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

effictenectes-er-the heatgenerationsubsystemlossesdueto-the systemeontiguration

Thip part of ISO 13612 presents methods for calculation of the additional energy requirements of a heat

genpration subsystem in order to meet the distribution subsystem demand. The calctilation |s based on

the performance characteristics of the products given in product standards and on other chafacteristics
reqpired to evaluate the performance of the products as included in the system. Broduct data, .g. heating
cappcity or COP of the heat pump, is determined according to products standards.

Thif method can be used for the following applications:

— |judging compliance with regulations expressed in terms of energytargets;

— |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 hea‘g:g/cooling
generation subsystem, by calculating the energysuse with and without the energy conservation
measure.

Only the calculation method is normative. Thie user shall refer to other standards or o national

documents for input data. Additional values necessary to complete the calculations are to b¢ given in a

natjonal annex; if no national annex is available, default values are given in an informative a)jnex where

appropriate.

NOTE The results of this method cawbe used to assess the energy performance of the heating/cog¢ling system

whgn summing up the results over aperiod of calculation.
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calculation of the system performance and system design
for heat pump systems —

Part 2:
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1
Thi

heaters (HPWH), and heat pumps with combined space heating and/or cooling and domesti

pro
and

Thi
cald

Thd
infl

heating and cooling supplied by the heat pump system

Thi
out
the

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

ergy caicuiation

Scope

5 International Standard is applicable to heat pumps for space heating and@eoling, heat p

duction, in alternate or simultaneous operation, where the same heatpump is used for sp
domestic hot water heating.

5 part of ISO 13612 provides a calculation method under steady conditions that corresp
ulation step.

results of this calculation are incorporated in larger\building models and take into 3
lience of the external conditions and building conttelthat influence the energy requirn

but thermal power generation for space hedting and cooling and domestic hot water pr
following heat pump systems, including.control:

electrically driven vapour compression cycle (VCC) heat pumps;
combustion engine-driven vapour compression cycle heat pumps;

thermally driven vapourabsorption cycle (VAC) heat pumps,

Table 1 — Heating/cooling sources and energy distribution

ump water
C hot water
hce heating

nds to one

ccount the
ements for

5 part of ISO 13612 specifies the required inputs, calculation methods, and required ¢gutputs for

bduction of

Source Distribution
Outldoor air Air
ExHaust-air Water
Indjrect ground source with brine distribution Direct condensation/evaporation of the refijigerant in
Indirect ground source with water distribution the appliance (VRF)

Direct ground source [Direct expansion (DX)]

Sur

face water

Gro

und 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.
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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

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

ISO 13790, Energy performance of buildings — Calculation of energy use for space heating and cooling
ISO/TR 16344 Energy performance ofbuzldmgs — Common terms, definitions and symbols for the overall
energy per urrriuricci Mblllg uuu cC7 LlJ u,uuuu

3 Terms and definitions

For the pu
ISO/TR 16

31
alternate
production
double ser
heating op

3.2

applicatio
mandatory
or supplier

3.3

auxiliary ¢
electrical €
water to sy

Fposes of this document, the terms and definitions in ISO 13612-1, EN 1SQO.7345:1995,
844 and the following apply.

pperation

of heat energy for the space heating and domestic hot water system by a heat generator v
ice by switching the heat generator either to the domestic hot'water operation or the sy

pration

n rating conditions

and

vith
ace

rated conditions within the operating range of the unit thatare published by the manufactyrer

bnergy

nergy used by technical building systems for heating, cooling, ventilation, and/or domg

pport energy transformation to satisfy energy needs

stic

Note 1 to eptry: This includes energy for fans, pumps, electronics, etc. Electrical energy input to a ventilation

system for g

ir transport and heat recovery.ismnot considered as auxiliary energy, but as energy use for ventila

Note2toe

Note3toe
in the syste
additional e

3.4

ry: In EN ISO 9488, the ehergy used for pumps and valves is called “parasitic energy”.

:.]:ry: In the frame of this part of ISO 13612, the driving energy input for electrically driven heat pu

n boundary of th€€0OP and an electrical back-up heater is not considered auxiliary energy but
lectrical inputioticonsidered in the COP.

balance p¢int temiperature

temperatu

e at Which the heat pump heating capacity and the building heat load are equal

3.5

ion.

mps
bnly

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 h

ot water, illumination levels, and other services related to the use of the building

© 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

Notf T To entry: Typical diScrete time intervals are I i, I mon, or one leating and/or cooling seagop, operating
modes, and bins.

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

3.9
coefficient of performance

co

ratip of the heating/cooling capacity to the effective power input of the unjt

31
cumulative frequency
frequency of the outdoor air temperature cumulated over all ¥ K'bins

3.11
cutiout period
timg period in which the electricity supply to the heat@ump is interrupted by the supplying utility

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

3.18
effgctive power input
avelage 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 defrpsting,
— |the power input for alljcontrol and safety devices of the unit, and

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

3.14
ele¢tricallyrdriven heat pump
vappur«cempression cycle heat pump which incorporates a compressor driven by an electrigmotor

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 diffig
(e.g. energy

3.18
frequency
<statistica

Note 1 to e
[SO 13612,
for one year

3.19
heat gene
heat gener

need for space heating and domestic hot water).

> number of times the event occurred in the sample

ntry: The frequencies are often graphically represented in histograms. In the frame of this pa
he frequency of the outdoor air temperature is evaluated based on a sample,of hourly averaged

rator with double service
htor which supplies energy to two different systems (e.g)the space heating system and

domestic hiot water system) in alternate or simultaneous combined operation

3.20

heat pump

unitary or

Note 1 to ejf

Eplit-type assemblies designed as a unit to transfer heat

try: It includes a vapour compression refrigeration system or a refrigerant/sorbent pair to tran

heat from the source by means of electrical or thermakenergy at a high temperature to the heat sink.

3.21

heat recoy
heat gener
is utilized

(e.g. prehe

3.22

ery

Hirectly in the related system to lower the heat input and which would otherwise be was
iting of the combustion@ir by flue gas heat exchanger)

heat trangfer medium

medium (W

rater, air, etc.,)sused for the transfer of the heat without change of state

Note1toe

try: The fluid cooled by the evaporator, the fluid heated by the condenser, and the fluid circulatiy

the heat recpvery heat'éxchanger.

3.23

tity

't of
Hata

the

sfer

hited by a technical building system or linked to a building use (e.g. domestic hot water) which

ted

gin

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

g

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

acteristics

E below the

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

primary pump

produced heat
heaf produced by the generator subsystems

Notg 1 to entiy;In the context of this part of ISO 13612, this is the heat produced to cover the energy fequirement
of the distribution subsystem and the generation subsystem heat losses for space heating and/or domestic hot
watpr.

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 vrvfen
operated f¢r cooling in active mode to the total annual amount of energy consumed by the equipnpent
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 amountof energy consumed by
the equipnjent 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 modg or
internal (mfaximum intended) temperature, as fixed by the conttel system in normal cooling mode

3.37
simultanepus operation during the heating period
simultanequs production of heat energy for the space lieating and domestic hot water system by a heat
generator yith double service (e.g. by refrigerant desuperheating or condensate subcooling)

3.38
simultanepous operation during the cooling period
simultanequs 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 subcoolirlg)

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

3.40
standard rating condition
mandatory conditionthat 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).

