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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 205, Building environment design.

ISO 13612 consists of the following parts, under the general title Heating and cooling systems in
buildings — Method for calculation of the system performance and system design for heat pump systems:

— Part 1: Design and dimensioning

— Part 2: Energy calculation
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Introduction

This International Standard is a part of a series of standards on the methods for calculation of heating
system energy requirements and heating and cooling system efficiencies.

— SO 13612-1| deals with design and sizing of heat pump systems.
— [SO 13612-2 presents the energy calculation method.

The energy performance can be assessed by determining either the heat generation subsystem
efficiencies or the heat generation subsystem losses due to the system configuration.

This part of ISO 13612 presents methods for calculation of the additional energy requirements of a heat
generation subsystem in order to meet the distribution subsystem demand. The calculation is based on
the performance characteristics of the products given in product standards and on other characteristics
required to evaluate the performance of the products as included in the system. Product data, e.g. heating
capacity or COP of the heat pump, is determined according to products standards.

This method can be used for the following applications:
— judging compliance with regulations expressed in terms of energy targets;

— optimization of the energy performance of a planned heat generation subsystem, by applying the
method to several possible options;

— assessing the effect of possible energy conservation measures on an existing heating/cooling
generation subsystem, by calculating the energy use with and without the energy conservation
measure.

Only the calculation method is normative. The user shall refer to other standards or to national
documents for input data. Additional values necessary to complete the calculations are to be given in a
national annex; if no national annex is available, default values are given in an informative annex where
appropriate.

NOTE The results of this method can be used to assess the energy performance of the heating/cooling system
when summing up the results over a period of calculation.
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Heating and cooling systems in buildings — Method for
calculation of the system performance and system design
for heat pump systems —

Part 2:
Energy calculation

1 Scope

This International Standard is applicable to heat pumps for space heating and cooling, heat pump water
heaters (HPWH), and heat pumps with combined space heating and/or cooling and domestic hot water
production, in alternate or simultaneous operation, where the same heat pump is used for space heating
and domestic hot water heating.

This part of ISO 13612 provides a calculation method under steady conditions that corresponds to one
calculation step.

The results of this calculation are incorporated in larger building models and take into account the
influence of the external conditions and building control that influence the energy requirements for
heating and cooling supplied by the heat pump system.

This part of ISO 13612 specifies the required inputs, calculation methods, and required outputs for
output thermal power generation for space heating and cooling and domestic hot water production of
the following heat pump systems, including control:

— electrically driven vapour compression cycle (VCC) heat pumps;
— combustion engine-driven vapour compression cycle heat pumps;
— thermally driven vapour absorption cycle (VAC) heat pumps,

using combinations of heat source and heat distribution listed in Table 1.

Table 1 — Heating/cooling sources and energy distribution

Source Distribution
Outdoor air Air
Exhaust-air Water
Indirect ground source with brine distribution Direct condensation/evaporation of the refrigerant in
Indirect ground source with water distribution the appliance (VRF)

Direct ground source [Direct expansion (DX)]

Surface water

Ground water

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

© ISO 2014 - All rights reserved 1
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EN ISO 7345:1995, Thermal insulation — Physical quantities and definitions

[SO 13612-1|, Heating and cooling systems in buildings — Method for calculation of the system performance
and system design for heat pump systems — Part 1: Design and dimensioning

[SO 13675, Heating systems in buildings — Method and design for calculation of the system energy
performance — Combustion systems (boilers)

[SO 13790, Energy performance of buildings — Calculation of energy use for space heating and cooling

[SO/TR 16344, Energy performance of buildings — Common terms, definitions and symbols for the overall
energy performance rating and certification

3 Terms and definitions

For the purposes of this document, the terms and definitions in ﬂSO 13612-1], EN 1SO 7345:1999, and
[SO/TR 16344 and the following apply.

31

alternate operation

production of heat energy for the space heating and domestic hot water system by a heat generator with
double service by switching the heat generator either to the domestic hot water operation or the space
heating operation

3.2

application rating conditions

mandatoryrated conditions within the operatingrange of the unitthatare published by the manufacturer
or supplier

3.3

auxiliary energy

electrical energy used by technical building systems for heating, cooling, ventilation, and/or domestic
water to support energy transformation to satisfy energy needs

Note 1 to entry: This includes energy for fans, pumps, electronics, etc. Electrical energy input to a ventilation
system for air transport and heat recovery is not considered as auxiliary energy, but as energy use for ventilation.

Note 2 to entry: In EN ISO 9488, the energy used for pumps and valves is called “parasitic energy”.

Note 3 to entry: In the frame of this part of [SO 13612, the driving energy input for electrically driven heat pumps
in the system boundary of the COP and an electrical back-up heater is not considered auxiliary energy but only
additional electrical input not considered in the COP.

3.4
balance point temperature
temperature at which the heat pump heating capacity and the building heat load are equal

3.5
bin
statistical temperature class (sometimes a class interval) for the outdoor air temperature

Note 1 to entry: The class limits are expressed in a temperature unit.

3.6

building service

service provided by technical building systems and by appliances to provide indoor climate conditions,
domestic hot water, illumination levels, and other services related to the use of the building

2 © ISO 2014 - All rights reserved
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3.7
calculation period
period of time over which the calculation is performed

Note 1 to entry: The calculation period can be divided into a number of calculation steps.

3.8

calculation step

discrete time interval for the calculation of the energy needs and uses for heating, cooling, humidification,
and dehumidification

Note 1 to entry: Typical discrete time intervals are 1 h, 1 mon, or one heating and/or cooling season, operating
modes, and bins.

Note 2 to entry: In the frame of the bin method, calculation steps are based on outdoor temperature classes.

3.9

coefficient of performance

cop

ratio of the heating/cooling capacity to the effective power input of the unit

3.10
cumulative frequency
frequency of the outdoor air temperature cumulated over all 1 K bins

3.11
cut-out period
time period in which the electricity supply to the heat pump is interrupted by the supplying utility

3.12
domestic hot water heating
process of heat supply to raise the temperature of the cold water to the intended delivery temperature

3.13
effective power input
average power input of the unit within the defined interval of time obtained from

— the power input for operation of the compressor or burner and any power input for defrosting,
— the power input for all control and safety devices of the unit, and

— the proportional power input of the conveying devices (e.g. fans, pumps) for ensuring the transport
of the heat transfer media inside the unit

3.14
electrically driven heat pump
vapour compression cycle heat pump which incorporates a compressor driven by an electric motor

3.15

energy need for domestic hot water

heat to be delivered to the needed amount of domestic hot water to raise its temperature from the cold
network temperature to the prefixed delivery temperature at the delivery point, not taking into account
the technical building thermal systems

3.16

energy need for heating or cooling

heat to be delivered to or extracted from a conditioned space to maintain the intended temperature
during a given period of time, not taking into account the technical building thermal systems

Note 1 to entry: The energy need is calculated and cannot be easily measured.

© ISO 2014 - All rights reserved 3
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Note 2 to entry: The energy need can include additional heat transfer resulting from non-uniform temperature
distribution and non-ideal temperature control, if they are taken into account by increasing (decreasing) the
effective temperature for heating (cooling) and are not included in the heat transfer due to the heating (cooling)
system.

3.17

energy use for space heating or cooling or domestic hot water

energy input to the heating, cooling, or hot water system to satisfy the energy need for heating, cooling
(including dehumidification), or hot water, respectively

Note 1 to entry: If the technical building system serves several purposes (e.g. heating and domestic hot water), it
can be difficult to split the energy use into that used for each purpose. It can be indicated as a combined quantity
(e.g. energy need for space heating and domestic hot water).

3.18
frequency
<statistical> number of times the event occurred in the sample

Note 1 to entry: The frequencies are often graphically represented in histograms. In the frame of this part of
ISO 13612, the frequency of the outdoor air temperature is evaluated based on a sample of hourly averaged data
for one year.

3.19

heat generator with double service

heat generator which supplies energy to two different systems (e.g. the space heating system and the
domestic hot water system) in alternate or simultaneous combined operation

3.20
heat pump
unitary or split-type assemblies designed as a unit to transfer heat

Note 1 to entry: It includes a vapour compression refrigeration system or a refrigerant/sorbent pair to transfer
heat from the source by means of electrical or thermal energy at a high temperature to the heat sink.

3.21

heat recovery

heat generated by a technical building system or linked to a building use (e.g. domestic hot water) which
is utilized directly in the related system to lower the heat input and which would otherwise be wasted
(e.g. preheating of the combustion air by flue gas heat exchanger)

3.22
heat transfer medium
medium (water, air, etc.) used for the transfer of the heat without change of state

Note 1 to entry: The fluid cooled by the evaporator, the fluid heated by the condenser, and the fluid circulating in
the heat recovery heat exchanger.

3.23

heated space

room or enclosure which, for the purposes of the calculation, is assumed to be heated to a given set-point
temperature or set-point temperatures

3.24
heating capacity
Pg

heat given off by the unit to the heat transfer medium per unit of time

Note 1 to entry: If heat is removed from the indoor heat exchanger for defrosting, it is taken into account.
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3.25
heating or cooling season
period of the year during which a significant amount of energy for heating or cooling is needed

Note 1 to entry: The season lengths are used to determine the operation period of technical systems.

3.26

internal temperature

arithmetic average of the air temperature and the mean radiant temperature at the centre of the
occupied zone

Note 1 to entry: This is the approximate operative temperature according to [SO 7726,

3.27

low temperature cut-out

temperature at which heat pump operation is stopped and the total heat requirements are covered by a
back-up heater

3.28

operating range

range indicated by the manufacturer and limited by the upper and lower limits of use (e.g. temperatures,
air humidity, voltage) within which the unit is deemed to be fit for use and has the characteristics
published by the manufacturer

3.29

part load operation

operation state of the technical system (e.g. heat pump) where the actual load requirement is below the
actual output capacity of the device

3.30

part load ratio

ratio between the generated heat during the calculation period and the maximum possible output from
the heat generator during the same calculation period

3.31
primary pump
pump mounted in the circuit containing the generator and hydraulic decoupling

EXAMPLE A heating buffer storage in parallel configuration or a hydronic distributor.

3.32
produced heat
heat produced by the generator subsystems

Note 1 to entry: In the context of this part of ISO 13612, this is the heat produced to cover the energy requirement
of the distribution subsystem and the generation subsystem heat losses for space heating and/or domestic hot
water.

3.33

recoverable system thermal loss

part of a system thermal loss which can be recovered to lower either the energy need for heating or
cooling or the energy use of the heating or cooling system

3.34

recovered system thermal loss

part of the recoverable system thermal loss which has been recovered to lower either the energy need
for heating or cooling or the energy use of the heating or cooling system

© IS0 2014 - All rights reserved 5
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3.35

seasonal performance factor

SPF

ratio of the total annual energy delivered to the distribution subsystem for space heating and/or
domestic hot water to the total annual input of driving energy (electricity in case of electrically driven
heat pumps and fuel/heat in case of combustion engine-driven heat pumps or absorption heat pumps)
plus the total annual input of auxiliary energy

3.35.1

cooling seasonal performance factor

CSPF

ratio of the total annual amount of heat that the equipment can remove from the indoor air when
operated for cooling in active mode to the total annual amount of energy consumed by the equipment
during the same period

3.35.2

heating seasonal performance factor

HSPF

ratio of the total annual amount of heat that the equipment, including make-up heat, can add to the
indoor air when operated for heating in active mode to the total annual amount of energy consumed by
the equipment during the same period

3.36

set-point temperature of a conditioned zone

internal (minimum intended) temperature, as fixed by the control system in normal heating mode or
internal (maximum intended) temperature, as fixed by the control system in normal cooling mode

3.37

simultaneous operation during the heating period

simultaneous production of heat energy for the space heating and domestic hot water system by a heat
generator with double service (e.g. by refrigerant desuperheating or condensate subcooling)

3.38

simultaneous operation during the cooling period

simultaneous production of output thermal power for the space cooling and domestic hot water system
by a heat generator with double service (e.g. by refrigerant desuperheating or condensate subcooling)

3.39
space heating/cooling
process of heat supply for thermal comfort

3.40
standard rating condition
mandatory condition that is used for marking and for comparison or certification purposes

3.41

system thermal losses

thermal loss from a technical building system for heating, cooling, domestic hot water, humidification,
dehumidification, ventilation, or lighting that does not contribute to the useful output of the system

Note 1 to entry: Thermal energy recovered directly in the subsystem is not considered as a system thermal loss
but as heat recovery and directly treated in the related system standard.

3.42

technical building system

technical equipment for heating, cooling, ventilation, domestic hot water, lighting, and electricity
production composed of subsystems

Note 1 to entry: A technical building system can refer to one or to several building services (e.g. heating system,
heating and DHW system).
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Note 2 to entry: Electricity production can include cogeneration and photovoltaic systems.

3.43

technical building subsystem

part of a technical building system that performs a specific function (e.g. heat generation, heat
distribution, heat emission)

4 Symbols and abbreviated terms

For the purposes of this part of ISO 13612, the symbols and units in Table 2 and indices in Table 4 apply.

Abbreviated terms are listed in Table 3.

Table 2 — Symbols and units

Symbol Name of quantity Unit
¢ Thermal power, heating capacity, heat flow rate w
n Efficiency factor -
0 Celsius temperature °C
p Density kg/m3
AO Temperature difference, - spread K
Ap Pressure difference Pa
b Temperature reduction factor -
c Specific heat capacity ]/ (kgK)
DH degree hours °Ch
cop Coefficient of performance W/W
COP; Coefficient of performance for the tapping of hot water W/wW
E Quantity of energy, fuel |
f factor (dimensionless) -
B Load factor -
m’ Mass flow rate kg/s
N number of items -
k factor (fraction) -
P Power, electrical power w
Q Quantity of heat J
SPF Seasonal performance factor -
t Time, period of time S
T Thermodynamic temperature K
%4 Volume m3
%4 Volume flow rate m3/s
w Electrical (auxiliary) energy ]
Table 3 — Abbreviated terms
Abbreviation Description
ATTD Accumulated time-temperature difference
DHW Domestic hot water
SH Space heating

© IS0 2014 - All rights reserved
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Table 3 (continued)

Abbreviation Description

SC Space cooling

TTD Time-temperature difference

VCC Vapour compression cycle

VAC Vapour absorption cycle

Table 4 — Index
A6 temperature corrected eng engine nrbl non-recoverable
6llim lower temperature es storage values acc. to on running, in
limit , phase 4 operation
6hlim upper temperature ex exergetic opr operating,
limit operation limit

amb ambient f flow out output from
subsystem

aux auxiliary gen generation subsystem p pipe

avg average H space heating r return

bal balance point hot hot process side rbl recoverable

bu back-up (heater) ho hour rvd recovered

C space cooling hp heat pump st storage

cap lack of capacity Int internal sby stand-by

co cut-out In input to subsystem sk sink

cold cold process side j index, referring to binj sngl single (operation)

combi combined operation k index sc source

crnt Carnot Ls loss standard acc. to standard
testing

dis distribution subsystem Ltc low temperature cut-out tot total

des at design conditions max maximum w water, heat transfer
medium

Ext external n nominal w domestic hot water
(DHW),DHW operation

eff effective

NOTE The indices specifying the symbols in this part of ISO 13612 are put in the following order:

— the first index represents the type of energy use (H = space heating, W = domestic hot water). If the formula
can be applied for different energy uses by using the values of the respective operation mode, the first level

index is omitted;

— thesecond index represents the subsystem or generator (gen = generation, dis = distribution, hp = heat pump,

st = storage, etc.);

— the third index represents the type (Is = losses, gs = gains, in = input, etc.);

— other indices can be used for more details (rvd = recovered, rbl = recoverable, i = internal, etc.);

— aprefix n means non (rbl = recoverable, nrbl = non-recoverable).

The indices are separated by a comma.

© ISO 2014 - All rights reserved
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5 Principle of the method

5.1 Flowchart of the calculation method

Heat pump systems for heating and cooling can be independent or used as part of a system including
other generators. Figure 1 explains how the information and output of the calculation are used in
such multiple systems. In this case, the heat pump, including its integrated back-up system (if any), is
considered as the priority generator.

Building needs Product data
calculation standard €0p(Byg 1165 2Py np)

Emission, distribution
standards

A

| Operating conditions and multiple generators standard ‘

v

A
y
A4
PRIORITY NEXT

GENERATOR A\ \ 4 Y A4 GENERATOR
Conditions| Time Durp Diypp D¢y [ Bss.2
Time step

1

2
3

HEAT PUMP AND INTEGRATED BACK-UP AND STORAGE CALCULATION
PROCEDURE

Time step | Pxnpin | Prnpaw Ptnpbu

Total delivered energy and weighting
standard

Figure 1 — Heat pump systems and interaction with other generators

The performance calculation method for the generation subsystem is described in the flowchart
presented in Figure 2.

The method is based on calculating the amount of energies delivered to the heat pump system using
tabulated values. Methods to establish the coefficient of performance (COP) according to the different
heat pump system characteristics and available data are presented in Annexes A, B, C, D, and E.

The methodology is based on an hourly calculation as default time step for the calculation. The time step
should be adapted according to the climatic data available and the accuracy required for the calculation.

An overview of the calculation steps to be performed is listed below. A more detailed overview for
different system configurations can be seen in the flowchart in Figure 2.

The elementary calculation steps are explained in detail in the part of Clause 6 as indicated. For each
step, the description covers the different operation modes (space heating, domestic hot water) and the
different types of heat pumps (electrically driven, engine-driven, absorption), if applicable. Additionally,
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for the back-up calculation, simplified and detailed methods are given in connection with the calculation
of the running time.

Step 1:
Step 2:
Step 3:

Step 4:

Step 5:
Step 6:
Step 7:
Step 8:
Step 9:
Step 10:

Step 11:

10

Collection of the input data (see 6.1)
Identification of the time step for the calculation (see 6.2)
Determination of energy requirements for heating and cooling periods (see 6.3)

Construction of the energy delivered by the heat pump system depending on climatic condi-
tions (see 6.4)

Calculation of generation subsystem heat losses (see 6.4)

Determination of back-up energy (see 6.5 for simplified; see 6.6.4 for detailed)
Calculation of the running time of the heat pump in different operation modes (see 6.6)
Calculation of auxiliary energy input (see 6.7)

Calculation of recoverable generation subsystem losses (see 6.8)

Calculation of the total driving energy input to cover the requirements (see 6.9)

Summary of required and optional output values (see 6.10)
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Key

1 inputdata (6.1):
— energy requirement of space heating distribution subsystem;
— energy requirement of the DHW distribution subsystem;
— meteorological data;
— product characteristic;

— design parameters.
2 definitions calculation period time step operation (6.2)
3 monovalent mode
4  calculation energy requirements for the step time (6.3)

5 tabulated value heating capacity/COP for operating conditions (6.4)
tabulated value cooling capacity/COP for operating conditions (6.4)

6  bivalent mode

7  calculation of generation subsystem heat losses

8 evaluation of back-up energy due to operation limit and based on balance point
9 calculation of running time

10 simultaneous system with three operation modes (Y/N)

11 calculation of operating time with simultaneous system with three operation modes
12 running time < time step for the calculation (Y/N)

13 calculation of back-up energy

14 running time = time step for the calculation

15 calculation of energy input to cover the heat requirement

16 calculation of auxiliary energy

17 calculation of recoverable losses

18 output data (6.10):
— energy input to cover the energy requirement;
— total losses of the generation subsystem;
— total recoverable losses of generation subsystem;

— total auxiliary energy input.

Figure 2 — Flowchart of the calculation method

The method is based on calculating the amount of energies delivered to the heat pump system using
tabulated values. Methods to establish the tabulated values according to the different heat pump system
characteristics are presented in Annexes A, B, C, D, and E.

The methodology is based on an hourly calculation as default time step for the calculation. The time step
should be adapted according to the climatic data available and the accuracy required for the calculation.
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5.2 System boundary

The system boundary defines the components of the entire heating systems that are considered in this
part of ISO 13612. For the heat pump generation subsystem, the system boundary comprises the heat
pump, the heat source system, attached internal and external storages, and attached electrical back-up
heaters. Auxiliary components connected to the generation subsystem are considered as long as no
transport energy is transferred to the distribution subsystem. For fuel back-up heaters, the required
back-up energy is included in the system boundary.

Distribution and emission systems are out of the system boundaries.

5.3 Physical factors

The calculation method takes into account the following physical factors, which have an impact on the
seasonal performance factor and thereby on the required energy input to meet the heat requirements
of the distribution subsystem.

— type of generator configuration (monovalent, bivalent)

— type of heat pump [driving energy (e.g. electricity or fuel), thermodynamic cycle (VCC, VAC)]
— combination of heat source and sink (e.g. ground-to-water, air-to-air)

— space heating and domestic hot water energy requirements of the distribution subsystem(s)
— space cooling energy requirements of the distribution subsystem(s)

— effects of variation of source and sink temperature on heating and/or cooling capacity and COP
according to standard product testing

— effects of compressor control in part load operation (ON-OFF, stepwise, variable speed units) as far
as they are reflected in the heating capacity and COP according to standard testing or further test
results on part load operation exist

— auxiliary energy input needed to operate the generation subsystem not considered in standard
testing of heating capacity and COP

— system heat losses due to space heating or DHW storage components or space cooling, including the
connecting pipework or ducts

— location of the generation subsystem
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5.4 Schematization of the heat pump for heating and cooling
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1 driving energy input to cover the heat requirement 8  auxiliary energy input, Wyuw,gen,aux
(e.g. electricity, fuel), Eyw,gen,in
2 ambient heat used as heat source of the heat pump, 9 recovered heat loss of auxiliary components,

QHW,gen,in QHW,gen,aux,ls,rcv
3 heat output of generation subsystem corresponding 10 unrecovered heat loss of auxiliary components,
to the heat requirement of the distribution QHw,gen,aux,Is
subsystem (Quw,gen,out = @HW,dis,in)
4 generation subsystem heat losses, Quw,gen,Is tot 11 recoverable heat loss of auxiliary components,
QH,gen,aux,ls,rbl
5 recoverable generation subsystem heat losses, 12 non-recoverable heat loss of auxiliary components,
QH,gen,ls,rbl QHW,gen,auX,ls,nrbl

6  non-recoverable generation subsystem heat losses, 13 generation subsystem
QHW,gen,ls,nrbl

7  total recoverable generation subsystem heat losses,
QH,gen,ls,rbl,tot

Figure 3 — Example of energy balance of generation subsystem for heating
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3 heat output of generation subsystem 10
(QHW,gen,out = QHW,dis,in)

4 generation subsystem heat losses, Quw,gen, s tot 11

5 recoverable generation subsystem heat losses, 12
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6 non-recoverable generation subsystem heat losses, 13
QHW,gen,ls,nrbl

7  total recoverable generation subsystem heat losses,
QH,gen,ls,rbl,tot
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recovered heat loss of auxiliary components,
QHW,gen,aux,ls,rcv
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QHW,gen,aux,ls

recoverable heat loss of auxiliary components,
QH,gen,aux,ls,rbl

non-recoverable heat loss of auxiliary components,
QHW,gen,aux,ls,nrbl

generation subsystem

Figure 4 — Example of energy balance of generation subsystem for cooling

The numbers indicated in Figures 3 and 4 refer to the percentage of the energy flows to cover the
distribution subsystem heat requirement (100 %). They are intended to give an idea of the size of the
respective energy flows. The numbers vary depending on the physical factors listed before. The numbers
given in Figure 3 refer to an electrically driven ground-source heat pump in monovalent space heating-

only operation, including buffer storage.
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5.5 Input and output of the calculation method

The calculation is performed considering the following input data:

— type, configuration, and design of the generation subsystem;

— type of control of the generation subsystem;

— ambient conditions (outdoor air temperature, variation of source and sink temperature in the year);
— heat requirements for space heating and/or domestic hot water;

— cooling requirements for air-conditioned space.

