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Problem Statement(s)

 HFC refrigerants will (may?) be phased out one day

 What does water heating look like with alternate 

refrigerants?

 Can the same box be used to provide both space and 

water heat?

 How do you measure performance of a combined 

space+water heat pump CO2 system in a lab?



The Equipment





Dimensions



Specifications

Output at some condition

Input Power at some condition

COP at some condition

Output at another condition

Input Power at another condition

Sound Level

Dimensions

Weight

Outlet Water Temperature Range



Combined Space and Water

 EcoRuno designed specifically for space heating 
applications
 Two compressors, separate refrigeration cycles, 

multiple internal heat exchangers

 Large Output Capacity
 Sanden GAU was 4.5kW, EcoRuno is 11-12kW

 Outlet Water Temperature 70 °C/158 °F allows 
for many space heating strategies
 We tested a fan coil

 Output capacity should heat a water tank really
fast
 Traditional electric tanks have 4.5kW output



Draft schematic courtesy Taco. 



Pumps, Pumps, and More Pumps

 Primary Loop

 Pump on-board the EcoRuno (not externally 

controllable)

 Secondary Loop 

 Pump for water heater

 Pump for space heating

 Adjusting pump flow rate is primary method 

for adjusting energy flows, water 

temperatures, and, efficiency



Test Conditions

 Space Heat Only

 Ambient Air: 5F, 17F, 35F, 47F

 Water Heat Only

 Ambient Air: 35F, 67.5F, 95F

 Both Indirect Tank and Side-Arm

 Combination Tests

 Ambient Air: 5F, 17F, 35F, 47F

 Indirect Tank Only



Test Profile – 18hrs
 Water Heating Only

 46 GPD profile

 Space Heating Only

 2-3 ton load: 0.5hrs, 3 hrs, 1.5 hrs

 Combined Space and Water Heating
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Measurement Setup

 Collect enough data points to calculate energy 

flows throw the system wherever possible

 Flow rates and temperature differences

 Measure output capacities and inputs

 The list

 4 water flow meters & 8 wet temperature sensors

 6 Thermocouple tree in tank

 9 Thermocouple grid at air handler output

 3 Air temperature sensors

 3 Power measures

 One-time air flow 
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Air Handler

 Water-to-air heat 

exchanger

 Variable speed 

fan



Water Tank

 Indirect, water-to-

water heat 

exchange coil

 Aquastat at 

bottom third of 

tank



Water Heat Only – 67.5F Air Temperature

Recovery Cycle
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Water Heat Only – 95F Air Temperature



Water Heat Only – 35F Air Temperature

Primary Stage

Only?



Space Heat Only – 35F Air Temperature

Defrost Event

Supply Air & 

Return Water  

T ~ 90F

Supply 

Water to Air 

Handler





Space + Water Heat 5F

Space 

Heating
Water 

Heating

165F Water



Outcomes

 CO2 systems can make really hot water when 

it’s really cold out

 Testing and measurement can be done

 Install enough instrumentation to help 

troubleshoot and optimize system configuration

 Return water temperatures to heat pump 

matter 

 Balancing the needs of both space and water 

heating with a single heat pump is challenging for 

maximizing output and minimizing energy use



Q & A

 Thanks!



Extras



Guide

 Orange lines are electrical control wires

 Blue lines are the cold or return side of various water loops

 Red lines are the hot or supply side of various water loops

 Green boxes are system control components

 Measurement Points

 Power in Purple

 Flow Meters in Orange

 Temperature in Teal

 Water tank, side-arm, circulation module, and switching relay 

are all to be placed in the lab, outside of thermal chambers
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Space + Water Heat 35F