6 © ISO 2014 - All rights reserved
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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.
AbHreviated terms are listed 1n Iable 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/W
E Quantity of energy, fuel J
f factor (dimensionléss) -
B Load factor -
m’ Mass flow rate kg/s
N number-ofitems -
k factor(fraction) -
P Pewer, electrical power w
Q Quantity of heat J
SPF Seasonal performance factor -
b 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

© ISO 2014 - All rights reserved 7
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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 temjperature corrected eng engine nrbl non-recoverable

6llim lowpr temperature es storage values acc. to on running, in
limjt EN 255-3, phase 4 operation

6hlim upper temperature ex exergetic opr operating,

limjt operation limit
amb amlbient f flow out output,from
subsystém

aux auxjliary gen generation subsystem p pipe

avg avefage H space heating r return

bal baldnce point hot hot process side rbl recoverable

bu back-up (heater) ho hour rvd recovered

C spafe cooling hp heat pump st storage

cap lacH of capacity Int internal sby stand-by

co cutfout In input to subsystem sk sink

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

combi con}bined operation k index sc source

crnt Carpot Ls loss standard acc. to standard
testing

dis distribution subsystem Ltc low temperature cut-out tot total

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

Ext ext¢rnal n nominal w domestic hot water
(DHW),DHW operation

eff effelctive

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

— the firgt index repreSents the type of energy use (H = space heating, W = domestic hot water). If the forthula
can be ppplied fordifferent energy uses by using the values of the respective operation mode, the first level
index i§ omitteds;

— the secpnd'index represents the subsystem or generator (gen = generation, dis = distribution, hp = heat pymp,
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.

8 © 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 COp(Bi; 1105 2Py )

Emission, distribution
standards

| Operating conditions and multiple generators standard ‘

A

Y Y

PRIORITY NEXT
GENERATOR A ¥ A A4 GENERATOH |
Conditions| Time Durp Diypp Do [ Bss.2
Time step
1

2
3

HEAT PUMP AND INTEGRATED'BACK-UP AND STORAGE CALCULATION

¥ PROCEDURE
Time step | Pxnpin | Pl Py ppbu
1
2
3

Total delivered energy and weighting
standard

Figure.1’>- Heat pump systems and interaction with other generators

The performanee-calculation method for the generation subsystem is described in the flowchart
prepented inEigure 2.

Theg methed is based on calculating the amount of energies delivered to the heat pump syptem using
tablilated values. Methods to establish the coefficient of performance (COP) according to the different

hef\ nomn-cuctam chavractarictioce and Auailabhla data ara nracantad in Annavac A B C 1N and E
depeHHRP-5Sy Ste-endiaeee S eSSt v bre-aattaare-presSehtea it S5 o€ .

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,

© ISO 2014 - All rights reserved 9
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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:  Collection of the input data (see 6.1)
Step 2: Identification of the time step for the calculation (see 6.2)
Step 3:  Determination of energy requirements for heating and cooling periods (see 6.3)

Step 4:  Construction of the energy delivered by the heat pump system depending on climatic condi-
tions (see 6.4)

Step 5:  (Calculation of generation subsystem heat losses (see 6.4)

Step 6: Determination of back-up energy (see 6.5 for simplified; see 6.6.4 for detailed)

Step 7:  (Calculation of the running time of the heat pump in different operation modes_(see 6.6)
Step 8:  (Calculation of auxiliary energy input (see 6.7)

Step 9:  (Calculation of recoverable generation subsystem losses (see 6.8)

Step 10: Calculation of the total driving energy input to cover the requiréments (see 6.9)

Step 11: Spmmary of required and optional output values (see 6.10)

10 © ISO 2014 - All rights reserved
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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 calculafion 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  calculafion of generation subsystem heat losses

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

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

11 calculafion of operating time with simultaneous systém‘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 calculafion of auxiliary enepgy

17 calculafion of recoverablelosses

18 outputdata (6.10):
— enerjgy inputto‘cover the energy requirement;

— tota] losSes of the generation subsystem;

— totalrecaverable 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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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

bac

k-up energy is included in the system boundary.

Distribution and emission systems are out of the system boundaries.

5.3

The calculation method takes into account the following physical factors, which have an im

sea
of t

Physical factors

he distribution subsystem.

type of generator configuration (monovalent, bivalent)

combination of heat source and sink (e.g. ground-to-water, air-te=air)
space heating and domestic hot water energy requiremeritsof the distribution subsyste

space cooling energy requirements of the distributionsubsystem(s)

according to standard product testing

results on part load operation exist

auxiliary energy input needed(to operate the generation subsystem not considered i
testing of heating capacity and COP

system heat losses due to.space heating or DHW storage components or space cooling, in|
connecting pipework or-ducts

location of the genération subsystem

bact on the

sonal performance factor and thereby on the required energy input to meet thelheat requirements

type of heat pump [driving energy (e.g. electricity or fuel), thermadynamic cycle (VCC, VAC)]

m(s)

effects of variation of source and sink temperatiife on heating and/or cooling capacity and COP

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

h standard

cluding the

© IS0 2014 - All rights reserved

13


https://standardsiso.com/api/?name=851ffed77abe21ffb686f073dfe02359

ISO 13612-2:2014(E)

5.4 Schematization of the heat pump for heating and cooling
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Key

1 drivinglenergy input to cdver the heat requirement 8
(e.g. eldctricity, fuel), Efwlgen,in

2 ambienft heat used gs-heat source of the heat pump, 9
QHW,gen,in

3  heat oqﬁput of;generation subsystem corresponding 10

to the Heat' requirement of the distribution
subsystemA{Quwgen.out = @HwW disin)

11 6 —H3% !

~

auxiliary energy input, Whw,gen,aux

recovered heat loss of auxiliary components,
QHW,gen,aux,ls,rcv

unrecovered heat loss of auxiliary components,
QHW,gen,auX,ls

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

5 recoverable generation subsystem heat losses, 12
QH,gen,ls,rbl

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

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

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 3 — Example of energy balance of generation subsystem for heating
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s
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12 11 6 p—3%) !