Based on these input data, the following output data are calculated:

— required energy input as driving energy, Eqw,gen,in, €.8. €lectricity, fuel, waste heat, solar heat, to
meet the space heating and/or domestic hot water requirements;

— required energy input as driving energy, Ecw,gen,in, €.8. electricity, fuel, waste heat, solar heat, to
meet the space cooling and/or domestic hot water requirements;

— total generation subsystem heat loss, Quw,gen s tot;
— total recoverable generation subsystem heat losses, Qy,gen,Is,rbl tot;

— total required auxiliary energy, Whw,gen,aux, to operate the generation subsystem.

5.6 Energy input needed to meet the heat requirements for electrically driven heat
pumps

The energy balance for the electrically driven generation subsystem is given by Formula (1).

E HW,gen,in = QHW,gen,out + QHW,gen,ls,tot - QHW,gen,in —k gen,aux,ls,rvd WHW,gen,aux (1)
where
Exw,gen,in is the driving electrical energy, fuel or heat input to cover the heat requirement of

the distribution subsystem (]);
QHW,gen,out is the heat energy requirement of the distribution subsystems (]);
Quw,gen,Istot  is the total heat losses of the generation subsystem (]);
QHW,gen,in is the ambient heat energy used as heat source of the heat pump (J);
kgen,aux,1s,rvd  is the recovered fraction of heat energy from the auxiliaries (-);
WHw,gen,aux  is the auxiliary energy input to operate the generation subsystem (J).
In case of electrically driven heat pumps, the term Eyw,gen,in is the electrical energy input necessary for

the heat pump system to cover the energy requirement of the distribution subsystem. It comprises the
electrical energy input to the heat pump system and possibly installed back-up heaters.

NOTE For some standards, such as EN 14511, Eqw,gen,in also includes the fractions of the auxiliary energies
included in the COP. According to EN 14511, the auxiliary energies at the system boundary of the heat pump are
taken into account, i.e. the energy for control and safety devices during operation, the proportional energy input
for pumps and fans to ensure the transport of the heat transfer media inside the unit, as well as, eventually,
energy for defrost operation and additional heating devices for the oil supply of the compressor (carter heating).
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— Thus, Whw,gen,aux only comprises the fractions notincluded in the COP standard testing. kgen,aux,1s,rvd
describes the fraction of auxiliary energy, which is recovered as thermal energy, e.g. for pumps
where a fraction of the auxiliary energy is directly transferred to the heat transfer medium as
thermal energy. This fraction is already contained in the COP according to EN 14511 for electrically
driven heat pumps, so Kgen aux,Is,rvd = 0.

— For total heat losses, Qqw,hp,1s,tot, the heat losses of the heat pump over the envelope are neglected
unless heat loss values of the heat pump are known, e.g. given in a national annex. For systems
with integrated or external heating buffer or DHW hot water storage, generation subsystem losses
in the form of storage heat losses and losses of the connecting circulation pipes to the storage are
considered.

In case of the combustion engine-driven and absorption heat pumps:

— EHw,gen,in describes the driving energy input to cover the heat requirement of the distribution
subsystem. For combustion engine-driven heat pumps, this driving energy is fuel, e.g. as diesel or
natural gas. For thermally driven absorption heat pumps, not only fuel-driven burners but also solar
energy or waste heat can be the driving energy input.

— Quw,gen,out, the heat energy output of the generation subsystems, is equal to the heat requirement
of the distribution subsystem and contains all fractions of heat recovered from the engine or the
flue gas of the engine, i.e. recovered heat from the engine is entirely considered within the system
boundary of the generation subsystem.

— Kgen,aux,Is,rvd gives the fraction of the auxiliary energy recovered as thermal energy and depends on
the test method. The fraction kgen,aux,is,rvd = 0, if the recovered heat is already included in the COP.

5.7 Auxiliary energy, Wyw,gen,aux

Auxiliary energy is energy needed to operate the generation subsystem, e.g. the source pump or the
control system of the generator.

NOTE As for electrically driven heat pumps, heating capacity and COP in this part of ISO 13612 are calculated
on the basis of results from product testing; according to EN 14511, only the auxiliary energy not included in
the test results, e.g. the power to overcome the external pressure drop and the power in stand-by operation, are
considered in Wyw,gen,aux-

Auxiliary energy is accounted to the generation subsystem as long as no transport energy is transferred
to the distribution subsystem. That means, in general, the circulation pump is accounted to the
distribution subsystem, unless hydraulic decoupling exists. For hydraulic decoupling between the
generation and various distribution subsystems, e.g. by a heating buffer or domestic hot water storage
in parallel configuration, the primary pump is accounted to the generation subsystem as well.

In this case, the power to overcome the external pressure drop has to be taken into account. If no primary
pump is considered, since there is no hydraulic decoupling between the generation and distribution
subsystem, the COP values have to be corrected for the internal pressure drop, which is included in the
COP values by the standard testing.

5.8 Recoverable, recovered, and unrecoverable heat losses

The calculated losses are not necessarily lost. Parts of the losses are recoverable, and parts of these
recoverable losses are actually recovered. The recovered losses are determined by the location of the
generator and the utilization factor (gain/loss ratio, see [EN ISO 13790Q).

Recoverable heat losses, Qy gen,Is,rbl, are, for example, heat losses through the envelope of a generation
subsystem in the form of storage losses when the storage is installed in the heated space. For a
generation subsystem installed outside the heated space, however, the heat losses through the envelope
of the generator are not recoverable. Flue gas losses of fuel engine-driven heat pumps are considered
not recoverable since all recovered flue gas losses inside the generation subsystem limits are contained
in the heat output Quw dis,in-
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5.9 Calculation periods

Heat pump performance strongly depends on the operating conditions, which are basically the source
and the sink temperature. As source and sink temperatures vary over the heating and cooling periods
and over the year, the heat pump performance shall be calculated accordingly with an adapted step
period, in line with the climatic data used. As default, a step time of 1 h is considered in this part of
ISO 13612.

The time step shall be adapted according to the climatic data available and the accuracy required for the
calculation.

NOTE For some alternative methods, calculation periods are not oriented at the time scale, i.e. monthly
values, but on the frequency of the outdoor air temperature (bin method).

5.10 Calculation by zones

A heating/cooling system may be split up in zones with different distribution subsystems. A separate
circuit may be used for domestic hot water production.

Several heat generation subsystems may be available.

The total heatrequirement of all the distribution subsystems, for instance of the space heating operation,
shall equal the total heat output of the generation subsystems:

Z QH,gen,out,j = z QH,dis,in,k (2)
j k

where
QH,genoutk is the space heating heat energy requirement to be covered by generator j (J);

QH,dis,in k is the heat energy requirement of space heating distribution subsystem k (]).

When more generators are available (multivalent system configuration), the total heat demand of
the distribution subsystem(s) @Qu,dis,ink Shall be distributed among the available generators and the
calculation described in Clause 6 shall be performed independently for each generation subsystem k on
the basis of Qq, gen,out k- This is accomplished in case of an installed back-up heater.

For intermittent heating, the requirements of [SO 1379( shall be considered.

For combined operation of the heat pump for space heating and domestic hot water production, two
kinds of operation modes can be distinguished: alternate and simultaneous operation.

In alternate operation, the heat pump switches from the space heating system to the domestic hot water
system in case of domestic hot water demand with a domestic hot water storage in parallel. Domestic hot
water operation is usually given priority, i.e. space heating operation is interrupted in case of domestic
hot water heat demand.

Newer simultaneous operation concepts of heat pumps aim at improving the heat pump cycle to achieve
better overall efficiencies by using temperature-adapted heat extraction by means of

— desuperheating and/or condensate subcooling, and
— cascade cycles with internal heat exchangers.

For these simultaneous concepts, space heating and domestic hot water requirements are covered at the
same time. Annex E gives an example of a hydraulic scheme of a simultaneous operating system using a
cascade cycle with condensate subcooling.
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For simultaneous system layout, three operation modes shall be distinguished:

space heating-only (cooling-only) operation:

only the space heating system is in operation only the lower stage heat pump is in operation (winter
time, DHW storage entirely loaded);

domestic hot water-only operation:
only the domestic hot water system is in operation (summer operation, no space heating demand);
simultaneous operation:

both space heating (or cooling) and domestic hot water operation. For the configuration shown in
Figure 4, both stages are in operation. The heat for the lower stage heat pump is taken from the
ground source and the heat for the upper stage heat pump is taken from the condensate subcooling
of the lower stage heat pump (winter operation, DHW storage partly unloaded).

For combined cooling and domestic hot water, the calculation shall identify which priority use is
considered. In most cases, priority is given to cooling use as DHW is a co-product. Back-up heater is
provided the necessary complement to satisfy DHW production.

The calculation implies that both the single operation modes and the simultaneous operation are
tested according to standard testing, so heating capacity and COP characteristic of all three respective
operation modes are available. As heating capacity and COP characteristic of the simultaneous operation
may differ significantly from the other two operation modes, these test results shall be available and
taken into account.

6

6.1

Generation subsystem calculation

Input data

Input information for the procedure can consist of the following:

the type of building and sector;
climatic data adapted to the local consideration;

the operating condition (including typical occupancy patterns of the relevant building sector taken
into account, comfort level, and room temperature/humidity);

the heat pump function (space heating, domestic hot water production, space cooling, any
combination of these);

the type of heat pump (electrically driven, engine-driven, etc.);
the type of energy input (electricity, natural gas, LPG, oil, etc.);
the type of heat source;

the source pump or fan power;

the test results produced in accordance with standard tests (e.g. EN 14511) for electrically driven
heat pumps;

the heating capacity, cooling capacity;
whether performance data include the effect of an integrated storage, if any;

integrated domestic hot water storage characteristics (volume/dimensions, specific loss);
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— information about control of the heat pump system and priority given to the energy use (e.g. priority
to domestic hot water during heating or cooling mode);

— the design and operation of the generation heat pump system, the calculation time-step, and the
calculation period;

— characteristics of the integrated back up heater.

The calculation period shall be subdivided into three subperiods as the heat pump system is operating
for

— space heating (and domestic hot water),
— space heating and space cooling alternatively,
— space cooling (and domestic hot water).

The climatic data shall be considered as constant for any calculation time step.
6.2 Energy requirements for space heating, space cooling, and DHW mode

6.2.1 Space heating and space cooling mode

The energy requirement of the space heating and space cooling distribution subsystem, Qy,dis,in, iS
specified in 6.1.

If data provided are not in line with the time step calculation, then data are derived from data provided
by

— using the sum of the heat energy requirement if the time step is greater than the time period between
data, or

— using linear interpolation if the time step ¢; is lower than the time period between bin scheme and
standard locations in a national annex.

6.2.2 Domestic hot water mode

The heat energy requirement of the domestic hot water distribution subsystem Qw dis,in is calculated
according to 6.1.

Energy requirements are adapted to the time step accordingly with 6.3.

NOTE Instead of a daily constant DHW consumption expressed by the bin time, a profile of the DHW
consumption dependent on the outdoor air temperature can be considered.

6.3 Tabulated values of the COP for heating and cooling at full load

The values of the thermal power provided to the output system are provided according to methods
presented in Annexes A, B, and C.

6.4 Heatlosses through the generator envelope

6.4.1 Space heating mode

For heat pumps without an integrated storage in the same housing, the losses to the ambiance are
neglected in the frame of this part of ISO 13612, unless national values are given for the envelope heat
loss of the heat pump.

For engine-driven heat pumps, the heat losses of the engine are considered. They shall be evaluated
based on test results or manufacturer data. If no values are available, the losses can be estimated by the
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efficiency of the engine and a possible fraction of recovered heat. For the redistribution of the total heat
losses to the bins or operation modes, if required, the stand-by losses for each step time and the running
time (for operational losses) of the heat pump shall be evaluated.

Internal or external heating buffer storage produces losses to the ambient that can be calculated by a
stand-by heat loss value for the step time t;:

_ 9H,st,avg,j _OH,st,amb,j ) Qst,sby -1000[W/kW]-t]-

= 3
e ABgysby 24{h/d] .

where
Qu,stlsj isthe heatloss of the heating buffer storage to the ambient in time ¢; (]);
Ou,stavg,j IS the average storage temperature of the heating buffer storage in time ¢j (°C);
OH,st,amb,j 1S the ambient temperature at the storage location (°C);
Abstshy s the temperature difference due to storage stand-by test conditions (K);
Qst,sby is the stand-by heat loss due to storage stand-by test conditions (kWh/d);

tj is the step time ¢;j (constant) (s).

If the stand-by heat loss from the storage vessel is not available, default values are given in Annex B.

The average storage temperature, Oy st,avg,j, is to be determined according to the storage control. If the
storage is operated depending on the temperature requirements of the heating system, itis approximated
as the average temperature of the flow and return temperature of the space heating system, according
to Formula (4).

0 _ QH,gen,f,j _HH,dis,r,j 4
Hysstavg,j — 2 4)

where
Ou,stavg, Is the average storage temperature of the heating buffer storage at time ¢j (°C);
OH,genfj Is the flow temperature of the space heating generation system at time ¢; (°C);

OH,dis,rj  1s the return temperature from the space heating distribution system at time tj (°C).

The flow temperature is evaluated according to the control of the heating system (heating curve, room
thermostat), and the return temperature is calculated by interpolating the temperature spread of flow
and return temperature between the design temperature spread (at outdoor design temperature) and
AG = 0 at the indoor design temperature.

The same principle applies for the cooling mode.

6.4.2 Domestic hot water mode

If data from storage testing are known, the calculation of the losses of the domestic hot water storage
shall be accomplished as for heating buffer storages according to Formula (3). The average storage
temperature depends on the applied storage control, the position of the heat exchangers, the temperature
sensors, etc. It shall be determined based on the product information. If no information is available,
default values of the average DHW storage temperature are given in Annex B.
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If no values on storage stand-by losses are available, the calculation shall be carried out according
to Formula (3), with values based on the volume of the storage vessel given in a national annex. If no
national values are available, default values are given in Annex B.

6.4.3 Cooling mode
For the cooling mode, the same principles as the one used for the heating mode apply.

— For heat pumps without an integrated storage in the same housing, the losses to the ambiance are
neglected in the frame of this part of ISO 13612, unless national values are given for the envelope
thermal losses of the heat pump.

— For engine-driven heat pumps, the thermal losses of the engine are considered. They shall be
evaluated based on test results or manufacturer data. If no values are available, the losses can
be estimated by the efficiency of the engine and a possible fraction of recovered heat. For the
redistribution of the total thermal losses to the bins or operation modes, if required, the stand-by
losses for each step time and the running time (for operational losses) of the heat pump shall be
evaluated.

Internal or external buffer or ice storage produces losses to the ambient that can be calculated by a
stand-by heat loss value for the step time ¢j in accordance with Formula (3).

6.4.4 Heatlosses of primary circulation pipes

Heat losses of the primary circulation pipes between the heat generator and the storage vessel shall be
added to the storage losses.

6.5 Calculation of back-up heater

6.5.1 General
Back-up energy can be required for two reasons.

— Temperature operating limit of the heat pump (i.e. the temperature that can be reached with the
heat pump is restricted to a maximum value). This fraction of back-up energy is treated in 6.5.2.

— Multivalent design of the generator subsystem (see boundary conditions in 5.10), i.e. the heat pump
is not designed for the total load. Then, a fraction of back-up energy is required due to a lack of
heating capacity of the heat pump.

For the calculation of the back-up operation due to a lack of capacity, a simplified and a detailed method
are given.

The simplified method is based on the evaluation of the cumulative frequency and the balance point
and, depending on the operation mode, the low temperature cut-out. It is described in 6.5.2. The method
assumes that the balance pointis known and all influencing factors (e.g. power demand for space heating
and DHW operation, cut-out times of the electricity supply, etc.) have been taken into account.

For the detailed method, a 1 Kenergy balance is accomplished for the range of lower source temperatures
up to the temperature where no back-up energy is needed. It should be applied, if the balance point is
not known or difficult to calculate, e.g. in systems with simultaneous operation, or if 1 K bins are chosen
for the calculation anyway. The balance point is no longer an input since it follows from the energy
balance expressed by the required running time. The method is described in 6.6.4 in connection with
the evaluation of the running time.

6.5.2 Back-up energy due to the operation limit temperature of the heat pump in heating mode

Depending on the refrigerant and the heat pump internal cycle, the maximum temperature level that
can be produced with the heat pump is restricted by an operation limit. If temperatures above a certain
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temperature are required, they cannot be produced by the heat pump but have to be reheated by a back-
up heater. Therefore, the fraction of back-up energy due to the operation limit of the heat pump can be
calculated using Formula (5).

_ Qbu,opr,j _ My Cw '(Qn,i _ehplop).thp,on,]' (5)

Qgen,out,j Qgen,out,j

kbu,opr,j

where

kobu,oprj  is the fraction of back-up energy due to the operation limit of the heat pump in time ¢

();
Qbu,opr,j 1s the back-up heat energy due to the operation limit of the heat pump in time ¢; (]);

Qgen,outj Is the heat energy requirement of the distribution subsystem in time ¢; (J);

m'y is the mass flow rate of the heat transfer medium (kg/s);

Cw is the specific heat capacity of the heat transfer medium []/(kg-K)];

On,j is the nominal temperature requirement of the system at time ¢; (°C);

Ohp,op is the operation limit temperature of the heat pump (maximum temperature, that can

be reached with the heat pump operation) (°C);

thp,on,j is the running time of the heat pump at time ¢ (s).

For the space heating operation, the fraction ky by,opr,j usually does not occur, i.e. kg by,opr,j = 0, since
the design of the heat emission subsystem is usually adapted to required temperature levels below the
operation limit of the heat pump.

For DHW operation, higher temperatures than the operation limit may be required so that the heat
pump delivers the heat up to the operation limit temperature, e.g. 55 °C, and the additional temperature
requirement, e.g. up to 60 °C, is supplied by the back-up heater. The fraction of back-up heat energy
supplied to the domestic hot water system is given by Formula (6).
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QW,bu,opr,j Pw " Vw,j Cw - (Qw,out - ehp,opr ) (Qw,out - th,opr )
kw1 = = = (6)
buoprj = , 174 0 -0 0 -0
W,gen,out,j Pw- w,j Cyw - w,out w,in w,out w,in

where

kw,bu,oprj is the fraction of back-up energy in DHW mode due to the operation limit of the heat
pump at time &j (-);

Qw,bu,opr,j is the DHW back-up heat energy due to the operation limit of the heat pump at time ¢;

)

Qw,gen,out,j is the heat energy requirement of the domestic hot water subsystem at time ¢; (J);

Pw is the density of the heat transfer medium (kg/m3);

Viw,j is the volume of the hot water draw-off at time tj (m3/s);
Cw is the specific heat capacity of water []/(kg-K)];

Ow,out is the temperature of the hot water at storage outlet (°C);

Ohp,opr is the operation limit temperature of the heat pump (maximum temperature that can be
reached with the heat pump operation) (°C);

Ow.in is the temperature of the cold water inlet (°C).

The operation limit temperature shall be taken from manufacturer data or evaluated based on the
applied refrigerant.

6.6 Running time of the heat pump

6.6.1 General

The running time of the heat pump depends on the heating/cooling capacity, given by the operating
conditions, and on the heat requirement, given by the distribution subsystem. The running time can be
calculated by Formula (7):

Ohpj

thp,on,j =0 (7)
¢hp,j

where
thp,on,j is the running time of the heat pump at time ¢ (s);
Qnp,j is the produced heat energy by the heat pump at time ¢j (heat energy requirement of the
distribution subsystem and generation subsystem losses) (]);
Php,i is the heating (or cooling) capacity of the heat pump at time tj (W).

The running time at step j, thp,on,j, shall be considered for verification that this running time is lower
than the time step calculation.

— Ifyes, calculate the part load factor, then the corrected COP.

— Ifno, link to the back-up heater (additional energy to be supplied) and HP at full load.
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The produced heat by the heat pump can be calculated by Formula (8).

th,j = (Qgen,out,j + Qgen,ls,j )(1 - kbu,cap,j ) (8)
where
Qhp,j is the produced heat energy by the heat pump at time ¢j (energy requirement of the dis-

tribution subsystem and generation subsystem losses) (]);
Qgen,out,j Is the heat energy requirement of the distribution subsystem at time ¢; (J);
Qgen)lsj Isthe generation subsystem heat losses at time ¢; (]);

kbu,capj 1s the fraction of heat energy covered by the back-up heater at time ¢; (-).

These formulae can be applied for the different operation modes. The following items shall be considered.
Back-up calculation

The fraction of back-up energy for DHW due to the operation limit of the heat pump has to be taken into
account, since the fraction of back-up energy due to a lack of capacity follows from the energy balance
(see 6.6.4). That means only the fractions kpy,opr,j due to the operation limit temperature are considered.

Operation mode (heating and/or DHW)

For h m rating in SH-only m r DHW-only mode, the energy requirement is given by the
actual space heating or domestic hot water heat requirement respectively, i.e. the energy requirement
of the distribution subsystem and the generator losses.

For heat pumps operating alternately on the SH and DHW system, total running time of the heat pump is
determined by the sum of the space heating and domestic hot water heat energy requirements, produced

at the respective heating capacity of the heat pump, with priority given to provide energy to the DHW
system (default mode).

For heat pumps operating simultaneously for heat production for SH and DHW, the running time has to
be distinguished according to the state of operation. As the heat pump characteristic by simultaneous

operation may differ significantly from the heat pump characteristic by the two single operation modes,
the three operation modes may have to be evaluated:

— space heating-only operation: running time is determined by the heat requirement of the space
heating system and the respective characteristic of the heat pump in space heating-only mode;

— DHW-only operation: running time is determined by the domestic hot water requirement and the
respective characteristic of the heat pump in DHW-only mode;

— simultaneous operation: running time is determined by the energy produced by simultaneous
operation. The heating capacity of the heat pump in simultaneous operation has to be applied.

However,dependingonthe system configuration,notallthree operation modes may occurinsimultaneous
operating systems. There are system configurations, for instance, where only simultaneous operation
takes place in wintertime, so no space heating-only operation occurs. This is the case for instance in
combined operating systems with desuperheating that work on a combi-storage for space heating and
DHW. In this case, only two characteristics, DHW-only and simultaneous combined, shall be taken into
account and the time period of simultaneous operation is given by the heating season. The running time
is evaluated based on these two characteristics.

Additional calculations of the energy fractions and the running times for systems where all three
operation modes occur are given in 6.6.2.
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The total running time at time ¢j can be calculated by Formula (9):

thp,on,tot,j = tH,hp,on,sngl,j + tW,hp,on,sngl,j + tHW,hp,on,combi,j (9)
where

thp,on,tot,j is the total running time of the heat pump at time ¢; (s);

tH,hp,on,sngl,j is the running time in space heating-only operation at time ¢; (s);

tW,hp,on,sngl,j is the running time in DHW-only operation at time ¢ (s);

tHW,hp,on,combi,j 1S the running time in simultaneous operation at time ¢ (s).

Depending on the type of system, only some of different contributions exist, while the others are zero
(e.g. the running time for space heating in DHW-only systems).

Operation mode (cooling and/or DHW)
For heat pumps operating in SC-only mode, the energy requirement is given by the actual space cooling,

i.e. the energy requirement of the distribution subsystem and the generator losses.
Running time calculation identical to the space heating only mode:

Forh m rating alternately on th nd DH m, total running time of the heat pump is
determined by the sum of the space cooling and domestic hot water heat energy requirements, produced
at the respective cooling capacity of the heat pump.

For heat pumps operating simultaneously for heat production for SC and DHW, the running time has to
be distinguished according to the state of operation. As the heat pump characteristic by simultaneous

operation may differ significantly from the heat pump characteristic by the two single operation modes,
the three operation modes may have to be evaluated.

NOTE Simultaneous operation of heat pump systems for space cooling and DHW is used in specific cases
when the energy used for DHW is low versus the energy use for space cooling or when the heat pump system is
used for pre-heating of the DHW.

First step: Identify operating conditions and energy requirements for both energy uses.

Calculate separately the running time for space cooling and domestic hot water.

— Identify the minimum value and check which energy outputisreached for both energy requirements.
— Then calculate the energy left for the single mode operation.

— Check if the corresponding running time matches the time step calculation.

Second step: Calculate the additional running time necessary to complete the energy requirements.

If the calculated running time is higher than the available time step calculation, then identify the load
for other generators (heating/cooling).

