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Large Commercial Heat Pump Water Heater Simulation with EN14511

EN14511 Summary

This European Standard specifies the terms and definitions for the rating and performance of air
conditioners, liquid chilling packages and heat pumps using either air, water or brine as heat
transfer media, with electrically driven compressors when used for space heating and/or cooling.
Heat pump water heater (HPWH) incentive schemes in Victoria! and New South Wales? have
agreed to use this standard for potable hot water heating.

Thermal output (from water flow, entering temperature and outlet temperature) and electrical power
consumption are measured at a number of conditions (water and air temperatures) and a
performance map is created. When using the performance map for simulation, thermal output and
electrical power consumption are linearly interpolated between the test points. Coefficient of
Performance (COP) can then be calculated from thermal output divided by electrical power
consumption.

Comparison to AS/NZS 5125

AS/NZS 5125 is used for testing heat pumps smaller than approximately 10kW, although there is
no specific limit. That test procedure connects the heat pump to a water tank and operates a heat-
up cycle for 4 air temperature conditions plus an optional low temperature test. The change in tank
temperatures are used to determine thermal output. For larger HPWH, testing with this method
becomes inaccurate or the tank required becomes too large, which is impractical for the test labs.

Number of Test Points

Each test condition to EN14511 has a significant cost so it is important to balance accuracy of the
performance map against testing costs. Extrapolation can be inaccurate, so it is best practice to
select test points that cover the full range of the expected operation.

Water Temperatures

HPWH entering water temperature (EWT) and outlet water temperature (OWT) both affect the
thermal output and COP of a HPWH. There are different control schemes for the water flow
through a HPWH. For fixed flow, the relationship between EWT and OWT is set so only EWT is
varied. For variable flow heat pumps, the OWT set point is entered during the test, EWT is varied.

Air Temperatures

Dry-bulb air temperatures tested are 2°C, 7°C and 19°C as specified by the Australian incentive
schemes. EnergyAE recommend adding 40°C to achieve better performance when using the data
for simulations. To keep the testing costs down, humidity is not varied. Experience from AS/NZS
5125 testing is that humidity has a much lower effect than dry-bulb temperature. The relative
humidity used for Australian incentive schemes is approximately 85% for the lower temperature
tests (2°C and 7°C) and approximately 70% for the higher temperature tests (19°C and 40°C).

1 https://www.esc.vic.gov.au/victorian-energy-upgrades/activities-offered-under-veu-program/other-veu-activities/water-
heating-and-space-heating-and-cooling-activities/commercial-and-industrial-heat-pump-water-heater-activities

2https://www.energysustainabilityschemes.nsw.gov.au/Home/About-ESS/Energy-savings-calculation-
methods/Installation-of-High-Efficiency-Appliances-for-Business
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Evaporator Frosting

As ambient temperature decreases, frost accumulates on the HPWH evaporator which lowers the
thermal output and COP. This often triggers a defrost system, which also affects the thermal
output and COP. To simulate this accurately, the map includes one ambient temperature just
above frosting conditions and another at a lower temperature where frosting is occurring.
Extrapolation is used below the lowest ambient dry-bulb down to the low cut-off temperature, which
is typically -5°C. In this case, extrapolation is reasonable because COP is decreasing so it gives a
slightly conservative result.

Example EN14511 Map

Typical test points used and typical COP data for a heat pump operating at a set 85°C outlet hot
water temperature are presented below:

EWT (°C) Ambient Dry-Bulb Temperature (°C)
2 7 19 40
5 2.24 2.28 3.54 4.60
20 1.96 2.59 3.11 4.05
60 1.63 1.80 2.13 2.79

Simulations using EN14511 Performance Map

TRNSYS is used to simulate HPWH operation with a given load, system configuration and control
settings. A Type60 model is used for tanks, which splits the tank into 10 or 20 nodes. Mass and
energy balances are conducted for each of the nodes. Heat exchangers and heating elements can
be applied to any node. Simulations are run over a year to ensure changes in ambient
temperature are considered. The time-step for the simulations is typically 1min but can be reduced
if there are high flows through the tank. System configurations that have been simulated include:

Hot water delivery

Tempered hot water
| @ 45°C
Mixing
valve

Cold water delivery
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Figure 2: Tanks in Series
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Figure3: Coil tanks in Parallel
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Figure4: Coil tanks in Series
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Insights for System Controls

Tanks in series are effectively one taller tank. The sensor location or set-point needs to be
adjusted to take this into account. By supplying the hot water from the heat pump to a hot tank
then a cold tank, the HPWH inlet temperature is lower leading to higher COP. If the cold tank is
set to run too warm, then this effect is lower. This is particularly important for systems utilising
CO2 refrigerant; the effect would be less for other refrigerants.

Better performance can be achieved by controlling the HPWH using two temperature sensors. The
HPWH turns off when the inlet temperature exceeds a set-point and turns back on when a
temperature sensor higher in the tank drops below a set-point. This method makes the most of the
hot water storage volume so that the HPWH operates for a longer run-time and with lower inlet
water temperatures.

Adding an element and temperature sensor near the top of the tank(s) can help meet peak loads,
which often occur in winter when HPWH COP is low. This leads to a higher utilization of the heat
pump and tanks, which are expensive assets so important to utilize well.