~~
Key
1 |driving energy input to cover the cgoling 8 auxiliary energy input, Wyw,gen,aux
requirement (e.g. electricity, fuel); Ecw,gen,in
2 |extracted energy for cooling, Qcw gen,in 9  recovered heat loss of auxiliary compongnts,
QHW,gen,aux,ls,rcv
3 |heat output of generatjen Subsystem 10 unrecovered heat loss of auxiliary compg¢nents,
(QHW,gen,out = QHW,dis,in) QHW,gen,aux,ls
4 |generation subsyStem heat losses, Quw,gen, s tot 11 recoverable heat loss of auxiliary compohents,
QH,gen,aux,ls,rbl
5 |recoverablégeneration subsystem heat losses, 12 non-recoverable heat loss of auxiliary components,
QCW,gen,ls,rbl QHW,gen,aux,ls,nrbl

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

7 total recaoverable generation subsvustem heat laosses
5 Y Y

QH,gen,ls,rbl,tot

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:

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

— requirpd 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 gpneration subsystem heat loss, Quw,gen, s tot;
— total rgecoverable generation subsystem heat losses, Qy,gen,1s,rbl tofs

— 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
Enw,geh,in is the driving eléctrical energy, fuel or heat input to cover the heat requirement|of

the distribution.subsystem (]);

QHW,gdn,out is the heat®energy requirement of the distribution subsystems (]);
Quw,gdn,1stot  is the'total heat losses of the generation subsystem (J);

QuwW,gdn,in isthe ambient heat energy used as heat source of the heat pump (J);

kgen,auk 1sfvd’  is the recovered fraction of heat energy from the auxiliaries (-);

Whw gemaux 1S tire auxitiary emergy input tooperate the generatiomsubsystenT}7:

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 ¢

5.7

Auy
con

NO1
on t
the
con

Aux
to 1
dist
gen
inp

Int
pun
sub

pse of the combustion engine-driven and absorption heat pumps:

Exw,gen,in describes the driving energy input to cover the heat requirementof‘the d
subsystem. For combustion engine-driven heat pumps, this driving energy s fuel, e.g.
natural gas. For thermally driven absorption heat pumps, not only fuel-drigenh burners by
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 r¢
of the distribution subsystem and contains all fractions of heat'recovered from the en
flue gas of the engine, i.e. recovered heat from the engine is entjrely considered within
boundary of the generation subsystem.

kgen,aux,1s,rvd gives the fraction of the auxiliary energy recovered as thermal energy and
the test method. The fraction kgen,aux,is,rvd = 0, if the r'ecovered heat is already included |

Auxiliary energy, Whyw,gen,aux

frol system of the generator.

E As for electrically driven heat pumps, heating capacity and COP in this part of ISO 13612 arj
he basis of results from product testing; according to EN 14511, only the auxiliary energy not
fest results, e.g. the power to overcome the external pressure drop and the power in stand-by opl
idered in Wyw,gen,aux-

iliary energy is accounted to the generation subsystem as long as no transport energy is
he distribution subsystem. That means, in general, the circulation pump is accou
ribution subsystem; unless hydraulic decoupling exists. For hydraulic decoupling bg

arallel configuration, the primary pump is accounted to the generation subsystem as we

his case, the'power to overcome the external pressure drop has to be taken into account. If
\p is censidered, since there is no hydraulic decoupling between the generation and d
Kystem, the COP values have to be corrected for the internal pressure drop, which is incl

]

istribution
s diesel or
talso solar

quirement
bine or the
the system

lepends on
n the COP.

iliary energy is energy needed to operate the generation subsystem, e.g. the source pyimp or the

e calculated
included in
eration, are

ransferred
ted to the
tween the

eration and varieus distribution subsystems, e.g. by a heating buffer or domestic hot water storage

1.

ho primary
istribution
ided in the

COH

Vralues 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 13790).

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
values, but

or some alternative methods, calculation periods are not oriented at the time scale, i.e. mon
n the frequency of the outdoor air temperature (bin method).

thly

5.10 Calculation by zones

A heating/
circuit may

rooling system may be split up in zones with different distribution subsystems. A sepafate

r be used for domestic hot water production.

Several heat generation subsystems may be available.
The total heatrequirement of all the distribution subsystems, for instance ofithe space heating operatfion,
shall equallthe total heat output of the generation subsystems:

ZQH,gen,out,j = ZQH,dis,in,k (2)

j k

where

Qu,genputk is the space heating heat energy requirément to be covered by generator j (J);

QH,dis, i,k is the heat energy requirement of-space heating distribution subsystem k (]).
When moije generators are available (multivalent system configuration), the total heat demang 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 QH,gen,out k- This is accomplished in case of an installed back-up heater.
For intermjittent heating, the requirements of ISO 13790 shall be considered.
For combimed operation ofthe heat pump for space heating and domestic hot water production, fwo

kinds of op

In alternat
systemin @

eration modes ean be distinguished: alternate and simultaneous operation.

b operation,'the heat pump switches from the space heating system to the domestic hot w
ase of domestic hot water demand with a domestic hot water storage in parallel. Domestig

water oper

hot water egb demand.

ation is usually given priority, i.e. space heating operation is interrupted in case of dome

hter
hot
stic

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.

18
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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);

simultaneons npprntinn'

Thd

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

considered. In most cases, priority is given to cooling use as DHW is,a.co-product. Back-t
provided the necessary complement to satisfy DHW production.

calculation implies that both the single operation modes and the simultaneous op¢

testled according to standard testing, so heating capacity and COP characteristic of all three

ope
may
tak

6

6.1

Inp

ration modes are available. As heating capacity and COP chavacteristic of the simultaneou
r differ significantly from the other two operation maedes, these test results shall be av
bn into account.

Generation subsystem calculation

Input data

1t information for the procedure cafconsist 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 s¢
into account, comfart level, and room temperature/humidity);

the heat pwnp function (space heating, domestic hot water production, space cq
combinationtof these);

the type-of heat pump (electrically driven, engine-driven, etc.);

the type of energy input (electricity, natural gas, LPG, oil, etc.);

h shown in
n from the
subcooling

For combined cooling and domestic hot water, the calculation shall idéntify which prigrity use is

[p heater is

ration are
respective
5 operation
hilable and

bctor taken

oling, any

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);

© IS0 2014 - All rights reserved
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to domestic hot water during heating or cooling mode);

calculation period;

characteristics of the integrated back up heater.

information about control of the heat pump system and priority given to the energy use (e.g. priority

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

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

for

space
— spacel

space

The climat

6.2 Enel

6.2.1 Space heating and space cooling mode

The energ

specified i 6.1.

If data proj
by

using ]
data,

using
stand3

6.2.2 Do

The heat e
according

Energy req

NOTE I
consumptio

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

The value

(;lirnear interpolation if the time step ¢jjis fower than the time period between bin scheme

43 L Jd.d 1ol ot + )
lCClL1116 qulu UVUIIICOLIU 1TIUL VVGLCIJ,
neating and space cooling alternatively,
fooling (and domestic hot water).

c data shall be considered as constant for any calculation time step.

gy requirements for space heating, space cooling, and DHWmode

 requirement of the space heating and space cooling distribution subsystem, Qy,dis,i
Fided are not in line with the time step calculation, then data are derived from data provi

he sum of the heat energy requirement if the time step is greater than the time period betw

rd locations in a national annex.

Imestic hot water mode

hergy requirement of thie,domestic hot water distribution subsystem Qw dis,in is calculd
06.1.

uirements are adapted to the time step accordingly with 6.3.

Instead of a daily constant DHW consumption expressed by the bin time, a profile of the D
n dependenton the outdoor air temperature can be considered.

£l

1) is

ded

een

and

ted

HW
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presented in Annexes A, B, and C.

6.4 Heatlosses through the generator envelope

6.4.1 Space heating mode

ods

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

20
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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]- tj

O ™ Ay 24{h/d]

(3

where

Qu,stlsj isthe heatloss of the heating buffer storage to the ambient in time ¢; (J);

P
-

Ou,stavg, Isthe average storage temperature of the heating buffer storage in time ¢; (°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 ayailable, default values are given in Annex B.