6.6.2 Additional calculations for simultaneous operating heat pumps with three operation
modes

6.6.2.1 Principle

When all three operation modes occur, the running time in the different operation modes has to be
determined.
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Since simultaneous operation only takes place in times of space heating and domestic hot water load, the
running time is evaluated to characterize simultaneous operation. The maximum possible simultaneous
operation is characterized by the minimum of required running time for space heating and DHW
operation. Subsequently, the resulting maximum running time in simultaneous operation may then be
corrected with a correction factor in order to take into account further controller impact.

After the estimation of the running time in simultaneous operation, the respective energies produced in
simultaneous operation are calculated, and then the energy produced in SH-only and DHW-only can be
determined by energy balances. As a last step, the running time in SH-only and DHW-only operation is
calculated based on these energies.

NOTE Since running time is related to produced energy, but storage losses of the DHW system may be
N 255-

expressed by the electricity inputaccording to 3, the netenergy to cover the heatrequirementis calculated
for the DHW system by subtracting the storage losses.

6.6.2.2 Calculation steps

The maximum running time in simultaneous operation is calculated by Formula (10):
tHW,hp,on,combi,max,j =min (tH,hp,on,j ’ tW,hp,on,j ) (10)

where the running time for DHW operation is calculated with the heating capacity in simultaneous
operation according to Formula (11):

Qw hp,
_ Np))
tW,hp,on,j - (11)
¢W,hp,combi,j
and, analogously, according to Formula (12) for space heating operation:
Quhp
— Np,)
tH,hp,on,j - (12)
¢H,hp,c0mbi,j
where
tHW,hp,on,combi,max,j  iS the maximum possible running time in simultaneous operation at time t;
(s);
tW,hp,on,j is the running time in DHW operation at time ¢; (s);
Qw,hp,j is the produced heat energy by the heat pump for DHW at time ¢ (J);
®W,hp,combi,j is the DHW heating capacity of the heat pump in simultaneous operation at
time ¢ (W);
tH,hp,on,j is the running time in space heating operation at time ¢; (s);
Qu,hpj is the produced heat energy by the heat pump for space heating at time ¢; (J);
®H,hp,combi,j is the space heating capacity of the heat pump in simultaneous operation at
time ¢ (W).
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The running time in simultaneous operation mode may also be influenced by the control and the load
profiles. However, controller impact depends strongly on the setting and the system configuration and
can be taken into account by a specific correction factor according to Formula (13):

tHW,hp,on,combi,j = fcombi 'tHW,hp,on,combi,maX,j (13)
where
tHW,hp,on,combi,i is the running time in simultaneous operation in time ¢ (s);

tHW,hp,on,combi,max,i 1S the maximum possible running time in simultaneous operation at time t;
(s);

feombi is the correction factor, taking into account the impact of the control system
().
NOTE Adequate factors for typical controller setting shall be given in a
national annex based on a specific evaluation of the system configuration.

The DHW energy and, analogously, the space heating energy produced in simultaneous operation, is
calculated by Formula (14):

th,combi,j = ¢hp,c0mbi,j 'thp,on,combi,j (14’)
where
Qhp,combij 1s the produced heat energy in simultaneous operation of the respective operation

mode at time ¢ (]);

¢hp,combi,j  is the heat pump heating capacity in simultaneous operation of the respective opera-
tion mode in time tj (W);

thp,on,combi,j 1S the running time in simultaneous operation in time ¢; (s).

The rest of the heat energy is produced in SH-only and DHW-only operation and is determined by the
formula for the respective operation modes:

Qhp,snglj = @hp,j ~ Chp,combi,j (15)
where

Qhp,sngl;j is the produced heat by the heat pump in the respective single operation in time ¢ (J);

Cnp, is the produced heat energy by the heat pump in time ¢; (J);

Qhp,combi,j i(sDthe produced heat energy by the heat pump in simultaneous operation in time ¢;

NOTE Since EN 255-3 gives the electricity to cover the heat losses of the DHW storage in form of an electrical
stand-by power input, the DHW heat energy requirement is evaluated by subtracting the storage losses. If no
values according to [EN 255-3 are available, the subtraction of the storage losses is not necessary.

The allocation of the DHW-storage losses to the single and simultaneous operation modes is done by
fcombi.
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So, the DHW heat energy requirement in DHW-only and in simultaneous operation can be calculated by
subtracting the storage losses according to Formula (16):

Qw hp,outsnglj = QwW,hp,snglj ~Qw,stls, (1 —Kwbu,j ) (1= feombi) (16)
where
Qw,hp,out,snglj heatrequirement of the DHW distribution subsystem covered by the heat pump in

DHW-only operation at time ¢ (J);

Qw,hp,sngl,j produced DHW energy by the heat pump in DHW-only operation at time ¢; (]);
Qw,st,Is)j DHW storage losses at time tj, calculated in 6.4.2 (]);
fecombi correction factor to take into account controller effect, corresponds to the fraction
of simultaneous operation (-);
kw,bu,j fraction of DHW heat energy covered by the back-up heater at time ¢ (-).
QW,hp,out,combi,j = QW,hp,combi,j - QW,st,ls,j '(1 - kW,bu,j ) : fcombi (17)
where

Qw,hp,out,combi,j is the heat requirement of the DHW distribution subsystem covered by the heat

QW,hp,combi,j

QW,st,ls,j

fcombi

kW,bu,j

pump in simultaneous operation at time tj (J);

is the produced DHW energy by the heat pump in simultaneous operation at time ¢

()

is the DHW storage losses at time ¢j (calculated in 6.4.2) (J);

is the correction factor to take into account controller effect, corresponds to the
fraction of simultaneous operation (-);

is the fraction of DHW heat energy covered by the back-up heater at time ¢ (-).

The respective running time in SH-only and DHW-only operation modes are calculated according to

Formula (6).

NOTE Testing according to EN 255-3 does not deliver a heating capacity for the domestic hot water operation
as an output. However, required data to evaluate an average heating capacity are provided by the testing in phase

> of EN 2553
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6.6.3 Boundary condition for the total running time

The total running time must not be longer than the effective step time; thus, the total running time has
to fulfil the boundary condition

thp,on,tot,j =min (teff,j , tH,hp,on,sgnl,j + tW,hp,on,sgnl,j + tHW,hp,on,combi,j ) (18)
where

thp,on,tot,j is the total running time of the heat pump in time ¢ (s);

teff is the effective bin time in time ¢ (s);

tH,hp,on,sngl,j is the running time in space heating-only operation in time ¢ (s);

tW,hp,on,sngl,j is the running time in DHW-only operation in time t; (s);

tHW,hp,on,combi,j 1S the running time in simultaneous operation in time tj (s).

If the calculated total running time is longer than the effective bin time, this is due to a lack of heating
capacity of the heat pump. In this case, the effective bin time is the running time and the missing back-up
energy is calculated according to 6.6.5.

The same principle applies to the cooling mode.

6.6.4 Back-up calculation: Back-up energy due to lack of capacity (for heating)

The detailed evaluation of the back-up energy is based on the evaluation of the running time according
to the boundary conditions given in 6.6.3. The comparison of the running time is accomplished, until the
outdoor air temperature is reached, at which the effective time for the time considered is longer than
the required running time (step calculation time). The sample balance and the required calculations are
summarized in Table 5. If the system is of alternate type, the running time in simultaneous operation is
Zero.

For the time steps with a lack of running time, i.e. required running time is longer than the effective step
calculation time, the heating capacity of the heat pump is not sufficient to cover the total requirement.
The resulting back-up energy can be calculated based on the control strategy using Formula (19), i.e.
the back-up heater either supplies heat to the space heating system or the DHW system as calculated in
6.6.5.
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Table 5 — Table containing the required calculation for the detailed determination of back-up

energy

Label

Value for time {;

Outdoor air temperature, 6¢(1 K tj)

Oe,min / Be,min + 1

Energy to be produced for SH, Qy,hp j, acc. to Formula (7)

Energy to be produced for DHW, Qw,hp j, acc. to Formula
()

Heating capacity for SH, ¢y hp,sngl,j acc. to HP characteris-
tic

Heating capacity for DHW, ¢w hp,snglj» acc. to HP character-
istic

Heating capacity for SH combined, ¢y hp,combi,j, acc. to HP
characteristic

Heating capacity for DHW combined, ¢ w,hp,combi,j, acc. to
HP characteristic

Running time for SH, ty,hp,on, acc. to Formula (6)

Running time for DHW, tw hp,on, acc. to Formula (6)

Running time combined, thp combi, acc. to Formula (12)

Total required running time thp tot,j acc. to Formula (8)

Theoretical time to cover energy requirement at time tj,
Leffj

Difference total running time to effective bin time

Required back-up energy, Qby,cap,j, acc. to Formula (18)

6.6.5 Calculation of additional back-up energy due to lack of capacity

The additional back-up energy due to a lack of capacity is calculated by multiplying the missing running
time with the heating capacity of the heat pump in SH-only or DHW-only operation according to Formula

(19):

Qbu,cap,j =

where
Qbu,cap,i
thp,on,tot,j
Leffj

¢hp,sngl,j

¢hp,sngl,j '(thp,on,tot,j - teff,j)

is the additional back-up energy due a lack of capacity (]);

is the total (calculated) running time of the heat pump at time t; (s);

is the theoretical operating time at time ¢; (s);

(19)

is the heating capacity of the heat pump in the respective single operation mode (W).

The control strategy determines if the back-up energy is supplied to the space heating or the domestic
hot water systems. If no control strategy is known, it is assumed, that the back-up heater supplies 50 %
of the back-up energy to the space heating system and 50 % of the back-up energy to the DHW system.
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The total fraction of back-up energy can be calculated according to Formula (20):

_ Qbu,opr,j + Qbu,cap,j (thp,on,tot,j - teff,j )’¢hp,sngl,j

kbu,j = = kbu,opr,j + kbu,cap,j (20)
Qgen,out,j Qgen,out,j
where

kpu,j is the fraction of heat energy covered by the back-up heater in the respective opera-
tion mode at time ¢; (-);

Qbu,opr; is the back-up energy due to operation limit temperature (]);

Qbu,cap,j is the back-up energy due to lack of capacity of the heat pump (J);

Qgen,out,j is the heat energy requirement of the distribution subsystem at time ¢; (]);

kvu,opr,j is the fraction of back-up energy due to temperature operation limit (-);

kvu,cap,i is the fraction of back-up energy due to lack of capacity (in case of simplified calcula-
tion) (-);

thp,on,tot,j is the total (required) running time of the heat pump at time ¢ (s);

teff is the theoretical operating time at time ¢; (s);

¢hp,sngl,j is the heating capacity of the heat pump in single operation (W).
To derive the fraction of back-up energy for the respective operation modes, the respective values
(energy, heating capacity) for the operation mode have to be set in Formula (20).

The fraction kpy,cap,j in Formula (20) only exists, if the simplified back-up calculation according to
Formula (7) is applied. If the detailed back-up calculation according to 6.6.4 is applied, the fraction is
contained in the lack of running time and kpuy,cap,j = 0.

6.7 Auxiliary energy

6.7.1 General

To calculate the auxiliary energy, the respective power of the auxiliary components has to be given as
input. In heat pump systems auxiliary energy is basically used for pumps, fans, controls, additional oil
supply heating (carter heating) and other electrical components like transformers.

The auxiliary energy is given by Formula (21):

WHW,gen,aux = Zpgen,aux,k 'tgen,aux,on,k (21)
k

where
WHw,gen,aux is the total auxiliary energy consumption (J);
Pgen,aux k is the electrical power of the auxiliary component k (W);

tgen,aux,onk 1S the relevant running or activation time of the respective auxiliary componentk (s).
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The running time of the auxiliary components depend on the control of the generation subsystem.

— Source pump running time is normally linked to the running time of the heat pump evaluated in 6.6
for the different operation modes.

— For primary pumps, control depends on the installed systems (e.g. is linked to storage control in
case of heating buffer storage and thereby linked to the running time of the generator as well).
In case of a hydronic distributor, the primary pump can be switched on periodically or even run
through.

— Stand-by time can be calculated by the difference of the total activation time of the generator (e.g.
the heating season for space heating operation) and the running time evaluated according to 6.6. If a
correction for partload operation of the COP is applied according to Annex C, the stand-by expenses
are already considered and do not have to be considered here.

— For domestic hot water operation of electrically driven_heat pumps, the storage loading pump is
already entirely included in the COP¢ value according to [EN 255-3| due to the system testing.

The following rules apply for estimation of the operating time of the auxiliary:

— for variable speed HP, the relevant running corresponds to the time step calculation when the HP is
operating;

— for on/off HP, the relevant running time corresponds to the total running time of the HP at any
calculation step as calculated in 6.6, if linked to the on/off control of the HP; if not, the relevant
running time corresponds to the time step calculation variable speed.

NOTE Extra time shall be added for pre-conditioning or post operation.

6.7.2 Engine-driven and absorption heat pumps

Depending on how the testing for engine-driven heat pumps and absorption heat pumps is accomplished
for the operation modes space heating and DHW the respective part of auxiliary energy (e.g. pumps, fans
for burners, etc.) shall be considered.

6.8 Total losses and total recoverable heat loss of the generation subsystem

6.8.1 Recoverable heatlosses from auxiliary consumption

Auxiliary energy is transformed partly to used energy and partly to heat losses as presented in Figure 2
and corresponds to energy flows numbered 10,11, and 12.

Recoverable heat losses to the heat transfer medium are considered totally recovered as considered in
Formula (1).

QHW,gen,aux,rvd = Z Wgen,aux,k -k gen,aux,ls,rvd k [2 2)
k

where
QHW,gen,aux,rvd is the totally recovered auxiliary energy (J);
Ween,aux k is the auxiliary energy consumption of the auxiliary component k (]);
kgen,aux,Is,rvd k  is the fraction of auxiliary energy totally recovered as thermal energy of compo-

nentk (-).

This fraction Kgen,aux,ls,rvd,k is already considered in the COP-value according to standard testing to
EN 14511 for electrically driven heat pumps, s0 kgen,aux,Is,rvd,k = 0 for electrically driven heat pumps.
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Heat losses of auxiliaries to the ambiance can be calculated according to Formula (23):

QHW,gen,aux,ls = ngen,auX,k 'kgen,aux,ls,k (23)
k

and heat losses to the ambiance are assumed recoverable.

Recoverable heat losses can be calculated by a temperature reduction factor linked to location:

QH, en,aux,ls,rbl = w, en,aux,k -k en,aux,ls,k 1-b en,aux,k (24)
g g g g
k

where
QHw,gen,aux,ls  is the heat losses of auxiliary components to the ambiance (]);
QH,gen,aux,Is,rbl  iS the recoverable heat losses of auxiliary components to the ambiance (J);
Wegen,aux k is the recoverable heat losses of auxiliary components (]);

kgen,aux,1s k is the fraction of electrical energy transmitted to the ambiance (-);

NOTE These values should be defined in a national annex. If no national values are
specified, default values are given in Annex A.

bgen,aux,k is the temperature reduction factor for component k linked to location of the com-
ponent. ()

NOTE The values of bgen,aux,k shall be given in a national annex. If no national val-
ues are specified, default values are given in Annex A.

6.8.1.1 Total generation subsystem losses

The total envelope heat losses of the generation subsystem can be obtained by a summation over the
components, basically heat pump envelope losses, if considered, losses from the engine of engine-driven
heat pumps, storage losses for the heating buffer and DHW storage, respectively, and losses of the
connecting piping between generator and storage, according to Formula (25):

QHW,gen,ls,tot = ZQgen,ls,k + QHW,gen,aux,ls (25)
k

where
QHw,gen,Istot  is the total generation subsystem heat losses to the ambiance (]);
Qgen,ls k is the heat losses to the ambiance of the generation subsystem component k (]);

QHW,gen,aux,1s is the heat losses of auxiliary components to the ambiance (J).
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6.8.1.2 Recoverable heatlosses due to generation subsystem envelope losses

Envelope losses are considered recoverable and can be calculated with a temperature reduction factor
according to Formula (26):

QH,gen,ls,rbl = Z Qgen,ls,k ) (1 - bgen,k ) (26)
k

where
QH,gen,Is,rbl  is the recoverable heat losses of the generation subsystem (J);
Qgen,ls,k is the heat losses to the ambiance of the generation subsystem component k (]);

bgen,k is the temperature reduction factor linked to location of the component k (-).

NOTE The values should be given in a national annex. If no national values are speci-
fied, default values are given in Annex A.

6.8.1.3 Total recoverable heat losses of the generation subsystem

The total recoverable losses can be obtained by a summation of the generation subsystem envelope
losses and the losses of auxiliary components to the ambiance according to Formula (27).

QH,gen,ls,rbl,tot = QH,gen,ls,rbl + QH,gen,aux,ls,rbl (27)
where
Qu,gen,Is,rbltot  is the total recoverable heat losses of the generation subsystem (J);

QH,gen,1s,rbl is the recoverable heat losses of the generation subsystem (]);

QH,gen,aux,Is,rbl  is the recoverable heat losses of auxiliary components (J).

6.9 Calculation of total energy input

6.9.1 General consideration for the calculation
The value of the COP is considered as constant for each time period t;.

The same principle for calculation of the different energy flows applies for cooling operation.
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6.9.2 Electrically driven heat pumps

6.9.2.1 Electricity input to the heat pump for space heating operation or space cooling opera-
tion

The electricity input to the heat pump for space heating operation can be calculated by summing-up the
electricity input of the respective bins according to Formula (28):

t t
% Quhp,snglj | & @ hp,combij
Efinpin = ), oo 4 % —oPReOmo (28)
j=1 COPy sng) j=1 COPy,combij
where
EH,hp,in is the electrical energy input to the heat pump in space heating mode (J);
Qu,hp,snglj  1s the energy produced by the heat pump in space heating-only operation at time ¢;

(0

QH,hp,combi,j 1s the energy produced by the heat pump for space heating in simultaneous operation
at time ¢ (]);
) )

COPy,snglj s the coefficient of performance in space heating-only operation at the operating
point conditions of time tj (W/W);

COPy,combi,j s the coefficient of performance of space heating in simultaneous operation at the
operating point conditions of time tj (W/W);

tmax is the duration of the calculation (-).

NOTE COP is considered as a constant value for each time period ¢;.

The same principle applies for cooling operation.
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6.9.2.2 Electricity input to the heat pump for domestic hot water operation

The electricity input to the heat pump for domestic hot water operation can be calculated according to
Formula (29).

¢ max Q . ¢ max Q ..
_ W,gen,out,sngl,j W,gen,out,combi,j
EW,hp,in - Z COP + Pes,sgnl 'tW,sngl,tot + Z COP +Pes,combi 'tW,combi,tot (29)
j=1 t,sngl,j i=1 t,combi,j
] ]
where
Ew, hp,in is the electrical energy input to the heat pump in DHW mode (J);
QW,hp,out,sngl,j is the heat energy requirement of the DHW distribution subsystem at time ¢;

covered by the heat pump in DHW-only operation (]);

Q W, hp,out,combi,j  iS the heat energy requirement of the DHW distribution subsystem at time ¢;
covered by the heat pump in simultaneous operation (]);

COPy sngl,j is the coefficient of performance for the extraction of domestic hot water of time
tj in DHW-only operation (W/W);

COPy,combi,j is the coefficient of performance for the extraction of domestic hot water at time
ti in simultaneous operation (W/W);

Pes is the electricity power input to cover storage losses for DHW (W);

tw is the total time of all calculation periods in DHW-only/simultaneous operation,
respectively (s);

tmax is the duration of the calculation period (s).

The allocation of the total time to DHW-only and simultaneous DHW operation is done by the fraction of
simultaneous operation as for the storage losses.

NOTE If no values according to EN 255-3 are available, the calculation is accomplished in the same way as for
the space heating operation mode, but only for alternate operating systems.

6.9.3 Engine-driven and absorption heat pumps

The calculation of the energy input (fuel or waste heat, solar heat, respectively) to the generation
subsystem depends on the applied test method for the COP characteristic with regard to considered
heat recovery from the engine and the auxiliaries.

If a possible heat recovery from the engine cooling fluid and/or the engine flue gas and the auxiliaries
is taken into account in the COP values, the driving energy can be calculated as for electrically driven
systems according to Formula (28). This approach corresponds to the system boundary given in 5.2.

If the COP values only take into account the heat decoupled at the heat pump condenser, the produced
heat based on the heat energy requirement of the distribution subsystem has to be reduced by the
recovered energy from the engine and auxiliaries. The fuel or heat energy input to the engine-driven or
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absorption heat pump, respectively, can be calculated by the following equation which is applied for the
operation modes SH and DHW and single and combined operation respectively, if required:

N
fips th,j _Qeng,rvd,j - kgen,aux,ls,rvd 'WHW,gen,aux,j

E,. . = 30

hp,in . COP. (30)
j=1 J
where
Ehp,in is the fuel or heat energy input to the engine-driven or absorption heat pump in the
respective operation mode (]);
Qhp,i is the produced energy of the heat pump at time ¢j (J);
Qeng,rvd,j is the recovered energy from the combustion engine in bin i (only engine-driven heat

pumps) (J);

kgen,aux,Is,rvd is the fraction of auxiliary energy recovered as thermal energy (depending on test-

ing) (-);
WHW,gen,aux,j is the auxiliary energy consumption at time ¢ (J);

COP; is the coefficient of performance at the operating point of time ¢tj, taken as perfor-
mance factor for the respective operation mode (W/W);

tmax is the duration of the calculation (s).

The recovered energy Qeng rvd shall be calculated based on test results or manufacturer data. If the net
or the gross calorific value is to be used depends on which of these values is considered in the testing of
the engine-driven heat pump.

The redistribution of the recovered heat to the respective operation modes, if required, is to be evaluated
for the individual system configuration based on installed components and controls.

6.9.4 Energy input to back-up system

6.9.4.1 Electrical back-up heater
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N
oins (QH,gen,out,j + QH,gen,ls,j ) ’ kH,bu,j + (QW,gen,out,j + QW,gen,ls,j ) ’ kW,bu,j

Eyw,bu,in = (31

j=1 n H,bu nW,bu
where

EHw bu,in is the total electrical energy input to operate the back-up heater (]);

Qu,genout,j is the heat energy requirement of the space heating distribution subsystem at time ¢

0);

QH,gen,ls,j is the heat losses of the generation subsystem due to space heating operation at time
t (J);

ky,bu,j is the fraction of SH heat energy covered by the back-up heater at time ¢ (-);

1H,bu is the efficiency of the electrical back-up heater for space heating mode (-);

Qw,gen,outj is the heat energy requirement of the DHW distribution subsystem at time ¢; (J);

Qw,gen,ls,j is the heat losses of the generation subsystem due to DHW operation at time ¢; (J);
kw,bu,j is the fraction of DHW heat energy covered by the back-up heater at time ¢ (-);
Nbu,DHW is the efficiency of the electrical back-up heater for DHW mode (-);

Nbpins is the number of bins (-).

The efficiency of the electrical back-up heating shall be given in a national annex or determined based
on the system configuration and the product.

6.9.4.2 Fuel back-up heater

Fuel back-up heaters are calculated in the same way as the electrical back-up heaters. However, the
efficiency of the back-up heater shall be determined according to [SO 13679 for combustion boilers.

6.9.5 Total driving and back-up energy input to cover the heat requirement

The total electrical energy input to cover the heat requirement is the sum of the single electrical energy
inputs:

EHW,gen,in = EH,hp,in + EW,hp,in + EHW,bu,in (32)

where
Eyw,genin is the total electrical energy, fuel or heat input to heat pump and back-up heater (]);
EY hp,in is the electrical energy input to the heat pump in space heating mode (]);
Ewhp, in is the electrical energy input to the heat pump in DHW mode (]);

EHW,bu,in is the total electrical energy input to operate the back-up heater (]).

6.9.6 Ambient heat used by the generation subsystem

The amount of ambient heat used for the produced heat energy of the heat pump to cover the space
heating and/or DHW requirement and generation subsystem losses is calculated according to Formula
(1), where the recovered auxiliary energy is to be set to Kgen aux,s,rvd = 0 for electrically driven heat
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pumps tested according to EN 14511. For engine-driven and gas heat pumps, the factor kgen,aux,ls,rvd
depends on the fraction taken into account during testing.

