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INTRODUCTION

* Heat Pump Water Heaters (HPWH)

* Overview of international testing
methods for HPWHs

 EN 14511 to AS/NZS 5125.1 comparison
* EN 14511 testing method

e TRNSYS simulation for VIC & NSW
incentive schemes

 Commercial HPWH system analysis
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OVERALL PROCESS — TEST, MODEL, SCHEME APPROVAL

4S/NZS 43343021 Heat Loss Caleulation Tank/Pung/Ppe. Specications !

Wik

ESS
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CURRENTLY PUBLISHED TEST STANDARDS FOR HEAT PUMPS

Region Current Standard Applicable Products Brief Instruction of Test Method
Australia AS/NZS 5125.1 Domestic HPWH COP and Power regression;
Annex G Rating tapping cycle test method.
Europe EN 14825 (seasonal efficiency) | Heat pump space heater Test COP in different conditions and calculate SCOP.
EN 14511 (basic test method) | Commercial HPWH Suitable for testing space heater & commercial HP
Europe EN16147 Domestic HPWH Heat up, standby, tapping, Mixed water at 40°C.
Calculate COP.
Tapping profile similar to AS/NZS 5125.1 Annex G.
China GB23137 Domestic HPWH Ambient 20°C, heat up static water from 15-55°C,
calculate average COP. Similar result can be
calculated from condition 2 data of AS/NZS 5125.1.
America 10CFR430, Appendix E to Domestic HPWH Tapping profile similar to Annex G of AS/NZS
Subpart B 5125.1
Calculate UEF — Uniform Energy Factor.




EN 14511 OVERVIEW

Heat capacity data for a map of ambient and entering water temperatures
(Capacity unit: kW)

. Entering water Ambient air temperatures (*C)
Purpose' temp (°C) 2 7 19 40
5 51229 67.546 £9 964 35.828
H 1 28 45.049 58.141 £0.945 £8.234
* Standardlzes ratlng and 50 39.609 40.132 34.665 30.633
performance for HVAC and heat . . .
Power consumption data for a map of ambient and entering water
p um p SySte ms. temperatures (Power consumption unit: kW)
Entering water Ambient air temperatures ["C)
. . temp (°C) 2 7 19 40
* Power input, Thermal Capacity, : e 7T 20544 20087
28 24 430 25.474 21 B35 20.214
CO P 50 23477 22027 16989 13.8409
. COP data for a map of ambient and entering water temperatures
* Performance map Creatlon + Entering water Ambient air temperatures [*C) k
. . . temp (°C) 2 7 19 40
linear interpolation. 3 1200 P S3al 3260
28 1.885 2 287 2791 3.376
50 1687 1.822 2.040 2212




COMPARISON TO AS/NZS 5125 IN AUSTRALIAN CONTEXT
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AS/NZS 5125.1

EN 14511

|ldeal for small HPWH <15kWth

Residential or light commercial

Suitable for HPWH up to ~200kWth

Large commercial — light industrial hot water

Single heat up cycle with tank from 15-60°C at 4
prescribed ambient conditions.

Test at multiple static inlet water temperature and ambient

conditions.

Test with the larger of the min. system tank size, or 250L.
Lab capacity limited to testing system with <700L tank.

Test independent to system tank — thus suitable for systems

designed for use with large 700L+ tank.

COP & Power regression analysis — correlation equation

COP & Power performance map with interpolation

Regression Coefficients

COP =au+ m(i-f ]T..'l + uz(i.- - ?..}: + a:[im 7?4.1']

Power = po+ pﬂi\. + ;J:F; + f]:?n

here:

RERET

mass weighted mean of temperature averaged over the test point period
ambient air temperature averaged over test point period

air wet bulb temperature averaged over test point period

air dew point temperature averaged over test point period

COP and Power Coefficients

CoP Power
Coefficient Value Units Coefficient Value Units
ap 6.595003 - Po 0.472528 kw
a, -0.138487 K P 0.014274 kw k™"
a, 0.001124 K2 P, -0.000051 kW K2
a; -0.084259 K? p3 -0.005043 kw K

Heat capacity data for a map of ambient and entering water temperatures

(Capacity unit: kW)