Thed average storage temperature, Oy st,avg,j, is to be détermined according to the storage coptrol. If the
storage is operated depending on the temperature requirements of the heating system, itis apgproximated
as the average temperature of the flow and retufn temperature of the space heating system| according
to Hormula (4).

,gen,fj ~ VH,dis,rj
) @

QH,st,avg, j 2

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

On,dis,rj s theTeturn temperature from the space heating distribution system at timgq ¢ (°C).

The flow temperature is evaluated according to the control of the heating system (heating cirve, room
thermostat), and the return temperature is calculated by interpolating the temperature sprgad of flow
and| return temperature between the design temperature spread (at outdoor design tempefature) and

Ae + Oatthaindaonr docign +tarmnaratiien
t ¥ Fe-

T T eI O O O T TS It e p T Tata T ©

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

thermallasses of the heat pump

For e
evalu
be est
redisti
losses

Internal of
stand-by h

6.4.4 He

Heat losseq
added to tH

6.5 Calc

6.5.1 Ge
Back-up en

Tempe

heat pyump is restricted to a maximum value). This fraction of back-up energy is treated in 6.5.7.

Multiv|
is not
heatin

For the cal
are given.

The simpli
and, depen
assumes th

gine-driven heat pumps, the thermal losses of the engine are considered. They-shal
ed based on test results or manufacturer data. If no values are available, the(losses
mated by the efficiency of the engine and a possible fraction of recovered heat. For
ibution of the total thermal losses to the bins or operation modes, if requiréd, the stang

pat loss value for the step time ¢j in accordance with Formula (3).

ht losses of primary circulation pipes

e storage losses.
ulation of back-up heater

heral
ergy can be required for two reasous.

rature operating limit of the heat pump (i.e. the temperature that can be reached with

hlent design of the genetator subsystem (see boundary conditions in 5.10), i.e. the heat pt
designed for the total load. Then, a fraction of back-up energy is required due to a lac
b capacity of the heat pump.

Culation of the back-up operation due to a lack of capacity, a simplified and a detailed met]

fied method is based on the evaluation of the cumulative frequency and the balance p
ding onthe operation mode, the low temperature cut-out. It is described in 6.5.2. The met]

be
can
the
[-by

for each step time and the running time (for operational losses) of the heat pump shalll be
evalualted.

external buffer or ice storage produces losses to the ambient that-can be calculated by a

of the primary circulation pipes between the heat genérator and the storage vessel shall be

the

mp
k of

hod

Dbint
hod

atthe balance point is known and all influencing factors (e.g. power demand for space hea

[ing

and DHW operation, cut-out times o1 the electricity supply, etc.) have been taken imto 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

calc

ulated using Formula (5).

k _ Qbuoprj _Mw Cw '(en.i _th,op)'thp,on,i
bu,opr,j —

Qgen,out,j Qgen,out, j

where

(5)

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

For
the
ope

For
pun
req

&
Qbu,opr,j 1s the back-up heat energy due to the operation limit of the heat pump i time

Qgen,outj Is the heat energy requirement of the distribution subsystem in timel (]);

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 {J/(kg-K)J;

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

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

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

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

the space heating operation, the fraction kypu,opr,j usually does not occur, i.e. Ky bu,opr
design of the heat emission subsystem is usually adapted to required temperature level
ration limit of the heat pump.

DHW operation, higher temperatures than the operation limit may be required so th
\p delivers the heat up to the operation limit temperature, e.g. 55 °C, and the additional te

t(J);

that can

j = 0, since
below the

ht the heat
mperature

lirement, 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).

©IS
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kW,bu,opr,j =

where

Vw,j Cw - (ew,out - ghp,op r ) (Gw,out - ehp,op r )

QW,bu,opr,j _ Pw -

QW,gen,out,j Pw 'Vw,j Cw '(Gw,out _Gw,in) (Gw,out _Qw,in)

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 (-);

dctha NHW haclk un haqt anarav duata tha o
D oaek-Hp € tHe-6

aration limit oftha haqt man A Himng +.
e+ ot :

(6)

QW,bu,

QW,gen

VW’ ]
Cw
9W,out

ehp,opr

Ow,in

The opera
applied ref

6.6 Run

6.6.1 Ge

The running time of the heat punip,depends on the heating/cooling capacity, given by the opera
and on the heat requirement, given by the distribution subsystem. The running time can be

conditions
calculated

thp,on,j

where

n.
T Tt I eIt TSy tTre—to-trT Perotro e ot T paTTpP e
)

(s

out,j is the heat energy requirement of the domestic hot water subsystem at time ¢; (J);
is the density of the heat transfer medium (kg/m3);
is the volume of the hot water draw-off at time tj (m3/s);
is the specific heat capacity of water []/(kg-K)];
is the temperature of the hot water at storage outlet (°C);

is the operation limit temperature of the heat pump_{ihaximum temperature that cal
reached with the heat pump operation) (°C);

is the temperature of the cold water inlet (°C),

ion limit temperature shall be taken fromZmanufacturer data or evaluated based on
rigerant.

hing time of the heat pump

heral

by Formula (7):

| th.j
¢hp.i

1 be

the

[ing

(7)

thp,on,j

Is the running time of the heat pump at time ¢ (s);

Qhp,j

®np,j

is the produced heat energy by the heat pump at time ¢j (heat energy requirement of the

distribution subsystem and generation subsystem losses) (]);

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.

24
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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 ¢ (5).
These formulae can be applied for the different operation modes. The following(items shall be ¢onsidered.

Bag

The
acc
(sed

Opc¢

For|h
acttial space heating or domestic hot water heat regirement respectively, i.e. the energy re

oft

For

k-up calculation

fraction of back-up energy for DHW due to the operation limit of the'heat pump has to bd
unt, since the fraction of back-up energy due to a lack of capacity follows from the ener
6.6.4). That means only the fractions kpy,opr,j due to the opefation limit temperature are (

bration mode (heating and/or DHW)
r DHW-

in SH-only m , the energy requirement is g

ne distribution subsystem and the generator lgsses.

heat pumps operating alternately on the SH and DHW system, total running time of the he¢

taken into
gy balance
onsidered.

jven by the
quirement

pat pump is

det¢rmined by the sum of the space heating ahd domestic hot water heat energy requirements, produced

at the respective heating capacity of thelheat 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 te-the state of operation. As the heat pump characteristic by sirhultaneous

operation may differ significantly from the heat pump characteristic by the two single operation modes,

thelthree operation mod€s,may have to be evaluated:

— |space heating-anly operation: running time is determined by the heat requirement of the space
heating systefn and the respective characteristic of the heat pump in space heating-onlyl mode;

— |DHW-ondy‘0Operation: running time is determined by the domestic hot water requiremg¢nt and the
respeetive characteristic of the heat pump in DHW-only mode;

— |simultaneous operation: running time is determined by the energy produced by sithultaneous
opéeration The hnnfing capacity ofthe heat pump-in simultaneous operation hastobe an p]led

However,dependingonthe system configuration,notall three operationmodes 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,sng],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

tW,hp,o

is the running time in space heating-only operation at time ¢; (s);

isthe running time in DHW-only operation at time 8 (s);

sngli
TG T

tHW,hp,
Depending
(e.g.theru

Operation

For heat pt

i.e. the ene

Running ti

For heat pum

determine
at the resp

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

on the type of system, only some of different contributions exist, while the Gthers are 7
hning time for space heating in DHW-only systems).

mode (cooling and/or DHW)

gy requirement of the distribution subsystem and the generatpilosses.
me calculation identical to the space heating only mode:

ing altern nd DH m,toetal running time of the heat pun
] by the sum of the space cooling and domestic hot water heat energy requirements, prody
bctive cooling capacity of the heat pump.