6.10 Summary of output values

6.10.1 Required outputs

— Energy input to cover the heat requirement of the distribution subsystems [6.9.5, Formula (31)]

— Total losses of the generation subsystem [6.8.1.1, Formula (24)]

— Total recoverable losses of the generation subsystem [6.8.1.3, Formula (26)]

— Total auxiliary energy input to the generation subsystem [6.7, Formula (20)]
— Total heat produced by the back-up heater

— Totally used ambient heat [6.9.6, Formula (1)]

6.10.2 Optional outputs

— Total heat produced by the heat pump
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Annex A
(informative)

Construction of COP matrix with a single test result

A.1 Introduction

The performances of heat pumps are usually referred to the following:
— the outlet temperature of the internal secondary fluid, Osg;;
— the inlet temperature of the external secondary fluid, Osfe.

The real thermodynamic inverse cycle involves the refrigerant fluid so refrigerant temperatures should
be used as consistent references when the COP of heat pumps is calculated. But the calculation of actual
refrigerant fluid temperatures is complex due to refrigerant fluid characteristics, compressor
performances, and heat exchanger efficiencies in each specific condition. Typical temperature differences
between the refrigerant fluid and the secondary fluids (AOgs_gr) are used in the heat pump design

stage. They usually depend on the secondary fluid characteristics and on the running mode. So the
temperature differences between the refrigerant fluid and the secondary fluids, namely Afp¢_grj,c and

AOps_sr.pxe for the internal and external secondary fluids, respectively, can be defined at design

conditions, depending on secondary fluids and the running mode. In Figure A.1 the aforementioned
concept is clearly expressed, together with the most relevant temperature differences taking place in
the evaporator and the condenser.

Internal secondary fluid

Refrigerant fluid

Temperature External secondary fluid

Liquid . Vapour .
iAeRf-Sf:Int wv)

c

T [

i DOstyne 2

Internal secondary fluid reference ‘ An c

temperature in catalogues 8

S

AeSf:Ext 4(—0'

) (@]
— i< External secondary fluid reference o

i ©

AeRf—Sf:Ext temperaturein catalogues Lﬁ

Liquid-Vapour ~ Vapour
Entropy

a) Heating case
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Internal secondary fluid Refrigerant fluid

Temperature External secondary fluid
Liquid Vapour O
.

[}

J,AeRf-Sf:Ext wv

External secondary fluid reference —> 5
temperature in catalogues 0 o
il Sf:Ext c

@]

[ ] ()

L.

7B Internal secondary fluid reference (o)

Sf:int temperature in catalogues 'E;

|

o
—n@< %
ABge.stnt >

> w

Liquid-Vapour Vapour
Entropy

b) Cooling case

Figure A.1 — Graphical explanation of temperature differences in the evaporator and the
condenser

In typical evaporator and condenser design, the following values may be considered:

5Kif the internal secondary fluid is water
Absine = o o (A1)
10K if the internal secondary fluid is air
5K if the external secondary fluid is water
Abst.pye = . Sy (A.2)
10K if the external secondary fluid is air
ABgs_sfne =5K (A.3)
AOge-seExt =5K (A4)

Asaconsequence, if one considers catalogue data as references for secondary fluid temperatures (i.e. the
inlet temperature for the external secondary fluid and the outlet temperature for the internal secondary
fluid), the average refrigerant temperatures at the evaporator and at the condenser can be calculated
using Formula (A.5) and Formula (A.6) and Table A.1 as a firstapproximation for any operating condition.

ORe_sti =Ostnt + AORs_sk.Int (A.5)

Ore_ste =Osp.Ext T AORf_sfExt (A.6)

42 © ISO 2014 - All rights reserved



BS ISO 13612-2:2014
1ISO 13612-2:2014(E)

Table A.1 — Temperature differences between the average and secondary fluid reference

temperatures
Refrigerant fluid — secondary fluid temperature difference
K
Running mode | Secondary fluid kind
Internal side (AOgs_gf.1nt ) External side (AOgs_gr.Ext )
Air +5 -15
Winter
Water +5 -10
Air -5 +15
Summer
Water -5 +10

Table A.1 allows a simplified assumption of values for Afp¢_gpn and AOgs_grgy - Further accuracy
could be reached calculating AOps g, and AOps_gr.pxe basing on the evaporator and condenser

capacities and on secondary fluids flow rates. But such an approach would require iterative calculations,
so it is not considered in this part of ISO 13612 for the sake of simplicity.

Ideal inverse thermodynamic cycles can be assumed as references in the basic conceptualization of
conventional heat pumps. From thermodynamics, the value of COP for ideal inverse thermodynamic
cycles operating between the internal environment (at average temperature 0y, ) and the external one

(at average temperature Q_e) comes from Formula (A.7).

copr- - _Omi+27315

Ot Pext 1o = (A.7)
N e

We assume that ), and Og,, correspond to the reference temperatures of the refrigerant fluid,

respectively, at the evaporator and at the condenser (in cooling mode) or at the condenser and at the
evaporator (in heating mode). As a consequence, Formula (A.7) can be approximated as follows:

_ Opent +273,15

- |9Rf:lnt _QRf:Ext|

cop >|<GRf:Int OREExt (A8)

For convenience, Formula (A.8) should be linked to internal and external secondary fluid reference
temperatures rather than to refrigerant temperatures, so the following formula can be easily obtained:

COP* (QSf:Int +A0Rf—5f:lnt)+273;15

e Ocers = (A9)
Ostint Ostext |(Ost1nt + AORs—sane )~ (Ostexe + AOre skt )|

The COP for ideal inverse thermodynamic cycles at the same operating temperatures, namely
COP*g .. Ocr, » AN thus be calculated. If the actual COP is known for the real heat pump working at

the same operating temperatures, namely C0P95f-1nt O f=1 then it is possible to define how worse the

real inverse thermodynamic cycle is compared with the ideal one. That is defined through the so-called
efficiency of the 2nd principle of thermodynamics, namely N 2ndP st e Ottt defined through Formula

(A.10).

_ COPY e Ostpxe f=1
2ndP Ostine Ostexe ~ cop *

(A.10)
Ost.int IstExt

The meaning of the 2nd principle efficiency can be clearly explained in the following way: The higher the
2nd principle efficiency, the closer the performances of the actual heat pump at the considered operating
conditions, compared with the ideal heat pump at the same operating conditions.
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In the end, the examination of data declared by companies shows the following characteristics of heat
pumps (as shown in Figure A.2):

a) As afirst degree of approximation, the electrical capacity can be considered constant varying the
secondary fluid temperature at the evaporator, if the secondary fluid temperature at the condenser
is constant [Figure A.2 a)].

b) As a first degree of approximation, the condenser capacity can be considered locally constant
varying the secondary fluid temperature at the condenser, if the secondary fluid temperature at the
evaporator is constant [Figure A.2 b)].

External fluid temperature [°C]: —5 —8 —11 —14 —17
10.0
8.0 / /
> 6.0 e
3
o
8
3
= 4.0
o
=
w
2.0
0.0
20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0

Internal secondary fluid temperature [°C]

a) Electrical capacity versus external and internal secondary fluid temperatures (heating
mode)
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£ 10.0
5.0
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Internal secondary fluid temperature [°C]

b) Thermal capacity at the internal side versus external and internal secondary fluid
temperatures (heating mode)

Figure A.2 — Electrical capacity and thermal capacity at the internal side versus external and
internal secondary fluid temperatures (heating mode)

These two characteristics will be used to provide convenient starting values in the calculation procedures
for the estimation of COP and capacities at any operating condition.

A.2 Detailed calculation procedure

A.2.1 Introduction and input data

The present calculation procedure is used to estimate COP and capacities at any operating condition. It
gives reliable results, even starting from the minimum amount of data such as the performances at one
nominal condition point. The use of more rated points provides better accuracy in calculations. At each
rated point, the performances of the heat pump must be expressed in terms of the following magnitudes:

— running mode (heating or cooling);

— internal secondary fluid outlet temperature, Ogg.i ;
— external secondary fluid inlet temperature, Ogqgy; ;
— internal thermal capacity, Pe;

— electrical capacity, Pg) (for vapour compression heat pumps) or generator capacity, Pgen (for
absorption heat pumps).
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A.2.2 Calculation procedure

A.2.2.1 General

In the following steps, the detailed calculation procedure for the estimation of COP and full capacities is
explained. At first the nominal point(s) are characterized via the calculation of quantities to be used in
the rest of the procedure. Then, from the values declared at the nominal point(s), the COP and capacities
at full load operation can be calculated for any user-defined couple of internal and external secondary
fluid temperatures (Ogg.1,¢,Osr.gxe ) Within the declared range for operating conditions.

A.2.2.2 Characterization of rated points

A.2.2.2.1 Vapour compression heat pumps
At each point rated at full load, the following calculations apply.
— Calculation of the Carnot inverse cycle COP, basing on Table A.1:

(QSf:Int +AORs_sfint )+ 273,15

COP*g.. g = (A.11)
Sf:Int/YSf:E
nCOSEEXE (O e + AORe_stine )~ (OstExt + AORe_stxt )|
— Calculation of the actual rated full load COP:
COP _ Plnt'QSf:Int'GSf:EXt f=1 A12
Osfint Osf.exe f=1 — (A.12)
ELOgtnt Osf.pxt f=1
— Calculation of the thermal capacity at the external side:
Pext 5t Ostxe £=1 = Pt Oggyne, 051 £=1 ~ PELOgp a0 Ospse f=1 10 heating mode
(A.13)
Pext,5t10¢ Ostxe £=1 = Pint0sgne, 5t £=1 + PELOs 150 Osgse f=1 10 COOling mode
(A.14)
— Calculation of the 2nd principle of thermodynamics efficiency:
OPoe e Osp e f=1
Sf:Int ' YSf:Ext (Als)

M2ndP,Ost.1ne Oseexe f=1 "o p o o
Sf:Int»YSfExt

A.2.2.2.2 Absorption heat pumps
At each point rated at full load:
— Calculation of the Carnot inverse cycle COP, basing on Table A.1:

~_ Ogen ~Max(Osgne + AOpesnt Ospexe + AOResExt) Ospint + AOresrant +273,15
Ot Ot )

e |(Ostant +A0Rseant )~ (Osext + AOre-stxe ) OGen +273,15
(A.16)

cop*

— Calculation of the actual rated full load COP:

P
Int,Ocr.1nt,Ocrryp f=1
COPQ 0 1= Sf:Int»YSf:Ext (A17)
Sf:Int 'YSf:Ext P,
Gen,O.nt  OstExe f=1

— Calculation of the thermal capacity at the external side:
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PEXtrHSf:Int'QSf:Extrle =P Int,Ogf.1nt Ot Exte f=1 -F Gen,Osf.1nt ,Osf.Ext f=1 in heating mode

(A.18)
Pext, Ot 1t Ospe £=1 = Pt Ot Ope £=1 T Plen O Ospiye f=1 10 COOling mode
(A.19)
— Calculation of the 2nd principle of thermodynamics efficiency:
— COPGSf:Int Osf.Ext f=1 (A 20)
M20dP, 051t Ostexe =1 = " op * '

Ost.int »OstExt

A.2.2.3 Calculation of COP and capacities of heat pumps at full load

A.2.2.3.1 Vapour compression heat pumps

COP and capacities for any couple of temperature conditions ( Og.1,¢ ,Osr.gxt )> at full load conditions, arise
from an elaboration of the same values rated at one of the declared nominal points. In particular, the

nominal point closest to the specific temperature conditions has to be identified. Any reference to the

closest rated point is performed using parentheses and subscript “Ref”. So (st:lnt)Ref; (Gsf:EXt)Ref:
*

(Plnt )Ref ! (PEI )Ref ! (COP Osf:IntOsf:Ext )Ref ’ (COPGSf:[anSf;Ext f=1 )Ref ’ (PEXt'GSf:IntrGSf:EXt f=1 )Ref ’ and

(Uzndp,esf:mt,esmxt =1 )Ref are known. The calculation procedure depends on the running mode.
— In heating mode:

— Calculation of ideal COP at temperatures 6gg.jpe and (Osgpxe ) o
(Of.1nt + AORe_stint ) +273,15

COP Ot (O3t xt e (A.21)
Int” X
Ref ‘(QSf:Int +AOR¢_stint )~ (OskExt + AOR_skExt ) get
— Calculation of the electrical capacity:
(Plnt Ost.ine 0 f—1)
'USE:Int YSf:Ext ' =
PEIQ ) L= Sf:Int»YSf:Ext Ref (AZZ)
WUsf.Int YSf:Ext ( ) .COP *
nzndp'esf:lnt'QSf:EXt'f:1 Ref OSf:Int’(QSf:EXt)Ref
— Calculation of ideal COP at temperatures Ogg.p, and Ogg.py
Oceine + AOpe_cr. +273,15
e OSEB(0gp e + AORe_stine )~ (Ostexe + AORe st )|
— Calculation of the internal thermal capacity:
= . * 0
Pint0gtne Ostimxe =1 = PELOSE e Ostizxe £=1 " COP "t 1ne Ostxe T120dP, Oty Otz £=1 (A.24)
— Calculation of the external thermal capacity:
Pt 05t1ne Ot £=1 = Pnt Osg1ne, 05t £=1 ~ PELOsgine 05t £=1 (A.25)
— In cooling mode:
— Calculation of ideal COP at temperatures (6ggin¢ ) pr and Osppy :
GSf'I +A9Rf*Sf'I +273,15
( Sf:lnt)Ref' Sf:Ext ‘(

Ostint T AORe_stint ) o ~(OsrExe T AORe_srExe )‘
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— Calculation of the electrical capacity:

(PEXWSf:Int ,OsfExt f=1 )Ref

PE].QSf:Int,GSf:EXt f=1~ . +( ) CoP* (A27)
2ndP, 05t OsfExt Ref (05f:int ) gef Ost:Ext
— Calculation of ideal COP at temperatures Oggj, and Ogg.py :
coP* B (Of.nt + AORg_sgine ) +273,15 (A.28)
Osf.int Ost.Ext — :
MUESEEXE (O e + AORe_stine )~ (OseExe + AORe-srExt )
— Calculation of the internal thermal capacity:
_ . * .

Pint, Ot 10 Otz £=1 = PELOSme Ostmne £=1 " COP " Ot 10 Ospee T20dP,Ogin st (A.29)
— Calculation of the external thermal capacity:

Pt 0t1ne. 055 £=1 = PInt, Osg1ne, 05 £=1 F PELOsg1ne, 05ty £=1 (4.30)

A.2.2.3.2 Absorption heat pumps

— Calculation of ideal COP at temperatures Og.;,; and Ogg.py; :

. O_Gen B MaX(OSf:Int + A9Rf-Sf:Int 'OSf:Ext + A0Rf—Sf:Ext ) . QSf:Int + A9Rf-Sf;lnt +273,15
Ot Pext )

et |(Ostane + AOe-stine )~ (Ostxe + AOresrxe )| Ogen +273,15
(A.31)

cop*

— Calculation of COP at temperatures Ogg.j, and Ogg.py -
— . *
COPOt e st £=1 _(nzndPﬁSf:lntﬂSf:Ext 'le)Ref L — (A.32)

— Calculation of the generator capacity at temperatures Og.;,; and Ogg.py :

P Gen,Ost.ne , Osgpxe =1 ~ (P Gen )Ref (A.33)
— Calculation of the internal thermal capacity at temperatures Ogy.;,,; and Ogg.py :

Pint Osine st f=1 = COP0sgtne Oty f=1 (Peen et (A.34)

— Calculation of the external thermal capacity at temperatures Oggj, and Ogg.gyy

Pext, 0.1t Ostpxe f=1 = Pint Op i Ospxe =1 ~ PGen, gy Ospy £=1 10 heating mode

(A.35)

PEXtﬂSf:IntﬁSf:Ext f=17 PlntﬂSf:ImﬁSf;Ext f=1t PGenrOSf:lnt'QSf:Ext'le in cooling mode

(A.36)

A.3 Example of input data and output results
Together with this part of ISO 13612, four spreadsheets have been delivered. They show examples of

application of the method in this part of ISO 13612 for two heat pumps, both used in heating and in
cooling modes.
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In Table A.2 and Figure A.3, examples of input and results are shown.

Table A.2 — Example of input and output for Method A — Cooling mode

GENERAL DESCRIPTION OF THE HEAT PUMP AND NOMINAL CONDITIONS

AND CAPACITIES
RunningMode ("HEATING"/"COOLING") COOLING
= o IntFluid ("WATER"/"AIR") AIR
232 ExtFluid ("WATER"/"AIR") WATER
g -: TIntFluid_Outlet (Nominal conditions) [°C] 7.0
TExtFluid_Inlet (Nominal conditions) [°C] 35.0
IntCapacity (Nominal conditions) [kW] 47
BlCapacity (Nominal conditions) [kW] 1.8
COP (Nominal conditions) [-] 2.61
COP_ldeal (Nominal conditions) [-] “ 6.40
Eta2ndPrinc (Nominal conditions) [-] 0.41

ADDITIONAL RATED POINTS FOR PART LOAD CALCULATIONS

Code [Alfa] A B c D
Part load ratio [%, ref. to Nom] 100.0  80.0 44.0 33.0
TintFluid_Outlet [°C] 7.0 7.0 7.0 7.0
TExtFluid_Inlet [°C] 35.0 35.0 35.0 35.0
COP[-] 3.0 3.2 35 3.6
Part load ratio [%, ref. to actual] 100.0 80.0 44.0 33.0
COPFactor [-] 1.14 1.24 1.35 1.38
Use standard parzialization curve YES
Control ON-OFF

In Table A.2, input areas are yellow shaded, whereas outputs are in the green area. In particular, the
input areas are two: the upper one is used to provide data needed for full load COP and capacities
calculation, whereas the lower area is used for calculations at part loads. It is clear that the amount of
information needed by Method A for the achievement of full load COP and capacities at any temperature
is really low and easy-to-find in any catalogue or data sheet. For instance, in the examples presented in
the attached spreadsheets, just one nominal point is used for the calculation of COP and capacities at full
load conditions. The rest of input and output areas will be described in the section regarding part load
calculations.

TABLES FOR COMPARISON (used as references for method validation)
DECLARED VALUES CALCULATED VALUES GAP
Int Temp [°C] Int Temp [°C] Int Temp [*C]
6 7 8 10 12 15 16 18 6§ 7 8 10 12 15 16 18 6 7 8 10 12 15 16 18
%‘ o 25 [ 50 52 54 57 6.1 6.6 6.7 IENIN 25 [49 50 62 56 60 68 71 78| 25 [ 4% 4% 3% -2% -1% 3% 6% 10%
ig £_, 30 |48 50 51 54 58 6.3 6.4 68 |E_. 30 |47 49 50 53 57 63 66 74 g _ 30 |-2% 2% 2% 2% -1% 1% 3I% 5%
a= ELP 35|45 47 48 5.1 55 5.9 8.0 64 (£ O 35 |46 47 48 51 54 59 61 66 S 35 | 1% 0% 0% 1% 1% 0% 2% 2%
E 5 40 | 43 44 45 48 5.1 56 6.0 - | 40 [ 44 46 47 49 52 56 58 & 40 | 5% 4% 3% 2% 1% 0% -4% -
43 | 41 42 43 46 a9 - - - 43 | 44 45 46 48 50 - - a3 | 8% 6% 5% 3% 2% - -
Int Temp [*C] Int Temp [°C] Int Temp [*C]
6 7 8 10 12 15 16 18 6§ 7 8 10 12 15 16 18 6 7 8 10 12 15 16 18
—_ o 25 (328 336 2345 358 370 386 394 406 | 25 [329 340 352 378 408 462 483 531| 25 [0% 1% 2% 6% 10% 19% 23% 31%
. £_. 30 | 289 295 301 312 324 338 344 355 |E _ 30 |287 295 3.05 3.24 3.46 385 400 432|g _ 30 [-1% 0% 1% 4% 7% 14% 16% 22%
8 290 35 261 256 261 271 279 294 298 307 (S P 35 254 261 268 284 3.01 330 341 365| S P 35 | 1% 2% 3% 5% B% 12% 14% 19%
5 40 | 215 218 223 231 240 252 286 - B 40 | 228 234 240 252 2.66 2.89 2.97 b a0 [ 6% T% T% 9% 11% 15% 4% -
43 | 193 198 202 210 218 - 43 | 245 220 225 236 249 - - 43 [ 1% 1% 12% 13% 14% -
Int Temp [*C] Int Temp [°C] Int Temp [°C]
s 6 7 8 10 12 15 16 18 6§ 7 8 10 12 15 16 18 6 7 8 10 12 15 16 18
= o 25 [15 16 16 16 16 1.7 17 18 | 25 [15 15 15 15 15 15 15 15| 25 [ 3% -5% -5% -8% -10% -13% -13% -16%
%" E 017 1T 1T 17 18 1.9 1.9 18 |E 30 |16 16 16 16 16 16 16 16 |E 30 | 1% 2% -3% 6% -8% -11% -11% -14%
g e E 3B (18 18 19 19 20 20 2.0 21 |# E 35 |18 18 18 18 18 18 18 18 |2 E 35 | 1% 2% -3% -5% -B% -11% -11% -14%
8 5 40 | 20 20 20 21 21 2.2 2.1 - B 40 |19 19 19 18 19 19 19 & 40 | 2% -3% -4% -T% 9% -13% 7% -
w 43 | 21 21 22 2.2 23 - - - 43 |20 20 20 20 20 - - 43 | 3% -4% -6% -8% -11% - -
Int Temp [*C] Int Temp [°C] Int Temp [*C]
6 7 8 10 12 15 18 18 6 7 8 10 12 15 16 18 6 7 8 10 12 15 16 18
Z o 25 [ 66 68 69 73 77 83 8.4 89 | 2% [63 65 67 74 75 83 86 83| 25 [ 4% 4% -4% -4% -3% 0% 2% 5%
is E_ 30|65 66 68 7.2 75 8.1 8.2 87 |g 30 |64 65 66 7.0 7.3 80 82 BB |E 30 | -2% 2% 2% -3% -3% -2% 0% 1%
j= 2P 35|64 65 67 7.0 74 8.0 8.1 35 (8 35 |64 65 66 69 72 77 79 B4 |SD 35 | 0% 0% A% 2% 2% -3% 2% 2%
= 5 40 | 62 64 66 6.9 73 7.9 8.1 - B 4 (64 85 65 69 74 76 77 - |X a0 3% 2% 1% -1% -2% -4% -5% -
43 | 62 63 65 6.9 72 - - - 43 [ 64 65 66 68 7.1 43 [ 4% 3% 2% 0% -2% - -

Figure A.3 — Example of tables provided by the manufacturer and tables built via Method A —
Cooling mode

In Figure A.3, full load outputs from Method A are compared with data declared by the manufacturer. It
is clear that, when outputs are desired for operating points not far from the given nominal point, the gap
of Method A from rated performances is within 10 %. The results are especially good as regards electric
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capacity and COP. Moreover, the largest differences are shown when the temperature at the condenser
side varies a lot from nominal conditions. So the results show good accuracy, even more if we consider
that heat pumps are usually used in well-defined ranges of internal temperature (for instance, radiant
panel heating, fan coil or radiator temperature ranges), and, basing on that specific range, manufacturers
provide nominal data closer to each specific application needs.

The largest differences have been experienced in the case of defrost. In that case, Method A should be
refined. The refinement could be performed in two ways:

— improving and making the calculation model more complex, in order to take into account defrost
activation and maintain good accuracy with just one nominal point given by the manufacturer. The
main variations in the model could consist of the following actions:

— split of electrical capacity into compressor, defrost system, control system, pumps and fans
electrical capacities, so that the COP of the cycle can be more consistently defined;

— calculation of temperature differences between refrigerant and secondary fluids basing on
instantaneous thermal capacities and fluid flows at evaporator and condenser;

— requiring one more nominal point, placed in the defrost activation temperature range, that can be
used as a reference point when the heat pump works in defrost conditions.