Entering water Ambient air temperatures {°C)
|£emp o) 7 7 19 a0

5] 51.229 67.546 69.964 85.828
FS 46.049 58.141 60.945 68.234
50 30.609 40.132 34.665 30.633
Power consumption data for a map of ambient and entering water
temperatures (Power consumption unit: kW)
'Ennerlng water Ambient air temperatures [*C)

jremp (°C) 2 7 19 40

5] 22 669 24030 20.944 20.147
28 24430 25474 21.835 20.214
50 23477 22 027 16.989 13 849
COP data for a map of ambient and entering water temperatures
'Ennering water Ambient air temperatures (°C)

jremp (°Q) 2 7 19 a0

5] 2.260 2.811 3.341 4.260
28 1.885 2 282 2.791 3.376
50 1687 1.822 2.040 2.212




TEST INSTALLATION
OF EN14511

Dry-bulb Test
Points

¢ 2°C,7°C, 19°C e Fixed e Minimum inlet
as per VEU *85% for 2°C/7°C water
guidelines. *70% for 19°C/40°C temperature
e Recommended expected
addition: 40°C. e Maximum inlet
water
temperature
expected

* Intermediate
point




TEST INSTALLATION OF EN14511
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TEST INSTALLATION FOR EN14511

three-way
valve

System
pump
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FROSTING CHALLENGES

= A\ N\ N

Frost Effects: Testing Strategies:
e Reduces thermal output * Include conditions just
~~ and COP. above and below frosting
e Defrost systems impact point.

performance. e Extrapolate down to -5°C



LARGE COMMERCIAL:

EN 14511 HP PERFORMANCE TESTING

* HP testing for 12x static ambient/inlet water conditions
e Air temperature 2, 7, 19, 40°C (extrapolation for -5 °C)

* Inlet water 5, 30, 55°C (adjust to suit each product)

Thermal Capacity kW Input Power kW COP
Inlet water temp. Inlet water temp. Inlet water temp.
Airtemp. H 30 95 Airtemp. 3] 30 25 Airtemp. 5 30 95
-0 45 42 33 -0 30.0 24.7 16.5 - 1.5 1.7 2.0
2 50 45 36 2 20.8 20.5 18.0 2 2.4 2.2 2.0
7 65 50 36 7 21.7 20.0 16.5 7 3.0 2.5 2.3
19 70 O] 34 19 18.4 18.3 12.1 19 3.8 3.0 2.8
40 75 60 32 40 16.7 15.8 9.4 40 4.5 3.8 3.4
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TEST CONDITIONS & CHALLENGES

e Number of Test Points:

 Balance cost vs. accuracy: ~$1500 AUD per A/W test point
* Avoid extrapolation errors by covering full operational range.
* Include mid water temperature to capture intermediate performance

* Water Temperature Effects:
* Fixed Flow: OWT varied —delta T
* Variable Flow: OWT set-point entered, EWT varied.

 Compressor — inverter or fixed speed behaviour
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TEST LABORATORIES OFFERING EN 14511

YUKAWA

INtertek

Total Quality. Assured.
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SIMULATION PROCESS

%
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e TRNSYS for system-level modeling. . " ’

e Type60 for tank simulation with mass and energy balances. TRNSYS

s Configurations:

e Single stand-alone HPWH -
e Tanks in series or parallel ﬁ
e Coil tanks configurations i

<
QL

Cold water delivery



EXAMPLE SYSTEM SCHEMATIC

Series configuration with
in-tank coil HXs

=

Multiple HPs

)
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i
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HP
Mixing

Valve

I
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Hot water delivery

Variable or fixed speed
pump

Tempered water delivery

Cold water delivery
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INSIGHTS FOR SYSTEM CONTROLS

Tanks in series or parallel: Control Strategies:
Adjust sensor location and set-point for Use dual temperature sensors for longer runtime
performance optimization. and lower inlet temperatures.

Add heating elements for peak load
management.

Staging up/down HP units to meet demand

Maximise run-time for HP durability
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INSIGHTS FOR SYSTEM CONTROLS
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KEY TAKEAWAYS

TESTING SIMULATION INCENTIVES
EN14511 provides a robust Simulation analysis assists An accurate methodology for
framework for HPWH testing optimizing control strategies to estimating annual energy or GHG
applied to AU incentive schemes enhance efficiency or output savings for incentivizing

commercial HPWH in Australia



Let’s work together to achieve a
sustainable future

Energy/\=

Alastair McDowell
Alastairmcdowell@energyae.com
+64 21 0834 5347
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