For heat pt

be distingyished according to the state of operation.'As the heat pump characteristic by simultang

:

operation
the three

dq

J

NOTE
when the ef
used for prg

First step:

Calculate s

mps operating simultaneously for heat production for SC and DHW, the running time ha

ay differ significantly from the heat pump characteristic by the two single operation mo
eration modes may have to be evaluatéd.

imultaneous operation of heat pufnp‘systems for space cooling and DHW is used in specific c
ergy used for DHW is low versus the energy use for space cooling or when the heat pump syste
-heating of the DHW.

Identify operating conditions and energy requirements for both energy uses.

eparately the running time for space cooling and domestic hot water.

ero

mps operating in SC-only mode, the energy requirement is given by_the actual space cooling,

pis
ced

S to
ous
fes,

hses
m is

— Identifly the minimuth yvalue and check which energy outputis reached for both energy requirements.
— Then qdalculate the& energy left for the single mode operation.
— Checkif the\goerresponding running time matches the time step calculation.

Icul h itional running time n I mpl he 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.

NO']
exp
for

6.6
The

E Since running time is related to produced energy, but storage losses of the DHW sys
‘essed by the electricity inputaccording to EN 255-3, the net energy to cover the heat requirement
he DHW system by subtracting the storage losses.

2.2 Calculation steps

maximum running time in simultaneous operation is calculated by Formula (10):

em may be
s calculated

tHW,hp,on,combi,max,j =min (tH,hp,on,j ’ tW,hp,on,j ) (10)
wheére the running time for DHW operation is calculated with the heating capacity in sithultaneous
opefration 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:
QHhp,j
— Np,)
tH,hp,on,j - (12)
¢H,hp,c0mbi,j
where
tHW,hp,on,combi,max,j  iS thedhaximum 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 ¢ (]);

dW,hp,combly is the DHW heating capacity of the heat pump in simultaneous opgration at

time ¢ (W);

tyAp,on,j is the running time in space heating operation at time ¢; (s);

Ut hp,; 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).
© ISO 2014 - All rights reserved 27


https://standardsiso.com/api/?name=851ffed77abe21ffb686f073dfe02359

ISO 13612-2:2014(E)

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);
EHW,hp, preombimasct isthe maximum possible running time in simultanecus operation at time tj
(s);
fcombi is the correction factor, taking into account the impact of the control'sysfem
-

NOTE Adequate factors for typical controller setting shall be'given in a
national annex based on a specific evaluation of the systémconfiguration.

The DHW Energy and, analogously, the space heating energy produced in simultaneous operatiof, is
calculated py Formula (14):

th,corr bi,j = (/)hp,combi,j 'thp,on,combi,j (14)

where

Qhp,con}bi,j is the produced heat energy in simultaneeus operation of the respective operatior
mode at time ¢ (]);

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

thp,on,chmbij 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:

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

Chp,snglj 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,out,sngl,j = QW,hp,sngl,j - QW,st,ls,j ’ (1 - kW,bu,j ) ’ (1 — feombi )

(16)

t (1)

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,] producedbHWenmergy by thetreat pumpimbHW-onty operatiomrat tinme

Qw,st,Is)j DHW storage losses at time tj, calculated in 6.4.2 (]);

fcombi 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 ¢ (-).

whyd

The
For

NO'I
asa
2 of

re

QW,hp,out,combi,j = QW,hp,combi,j - QW,st,ls,j : (1 - kW,bu,j ) : fcombi

Qw,hp,out,combi,j is the heat requirement of the DHWdistribution subsystem covered by 4

QW,hp,combi,j is the produced DHW energy. by the heat pump in simultaneous operatio
0);

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

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

kw,bu,j is the fraction of DHW heat energy covered by the back-up heater at timsg

respective running)time in SH-only and DHW-only operation modes are calculated aq

mula (6).

E Testinglaccording to EN 255-3 does not deliver a heating capacity for the domestic hot wat

h output. Hewever, required data to evaluate an average heating capacity are provided by the test

EN 255-3:

pump in simultaneous operation aptime tj (J);

(17)

he heat

n at time ¢;

s to the

4 “)-

cording to

Pr operation
ing in phase
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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

(18)

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

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,ol,sngl,j is the running time in DHW-only operation in time t; (s);
tHW,hp,pn,combi,j 1S the running time in simultaneous operation in time ¢j (s).

If the calcy
capacity of]
energyisc

The same j

6.6.4 Ba

The detailg
to the bour
outdoor ai
the require
summarizg
Zero.

lated total running time is longer than the effective bin time, this\is due to a lack of hea
the heat pump. In this case, the effective bin time is the runningime and the missing bac}
hlculated according to 6.6.5.

rinciple applies to the cooling mode.

Ck-up calculation: Back-up energy due to lack ofcapacity (for heating)

d evaluation of the back-up energy is based oii'the evaluation of the running time accorg
dary conditions given in 6.6.3. The comparison of the running time is accomplished, until
" temperature is reached, at which the effective time for the time considered is longer 4
d running time (step calculation time). The sample balance and the required calculations
d in Table 5. If the system is of alternate type, the running time in simultaneous operatid

For the timle steps with a lack of runnifigitime, i.e. required running time is longer than the effective §

calculation
The result
the back-uj

ng back-up energy can be calculated based on the control strategy using Formula (19)
b heater either supplies heat to the space heating system or the DHW system as calculate

[ing
-up

ling
the
han
are
nis

tep

time, the heating capacity-of the heat pump is not sufficient to cover the total requiremgent.

i.e.
d in
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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

e

Heating capacity for DHW, ¢w hp,sngl,j» 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 attime tj,
Leffj

Difference total running time to effective,bin time

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

hg running
to Formula

(19)

6.6)5 Calculation of additional back-up.energy due to lack of capacity
The additional back-up energy due to'alack of capacity is calculated by multiplying the missi
timp with the heating capacity of the-heat pump in SH-only or DHW-only operation according
(19):
Qbu,cap,j = ¢hp,sngl,j '(thp,on,tot,j - teff,j)
whgre
Qbu,cap,i is'the additional back-up energy due a lack of capacity (]);
thp,on,toby is the total (calculated) 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 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 fr

_ Qbu,opr,j + Qbu,cap,j

action of back-up energy can be calculated according to Formula (20):