The second option appears as the most affordable in order to limit the complexity of the method and
maintain good calculation accuracy, whereas the first option is feasible for software and advanced
modelling.

A.4 Advantages and disadvantages
Method A has the following advantages:
— input data consist of really few values, easy to collect even for old heat pumps;

— good calculation accuracy when the nominal rated point is in the middle of the actual operating
conditions;

— the calculation procedure has a clear and consistent physics basis and does not consist of just mere
coefficients adapted for convenience;

— the method can be improved via easy enhancements, not considered at this stage (in order to
maximize easiness of calculations). The possible enhancements can be resumed in the following
list:

— split of electrical capacity into compressor, defrost system, control system, pumps and fans
electrical capacities, so that the COP of the cycle can be more consistently defined;

— calculation of temperature differences between refrigerant and secondary fluids basing on
instantaneous thermal capacities and fluid flows at evaporator and condenser;

— use of a larger number of nominal points (anyway limited in a small total number of 2 + 4),
especially when defrost has to be considered.

Method A has the following disadvantages:
— weak accuracy when both the following conditions take place:
— just one nominal point is used;

— large temperature differences between actual operating conditions and nominal conditions are
involved, especially in the case of defrost operation.
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Annex B
(informative)

Calculation of the COP based on interpolation of values

B.1 General

Annex B presents two approaches for calculation of the COP.

The first one is based on the interpolation from a reference value and using a set of coefficients based on
the different technologies of heat pumps.

The second one presents a method that authorizes the calculation of the COP of on/off heat pumps at full
load and partial loads, based on the definition of the second degree formula.

B.2 Construction of the reference matrix at full load capacity

Fluid type

Fluid
type Bin L

Ref

Figure B.1 — Basic matrix for determination of main values of COP at full load capacity

The matrix is built from a reference value (Example COP for 6;5 = 7 °C and oyt = 35 °C) and using a
coefficient representing the evolution of the COP under external conditions and/or output temperature
of the heat pump

COP Kk,1 = Cipe(k,ref) - Couc(l,ref) - COPref (B.1)
where
COP Kk, is the coefficient of performance corresponding to conditions k (inlet temperature)

and | (outlet temperature);

Cint(k,ref) isthe correction factor for values of temperature k and reference at the input of the

heat pump;

Cout(l,ref)  isthe correction factor for values of temperature |1 and reference at the output of the
heat pump;

COPref is the value of COP at reference conditions.

EXAMPLE Heat pump type: brine/water; reference value: COP at 7 °C/35 °C.
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Table B.1 — Multiplication factors for brine/water heat pumps

Inlet temperature Outlet temperature
Cint (2,7)=09 Cout (25,35)=1,1
Cint (12,7)=1,1 Cout (45,35)=10,8
Cint (17,7)=1,2 Cout (55,35) = 0,64

Cout(65, 35) = 0,51

B.3 Heat pump model

The value of the COP is established for a fixed value of the calculation period (typically 1 h).

B.3.1 Full load capacity with non-nominal conditions

B.3.1.1 Cooling mode

For this model, the heat pump system in cooling mode is characterized with the temperature of the
sources at evaporator and condenser. It calculates the energy delivered to the system and the energy
delivered to the cooling system. This model is based on two non-dimensional formulae in which
polynomial characteristics are issued from the theoretical value of CO and specific product data.

The power of the compressor unit, Q, , is obtained from Formula (B.2) as a function of the inlet (air)
temperature of the condenser, and of the ration of the cooling power demand and energy used by the
compressor at nominal conditions. The cooling power for non-nominal conditions is calculated based on
the same principle.

Qﬂ}:(QAJ (1+C{.AT+C,.AT? (B.2)
(Qfﬂ Qs nom ( ' ’ )
where

Qar is the power delivered to the compressor at full load at non-nominal capacity;
Qrn is the cooling power demand at full load at non-nominal conditions;
Qa,nom is the power delivered to the compressor at full load at nominal capacity;

Qfmom is the cooling power demand at full load at non-nominal conditions.

AT = Text _ Text (B . 3)
Tair,ent,h Tair,ent,h nom

where

Text is the external temperature at the inlet of the condenser;

Tair,ent,nis the (humid) temperature at the inlet of the evaporator.

Qfﬂ = anom'|:1 + Dl '(Text - Text,nom ) + DZ '(Tair,ent,h - Tair,ent,h,nom ):| (B'4)

Ci,Dj are the weighting factors (i = 1,2) used for the calculation of the power used at full capacity for non-
nominal conditions. These weighting factors are obtained from product data (three values or more). The
calculation procedure is presented in B.3.
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B.3.1.2 Heating mode

The calculation of the power capacity for non-nominal conditions is expressed in Formulae (B.5), (B.6),
and (B.7):

(Qﬂjz(Q—aj .(1+Cl.AT+Cz.AT2) (B.5)
Qe c/n
AT = Text _ Text (B6)
Tair,ent Tair,ent n
Qcﬂ = an'|:1 + Dl '(Text - Textn ) + DZ'(Tair,ent - Tair,ent,n ):| (B'7)
where
Q¢ is the power demand at the condenser;

Qaf1  is the power used by the compressor at full capacity and non nominal conditions;
Qct1 is the power demand at full load for non-nominal conditions;

Qanom is the power delivered to the compressor;

Qcnom is the thermal power at nominal conditions;

Tairent is the internal temperature at the inlet of the condenser.

Ci,Dj are the weighting factors (i = 1,2) used for determination of the performance of the heat pump
in heating mode at full load for non-nominal conditions. The definition of theses weighting factors is
presenter in B.3.

If the condenser is located outside, Q. is corrected with the coefficient Cq linked to the defrosting mode.
The thermal capacity is corrected according to the following rules:

Qc,cor = Qc if Text >2 °C
=Cq.Q. if Toyr <2°C

QC,COI‘

B.3.2 Model at part load for ON/OFF heat pumps

The model used for characterization of the heat pump is based on Formula (B.8).

Qa Qf
—=C .| — —-1|+1 B.8
Q¥ (Qfﬂ ]Jr (38)

with &zr part load factor

Qm
Ccp is a parameter defined according to the type of compressor unit, the nature of fluid, and the
temperatures at the condenser and at the evaporator.

The values of the COP in real conditions (partload and non-nominal conditions) are calculated as follows:

EERréel :% (Bg)

a

© IS0 2014 - All rights reserved 53



BS ISO 13612-2:2014
ISO 13612-2:2014(E)

EER,, = Qm (B.10)
afl
The reduction factor at part load is calculated according to Formula (B.11):
Q
EER
ch = [ reel] = ¢ = [T- Qaﬂ] = ! (B.11)
EER,, Qm Q. Cep (r -1)+1

Qaﬂ
This expression shall be considered for any type of cooling unit. For HP, the expression of C¢p shall be
replaced with the coefficient (1 - ), as a represents the ratio of the standby power with power delivered
to the compressor at full load.

B.3.3 Calculation of the weighting factors used for assessment of the performance of
ON/OFF heat pumps

B.3.3.1 Cooling mode

The calculation of the weighting factors is based on at least three sets of data.

Calculation is available for air or water.

For cooling mode, the temperatures at the evaporator and at the condenser are determined with
— the external air temperature or output water temperature, tsc, and

— the output temperature of iced water or output air temperature (direct evaporative air cooler
battery), tse.

B.3.3.2 Calculation procedure for the weighting factor

The definition of te. is based on available product information:

— for air condenser, tec corresponds to ambient air (inlet air to the condenser);

— for water condenser, tec corresponds to the outlet temperature of the condenser.

The accuracy of the results of the model hardly depends on the choice of data used for characterization
of these parameters. As a basis, it is preferable to choose three points with the following characteristics:

— point 1 shall correspond to nominal operation of the HP;
— point 2 shall correspond to the operating mode with the lowest value for At;

— point 3 shall correspond to the operating mode with the highest value for At.
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Temperature of the heating source  ATqax

Nominal operating mode

Temperature of
the cooling
source

y

ATmin

Figure B.2 — Position of the point used as a function of the temperatures of cooling source and
heating sources

This procedure is preferred when the product data are available. Extrapolation increases the value
systematic uncertainty.

Qan | _[Qa| . . AL
(@J_(ijnom (1+(:1 At+C,-At ) (B.12)
with AHH 0
(B.13)
Qtn =CQf '[1+D1'(tsc _tscn)+D2 '(tse ~Csen ):I (B.14)

The following parameters are used to determine the weighting factors:

— = 2
A= Qant O B=At E=At _Qm
Qm Qan Qfn

G= tsc _tscn H= tse _tsen

Data set point 1 and 2 are linked with the following formulae:

A=1+CiB+CyE

(B.15)
F=1+D1G+DzH
(B.16)
B,A;-B;{A,+B;-B A{-1-C,E
C, = 2221 182 +tbB1 =By c = 21 281
ByE; —B4E; By
G,F; -G{F, +G{ -G F,-1-D,H
D, = 221 1fp +bq —bp Dy= -1 2H1
GoHq —GyHy Gy
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Index i refers to set point data i.
Default value of the calculation model

Product data sometimes only consider the technical characteristics of the HP at nominal conditions. In
this case, the necessary completion of the data set points.

In this case, the ratio of power based on the application of the formula of Carnot is used to establish
default values:

Cy =(g—jn (B.17)

C2=0
(B.18)

B.3.3.3 Heating mode

Heating mode performances are calculated with the same procedure as the cooling mode.
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Annex C
(informative)

Calculation of heat pump COP and thermal capacities at part load
conditions

C.1 General

To estimate the value of COP at part load conditions, Method A and Method B walk the same path: The
full load COP is multiplied by a proper part load factor, fx, calculated basing on the actual part load
ratio X, that expresses the degree of partialization, i.e. the ratio between the thermal capacity needed
at the user side and the maximum capacity that the heat pump can deliver at the same temperatures of
secondary fluids. With regard to vapour compression heat pumps, the method described in the present
section accepts rated performances at any part load condition, even if it is suggested to use points
required by EN 14823, for consistency among standards. If such data are not present, it uses formulae
recommended by EN 14825,

C.2 Introduction and input data

In the following steps, the procedure to calculate the COP and average capacities at part load conditions
is explained. In a few words, it is assumed that, at any couple of internal and external secondary
fluid temperatures, the COP and capacities at part load conditions are tightly related to the ones at
full load. That relation is easy and is expressed via a multiplier whose value depends on the degree
of partialization. At any couple of internal and external secondary fluid temperatures, the degree of
partialization is defined via the part load ratio, according to Formula C.1:

P
Int,Ocr.nt,0cf vt =X
X = > Sf:Int »YSf:Ext [_] (Cl)
Int,0s.1nt, Osf.Ext f=1
where

is the average internal capacity needed at the user side, with secondary fluid

Pln
t,05f.1nt »Osf-Ext f=X
SEnt 7SEExt temperatures Ogg.p; and Ogppy ;

is the maximum internal capacity that can be expressed by the heat pump at

Ping,0gg.1ne Osgxe f=1
VUSE:Int VSEExt ' T .
! b secondary fluid temperatures Ogs.;,; and Ogg.py; -

The aforementioned relation between the COP and capacities at part load and the ones at full load
capacity consists in the following formulae:

COPyg e Ot £=X = COPoge e Osgpe £=1 X (C.2)

Plnt'GSf:lnt 'QSf:Ext f=X (C 3)
COF Os.Int »Ose.Ext f=X

PEL 01t Osxe f=X =

B Ext,05f.1nt OspExe f=X B Int,Os.1nt,Osf.Ext f=X -P ELOgg1nt OsgExe f=X 11 heating mode

(C.4)
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PEXt'GSf:Int'OSf:Ext f=x =P Int,Osg.1ne Ostxe f=X T B ELOggnt OsgExe f=X 11 cooling mode
(C.5)

The concept that is the basis of this description of performances at part load conditions can be clearly
explained by means of Figure C.1, where it can be noted how the relevant differences in COP trend can
be efficaciously summarized by means of the part load factor (fx), that is used to normalize part load
COP curves at different internal and external secondary fluid temperatures. The part load factor curve
is even more realistic when, for each part load ratio, the most realistic internal and external secondary
fluid temperatures are considered so that an even better correspondence between the part load factor
and the most probable couple of secondary fluid temperatures can be achieved.

——05f:Int = 45°C, 6Sf:Ext = 12°C ——05f:Int = 45°C, 0Sf:Ext = 2°C 0sf,Int = 45°C, 65f,Ext = 7°C

——05f:Int = 45°C, BSf:Ext = -7°C === Actual operation
6.0

5.0

4.0

3.0

COP [-]

2.0

1.0

0.0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Part load ratio (X) [-]

a) COP versus part load capacity (expressed in terms of part load ratio X)
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——05f:Int = 45°C, 05f:Ext = 12°C ——05f:Int = 45°C, 6Sf:Ext = 2°C 0Sf:Int = 45°C, OSf:Ext = 7°C
——05f:Int = 45°C, 05f:Ext = -7°C ==~ Actual operation
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Part load factor (fy) [-]
o
(+]

e
S

o
N

0.0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Part load ratio (X) [-]

b) Part load factor versus part load capacity (expressed in terms of part load ratio X)

Figure C.1 — COP and part load factor versus part load capacity (expressed in terms of part load
ratio X)

In brief, the profile of fx versus X is needed. For that purpose, EN 14825 recommends that COP be rated
atimposed partload values Xnom 4 =ANom+ XNom, B = BNom s XNom, ¢ =CNomand Xyom p =Dnom» With

specified temperature couples ( Ogg.nt ,Ose.pxt )» Where Xy, means that the partload ratio is referred to
the nominal capacity.

C.3 Detailed calculation procedure

C.3.1 Characterization of rated points

Particular attention has to be paid, since part load values ANom, BNom» CNom, and Dnom are referred to

A =
Nom and not to (Plnt'esfslntresf:Ext'f:1)___' Hence, X, =4,
D

Xp=B, X, =C,and X[ =D values are derived, referred to full capacity at same Oggj,; and Ogg.py - In

nominal internal capacity (Plnt O.1ntOstExt f:l)
+YSf:Int ' YSEExt

short, 4, B, C, and D values are obtained, referred to the corresponding (Plnt'esf'lnt'esf-Ext -1 )A, and fy, fB,

D
fc, fp, by the following correlations:

: )
( Int, Og.1n ,Osf.Exe f=1 Nom (Cl6)

A=Anom -
( Int,0sf.nt ,Osf.pxe f=1 ) A

COPt e st A (C.7)

0=
(COP Osf.int Osf.Ext f=1 ) A
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{B:... {C:... {D:...
fp=w|fo="fp=m

The curve of pairs (4, fa), (B, fB), (C, fc), and (D, fp) is built. It will be used to calculate, via interpolation,
the partload factor basing on the partload ratio, as explained in Figure C.2:

Part load factor (f)

Point A PointNom
1.0 —0O
PointB
fX
PointC
PointD
Part load ratio (X)
0 Pn -
X = I t-BSHn['BSfEﬂ-f X [_] 1

[[19- P - e £

a) Typical correction factor curve for COP under part load conditions, for on-off compressors
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PointB
. PointA
Point
fx
// PointNom
1.0 <
PointD
Part load ratio (X)
P, _
0 X = Int,Bstint Osrent.f=X -1 1
It B340 Bsrea f=1

b) Typical correction factor curve for COP under part load conditions, for inverter-driven

compressors

Figure C.2 — Typical part load factor curves for COP under part load conditions, for on-off
compressors and inverter-driven compressors

C.3.2 Calculation of COP and capacities of heat pumps at part load capacity

To sum up, when the curve in Figure C.2 is known, COP and capacities for any group of data (g,
OstExt» Pint,0gpe,0srp, f=x ) €aN be calculated, after that the values of Py oo -1 (Maximum
internal capacity that can be expressed by the heat pump at secondary fluid temperatures Ogg;,, and
Os.pxe ) and COPy . g f-1 have been calculated.

C.3.2.1 Vapour compression heat pumps

If partload points such as 4, B, C,and D are not provided, then the following procedure has to be followed:

— If the heat pump has ON-OFF control, then:
— Ifthe internal secondary fluid is water, from [EN 14825:

fx

X

7 0,9-X+0,1

— Ifthe internal secondary fluid is air, adapted from EN 14825

fx

T0,9-X+0,1

X
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— Ifthe heat pump has INVERTER control, then:
— IfX>0,25:

fo=1 (C.10)

— If X<0,25:

If the internal secondary fluid is water, then, from prEN ISO 14825, Formula (1):
x.[100
25
0,9 X- 100 +0,1
25

If the internal secondary fluid is air, then, from Formula (2) in prEN ISO 14825 (in prEN ISO 14825, the
formula is not complete, indeed):

o12)

25 100

Fxop = -{1-0,25-{1-)(-(—)}}
0,9-{){-(1205‘))}0,1 2

NOTE Consider that the formula is a necessary simplification, when no data at part load conditions are given.
This way, inverter heat pumps maintain anyway better COP at part load conditions compared with ON-OFF heat
pumps. Under part load factor equal to 0,25 it is supposed that the heat pump works in ON-OFF mode, so the
same part load factors as for ON-OFF control are used, but the considered modulation range in ON-OFF mode, for
inverters, is assumed between 0,0 and 0,25, so the multiplier 100/25 is present.

fx=

C.3.2.2 Absorption heat pumps

The value of f; comes from Tables C.1 and C.2, depending on the kind of heat pump control (on-off or
modulating).

Table C.1 — fx for on-off absorption heat pumps

X 0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00
fx 0,68 0,77 0,84 0,89 0,92 0,95 097 0,99 1,00 1,00

Table C.2 — fx for modulating absorption heat pumps

X 0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00
fx 0,72 0,81 0,88 0,93 0,97 0,99 1,00 1,00 1,00 1,00

C.4 Example of input and output

In the spreadsheets delivered together with this part of ISO 13612, examples of application of the present
method are shown for two heat pumps, both used in heating and in cooling modes.

In Figure C.3, examples of input and results are shown.
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Additional rated points for part load calculations

Cod [Alfa] A B G D

Part load ratio [%, ref, to Nom] 100,0 80,0 44,.0 33,0

TintFluid_Outlet [%] 7,0 7,0 7,0 7,0
TExtFluid_Inlet [°C] 35,0 35,0 35,0 35,0

COP [-] 3,0 3,2 3.5 3,6
Part load ratio [%, ref. to actual] 100,0 80,34 44,19 33,14
COPFactor [-] 1,17 1,27 ifss 1,41

Use standard parzialization curve YES
Control ON-OFF

Figure C.3 — Example of input and output for COP and capacities at part load conditions —
cooling mode

In Figure C.3, the inputs needed for partload conditions are shown (yellow area), together with possible
output (green area). At the end of these calculations, the heat pump behaviour can be predicted for any
operating condition.
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C.5 Conclusions

The present method is easy for use and calculations. Its accuracy depends on the accuracy of the method
previously adopted for the estimation of full load COP and capacity.

Moreover, the method can be used starting from any group of points at part load conditions, even if it is
recommended to use data rated at points suggested in EN 14825,
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Annex D
(informative)

Model of heat pump in the BEST program

D.1 Concept of modelling of the equipment characteristics in the BEST program

The theme of the modelling of equipment characteristics is the compatibility between the characteristics
unique to equipment, with dynamic characteristics taken into consideration, and the maintainability of
such characteristics data. As for the maintenance after completion of programs, it is important how
efficiently new types of high-efficiency equipment can be built in and the types of equipment of similar
characteristics can be added without any mistake. For this purpose, equipment characteristics were
basically static characteristics and the modelling was made easier.

As for the models of equipment characteristics, physical models are applied to that equipment that can
be physically expressed, and regression formula models are applied to that equipment whose inherent
characteristics are complicated. As for the regression formula models, equipment characteristics are
classified into a couple of representative types and polynomial approximation is applied to them. The
amount of inputs and outputs at the rated capacity of each piece of equipment and the power of auxiliaries
and others are described separately in data s of equipment specifications, and the maintainability is
improved by separating the models of characteristics and the tables of equipment specifications.
This Annex describes the structure of equipment data, methodologies of modelling of representative
equipment, and the results of calculations.

D.2 Structure of equipment data

As for general purpose equipment, applicable types are selected on the selection screen, and the rated
values of respective equipment are inputted from the catalogues of manufacturers. In a stage, including
designing stage, where specific types are not decided, it is decided to input the rated values of those
equipment listed in the design standard of the Ministry of Land, Infrastructure, Transport, and Tourism.

As an example of the table of equipment specifications, one of the centrifugal chillers is shown in Table
D.1. These values are set as fixed values at the time of initialization of element modules. As for other
equipment, the model numbers of outdoor units, fuel consumptions (consumptions by fuel type) at rated
operation, and characteristics for heating mode (rated output, rated input, rated temperature, and flow
rate) are added in accordance with the types of equipment.
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Table D.1 — Table of equipment specifications — Example of centrifugal chillera

Centrifugal chiller
1) Classification (1) Centrifugal chiller
2) Classification (2) For cooling only
3) Classification (3) —
4) Name of manufacturer Company A
5) Name of series High-efficiency type
6) Model number (inverter)
7) Refrigerant 800
8) Characteristics at cooling HEC-134a
Rated output (kW)
Power consumption at rated opera- 2,813
tion
Main unit (kW) 505
Auxiliary unit (kW) 2
Rated temperature and flow rate
Cold water
Inlet temperature (°C) 12
Outlet temperature (°C) 7
Flow rate (m3/h) 121
Pressure loss (Pa) 60
Cooling water
Inlet temperature (°C) 32
Outlet temperature (°C) 37
Flow rate (m3/h)
Pressure loss (Pa) 148
9) Characteristic formula pattern index 49
10) Dynamic characteristics C
Anti-repeat time (min) 15
Operation time of auxiliaries before |2
start-up (min) 45
Operation time of auxiliaries after |
shut-down (min)
11) Remarks
a  Some values are different from reality.

D.3 Equipment characteristics models

D.3.1 Heating and cooling equipment

D.3.1.1 Types of applicable heating and cooling equipment

The heating and cooling equipment to be developed are shown in Table D.2. Several types of characteristic
formulae shown in Table D.2 are implemented for respective equipment. All of these characteristic
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formulae are regression formula models. They include those provided by manufacturers and those
developed by WG on equipment characteristics based on data that have already been published. The
characteristic formulae for the latter are developed by the formulation method of the commissioning
(Cx) tool subcommittee of the Cx committee of this academic society, which was closed in fiscal 2007.
All of these characteristic formulae allow for partial load characteristics, temperature characteristics
of cooling medium, and others.

In this subclause, these models are described with a centrifugal chiller as a major example.

Table D.2 — Frame structure and status of formulation of heating and cooling equipment

characteristics
Type Outline
Standard unit Vane control Development from JRA data
c el chill Vane control Data provided by manufacturers
entrifugal chiller
8 High ifrg,flency Inverter control Data provided by manufacturers
Ice storage (Under review)
S Slide valve control Data provided by manufacturers
crew
Inverter control Data provided by manufacturers
Air-source heat Control of the number of com- .
Data provided by manufacturers
pump Scroll pressors
Inverter control (Under review)
Ice storage (Under review)
S Slide valve control Data provided by manufacturers
crew
Inverter control Data provided by manufacturers
Water-cooled lofth ber of
chiller Scroll Control of the number of com- Data provided by manufacturers
pressors
Ice storage (Under review)
Triple effect
Data provided by manufacturers
Direct-fired Double effect
High year-round efficiency unit (Under review)
Absorption chiller Steam-fired Double effect Data provided by manufacturers
Hot water-fired Single effect Data provided by manufacturers
Triple effect -
Waste heat-fired P Already formulateq by WG on co
Double effect generation

D.3.1.2 Regression formula models of centrifugal chillers

The inputs and outputs of centrifugal chillers are shown in Figure D.1. For characteristic models, the
data of Japan Refrigeration and Air Conditioning Industry Association and other data provided by
manufactures are used, and the characteristic formulae of the following three types--standard unit
(vane control), high-efficiency unit (vane control) and high-efficiency unit (inverter control)--are
mounted. The performance of all types of equipment registered in the table of equipment specifications
is calculated by either of these formulae.
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Cold water inlet temperature Power consumption
Cold water flow rate :> Centrifugal Cold water outlet temperature

Cooling water inlet temperature chiller model Cold water pressure loss
Cooling water flow rate Cooling water outlet temperature

Cooling water pressure los

Figure D.1 — Input and output of centrifugal chiller model

Ofthese, the characteristic formula of the standard unit (vane control) is formulated by SWG on equipment
characteristics based on the performance characteristic diagram of the association. Figure D.1 shows
that the cooling capacity increases by up to 4 % when the cooling water temperature is low and the cold
water temperature is high. With emphasis placed on this point for calculation, the maximum cooling
capacity, RoMmax (%), is calculated first by Formula (D.1).

