be 

degraded. The QAHV would be forced to 

cycle on and off more and heat water 

already at a high temperature, which  

is undesirable.  

Controlled return to primary adds 

complexity but could allow for a system with 

no electric resistance heating elements. Two 

open/closed control valves are added to the 

system. When the swing tank cools to a 

point where heating is required, the control 

valves are used to divert recirculation return 

water from the swing tank to the bottom of 

the primary storage tanks. This will create an 

artificial system draw and pull hot water 

from the top of the storage tanks into the 

swing tank, heating it.   

Testing and Findings 

Testing was performed in both Atlanta and 

Seattle. Testing in Atlanta took place one 

week prior to the demonstration project 

installation in Seattle. Because there was 

little time between applications testing and 

demonstration project installation, no 

changes could be made in response to 

applications test findings. Fortunately, the 

QAHV performed well in applications testing 

and few onsite modifications were needed. 

Functional tests were performed in Seattle to 

meet application testing criteria.  

Atlanta 

Testing in Atlanta allowed METUS controls 

engineers a preview to what the technicians 

would encounter in Seattle when starting the 

QAHV. A start-up wizard was developed to 

guild installers through QAHV setup. 

Seattle 

The HPWH skid arrived in Seattle on July 

26th. It was then lifted onto the rooftop 

structural platform and connected to power 

and the existing hot water system. Start-up 

and testing occurred July 27th through July 

29th. During this time, the startup wizard 

developed in Atlanta was used for the  

first time. It proved valuable, but some 

changes will be made to improve it for 

future installations.  

After the start-up wizard was followed to set 

up the equipment, tests where run to make 

sure the controls parameters input were 
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functioning as expected. The QAHV 

performed exceptionally and the only minor 

issue, which occurred with secondary loop 

pump control, was resolved by adjusting  

a control setting.  

In addition to functional testing, the team 

observed satisfactory reactions to a power 

outage and clogged strainer. Power loss to 

the unit did not require a hard reset and the 

system started back up as expected after a 

power loss. Simulated clogged strainer 

created heat buildup in the primary loop and 

caused the QAHV to shut off on high 

refrigerant temperature. A built-in delay 

prevents the unit from starting back up 

immediately and an alarm is signaled.  

Conclusions 

Ecotope and METUS have work together to 

design a packaged HPWH system around 

the QAHV. Applications testing was 

performed in Atlanta and Seattle which 

proved it should operate successfully  

at the demonstration project. M&V is 

currently underway.  

Changes may be made in the future to make 

the system easier to install, reduce electric 

service requirements, and function more 

efficiently. However, the first iteration is a 

success and a leap forward for the water 

heating market.  
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Appendix A – Applications Testing Setup 
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Appendix B – Parallel Electric Water Heater 
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