(thp,on,tot,j B teff,j ) ’ ¢hp,sngl,j

k bu,j

where

kbu,j

= kbu,opr,j + kbu,cap,j

Qgen,out,j Qgen,out,j

(20)

is the fraction of heat energy covered by the back-up heater in the respective opera-

tion mode at time ¢; (-);

Qbu,opl
Qbu,cap
Qgen,ou

kbu,opr,

kbu,cap j

thp,on,t
Leff,j
¢7hp,sng

To derive
(energy, hé

The fractign kpy,cap,j in Formula (20) only exists, if the simplified back-up calculation accordin

E,j

.}

icthabaclk i anarav duatao onaration It famnarateag (1)
IStRe-baek-dp-energy-ate—+6-6 e ehirHH e mperatbre 7

is the back-up energy due to lack of capacity of the heat pump (]);

—

is the heat energy requirement of the distribution subsystem at time tj (J);
is the fraction of back-up energy due to temperature operation limit{:);

is the fraction of back-up energy due to lack of capacity (in case.of simplified calcy
tion) (-);

is the total (required) running time of the heat pump at time ¢ (s);
is the theoretical operating time at time ¢; (s);
is the heating capacity of the heat pump in single*operation (W).

he fraction of back-up energy for the respective operation modes, the respective va
ating capacity) for the operation mode have®o be set in Formula (20).

ues

b to

Formula (7) is applied. If the detailed back-up‘dalculation according to 6.6.4 is applied, the fractign is
contained n the lack of running time and Kpixcap,j = 0.

6.7 Auxlliary energy

6.7.1 General

To calculat
input. In h
supply heal

The auxilig

WHW,ge

where

e the auxiliary energy, the respective power of the auxiliary components has to be give
bat pump systéms auxiliary energy is basically used for pumps, fans, controls, additiona
Ling (carter héating) and other electrical components like transformers.

ry energy~is given by Formula (21):

P austtoona

an-k

h as
Il oil

21)

HrathGik HrathGoHe

WHw,gen,aux is the total auxiliary energy consumption (J);

P gen,aux,k

tgen,aux,onk

32

is the electrical power of the auxiliary component k (W);

is the relevant running or activation time of the respective auxiliary component k

(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 gen

erator (e.g.

The

NOT

6.7

Dep
for
for

6.8

6.8

Au¥
and

Rec
For

the heating season 10T space heating operation) and the running time evaluated accordin
correction for partload operation of the COP is applied according to Annex C, the stand-<b
are already considered and do not have to be considered here.

For domestic hot water operation of electrically driven heat pumps, the storage loadil
already entirely included in the COP¢ value according to EN 255-3 due to the.system test

following rules apply for estimation of the operating time of the auxilidry:

for variable speed HP, the relevant running corresponds to the timestep calculation whe
operating;

for on/off HP, the relevant running time corresponds to tlfe total running time of the

b t0 6.6.1fa
y expenses

g pump is
ing.

n the HP is

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 calculationwvariable speed.

E Extra time shall be added for pre-conditioning oF post operation.

2 Engine-driven and absorption heat pumps

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

Total losses and total recoverable heat loss of the generation subsystem

1 Recoverable heat lesses from auxiliary consumption

iliary energy is transformed partly to used energy and partly to heat losses as presented
corresponds toerergy flows numbered 10,11, and 12.

bverable h&at'losses to the heat transfer medium are considered totally recovered as co
mula (1).

omplished
umps, fans

in Figure 2

hsidered in

(22)

QHW,gen,auX,rvd = Z Wgen,aux,k -k genaux,ls,rvd k
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,ls,rvd,k

nentk (-).

is the fraction of auxiliary energy totally recovered as thermal energy of compo-

This fraction Kgen,aux,Is,rvd,k is already considered in the COP-value according to standard testing to
EN 14511 for electrically driven heat pumps, so 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 -k gen,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'gen"‘nv ls rhl. = z Wgon anvrlz N kgnn’anv’]c Lk (1 - bgnn’anv'lz ) ’24)
k
where
Quw,geh,aux,ls  is the heat losses of auxiliary components to the ambiance (]);
QH,gen,jux,Is,rbl 1S the recoverable heat losses of auxiliary components to the ambiance (]);
Ween,ax k is the recoverable heat losses of auxiliary components (]);
kgen,au,ls,k is the fraction of electrical energy transmitted to the ambiance (-);
NOTE These values should be defined in a national@nnex. If no national values are
specified, default values are given in Annex A.
bgen,auf,k is the temperature reduction factor for compenent 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 dnvelope heat losses of the generation subsystem can be obtained by a summation over|the
components, basically heat pump enveldpe‘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,ge ,ls,tot = ZQgen,ls,k + QHW,gen,aux,ls 25)
k
where
Quw,geh,1s tot>1S 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).

34
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1.2 Recoverable heat losses 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 = ngen,ls,k '(1 - bgen,k ) (26)
k
where
Qu,genlsrbi—Iis 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 companent k (}).
NOTE The values should be given in a national annex. If no natioral values pre speci-
fied, default values are given in Annex A.
6.8]1.3 Total recoverable heat losses of the generation subsystem

Thd
loss

whyd

6.9

6.9
Thd
The

es and the losses of auxiliary components to the ambiangeaccording to Formula (27).
QH,gen,ls,rbl,tot = QH,gen,ls,rbl + QH,gen,auX,ls,rbl

bre

Qu,gen,Is,rbltot  is the total recoverable heatlosses of the generation subsystem (J);

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

Qu,gen,aux,Is,rbl  is the recoverahle hieat losses of auxiliary components (J).

Calculation of total'energy input

1 General consideration for the calculation

value of the 60P is considered as constant for each time period ¢;.

same pringciple for calculation of the different energy flows applies for cooling operation|

total recoverable losses can be obtained by a summationfef the generation subsystein envelope

(27)
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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):

tmax Q . tmax Q .
H,hp,sngl,j H,hp,combi,j
EH,hp,in = Z + z (28)
.4 COPH snglj i 4 COPH combij
=+ ghi——4 !
where
EY hp,ir is the electrical energy input to the heat pump in space heating mode (J);
Quhp,shglj  1s the energy produced by the heat pump in space heating-only operation at time
()
Qu,hp,cpmbi,j 1s the energy produced by the heat pump for space heating in Siimultaneous operation
at time ¢ (J);
COPyshglj  1s the coefficient of performance in space heating-only operation at the operating
point conditions of time tj (W/W);
COPy,chmbi,j s the coefficient of performance of space heatingin simultaneous operation at the
operating point conditions of time tj (W/W);
tmax is the duration of the calculation (-).
NOTE OP is considered as a constant value for each time period ¢;.

The same j

rinciple applies for cooling operatign:

36
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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).

tmax Q . tmax 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,snglj j=1 t,combi,j
where
Evr hih isthe electrical energy input to the heat pump in DHW made U)
QW,hp,out,sngl,j is the heat energy requirement of the DHW distribution subsystemrat{time t;
covered by the heat pump in DHW-only operation (]);
Q W, hp,out,combij 1S the heat energy requirement of the DHW distribution stbsystem atjtime ¢;
covered by the heat pump in simultaneous operation (J};
COPy sngl,j is the coefficient of performance for the extraction.of domestic hot wter of time
tj in DHW-only operation (W/W);
COPy,combi,j is the coefficient of performance for the extraction of domestic hot witer 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 pperation,

respectively (s);

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

Theallocation 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 sanje way as for
the ppace 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
subpystem depends’on the applied test method for the COP characteristic with regard to ponsidered
heat recovery from the engine and the auxiliaries.