RoMax = 100 + 2(TWin = TWin_s) = 0,5(TWcin = TWCin_s)

(D.1)
(Provided, however, if RgMmax > 104, Romax = 104)
where
TWin is the cold water inlet temperature (°C);
TWin_s is the rated temperature of cold water inlet (°C);
TWein is the cooling water inlet temperature (°C);
TWkin_sis the rated temperature of cooling water inlet (°C).
Then, power consumption Wcgr (W) is calculated by Formula (D.2).
Wcr = Wer_s - Cq-we - Cwe + Wer_a
Cq-wc = A2 - Rqe? + A1 - Roe + Ao
Ao} (Aoo Ao1 Aoz 1
Ay |=| A0 Apr Ap || TWei (D.2)
2
Az) A0 Az A ) T,
where

Wcr_ s  isthe rated input of motor (W);

Cq-wc is the transformation factor of load factor and cooling water temperature;
CwWE is the transformation factor of cooling water temperature;

Wcr A is the power of auxiliary unit (W);

RQE is the load factor of chiller;

Aopo~Azy are the constants.

For reference, Rwg is calculated inside the model with the cold water inlet temperature and cold water
flow rate of the input items.
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The upper limit of cooling capacity is calculated by Formula (D.1), and the results of input of motor as
calculated by Formula (D.2) are shown in Figure D.2.
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—_ Cooling water inlet temperature:
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2 28C
© 24°C
5 80 20°C
C
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S 40 in cooling water
*5 temperature
8 20 Note: The cooling water temperature at
S the time of partial load conforms to
- JIS-B8621 “Centrifugal water chillers”
2 and varies with load factors.
£ 0

0 20 40 60 80 100 120
Load factor (%)

Figure D.2 — Centrifugal chiller characteristics A (fixed speed — standard) — Partial load
characteristics by each cooling water temperature

In addition to the standard unit indicated in Figure D.2, the characteristics of high-efficiency units are
shown in Figure D.3. Here, COP ratios are expressed with the rated point (load factor is 100 % and
cooling water temperature is 32 °C) as the standard. In the case of centrifugal chillers, as the difference
in characteristics due to types of refrigerants is small, HFCs and HCFCs are expressed by their common
characteristics.
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350 350
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Cooling load factor (%) 0 20 40 €0 80 100 120
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a) Fixed speed (vane control) unit b) Inverter control unit

Figure D.3 — Characteristics of high-efficiency centrifugal chiller (example)
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As for centrifugal chillers, the formulation of the standard unit, the high-efficiency unit, and the inverter-
driven high-efficiency unit have been completed as shown in Table D.2.

D.3.1.3 Models of absorption water heater-chiller units

The inputs and outputs of absorption water heater-chiller units are shown in Figure D.4. As shown in
Table D.2, they are classified into direct-fired and steam-fired to reflect the characteristics of respective
types. As for direct-fired, the triple effect type of high COP is added. Moreover, it is made possible to cope
with the characteristic formula of hot water-fired, which can be made use of for utilization of exhaust
heat and others. The characteristic formula of waste heat-fired type is formulated on co-generation.

Fuel consumption

Operation mode Power consumption

(cooling/heating)

Cold/hot water
Cold/hot water
inlet temperature outlet temperature

Absorption Cold/hot water
Cold/hot water water heater- preséure loss
flow rate chiller unit Cooling water outlet

Eé)rggréga\rg;cgr inlet models temperature
X Cooling water
antglmg water flow pressure loss

Figure D.4 — Inputs and outputs of absorption water heater-chiller unit models

As an example of equipment characteristics, the characteristics of the double effect steam-fired
absorption chiller are shown in Figure D.5. The load factor of 100 % and cooling water temperature of
32 °C are considered as the standard points of steam consumption rate as is the case with Figure D.3.
The partial load characteristics of the high-efficiency unit and that of the standard unit are almost the
same and both can be expressed by the characteristics shown in Figure D.5. Moreover, the database is
added with “high seasonal efficiency units” that are announced by Japanese manufacturers.

120
[ Cooling water inlet temperature:

100 [~ ] 1
S 32°C /;
3 28C
s 80 [ 24C +—
S 20°C
=)
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=
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0
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Cooling load factor (%)

Figure D.5 — Characteristics of double effect steam-fired absorption chiller (example)

D.3.1.4 Air source heat pumps and water-cooled chillers

For air-cooled heat pumps, their types are expanded as shown in Table D.2, including the types of control
of the number of compressors, which use scroll compressors. Moreover, efforts are made to cope with
the types that spray water on outdoor units when the outdoor temperature rises. As for those types
that have built-in cool/hot water variable flow pumps, adoption of a module structure that is composed
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of a heat pump and a pump is now under consideration. For air-cooled heat pumps for cooling only, the
characteristics of air-cooled heat pumps at the time of cooling are used. It is also considered coping with
ice storage, including water-cooled chillers.

The inputs and outputs of air-cooled heat pump models are shown in Figure D.6. The inputs and outputs
of water-cooled chillers are almost the same as those of centrifugal chillers shown in Figure D.1.

Operation mode

(cooling/heating) Power
Cold/hot water consumption
inlet temperature Air source heat Cold/hot
Cold/hot water \ | Pumps models water outlet
flow rate } temperature
Qutdoor dry-bulb L/ / Cold/hot
temperature water pressure
Outdoor wet-bulb loss
temperature

Figure D.6 — Inputs and outputs of air-cooled heat pumps models

Figure D.7 shows the partial load efficiency of air-source heat pumps (screw compressors, slide valve
control type) at the time of cooling with the ratios that use the rated point (load factor is 100 % and
outdoor dry-bulb temperature is 35 °C) as the standard. The characteristics of COP and the maximum
capacity, which increase in proportion to the decrease in outdoor temperature, are reflected.

140
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§100 &//
% 86'500 é&?u\t\tmi f:l(ry-bula temperature:
& L/ \\Iaec

40 —135C

20 —140C

0

0 20 40 60 80 100 120
Cooling load factor (%)

Figure D.7 — Characteristics of air source heat pumps at the time of cooling (example)

As for air-source heat pumps, the maximum cooling capacity is calculated based on outdoor temperature
in accordance with Figure D.7, and actual outputs are calculated by the comparison with required
cooling capacity that is decided by the conditions of cold water returned. COP ratios are provided as the
functions of ratios of these outputs to the maximum cooling capacity.

D.3.2 Cooling tower

As for cooling towers, both open-type and closed-type are reviewed. As shown in Table D.3, the
characteristics of a total of four types are adopted. The inputs and outputs of models are as shown in
Figure D.10. They can cope with the changes in cooling water flow rates and the control of cooling water
temperatures with three-way valves.
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Table D.3 — Characteristic formulae adopted for cooling towers

Type of equipment Name Index Method of production
Specifications for 37,5 °C - 32,0 °C A
Specifications for 37,0 °C - 32,0 °C

Open type cooling tower Provided by the technical com-

B
mittee of Japan Cooling Tower
Specifications for 37,5 °C - 32,0 °C C Institute
D

Specifications for 37,0 °C - 32,0 °C

Closed type cooling tower

Outdoor wet-bulb

temperature Cooling water
Cooling water inlet outlet
temperature ) temperature
Cooling water flow —r\ Cooling Volume of
rate tower cooling tower
Air volume of _1/ models make-up
cooling tower water

Set value of Power
cooling water consumption
temperature

Figure D.8 — Inputs and outputs of cooling tower models
The calculation method of each characteristicis basically the same. The cooling water outlet temperature,
TWout (°C), is calculated by the following formulae.

Outlet temperature of main unit of cooling tower (outlet temperature without control by three-way
valves):

TWout_cT =(al'TVVBin2 + b1*TWBin + c1)-c4-d (D.4)

Outlet temperature with the control by three-way valves:
TWout = TWout_ct *a + TWin_cT -(1-a)
(D.5)

And, ay, by, and c1 are expressed by Formula (D.6) and vary with each of the specifications shown in
Table D.3.

ap ayg app Aagp 1
by |=| bygp b11 b1z || TWincr (D.6)

Cq €10 €11 C12 TWinCTZ
where

aio, ---, €12 are the constants that depend on types;

C4 is the function of cooling water flow ratio, cooling water inlet temperature, and outdoor
wet-bulb temperature;

d is the function of air volume ratio of cooling tower, cooling water inlet temperature, and
outdoor wet-bulb temperature;

TWBin is the outdoor wet-bulb temperature;

a is the ratio of flow rate of three-way valves.
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Examples of calculation results are shown in Figure D.11 and Figure D.12. Figure D.11 shows the relations
between the wet-bulb temperature and outlet water temperature in the case where the cooling water
inlet temperature changes, and Figure D.12 shows the relations between the wet-bulb temperature and
outlet water temperature in the case where the cooling water flow rate changes. In either case, the
outlet water temperature decreases in proportion to the decrease in the wet-bulb temperature. It also
decreases together with the decrease of cooling water inlet temperature in Figure D.11 and the cooling
water flow rate in Figure D.12. In either case, these results are the same as those of actual units, and
reasonable results have been obtained.

—~ 36 Al - 1 T
S 34 Cooling water inlet temperature:
2 40.0C — /
= 32 37.5C ——— \//
® 30 [ 35.0C —— /
£ 28 P
S 54 —" Opening of three-way valve:
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L 22 ' '
e O 5 10 15 20 25 30
Wet-bulb temperature (WBC)
35 e
Opening of three-way valve:
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30
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— flow rafe:
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I~ .
— | AN 100%
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Wet-bulb temperature (WBC)
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-
(&)
o

Outlet water temperature (C)

Figure D.9 — Characteristics of open-type cooling tower (specifications for 37,5 °C to 32,0 °C)
at the time of change in cooling water flow rate

D.3.3 Variable refrigerant flow system

D.3.3.1 Policy to indicate characteristics

As for the equipment characteristics of multi-split-type air-conditioning systems as represented by
variable refrigerant flow (VRF) systems, the standard types of EHP and GHP that are typical VRF
systems have been formulated by using the models that handle indoor and outdoor units in one. The
formulation of equipment characteristics is promoted by particularly taking the following three points
into consideration:

a) expansion of types other than VRF systems of standard types;
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b) development of common display format of characteristics data;

c) reflection of intermediate outputs and intermediate inputs for APF (annual performance factor)
display.

D.3.3.2 Structure of the types of VRF systems

Table D.4 showsalistofvarioustypesofequipmentsubjectto the formulation of equipmentcharacteristics
of packaged air-conditioners. For formulation, an overall frame is developed in consideration of (1)
differences in use of buildings, (2) regional differences (specifications for cold climate areas), (3)
classifications of loads assigned (fresh air treatment, etc.), (4) classifications of energy type (electricity,
city gas, and kerosene), and (5) heat radiation systems (air cooling and water cooling).

D.3.3.3 Outline of characteristics models

Figure D.13 shows the outline of calculation models of VRF systems to be examined, and Table D.5 shows
the types and descriptions of respective characteristic formulae in these models. The calculation models
are composed of two or more indoor and outdoor units, and adopt the “system-integrated performance
characteristics models” that provide the coolingand heating outputs and energy consumption that can be
supplied by respective equipment under any given conditions and the amount of energy consumption as
output information by inputting various pieces of information such as outdoor air conditions, conditions
of air taken in indoors, rated specifications of equipment, length of refrigerant piping, difference of
elevation between equipment, etc.

Table D.4 — Structure and status of frame of formulation of equipment characteristics of
packaged air-conditioners

Type Outline
VRF Switch from COOhvr;%stc(z) heating and vice Partial review of characteristics
systems
Cooling and heating at the same time (Under review)
GHP 3 . .
Self consumption type (SV.VItCh from Completion of development of approximation
GHP with cooling to heating and vice versa)

generator System interconnection type (switch

from cooling to heating and vice versa) (Under review)

Switch from cooling to heating and vice | Transformation of parts that reflect intermedi-

versa ate capacity
Cooling and heating at the same time (Under review)
VRF S f i cold dli ] .
systems upport for use in cold climate areas Formulation as an extension of form of charac-
Switch from cooling to heating and vice |teristic formula of switch from cooling to heating
versa and vice versa
Water cooling (Under review)
EHP Switch from cooling to heating and vice | Formulation with equipment characteristics of
VRF versa representative types of respective companies
systems
Support for use in cold climate areas The same as above
Formulation of equipment characteristics for air-
VRE Switch from cooling to heating and vice conditioning in offices (for people)
versa Refrigeration only type for electric rooms and
systems

ELV machine rooms

Support for use in cold climate areas For air-conditioning in office (for people)

GHP: Gas engine driven heat pump
EHP: Electric heat pump

KHP: Kerosene engine heat pump
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Table D.4 (continued)
Type Outline
Switch from cooling to heating and vice
: versa Review of frame (classification of cases is now

Outdoor air : - : d iderati ith th bined
processing | _Cooling and heating at the same time under consideration with the combined use

: - - of desiccant air-conditioners and total heat

unit Support for use in cold climate areas exchangers
EHP Water cooling

Formulation by classification of cases at the
Ice storage Switch from cooling to heating and vice | time of thermal storage and non-thermal stor-

VRF versa age (indoor units are the same as those of VRF
systems systems)
Support for use in cold climate areas (Under review)
KHP VRF Standard types Formulation as is the case with GHP
systems Support for use in cold climate areas The same as above

GHP: Gas engine driven heat pump
EHP: Electric heat pump

KHP: Kerosene engine heat pump

As for characteristic formulae, both motor-driven multi-split-type air-conditioners (hereinafter referred
to as “EHP”) and fuel-driven multi-split type air-conditioners (hereinafter referred to as “GHP”) are
expressed in almost the same form by the maximum cubic expressions of explanatory variables, each
of which is independent, concerning indoor/outdoor units, at the time of cooling/heating, and cooling
(heating) capacity/energy consumption, and formulated by giving coefficients from A* to N*. An example
of the calculation results is shown in Figure D.14.
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Figure D.10 — Outline of model of VRF system
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Table D.5 — Calculation formulae of transformation factors to show equipment characteristics

WBRra
WBOA

indoor inlet wet-bulb temperature

outdoor wet-bulb temperature

Adjustment coef-
. Objective ficient Expressions of characteristics formula to calculate
Mode Equipment . . . .
variable Input adjustment coefficients
No. parameter
1 DBoa COFcc_in_oa=A1+ A2 x DBpa + A3 x DBgp2
2 WBRra COFcc_in_ra =B1 + B2 x WBRa + B3 x WBRaZ2 + B4 x WBRa3
Indoor unit
3 Lp COFcc_in_lp=C1+C2xLp
Cooling capac- 4 Lh COFcc_in_lh=D1+D2 x Lh
ity 5 DBoa COFcc_out_oa=A1+ A2 x DBpa + A3 x DBga?
Cooling 6 WBRra COFcc_out_ra =B1 + B2 x WBRra + B3 x WBRaZ + B4 x WBRa3
7 Lp COFcc_out_lp=C1+C2 xLp
Outdoor unit 8 Lh COFcc_out_lh=D1+D2 x Lh
9 Rc COFce_out_rc=E1 +E2 x Rc + E3 x R¢2
Energy con- - 2
sumption 10 DBoa COFce_out_oa=F1+F2 xDBpa + F3 x DBpa
11 WBRra COFce_out_ra=G1 + G2 x WBRa + G3 x WBRaZ + G4 x WBRA3
12 WBoa COFhc_in_oa = H1+H2 x WBga+ H3 x WBoa2 + H4 x WBga3
13 DBRraA COFhc_in_ra =I1 +12 x DBra + I3 x DBRraZ + 14 x DBRa3
Indoor unit
14 Lp COFhc_in_lp=J1+]J2xLp
15 Lh COFhc_in_lh =K1 + K2 x Lh
Heating COFh H1+H2 x WB H3 x WBoa2
capacit c_out_oa= + X 0A + x 0A2 +
Y 16 WBoa |4« WBoa3
Heating 17 DBRrA COFhc_out_ra =I1 + 12 x DBRa+I3 x DBra2+14 x DBra3
18 Lp COFhc_out_lp=J1+]J2 xLp
Outdoor unit 19 Lh COFhc_out_lh =K1 + K2 x Lh
20 R¢ COFhe_out_rc=L1+L2 x R¢ + L3 x Rg2
Energy con- 21 WBoa CO;he_out_oa =M1 + M2 x WBga + M3 x WBga2 + M4 x WB
sumption 0A
22 DBRra COFhe_out_ra =N1 + N2 x DBra+N3 x DBra2
DBOA  outdoor dry-bulb temperature

DBra  indoor inlet dry-bulb temperature

Lp length of refrigerant piping

Lh difference of elevation between indoor unit and outdoor unit

RC capacity, rated capacity (load ratio)

A1,A2,A3,~N3 constants of characteristics formula
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Figure D.11 — Equipment characteristics of VRF systems (example)

The improvement points of calculation models and major equipment characteristics shown in Table D.4
are described as follows.

D.3.3.4 Characteristics of calculation models of various packaged air-conditioners

D.3.3.4.1 Support for intermediate capacity and input display

In the past, only the data at the rated point of 100 % load factor were inputted in the partial load
characteristics that represent inputs (energy consumption) and load factors (load processing capacity)
to correct characteristic formulae of each equipment.

D.3.3.4.2 Development of common format to display characteristics data

On the assumption that there is a wide variety of equipment to be reviewed as shown in Table D.4 and
the data of partial load characteristics unique to respective manufacturers would be supported in the
future, the commonality of forms of approximate expressions that represent equipment characteristics
is promoted as shown in Table D.6. As for approximate expressions, the scope of explanatory variables
is divided into five sections in principle and expressed by approximation of cubic expression, including
the support for discontinuous characteristics and support beyond the scope.
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Table D.6 — Examples of common approximate expressions that represent equipment
characteristics (examples of cooling)

Name of Variable Expressions of char-
Characteristics : acteristics formula
formula Higher Less
Name Scope than than (AO~T3: constant)
s o A3 x WB3+ A2 x WB2+
Minimum — 16°C Al x WB +A0
o o B3 x WB3+ B2 x WB2+
Scope 1 16°C 19°C B1 x WB +B0
. WB: indoor
3 2
Adjustment of| p gy | wet-bulb tem- | Scope 2 19°c | 22°c | (3 WBSxC2xWB2+
capacity o C1 x WB +CO0
perature °C
o o D3 x WB3+ D2 x WB2+
Scope 3 22°C 24 °C D1 x WB +D0
. Maximum | 24°C — E3 x WB3+ E2 x WBZ+
Adjustment by E1 x WB +E0
room tempera- F3 x WB3+ F2 x WB2
ture s _ o x +F2 x +
Minimum 16 °C F1 x WB +F0
o o G3 x WB3+ G2 x WB2+
Scope 1 16 °C 19°C G1 x WB +G0
. . WB: indoor
Adjustment of| Kcwti o o H3 x WB3+ H2 x WB2+
input (WB) wet-bulb teom- Scope 2 19°C 22°C H1 x WB +HO
perature °C
o o 13 x WB3+ 12 x WB2+
Scope 3 22°C 24 °C 11 x WB +10
. o . J3 x WB3+]2 x WB2+
Maximum 24 °C J1 x WB +]0
o o K3 x WB3+ K2 x WB2+
Minimum — -5°C K1 x WB +K0
o o L3 x WB3+ L2 x WB2+
Scope 1 -5°C 15°C L1 x WB +L0
Adjustment of DB: outdoor M3 x WB3+ M2 x WB2+
. Kcta (WB)| dry-bulb tem- Scope 2 15°C 25°C
capacity o M1 x WB +M0
perature °C
o o N3 x WB3+ N2 x WB2+
Scope 3 25°C 43°C N1 x WB +NO
. 43°C 03 x WB3+ 02 x WB2+
Adjustment by Maximum - 01 x WB +00
outdoor tem- 73 x WE3+ P2 x WEZ
erature .. . _co X + X +
P Minimum 5°C P1 x WB +P0
o o Q3 x WB3+ Q2 x WB2+
Scope 1 5°C 15°C Q1 x WB +Q0
. DB: outdoor
Adjustment of| Kcwta o o R3 x WB3+ R2 x WB2+
input (WB) dry-bulb ttim- Scope 2 15°C 25°C R1 x WB +R0
perature °C
o o S3 x WB3+ S2 x WB2+
Scope 3 25°C 43°C S1 x WB +S0
. o T3 x WB3+ T2 x WB2+
Maximum 43 °C — T1 x WB +T0

NOTE In addition to the items mentioned above, the length of piping, difference of elevation, and transformation of load
factor are also formulated in the same manner.

D.3.3.5 Outline of characteristics of various packaged air-conditioners

D.3.3.5.1 VREF systems (types for use in cold climate areas)

The characteristics of VRF system types for use in cold climate areas are formulated by the same method
as that for ordinary VRF systems that switch from cooling to heating and vice versa.
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The types for use in cold climate areas are those equipment whose heating performance at the time of
low outdoor air temperature is drastically improved by original technologies (adoption of new high-
efficiency heat exchanger fins, for example) of respective companies. The types for use in cold climate
areas have such characteristics that the tendencies of transformation factors of outdoor air temperature,
outdoor unit capacity, and input values at the time of heating are different from those of ordinary types

(see Figure D.13).

D.3.3.5.2 Air-conditioners for stores

The characteristics of representative types of air-conditioners for stores are formulated by the same
method as that for ordinary VRF systems that switch from cooling to heating and vice versa. They have
such characteristics that specific indoor units and outdoor units are combined together in advance as
an integrated system and that there are many types. Their equipment characteristics show almost the
same tendencies as those of VRF systems.

D.3.3.5.3 Characteristics of KHP (kerosene engine heat pump air-conditioner) VRF systems

As for the equipment characteristics of KHP, the two types (standard type and type for use in cold
climate areas) are formulated based on GHP cooling/heating switching type VRF systems.

As for the transformation of capacity and input due to the outdoor air temperature at the time of heating,
the equipment characteristics of the type for use in cold climate areas are reflected at outdoor wet-bulb
temperature of 6 °C or lower, and it is differentiated from the standard type. Other characteristics are

the same.
Rated point 11

Type for use in cold climate areas _ J

——
-
—

-~ _]

-

Standard type

Comparison of heating capacity

-10 -5 0 il

Outdoor air temperature (WB)

L
on

Figure D.12 — Comparison of heating characteristics of EHP VRF systems

D.3.4 Pumps and fans

D.3.4.1 Pumps

The pumps to be developed this time are two-pole and four-pole end suction centrifugal pumps. The
inputs and outputs of models are shown in Figure D.13. The control system allows for operations with
fixed speed and variable speed.

For characteristic models, data of pump characteristics are provided by, and the calculation formulae
thereof are checked by, the Japan Society of Industrial Machinery Manufacturers.

a) The relations between the flow rate, GWs, at rated capacity and the pump efficiency, EFs, at rated
capacity are formulated by JIS B 8313-91 (end suction centrifugal pumps).

b) Therelations between the flow rate, GW, based on hearing data and characteristics of head, HW, and
that between the flow rate, GW, and the characteristics of pump efficiency, EF, are formulated as the
rate of change in rated values.
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In the case of fixed speed, power consumption and heat quantity are calculated by the characteristic
formula mentioned above. In the case of variable speed, necessary frequency is calculated inside, in
addition to the characteristic formula mentioned above, and power consumption and heat quantity are
calculated.

The calculation results of pump characteristics at the time of variable speed control by the above-
mentioned model are shown in Figure D.14.