If a[possibletheat recovery from the engine cooling fluid and/or the engine flue gas and the|auxiliaries
is taken ifito account in the COP values, the driving energy can be calculated as for electridally driven
systems according to Formula (28). This approach corresponds to the system boundary givegn 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
fins th,j _Qeng,rvd,j _kgen,aux,ls,rvd 'WHW,gen,aux,j

(30)

E, . =
hpin = COP,
j=1 )
where
Ehp,in is the fuel or heat energy input to the engine-driven or absorption heat pump in the

respective operation mode (]);

Qnp,j

Qeng,rv ,j

kgen,auk,1s,rvd is the fraction of auxiliary energy recovered as thermal energy (depending on test

Whw,g

COP;

tmax

The recovg

is the produced energy of the heat pump at time ¢j (J);

pumps) (J);

ing) (-);

n,aux,j is the auxiliary energy consumption at time ¢; (J);

mance factor for the respective operation mode (W/AW);

is the duration of the calculation (s).

is the coefficient of performance at the operating point oftime tj, taken as perfor-

is the recovered energy from the combustion engine in bin i (only engine-driven hleat

red energy Qeng,rvd shall be calculated based onctest results or manufacturer data. If thelnet

or the gross calorific value is to be used depends on whichiof these values is considered in the testing of

the engine

The redistj
for the ind

6.9.4 En

driven heat pump.

ergy input to back-up system

6.9.4.1 BHlectrical back-up heatér

ibution of the recovered heat to the respective operation modes, if required, is to be evalugted
vidual system configuration based eninstalled components and controls.
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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 31)

E HW,bu,in =
j=1 rIH,bu rIW,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);

UH,gen,ls,] 15 the treat t055es of The generation SUbSyYSTen dUe to space neating operatipn 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 timel|t; (]);

Qw,gen,ls,j is the heat losses of the generation subsystem due to“BHW operation at tinje ¢; (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 héater 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 determjined based
on the system configuration and the product.

6.944.2 Fuel back-up heater

Fue] back-up heaters are calculated in the same way as the electrical back-up heaters. Hqwever, the
effifiency of the back-up heater shall be determined according to ISO 13675 for combustion boilers.

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

The total electrical enérgy input to cover the heat requirement is the sum of the single electrjcal energy
inptits:

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

whegre

EfiWwgenin s the total electrical energy, fuel or heat input to heat pump and back-up hpater (]);

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,ls,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 1

— Total auxiliary energy input to the generation subsystem [6.7, Formula (20)]

— Total K

— Totally

6.10.2 Opfional outputs

— Total hi

40

ecoverable losses of the generation subsystem [6.8.1.3, Formula (26)]

eat produced by the back-up heater

used ambient heat [6.9.6, Formula (1)]

eat produced by the heat pump
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Annex A
(informative)

Construction of COP matrix with a single test result

lhfrndurti on
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performances of heat pumps are usually referred to the following:
the outlet temperature of the internal secondary fluid, Os¢.;;

the inlet temperature of the external secondary fluid, Osfe.

sed as consistent references when the COP of heat pumps is calculated. But the calculati
igerant fluid temperatures is complex due to refrigerant  fluid characteristics, d
formances, and heatexchanger efficiencies in each specific condition. Typical temperature
veen the refrigerant fluid and the secondary fluids (AOR§;) are used in the heat py

re. They usually depend on the secondary fluid characteristics and on the running m

f_sf.Ext for the internal and external secondary, fhiids, respectively, can be defined
ditions, depending on secondary fluids and the‘running mode. In Figure A.1 the afore

real thermodynamic inverse cycle involves the refrigerant fluid so refrigerant temperatures should

n of actual
ompressor
Hifferences
mp design
de. So the

perature differences between the refrigerant fluid and\the secondary fluids, namely Afgf_ g, and

at design
mentioned

cept is clearly expressed, together with the mast relevant temperature differences taking place in
evaporator and the condenser.
Internal seg@ndary fluid Refrigerant fluid
Temperature Externalsecondary fluid
{iguid . Vapour .
iAeRf-Sf:Int wv)
c
T (3]
Internal secondary flui DBsint 2
y fluid reference ‘ An C
temperaturein catalogues 8
A -
A0sf.xt // \ ¥
o
— i< External secondary fluid reference o
AeRf—Sf:Ext temperaturein catalogues f>°
- L|J
Liquid-Vapour Vapour
Entropy
a) Heating case
© ISO 2014 - All rights reserved 41


https://standardsiso.com/api/?name=851ffed77abe21ffb686f073dfe02359

ISO 13612-2:2014(E)

Internal secondary fluid

Refrigerant fluid

Temperature External secondary fluid
Liquid Vapour O
s

[}

J,AeRf-Sf:Ext wv

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

@]

. ()

L.

7B Internal secondary fluid reference (@)

Sf:int temperature in catalogues 'E;

—

o
—n@< %
ABge.stnt >

> w

Liquid-Vapour Vapbur
Entropy

b) Cooling case

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

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

5K if the internal secondary fluid is water
Absind = o o (h.1)
10K if the internal secondary fluid is air
5K if the external-secondary fluid is water
Abst.pyt = . Sy (7.2)
10K if the external secondary fluid is air
AGRf—S -Int == 5K (A.3)
Abgg_sfExt =K (p4)

As a consequénce, if one considers catalogue data as references for secondary fluid temperatures (i.efthe
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_skInt (A.5)

Ore_st.e =Osp.Ext T AORF_sfExt (A.6)
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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

Tabje A.1 allows a simplified assumption of values for Afp¢_grn and AOps_gr.g4p- Flrthg

cou

cap
Soi

Ide:
con

cyc
(at

resj
eva

For
tem

The

coy

the

rea

d be reached calculating AOp;_grjpr and ABOgr_srpye basing on the evaporator and

hcities and on secondary fluids flow rates. But such an approach would regudre iterative c{
[ is not considered in this part of ISO 13612 for the sake of simplicity.

| inverse thermodynamic cycles can be assumed as references_inythe basic conceptus
ventional heat pumps. From thermodynamics, the value of COP for ideal inverse therr

es operating between the internal environment (at average temperature O_Int ) and the e
\verage temperature 9_6) comes from Formula (A.7).