Flow rate Pump Power
Head ) models consumption
/ Heat quantity

Figure D.13 — Inputs and outputs of pump models
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Figure D.14 — Characteristics of pump models (examples of rated flow rate of 1 m3/min)

D.3.4.2 Fans

The fans to be developed this time are single-inlet type sirocco fans. The inputs and outputs of models
are shown in Figure D.15. This time, the approximate expressions use simple models that do not make
distinctions with the bearing numbers (# and No.) of fans to simplify the inputs at the time of program
utilization. The control system allows for operations with fixed speed and variable speed.
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Figure D.15 — Inputs and outputs of fan models

The approximate expressions are developed by calculating the following relations based on the

characteristics data of fans, which are obtained by conducting hearings of manufacturers.

FPAt = f1(FGA,FPA)

FEF = f,(FGA)

FPEEF = f3(FGA)

where
FGA is the air quantity at the time of operation (m3/min);
FPA is the external static pressure at the time of operation (Pa);

FPAt is the external total pressure at the time of operation (Pa);

FEF is the fan efficiency (%);

FPEEF is the motor efficiency (%);

f1, f2, f3 are the functions approximated by characteristics data.

(D.7)

(D.8)

(D.9)

They are formulated based on these formulae to calculate the shaft power of fans with FPAt, FGA and

FEF, and moreover the power consumption with the shaft power of fans and FPEEF.

The calculation results of characteristics of fans by the models mentioned above are shown in Figure D.16.
For reference, simple models are used as the approximate expressions for total pressure efficiency; this
time, the characteristics of total pressure efficiency, etc. in JIS-B-8331 are not taken into consideration.
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Figure D.16 — Characteristics of fan models (example)

D.3.5 Coils of air-conditioners

For coils of air-conditioners, plate fin coils are reviewed. As for calculation models, general methods
to use heat transfer coefficients and wet surface coefficients, which are often used in coil selection
calculations of air-conditioner manufacturers, are adopted. The parameters to decide the heat transfer
coefficients and wet surface coefficients are found from product catalogues of manufacturers. The
inputs and outputs of models are shown in Figure D.17.

Air quantity Outlet air
Inlet air temperature
temperature Outlet air
Inlet air

absolute Models of coils | ﬁBlS'nOiléjittsf
humidity ) of air- Outlet water
Water quantity conditioners temperature
Inlet water Coil removal
temperature heat quantity
Operation

mode

Figure D.17 — Inputs and outputs of models of coils of air-conditioners

In these models, first, the amount of coil heat extraction (sensible heat) is given as an assumed value,
and the coil row numbers required for sensible heat treatment are calculated. Convergent calculations
are made until the coil row numbers calculated agree with the coil row numbers set. Outlet conditions
of water and air are calculated from the coil removal quantity (sensible heat) decided. The coil row
numbers are calculated by the following formulae.

Q

r= (D.10)
F, xK¢xWSF x MED
i= ! —+ ! el (D.11)
Kf KfaXVw b KchVa fd
WSF=WSa><SHF2+WSb xSHF +WS. (D.12)
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K
Kra~Kfq
ro
Vw
Va
WSF
SHF
WSa~WS,

MED

) ln[(Tai _Two)/(TaO _TWi)]

(D.13)

is the number of rows of coil;

is the amount of coil heat extraction (sensible heat);
is the front area;

is the heat transfer coefficient;

are the parameters to decide heat transfer coefficients;
is the thermal resistance of tube wall;

is the water velocity;

is the wind velocity;

is the wet surface coefficient;

is the sensible heat ratio;

are the parameters to decide wet surface coefficients;
is the log-mean temperature difference;

is the inlet air temperature;

is the outlet air temperature;

is the inlet water temperature;

is the outlet water temperature;

The calculation results with models of coils of air-conditioners at the time of heating and cooling are
shown in Figure D.18. As the water velocity of horizontal axis is proportional to water quantity, the
temperature difference between cold water and hot water decreases in proportion to the increase in

velocity:.
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Figure D.18 — Characteristics of models of coils of air-conditioners (example of cooling coils)

D.3.6 Heat pump hot water supply system for business use

D.3.6.1 Calculation model for hot water supply system

Figure D.19 shows a calculation model for heat pump hot water supply system for business use. The
subject of calculation is a centralized hot water supply system, and one set of heating and cooling
equipment for hot water and hot water storage tank is provided to one circulation system. The demand
for hot water supply and the point of use are set at one place for convenience, but the amount of hot water
to be supplied represents the amount to be used simultaneously in the whole building. Figure D.20 shows
a calculation model for commonly used combustion-type hot water boilers in the BEST. Different from
the heat pump hot water supply system, calculation is conducted based on the following conditions:

a) hotwater is returned to the upper part of hot water storage tank from the hot water return pipe on
the secondary side;

b) make-up water is sent directly to the water heater from the lower part of hot water storage tank
and is heated. If there is no make-up water and the temperature in the upper part of the hot water
storage tank decreases, the water to be heated is sent from the upper part of hot water storage tank.
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Figure D.19 — Calculation model for heat pump hot water supply system in the BEST
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Figure D.20 — Calculation model for commonly used hot water boiler system in the BEST
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D.3.6.2 Calculation model for hot water supply system calculation sequence

D.3.6.2.1 General

In the BEST, the pieces of equipment and the pipes that connect them together are defined as “calculation
modules,” and calculations on the whole system are conducted by delivering the results of calculation
media (water volume and water temperature in this paper) between these modules based on the
calculation sequence. The external definition to be made before calculation as well as each calculation
module and the calculation sequence are shown as follows.

D.3.6.2.2 External definition

The calculation time-of-day data on outdoor air temperatures are acquired to calculate feed water
temperatures and the efficiency ratios of water heaters.

The volume of hot water to be used and the pattern of hot water utilization are defined for the hot water
demand to be calculated.

In addition to those defined above, the specifications of equipment and pipe modules (capacity, rated
power consumption, thermal insulation specification, etc.) are defined.

D.3.6.2.3 Calculation sequence
Step 1: Calculation of feed water temperature

Step 2: Calculation to separate the feed water load and hot water load from the volume of hot water to
be used

Step 3: Calculation on single supply pipe

Step 4: Calculation on the lower part of hot water storage tank

Step 5: Calculation on heat pump water heater

Step 6: Calculation on primary circulation pump for hot water supply

Step 7: Calculation of heat loss from hot water supply pipe on the primary side
Step 8: Calculation of heat loss from hot water return pipe on the primary side
Step 9: Calculation on the upper part of hot water storage tank

Step 10: Calculation on secondary circulation pump for hot water supply

Step 11: Calculation of heat loss from hot water supply pipe on the secondary side
Step 12: Calculation of heat loss from hot water return pipe on the secondary side

The calculation sequence mentioned above is conducted at every calculation time interval.
D.3.6.3 Description of calculation in each module

D.3.6.3.1 Calculation of feed water temperature

The temperature of feed water is calculated based on the outdoor air temperature by dividing the
entire country of Japan into 12 regions and using “Regional Service Water Conversion Factors2.” The
outdoor air temperature is quoted from the Expanded AMeDAS Weather Data at every calculation time
interval (10 min). However, as the temperature of feed water does not change as much as the outdoor
air temperature does, the outdoor air temperature at 9:00 a.m. is used to calculate the representative
temperature of feed water for the day.
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D.3.6.3.2 Calculation to separate the feed water load and hot water load from the volume of hot
water to be used

Figure D.21 shows the patterns of time-of-day use of hot water for typical applications. The volume of
time-of-day use of hot water is calculated by multiplying this load ratio by the volume of hot water used
per day.

®— Office = Retail store (weekday) A Retail store (holiday)
€ Restaurant (weekday and holiday) * Hotel (guest room) ® Hotel (common use
Hospital (weekdav and holidav) Assemblv hall space)
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(volume of hot water used per day = 1)

0.00

Figure D.21 — Example of patterns of hot water utilization for applications in each building

The feed water load and hot water load are calculated based on the feed water temperature calculated
in Step 1 above, the example of hot water temperature at the outlet of hot water supply pipe on the
secondary side: 58 °C” at the preceding calculation time of day, and the temperature of hot water used
(example: 43 °C).

D.3.6.3.3 Calculation on single supply pipe

The volume of waste hot water is calculated based on the volume of water held in the single supply pipe
and the frequency of disposal of waste hot water (twice a day, for example). And, it is added to the hot
water load.

D.3.6.3.4 Calculation on the lower part of hot water storage tank

The volume of feed water to be supplied to the lower part of hot water storage tank is represented by the
hot water load in Step 2 + the hot water load of single supply pipe in Step 3 (hereinafter referred to as
“hot water load”). According to the load of hot water stored in the lower part of hot water storage tank
and the water volume of primary pump for hot water supply x calculation time (the volume of water to
be sent to heating and cooling equipment for hot water per calculation time), it is decided whether water
is sent from the lower part or the upper part of hot water storage tank. If the hot water load cannot be
disposed of within the calculation time, it is carried over to the next calculation time of day and the hot
water load is accumulated.

Moreover, the amount of heat loss is calculated based on the ambient temperature of the storage tank
and the state of thermal insulation.

© ISO 2014 - All rights reserved 87



BS ISO 13612-2:2014
ISO 13612-2:2014(E)

D.3.6.3.5 Calculation on heat pump water heater

ON/OFF state of the water heater can be set by setting its schedule in advance. In general, however, the
water heater is designed to automatically start its operation when the temperature difference between
the “outlet temperature of hot water supply pipe on the primary side” and the “set temperature at the
outlet of water heater (60 °C, for example)” reaches or exceeds the set value (5 °C, for example). If there
is no temperature difference, its operation is turned OFF, and the outlet temperature of hot water supply
pipe is the outlet temperature of the water heater. As for the outlet temperature of hot water supply pipe
on the primary side, the value of the preceding calculation time of day is used.

For the input of equipment specifications of water heater, the rated heating capacity, rated power
consumption, etc. are specified. For the equipment characteristics of heat pump water heater, those
mentioned representatively in Figure D.22 are used. The characteristics are classified by the temperature
of water that is supplied into the water heater (feed water temperature), and the partial load efficiency

is presented by the relations between the outdoor air temperature and efficiency ratio (the ratio to
rated efficiency).

The power consumption of heat pump water heater is calculated as follows:

1) heating capacity at a calculation time interval = water volume of primary pump for hot water supply
x difference between outlet temperature and inlet temperature x operation time of water heater;

2) power consumption of water heater = heating capacity at a calculation time interval x [1/(rated
efficiency x efficiency ratio)].

Equipment characteristics of heat pump water heater*
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Figure D.22 — Equipment characteristics of heat pump water heater

D.3.6.3.6 Calculation on primary circulation pump for hot water supply

In line with ON/OFF state of operation of heat pump water heater, the volume of water flown and the
amount of electricity consumed per calculation time are calculated based on the product of the rated
water volume, rated amount of electricity consumed, and operation time as the inputted values of
equipment specifications of the pump.
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D.3.6.3.7 Calculation of heat loss from hot water supply pipe on the primary side

The average amount of heat loss per unit temperature difference is calculated based on the length,
diameter, and the state of thermal insulation of the pipe. And, the outlet temperature of the pipe and
the amount of heat lost from the pipe are calculated based on ambient temperature as well as the inlet
temperature (temperature of the lower or upper part of hot water storage tank, for example) and flow
rate of the hot water supply pipe on the primary side.

The heat loss from the pipe is calculated by the following formula (heat loss from other pipes and that
from the hot water storage tank are also calculated based on the same concept):

Tout = Tin = (Tin = Ta) x [1 - EXP (-Ct/3600) x Ky/(C x L/1000)]

(D.14)
where
Tout is the outlet temperature of the pipe (°C);
Tin 1istheinlet temperature of the pipe (°C);
T, is the amount temperature of the pipe (°C);
C; isthe calculation time interval (s);
Ky isthe average heat loss rate (W/°C);
C  isthe specific heat of water 1,167 (kg/W °C);
L is the volume of water in the pipe (g).
Qp=1,163 xL/1 000 x (Tin — Tout)
(D.15)

where

Qp isthe amount of heat lost from the pipe.

D.3.6.3.8 Calculation of heat loss from hot water return pipe on the primary side

As is the case with Step 7 above, the average amount of heat loss per unit temperature difference is
calculated based on the length, diameter, and the state of thermal insulation of the pipe. The outlet
temperature of the pipe (temperature in the upper part of hot water storage tank) and the amount of
heat lost from the pipe are calculated based on ambient temperature as well as the inlet temperature
(outlet temperature of water heater, 60 °C, for example) and flow rate of the hot water return pipe on
the primary side.

D.3.6.3.9 Calculation on the upper part of hot water storage tank

The hot water heated by the water heater as a medium to be flown into the upper part of hot water
storage tank and the hot water returned from the hot water secondary pipe of circulation system are
mixed together and sent to the hot water secondary pipe of circulation system and to the supply pipe
on the primary side to prevent the temperature of hot water storage tank from decreasing. The water
supply in this case is calculated based on the volume of water and the balance of water temperature.

The total value of the water volume in the upper part of hot water storage tank and that in the lower
part thereof is always equal to the effective volume of hot water stored in the hot water storage tank. To
simplify the calculation, the water temperatures in the upper partand the lower part of hot water storage
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tank are calculated on the assumption that the hot water in the tank is completely mixed together (it is
assumed that there is a temperature stratification between the upper part and the lower part).

Moreover, the amount of heat loss is calculated based on the ambient temperature and the state of
thermal insulation of hot water storage tank.

D.3.6.3.10 Calculation on secondary circulation pump for hot water supply

The secondary circulation pump for hot water supply always operates when there is a hot water load.
If the volume of hot water to be used is set at none and the secondary circulation pump for hot water
supply is scheduled not to operate by setting, the operation of the pump is stopped and the calculation to
reduce the loss of heat from pipes and the amount of electricity consumed by the pump can be conducted.

D.3.6.3.11 Calculation of heat loss from hot water supply pipe on the secondary side

As is the case with Step 7 above, the average amount of heat loss per unit temperature difference is
calculated based on the length, diameter, and the state of thermal insulation of the pipe. The outlet
temperature of the pipe (outlet temperature at the point of use of hot water) and the amount of heat lost
from the pipe are calculated based on the ambient temperature as well as the outlet temperature (outlet
temperature in the upper part of hot water storage tank, 60 °C, for example) and flow rate of the hot
water supply pipe on the secondary side.

D.3.6.3.12 Calculation of heat loss from hot water return pipe on the secondary side

As is the case with Step 7 above, the average amount of heat loss per unit temperature difference is
calculated based on the length, diameter, and the state of thermal insulation of the pipe. The outlet
temperature of the pipe (temperature of water returning to the upper part of hot water storage tank)
and the amount of heat lost from the pipe are calculated based on the ambient temperature as well as
the outlet temperature (outlet temperature at the point of use of hot water, 58 °C, for example) and flow
rate of the hot water return pipe on the secondary side.

D.3.7 Thermal storage

D.3.7.1 Concepts of thermal storage tank models

For the concepts of thermal storage tank models in BEST, Figure D.23 shows the concept of thermal
storage tank of multi-connected mixing type, and Figure D.24 shows the concept of thermal storage
tank model of temperature stratification type.
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Figure D.23 — Concept of thermal storage tank of multi-connected mixing type
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Figure D.24 — Concept of thermal storage tank model of temperature stratification type

In the case of the thermal storage tank of multi-connected mixing type, each tank is regarded as a
water block and the water temperature is uniform. The concept is that these water blocks are coupled
together, and there are inputs and outputs generated to the neighbouring tanks or to the primary
and secondary sides. Therefore, the water temperature and inflow and outflow of each tank are the
necessary information.

Inthe case of thermal storage tank model of temperature stratification type, itis considered that there are
continuous temperature changes in the up-and-down direction in reality. Here, as shown in Figure D.24,
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the water temperature of one water block is considered uniform, but temperature stratification is
formed by temperature differences caused by several water blocks piled up.

For both the thermal storage tank of multi-connected mixing type and the thermal storage tank model
of temperature stratification type, the data of water temperature and flow rate are sent and received
between the primary and secondary sides at both ends of water blocks.

D.3.7.2 Outline of thermal storage program in BEST

D.3.7.2.1 Current status of thermal storage program in BEST

The BEST programs include water thermal storage systems (multi-connected mixing type and
temperature stratification type) and ice storage systems (on-site construction type). The programs
for the water thermal storage system and ice storage system (on-site construction type) are mainly
explained below.

D.3.7.2.2 Prospective systems and module structures

Figure D.25 shows the prospective basic water thermal storage air-conditioning system. Two or more
heat sources can be installed on the primary side. At the time of thermal storage, all units are basically
operated at full load but a module to control the number of units is also available for daytime following
operation and in spring and fall. The inlet water temperature of heat source is controlled by a three-
way valve. The pump on the secondary side can control variable flows. To prevent the temperature of
return water to thermal storage tanks from lowering (at the time of cooling) in the case where there is a
constant flow system such as FCU system and loads are small, it is also possible to select the secondary
side water supply temperature control three-way valve to control the temperature of water supplied.
The algorithm of TESEP-W is used mainly for the calculation of water temperatures in thermal storage
tanks (item 17, see Table D.7). Such ideas are also reflected in other parts.
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Figure D.25 — Prospective water thermal storage system and module structure

Figure D.26 shows the prospective ice storage system (on-site construction type). In the case of the
ice storage system, the concept of thermal storage tank is similar to that of the water thermal storage
tank. It can be considered that coils are installed in the water blocks that are shown in Figure D.23 and
Figure D.24. In the ice storage system, ice is produced by a brine chiller in a thermal storage tank during
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nighttime, and following operation is conducted as necessary by a heat exchanger (brine-water) during
daytime.

Table D.7 and Table D.8 show the names of modules prepared for the water thermal storage system and
the ice storage system. Systems will be constructed by adopting or rejecting them as necessary. Though
it is not mentioned in the figures, calorimeters can be installed at necessary points such as loads on the
secondary side, for calories inputted and outputted to thermal storage tanks.
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Figure D.26 — Prospective ice storage system and module structure
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Table D.7 — Names of respective modules of a water thermal storage system

No. Name of module
1 Return water header
2 Increase in flow rate
3 Heat source return header
4 Chilled and hot water pump
5 Heat pump
6 Heat source supply header
7 Decrease in flow rate
8 Water supply header
9 Heat source control
10 Heat source number control
11 Thermal storage controller
12 PID control (water supply on the secondary side)
13 PID control (water supply to heat sources)
14 Three-way valve (for thermal storage/secondary side)
15 Three-way valve (for thermal storage/heat source side)
16 Secondary pump
17 Thermal storage tank
18 Calorimeter
Table D.8 — Names of respective modules of ice storage system
No. Name of module
1 Return water header
2 Increase in flow rate
3 Heat source return header
4 Chilled and hot water pump
5 Heat pump
6 Heat source supply header
7 Decrease in flow rate
8 Water supply header
9 Heat source control
10 Heat source number control
11 Thermal storage controller
12 PID control (water supply on the secondary side)
13 PID control (water supply to heat sources)
14 Three-way valve (for thermal storage/secondary side)
15 Three-way valve (for thermal storage/heat source side)
16 Secondary pump
17 Thermal storage tank
18 Calorimeter
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D.3.7.3 Relations with the secondary side

Thermal storage systems are not necessarily completed within the scopes mentioned in Figure D.25 and
Figure D.26. As a matter of course, they are affected by the conditions of operation of air-conditioners on
the secondary side. The water temperatures and flow rates on the secondary side, which are calculated
based on the temperature of water in thermal storage tanks and conditions of following operation
of heat source, are delivered to the calculation on the air-conditioner side of BEST. Then, the water
temperatures and flow rates as a result of processing room loads in accordance with the control on
the air-conditioner side are received on the thermal storage tank side. Based on such information, the
temperatures in thermal storage tanks are calculated.
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Annex E
(informative)

Energy evaluation for other kinds of heat pumps (“CO2 heat pump
water heater” and “air-conditioner and water heater combined
systems”)

E.1 Purpose of the evaluation of CO2 heat pump water heater in Japan

An ordinary heat pump water heater is composed of a heat pump unit and a tank unit (see Figure E.1).
Heat pump power (4,5 kW to 6 kW) is not enough for instantaneous heating for hot water usage (10 kW
to 40 kW). At nighttime, the heat pump heats water up and it is stored in the tank unit for daytime usage.

A heat pump is so efficient because it collects the heat from outdoor air. The COP of the heat pump unit
is 3 (in winter) to 5 (in summer), so energy performance is much higher than that of an electric heater
(1). Even considering the heat loss in the tank or pipes, more than three times the power consumed can
be gained annually. To evaluate the total system performance of the heat pump and the tank unit, APF
is introduced and displayed for each model. For example, APF is 320 (hot water)/100 (secondary power)
= 3,2 in Figure E.1. In the calculation of APF, weather condition is assumed to be the one in Tokyo and
Osaka.

Heat of air Heat loss of tank

100
320
r — — %—ﬁ_ —_——_—
| N
Y Ny =
I Hot water
power | | — o
storage tank
320 420
) 320
[

|

|

| _
: \ 4 Y,

Heat pump unit Tank unit

>

Hot water

Figure E.1 — Energy flow of heat pump water heater

E.2 Character of COz heat pump water heater

A heat pump water heater has potential for high performance, but the balance of the performance and
storage is a difficult problem. A heat pump water heater has to store the hot water before usage because
of its small heating capacity. If too much hot water is consumed, it can run short. But if the heat pump
heats too much volume of hot water and at too high a temperature the system performance declines so
sharply. Thus, controlling the heating volume and temperature, considering the consumption, is a key
factor for better performance of a heat pump water heater.
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Figure E.2 — Storage volume and efficiency

In most models, the user can select different control modes. “Saving mode” is to reduce the storage
volume and heat loss. “Safe mode” is to gain a big margin to avoid shortage. Users can alter the mode in
the controller, but “saving mode” is strongly recommended for higher performance.

For better performance and usability, the controller memorizes the past usage and decides the boiling
volume. This kind of “studying” is the key factor of real performance, so testing methods including the
“studying” is strongly needed.

E.3 Test method for efficiency

To evaluate the “real” performance of a heat pump water heater in actual houses, a testing method
including the mode of ordinary hot water usage "Modified M1” was developed.

It is well known that family size affects hot water consumption definitely. From the result of the survey
in more than 70 houses, “average”, “largest”, and “smallest” volume of the consumption in each family
size are shown in Figure E.3. The volume varies widely, but average values show the clear increase with
increasing family number. A family of four persons (the size in the model house) consumes 444,9 1 per
day.
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Figure E.3 — Hot water consumption in each family size

It is also well known that the daily fluctuation of hot water is large (in many cases larger than the one of
electrical load). The total performance of co-generation depends on how well the system can make full
use of hot water in the storage tank. Thus, the proper standardization of hot water is very important.
To analyse the daily fluctuation, “MA (monthly average)” and “MS (monthly standard deviation)” are
introduced. The change of MA represents the seasonal long trend, and MS means the randomness in
short term. An example of transition of MA and MS are shown in Figure E.4.
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The annual average of MA and MS in each house is shown in Figure E.5. MA varies widely from about 50 1
per day to 900 I per day. MS indicates the obscure increasing with an increase of MA, but values in most
houses fall between 100 | per day and 200 | per day.
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Figure E.5 — Average and fluctuation of hot water

Four types of typical combinations in MA and MS for the family of four persons were chosen. Each
combination was named as “S”, "M1”, "M2”, and "L”. “M1” was considered as the most typical one, though
its 550 1/day may be too much for ordinary houses. So “M1” was adjusted to “Modified M1” by eliminating

100 l/day volumes for “laundry”. That means “Modified M1” is set to 450 1/day.
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Figure E.6 — Condition of “Modified M1 mode”

“Modified M1” mode is composed of six typical days. For each day of “WD (weekday)”, “WE_In (weekend
in house)”, and "WE_Out (weekend out of house)”, two types of “large” and “small” are applied. These
six typical days are arranged in 30 days shown in Table E.1 and Figure E.7. This mode is adjusted to
be 442 1/day in average, 100 1/day in standard deviation in 30 days. The order of the days is carefully
decided to keep the average and standard deviation as less as possible.
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Table E.1 — Test mode for water heater (30 days)
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Dimensions in | per day

Kitchen Bzg:t;(t)l(;:’n / Shower | Lavatory Laundry Sum
Bathroom Total
Day01 WE_Out(L) 10 150 200 20 350 380
Day02 WE_In(L) 200 150 200 100 350 650
Day03 WD(L) 120 150 140 60 290 470
Day04 WD(S) 100 150 80 50 230 380
Day05 WD(L) 120 150 140 60 290 470
Day06 WD(S) 100 150 80 50 230 380
Day07 WD(L) 120 150 140 60 290 470
Day08 WE_Out(S) 10 0 200 30 200 240
Day09 WE_In(S) 160 150 140 100 290 550
Day10 WD(L) 120 150 140 60 290 470
Day11 WD(S) 100 150 80 50 230 380
Day12 WD(L) 120 150 140 60 290 470
Day13 WD(S) 100 150 80 50 230 380
Day14 WD(L) 120 150 140 60 290 470
Day15 WE_Out(L) 10 150 200 20 350 380
Day16 WE_In(L) 200 150 200 100 350 650
Day17 WD(S) 100 150 80 50 230 380
Day18 WD(L) 120 150 140 60 290 470
Day19 WD(S) 100 150 80 50 230 380
Day20 WD(L) 120 150 140 60 290 470
Day21 WD(S) 100 150 80 50 230 380
Day22 WE_Out(L) 10 150 200 20 350 380
Day23 WE_In(L) 200 150 200 100 350 650
Day24 WD(L) 120 150 140 60 290 470
Day25 WD(S) 100 150 80 50 230 380
Day26 WD(L) 120 150 140 60 290 470
Day27 WD(S) 100 150 80 50 230 380
Day28 WD(L) 120 150 140 60 290 470
Day29 WE_Out(S) 10 0 200 30 200 240
Day30 WE_In(S) 160 150 140 100 290 550
Monthly Average 106 140 138 58 278 442
Statistics Standard_Dev 53 38 46 23 46 100
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Number of occur- Bath room/ Daily
rences in one Kitchen Bathtub Shower | Lavatory Laundry Total
month
WE_In(L) 3 200 150 200 100 u+20 650
WE_In(S) 2 160 150 140 100 u+o 550
WD(L) 11 120 150 140 60 W 470
WD(S) 9 100 150 80 50 w-o 380
WE_Out(L) 3 10 150 200 20 o 380
WE_Out(S) 2 10 0 200 30 p-20 240
Lavatory Shower mmm Bathtub
mmm Kitchen —O—7 days average —O—7 days st-dev
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Figure E.7 — Fluctuation in 30 days

Each consumption in six typical days is shown in Table E.2. Each consumption was decided to reproduce
the hot water usage in actual houses. Smallest one is 2 | in lavatory and kitchen, largest one is 150 | in
bathtub.
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Table E.2 — Each consumption in six typical days
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WD(L) WD(S) WE_In(L) WE_In(S) WE_Out(L) WE_Out(S)
Time | [1] Time | [1] Time | [1] Time | [1] Time | [1] Time | [1]
0630 3 | X3 loe30| 3 | X2 |g745| 10 | L% |o715| 10 | Y% |o6:30| 2 | “@V® |g6:30| 3 | Lave
tory tory tory tory tory tory
06:35| 3 | K3 loeas| 3 | LaVa Jg755| 10 | LaV3 Jg755| 10 | LAVA fg745| 2 | LAVA |ggy5| 3 | Lava-
tory tory tory tory tory tory
07:15| 5 |Kitchen |07:15| 5 |Kitchen |08:10] 10 | “@@ |og.10| 10 | @@ |o0s:00| 2 | XV |og.00| 3 | Lava
tory tory tory tory
07:20| 10 | Kitchen |07:20| 10 | Kitchen | 08:30| 10 | Kitchen |08:30| 10 | Kitchen | 08:15| 2 Lti‘;?, 08:15| 3 Ltf‘)‘;;
07:25| 3 Ltf‘)‘;; 07:25| 3 Lt‘;‘;; 08:35| 10 | Kitchen |08:35| 10 | Kitchen | 08:45| 10 | Kitchen |08:45| 10 | Kitchen
07:30| 3 | @3 |o7.30| 3 | Y@@ logu40| 10 | X2 log4o0| 10 | LAV
tory tory tory tory
08:25| 3 | L&V |ggo5| 3 | Lava 20:00| 6 | X3 |20.00| o | Lava
tory tory tory tory
09:30| 3 | K& o930 2 | LAV& lq155) 12 | LAVa |qq.55] 12 | Lava
tory tory tory tory
10:15| 3 | @@ |q0.45] 2 | L@V3 145.45] 20 | Kitchen |12:45| 15 | Kitchen |20:30 | 150 | Bathtub Bathtub
tory tory
12:50| 20 | Kitchen |12:50| 15 | Kitchen
12:45| 5 | Kitchen |12:45| 5 | Kitchen |12:55| 20 | Kitchen |12:55| 20 | Kitchen | 20:50| 25 | Shower |20:50| 25 | Shower
12:50| 10 | Kitchen |12:50| 10 | Kitchen 20:55| 25 | Shower | 20:55| 25 | Shower
1345| 3 | 1@ li34s5| 2 | LaV& |46.00] o | LAV& |4609| o | Lava
tory tory tory tory
21:15| 25 | Shower | 21:15| 25 | Shower
16:00| 3 Lti‘)‘;; 16:00| 2 Lé‘)‘;; 17:05| 25 | Shower |17:05| 25 | Shower |21:20| 25 | Shower | 21:20| 25 | Shower
1715 3 | V& lqgq5| 2 | LaV3 147901 25 | Shower |17:10| 25 | Shower |21:45| 2 | 13V& |a145| 3 | Lava-
tory tory tory tory
18:00| 3 | ¥ l4g00| 2 | 1% |q745| 3 | Lava |4745| 3 | Lava
tory tory tory tory
18:15| 3 | L@@ lq1gq5| 2 | Lava 22:00| 25 | Shower |22:00| 25 | Shower
tory tory
18:00| 3 | Y@@ l18:00| 3 | “2® |22:05| 25 | Shower |22:05| 25 | Shower
tory tory
19:15| 3 | LV& |qg.q5| o | Lava lygogl qp | Lavas lygocl qp | Lava- dopqg| o | Lava- do5q9| 3 | Lava
tory tory tory tory tory tory
19:20| 3 | L@& lq9.20| 2 | Lava
tory tory
19:25| 3 Lti‘f; 19:25| 2 Lt‘(’)‘;; 19:30 | 20 | Kitchen |19:30 | 15 | Kitchen |22:30| 25 | Shower |22:30| 25 | Shower
19:35| 20 | Kitchen | 19:35| 15 | Kitchen
20:15| 15 | Kitchen | 20:15| 10 | Kitchen | 19:40| 20 | Kitchen | 19:40| 15 | Kitchen |22:35| 25 | Shower |22:35| 25 | Shower
20:20| 15 | Kitchen |20:20| 10 | Kitchen | 19:45| 20 | Kitchen |19:45| 15 | Kitchen |23:00| 2 Lti‘f; 23:00| 3 Lti‘;;
20:25| 15 | Kitchen | 20:25| 10 | Kitchen | 19:50| 20 | Kitchen | 19:50| 15 | Kitchen
20:30| 15 | Kitchen [ 20:30| 10 | Kitchen | 19:55| 20 | Kitchen | 19:55| 15 | Kitchen
20:35| 15 | Kitchen | 20:35| 15 | Kitchen
20:40| 15 | Kitchen | 20:40| 15 | Kitchen | 20:45| 150 | Bathtub | 20:45 | 150 | Bathtub
20:45 | 150 | Bathtub | 20:45 | 150 | Bathtub | 21:15 | 25 | Shower |21:15| 25 | Shower
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Table E.2 (continued)

WD(L) WD(S) WE_In(L) WE_In(S) WE_Out(L) WE_Out(S)
Time | [1] Time | [1] Time | [1] Time | [I] Time | [1] Time | [1]

21:20| 25 | Shower |21:20| 25 | Shower

20:55 | 20 | Shower | 20:55| 20 | Shower |21:45| 5 | 1@V3 |2145| 5 | Lava
tory tory
21:00| 3 | M3 2100 3 | Lava
tory tory

22:00| 25 | Shower |22:00| 10 | Shower

21:25| 25 | Shower | 21:25| 10 | Shower |22:05| 25 | Shower |22:05| 10 | Shower

21:30 | 25 | Shower |21:30 | 10 | Shower |22:10| 5 | Y@@ |22:10| 5 | Lava
tory tory
21:45| 3 | LAVa |oq45| 3 | Lava-
tory tory

22:30| 25 | Shower |22:30| 10 | Shower

22:00| 10 | Shower |22:00| 10 | Shower |22:35| 25 | Shower |22:35| 10 | Shower

22:05 | 10 | Shower |22:05| 10 | Shower |23:00| 11 | Y@@ [23:00| 11 | Lave-
tory tory
2215 | 3 | LaVa |9pq5| 3 | Lava-
tory tory

22:30| 25 | Shower |22:30| 10 | Shower

22:35| 25 | Shower |22:35| 10 | Shower

23:00] 3 | K3 |23.00| 3 | Lava
tory tory
23:05| 3 | LaV3 |y305| 3 | Lava-
tory tory

Total | 470 [1] Total | 380 1 Total | 650 1] Total | 550 1 Total | 380 1] Total | 240 1

Num | 38 Num | 38 Num | 32 Num | 32 Num | 18 Num | 17

In the test of “Modified M1”, the heat pump boiler is under testing for 30 sequential days. For three
weeks (Day01 to Day21), the system is “studying” the pattern of hot water usage. In the last nine days
(Day22 to Day30), the system performance is measured and calculated for evaluation.

E.4 Experiment of the CO2 HP

Four models of major manufacturers were tested in “Modified M1” mode. The character of four models is
shown in Table E.3. APF, displayed values for system performance, are from 3,2 to 3,5. Each model was
tested in an artificial environment room for three seasons. Three seasons’ conditions are shown in Table
E.4. In winter, two different boiling modes, “saving” and “safe”, were tested.
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Table E.3 — Tested models in 2008

BS ISO 13612-2:2014
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model A B C D
. Mid 4,5 4,5 4,5 4,5
fleat pu[rlr{l‘I/)v(]:apaaty Summer 4,5 4,5 4,5 4,5
Winter(Hi)| 4,5 4,5 4,5 4,5
Mid 0,900 0,910 0,980 0,885
Power Summer 0,850 0,845 0,850 0,845
Winter(Hi)| 1,500 1,500 1,500 1,500
Mid 500 % 495 % 459 % 508 %
cop Summer 529 % 533 % 529 % 533 %
Winter(Hi)| 300 % 300 % 300 % 300 %
Tank [1] 370 370 370 370
APF 3,5 3,3 3,2 3,2
Table E.4 — Air and cold water condition in three seasons
Summer Mid Winter
Air (DB/WB) 25/19 °C 16/12°C 7/6 °C
Cold water 24°C 17 °C 9°C
Boiling mode Saving only Saving only Saving/Safe

Test result of model “B” is shown in Figure E.8 to Figure E.10. Heat load, power consumed, and energy
performance vary in six typical days and seasons.
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Figure E.8 — Heat Load in six typical days (Saving mode)
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Figure E.9 — Secondary electric power consumed in six typical days (Saving mode)
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Figure E.10 — Secondary and primary system efficiency (Saving mode)
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E.5 Calculation of the annual energy consumption

The test result was calculated for energy evaluation. The purpose of the evaluation is to decide the Cy,
the coefficient of hot water, in Formula (E.1).

E,=C,xL, (E.1)

where
Ey isthe primary energy of hot water (GJ/year);
Cw is the coefficient of hot water;

Ly is the heatload of hot water (GJ/year).

Figure E.11 shows the calculation flow of Cy,. At first, tested boiler performance is adjusted to “Standard
Performance” to adjust the gap of experimental air condition (Figure E.12). Then, the metrological
condition in each region from northern to southern Japan (Figure E.13) is considered. Cy, was prepared
for each type of boilers, like gas, oil, and electric boilers.

For the evaluation of the heat pump water heater, the formula from “APF” (displayed in every model) to
Cw is needed to reflect the difference of performance.

Standard HW volume Tested heat pump performance
[L/ day] [Load / Primary energy]
Standard condition
DB: -7/7 16/25 deg.
< Water saving equipment
\ 4 4
Adjusted HW volume Standard heat pump performance
[L/ day]
Weather condition
for each region
< Solar HW
Y Y
Adjusted HW heat Load Adjusted heat pump performance
[M) / day]

| |
v v

HLuw month_ajat Adjusted HW heat load E.._month :Primary energy of heat pump Frequency of each 6
each month [MJ/ month] each month [MJ / month] days
v v
Lw: Annual heat load Ew: Annual primary energy of heat
[G) / year] pump [GJ / year]

| |
v

Cw: Primary energy coefficient

Figure E.11 — Calculation flow of energy coefficient
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Process of Correction for gap between Test and Standard condition of DB

1 Eff In Test
In Summer
ES In Test :
. In Mid season
Primary : : : .
Energy . EF. In Test £¥ In S8,
EfﬁCIEI"ICY : In Winter ] L Eff InSd. In Summer
! ) ' In Mid season '
Eff.In Tast : '
In Cold winter : Efi In Std. !
) In Winter H
: E : Eff. In Test
Eff In Std. | E | ' .
Ifyou Est ] in Cold Winter ' Eff. In Std. .
Cold winer, ' f ' I 1
“ou can use 1 ' [ ' N
Real wlue ' ! } ' i — t >
+ Cold Winter »  Winter Mid  Summer
. -7 deg v +7deg , 16deg 25deg
Cold Winter Winter Mid Summer
Tempintest Tempintest Tempintest Tempin test
Dry Bulb Temperature

Figure E.12 — Generalization of test result

Primary Energy Efficiency can be evaluated due to the relation between DB and Eff.

Standard Eff.
-+ In Summer
Standard Ef.
Primary In Mid
Ef_T ergy Standard Eff
Efficiency In Winter
Standard Eff.
In Cold winter
Eff insd. @
Cold Winter Winter Mid Summer
-7 deg +7 deg 16 deg 25 deg

Outdoor Airtemp (Dry Bulb)
Averate Temp in each Month at Region
(for CO2HP, gap of Mid-night is considered)

Figure E.13 — Efficiency evaluation for dry bulb

The annual performance in each region is calculated in two different heating modes. The result in region
IVb (warm region like Tokyo or Osaka) is shown in Figure E.14. “Saving mode” shows performance better
than “safe mode”. The slope of regression was decided by the result of saving mode. The questionnaire
survey in actual houses showed that 60 % of houses were selecting “saving mode” and 40 % ones were
selecting “safe mode”. The intercept was adjusted to reflect the ratio of mode selection.
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Figure E.14 — Unification of performance of two boiling modes

3.7

The final formula from APF to Cy, for each region (la: coldest, VI: hottest) is shown in Table E.5. As the

APF is improved, Cy is decreased (means low energy).

sz(%)xAPFer
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Table E.5 — Primary energy coefficient for heat pump boiler

Region «Cold Hot—
Ia Ib I 1l IVa IVb v VI
o Saving(60%) | 97% | 100% | 110% | 112% | 114% | 120% | 124% | 139%
ciency of four  |Safe (40 %) 81 % 87 % 92 % 94 % 959% | 100% | 104% | 120%
models Average 90 % 97% | 103% | 105% | 106% | 112% | 116% | 131%
Coefficiont a (slope) 0424 | 0452 | 0467 | 0463 | 0465 | 0467 | 0467 | 0,284
b (intercept) 0498 | -0,523 | -0,513 | 0479 | -0471 | -0422 | -0,382 | 0,378
Primary effi- APF=30| 77% 83 % 89 % 91% 92 % 98% | 102% | 123%
ciency APF=31| 82% 88 % 93 % 96 % 97% | 103% | 107% | 126%
APF=32| 86% 92 % 98% | 100% | 102% | 107% | 111% | 129%
APF=33| 90% 97% | 103% | 105% | 106% | 112% | 116% | 131%
APF=34| 94% | 101% | 107% | 110% | 111% | 117% | 121% | 134%
APF=35| 99% | 106% | 112% | 114% | 116% | 121% | 125% | 137 %
APF=36| 103% | 110% | 117% | 119% | 120% | 126% | 130% | 140 %
APF=37| 107% | 115% | 121% | 123% | 125% | 131% | 135% | 143%
Cw APF=3,0| 1,29 1,20 1,13 1,10 1,08 1,02 0,98 0,81
Coefficient APF=31| 1,22 1,14 1,07 1,05 1,03 097 0,94 0,80
of primary APF=32| 1,16 1,08 1,02 1,00 0,98 093 0,90 0,78
energy APF=33| 1,11 1,03 097 0,95 094 0,89 0,86 0,76
APF=34| 1,06 0,99 0,93 091 0,90 0,86 0,83 0,75
APF=35| 1,01 0,94 0,89 0,88 0,87 0,82 0,80 0,73
APF=36| 097 091 0,86 0,84 0,83 0,79 0,77 0,71
APF=37| 093 0,87 0,82 0,81 0,80 0,77 0,74 0,70
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E.6 Energy calculation method for air-conditioner and water heater combined
systems

E.6.1 General

Air-conditioner and water heater combined systems are composed of an outdoor unit and an indoor
unit. An indoor unit is composed of air-conditioning devices (fan coils, floor heating devices, and others)
and water heaters. The energy calculation method for the systems can be defined by clarifying the
calculation method for the electricity consumption of the respective components. Figure E.15 shows
the components to calculate electricity consumption. Adding up the electricity consumption of the
respective components is a method for energy calculation.

Power Supply
Optional
_____________________________ .

Outdoor Unit side : Indoor Unit side
Flarma s s e T " et e e S S %
& 3 il ooy S
i |1 Compressor : T = St Ao :
I i ! I
I | Fan i ! [
I [ ! [
I | ! [
| — Control I I I
I I 1 1 Fan (fan-coill) I
! [ ! [
: : 1 control :
I } 1 1
! ] ! - - I
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Figure E.15 — Components to Calculate Electricity Consumption

E.6.2 Basic concepts

For the components whose amount of electricity consumption is calculated, the energy calculation is
conducted based on the following concepts:

— air-conditioning loads are used as conditions for selection. Heating loads and cooling loads are
compared, and the capacity of equipment is selected based on larger loads;

— air-conditioner and water heater combined systems are operated with the capability that can cover
the loads required for heat sources by hot water heating systems, such as floor heating devices and
others, and cold water cooling systems, such as fan coils, and the amount of electricity consumed by
the heat-source equipment is calculated;

— the outdoor unit is operated with the capability that can cover heat-source loads, and the necessary
amount of electricity consumed under the equipment installation and operation conditions is
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calculated. It is considered that crankcase heaters consume the normal rated power under the
conditions that heaters are turned on;

— if the capability is not sufficient enough to cover loads, the electricity consumption of optional
backup heaters is calculated (the difference between loads and capability);

— indoor units, including pumps, are considered with the rated power consumption as the standard.

E.6.3 Characteristic formulae for outdoor units and indoor units

To conduct the energy calculation, the characteristic formulae for the outdoor unit are defined as the
following basic formulae. Those characteristic formulae that consume a small amount of electricity and
have little effect on energy calculation can be ignored (according to the concepts of energy calculation):

a) correction of capability by outside air temperature (conversion from wet-bulb to dry-bulb in the
case of heating, for example);

b) correction of electricity consumption by outside air temperature (conversion from wet-bulb to dry-
bulb in the case of heating, for example);

c) correction of capability by hot/cold water outlet temperature;
d) correction of electricity consumption by hot/cold water outlet temperature;

e) partial load characteristics of electricity consumption (electricity consumption proportional to
capability);

f) defrosting characteristics of capability;

g) correction of capability by the length of pipe and difference of elevation;
h) correction of capability by hot/cold water flow rates;

i) correction of electricity consumption by hot/cold water flow rates;

j) correction of capability by temperature difference of hot/cold water (or correction by inlet
temperature);

k) correction of electricity consumption by temperature difference of hot/cold water (or correction by
inlet temperature);

1) partial load characteristics of crankcase heaters.

Similarly, the characteristic formulae of indoor units are defined as the following basic ones. In the case
of ON/OFF operation equipment, only the rated electricity consumption is stipulated.

a) partial load characteristics of circulating pumps (if any)
b) partial load characteristics of backup heaters (if any)

c) partial load characteristics of fans of fan coils used to produce warm wind/cold wind for air-
conditioning (if any)

Characteristic formulae are generally defined by quadratics. The forms of respective characteristic
formulae are shown below. The parameters (a to f) show provisional values.

a) correction by outside air temperature

Capability =al + a2 x Ty + a3 x Ty2
(E.3)
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Electricity consumption = b1l + b2 x T, + b3 x T2

(E.4)
where
To is the outside air temperature [CDB].
b) correction by hot water outlet temperature
Capability = c1 + c2 x TLW + ¢3 x TLW 2
(E.5)
Electricity consumption = d1 + d2 x TLW + d3 x TLW 2
(E.6)
where
TLW is the hot water outlet temperature [C].
c) correction by partial loads
Electricity consumption = el + e2 x PLR + e3 x PLR2
(E.7)
Correction by pipe
Capability =f1 + f2 x L+ f3 x L2 + f4 x HD
(E.8)

where
PLR isthe partial load factor;
L is the length of pipe [m];

HD isthe difference of elevation [m].

E.6.4 Basic procedures for energy calculation

The basic procedures for energy calculation are as follows.
a) Calculation of heat-source loads (required capability)
b) Calculation of required capability of outdoor units:

The required capability of an outdoor unit is calculated by the following formula. The required
capability is represented by the value that is calculated by dividing the heat-source load by pipe
correction and defrosting correction.

Required capability of outdoor unit = heat source load/pipe correction/defrosting correction
c) Calculation of the greatest possible supply capability of outdoor units

The greatest possible supply capability of an outdoor unit is calculated by the following formula.
The supply capability can be calculated by using basic formulae such as the correction by outside
air temperature and correction by hot/cold water outlet temperature.
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Greatest possible capability of outdoor unit = rated capability x correction by outside air
temperature x correction by hot/cold water outlet temperature

(x correction by flow rate x correction by hot water inlet temperature)
Calculation of partial load factors of outdoor units

The partial load factors of outdoor unit are calculated by the following formula. The partial load
factors are calculated by using the required capability of an outdoor unit as calculated in item b)
above and the greatest possible capability of outdoor unit as calculated in item c) above.

Partial load factors of outdoor unit = required capability of outdoor unit/the greatest possible
capability of outdoor unit.

NOTE Here, in the case of the required capability (load) > the greatest possible capability, the capability
is insufficient, and the capability is complemented by backup heaters up to the rated capability thereof.

Calculation of electricity consumption of outdoor units

The electricity consumption of an outdoor unit is calculated by the following formula. The electricity
consumption of an outdoor unit is calculated by using the correction by outside air temperature,
correction by hot water outlet temperature, correction by partial load, and others.

Electricity consumption of outdoor unit = rated electricity consumption x correction by outside air
temperature x correction by hot water outlet temperature x correction by partial load

(x correction by flow rate x correction by hot water inlet temperature)

(+ rated electricity consumption of crankcase heater x correction by partial load of crankcase
heater)

Calculation of electricity consumption of indoor units

The electricity consumption of an indoor unit can be calculated based on the electricity consumption
of circulating pumps and that of backup heaters and the fan coils used to produce warm/cold winds
for air-conditioning. If all of the circulating pumps, backup heaters, and fans or fan coils are ON/OFF
controlled, the electricity consumption can be calculated based on their operating time (the ratio of
operating time) and their rated electricity consumption.

Electricity consumption of indoor unit = rated electricity consumption (pump + backup heater + fan
of fan coil) x ratio of operating time

In the case other than ON/OFF control, the electricity consumption is calculated by using partial
load characteristics.

Electricity consumption of circulating pump = rated electricity consumption x partial load
characteristics

Electricity consumption of backup heater = rated electricity consumption x partial load
characteristics

Electricity consumption of fan of fan coil =rated electricity consumption x partialload characteristics
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