O 273,15

COP*; - =
O 0 > =
OB 0 —Ope|

assume that 6;,, and Og,, correspond to-the reference temperatures of the refrigg

pectively, at the evaporator and at the condenser (in cooling mode) or at the condenser]
porator (in heating mode). As a consequénce, Formula (A.7) can be approximated as follc

_ ORgane +273,15

- |9Rf:lnt - 9Rf:Ext |

*
cop ORf.Int OREExt

convenience, Formula (A<8) should be linked to internal and external secondary fluic
peratures rather than to refrigerant temperatures, so the following formula can be easil

(QSf:Int +AOR¢_st.Int )+ 273,15

COP*G 0 =
Sf:Int YSf:Ext

nISEECD) (Ot ine + AORgr—stane )~ (OstExe + AORe_stxe )|
COP for sideal inverse thermodynamic cycles at the same operating temperatur

¥ .
Os e b5y » €1 thus be calculated. If the actual COP is known for the real heat pump

same\pperating temperatures, namely COP@Sf-Int O f=1 then it is possible to define how

inverse thermodynamic cycle is compared with the ideal one. That is defined through th

r accuracy
condenser
1lculations,

lization of
hodynamic
xternal one

(A7)

erant fluid,

and at the
WS:

(A.8)

| reference
7 obtained:

(A9)

bs, namely
working at

y worse the

e so-called

efficiency of the Znd principle of thermodynamics, namely N2ndP,0g.1pe

Ost.Ext

(A.10).

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

Ost.nt IstExt

, defined through Formula

(A.10)

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 '\b‘
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2
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/ / '\(b
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= i T \O)C)
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.\Q§
X
©
0.0 '
$
0.0 25.0 30.0 35.0 ’\\040.0 45.0 50.0 55.0 60.0 65.0

Intergfsecondary fluid temperature [°C]

a) Electrical capacity versus Eypternal and internal secondary fluid temperatures (heating

mode)
q,\%
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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 ext¢rnal and
internal secondary-fluid temperatures (heating mode)
These two characteristics will be usedto provide convenient starting values in the calculation procedures

for

A.2 Detailed calculation procedure

A.2

The present calctilation procedure is used to estimate COP and capacities at any operating c

givg

nominal cendition point. The use of more rated points provides better accuracy in calculatig

ratq

the estimation of COP and capacities at any operating condition.

.1 Introduction‘and input data

s reliablé esults, even starting from the minimum amount of data such as the performa

d point, the performances of the heat pump must be expressed in terms of the following n

pndition. It
nces at one
ns. At each
agnitudes:

- | Ll dor 1. Y
T'Ulllg IIOUc (1ICdLITg Ul COUILILS ],
internal secondary fluid outlet temperature, Ogg.i; ;
external secondary fluid inlet temperature, Ogpgy; ;

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.1n¢,Osr.Exe ) Within the declared range for operating conditions.

A.2.2.2

A2.2.2.1
At each poi

— Calcul
COP*y
— Calcul
C0P95f:1

— Calcul

P Ext, GSf:

PEXt,GSf:

— Calcul
M2ndp,6

A2.2.2.2

At each poi

qeint OSfExc |(

aracterization of rated points

Vapour compression heat pumps
nt rated at full load, the following calculations apply.
htion of the Carnot inverse cycle COP, basing on Table A.1:

(QSf:Int +AORs_sfint )+ 273,15

Ostine + AORs_stine )~ (Ostexe + AORe_sxt )|
htion of the actual rated full load COP:

P, Int,0sg.1nt ,Ose.Ext f=1

Ogs. f=1
Int »YSf:Ext»
El, GSf:Int 'OSf:Ext f=1

ition of the thermal capacity at the external side:

nt OsfExe f=1 = PlntrQSf:lnt'GSf:Ext'le - PElrQSf:lnt'

nt OsfExe f=1 = Plnt'OSf:IntJOSf:Ext'le & PELOSf:Int'GSf:Ext f=1 in cooling mode

ition of the 2nd prineiple of thermodynamics efficiency:

OO 1nt Ostxt f=1
St Int - Ost.Ext f=1-c ) p

Osf.int Ost.Ext
Absorption heat pumps

ntrated at full load:

Osrpy f=1 10 heating mode

@Al

(A

(A

@Al

(A

— Calculation of the Carnot inverse cycle COP, basing on Table A.1:

COP*

(A.16)

_ Ogen —Max(Osg.1ne + AOge_stane OstExe + AOR¢-stExt ) Ostint + AOgssfne 273,15

OOt |(Ogpane +AORestine )~ (Oserxe + AOre-saxt )|

— Calculation of the actual rated full load COP:

COPg 11t Ospe f=1 =

Prnt, 01 Btz f=1

P Gen,Ost.1nt ,Osf.Ext f=1

— Calculation of the thermal capacity at the external side:

46

Ocen +273,15

(A.

11)

12)

13)

14)

15)

17)
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Pext,b5t1ne Ostxe £=1 = Pintggine, O5pae £=1 ~ Pen 05y, b5 £=1 1M heating mode

(A.18)
Pext, Ot 1t Ospe £=1 = Pt Ot Ospe £=1 T Flen O g Ospiy f=1 11 COOling mode
(A.19)
— Calculation of the 2nd principle of thermodynamics efficiency:
AT T
_ :[Int (Ext”—
rIZHdP'QSf:Int'Gsf:Ext:f:1 N COP* (A.ZO)

Ost.nt 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

COR and capacities for any couple of temperature conditions ( Og¢.1n¢ ,Osr.gxt ), at full load conditions, arise

no

— |In heating mode:

— Calculation of ideal COP at temperatutes Ogg.e and (Osgpxe ) pof

COP (Osemie+ AOR¢_sgne ) +273,15

* =
Ost.1nt (OsfExt ) pef ‘(

Ost.int *BOR_stnt )~ (OskExt + AORE_sEExt ) get

— Calculation of the electrieal capacity:

(Plnt'OSf:Int OstExe f=1 ) Ref

PELGSf:Int OstExe 1~ ( ) .COP*
n2ndP,65f:Int ,Ost.Ext f=1 Ref Osf.nt '(QSf:EXt)Ref

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

oP* (Os.1nt + AOps_snt ) +273,15

X Ottt (Ot +AORe_stint )~ (Ostexe +AORe_stxt )|

—) Calculation of the internal thermal capacity:

froIII an elaboration of the same values rated at one of the declared'neminal points. In parj
inal point closest to the specific temperature conditions has toybe identified. Any refer
clodest rated point is performed using parentheses and subsc¢ript “Ref”. So (QSf:Int)

*
(PIr t )Ref ! (PEI )Ref ! (COP Osf:Int»Osf:Ext )Ref ’ (COPGSf;[nt Q5¢.Ext f=1 )Ref ’ (PEXt'GSf:Int ,Ost.Exe f=

(772qu 0 ! le) are known. The calculation procedure depends on the running mg
»USf:Int YSf:Ext Ref

ticular, the
bnce to the

GSf:Ext )Ref ’

) , and
Ref

de.

(A.21)

(A.22)

(A.23)

= . * By
Plnt'QSf:Int'QSf:Ext'le =P ELOst.1nt OstExt f=1 cop Os.nt OstExt 112ndP,0gg e O Exe f=1
— Calculation of the external thermal capacity:
PEXtﬂSf;Int Ospxe f=1 = Prnt, Ost.nt Osf.Ext f=1 Pg), Ost.Int Ost.Ext f=1

— In cooling mode:

— Calculation of ideal COP at temperatures (Osgp ). and Oggpy :

Ref
(Ost.imt +AOR¢_stint ) pes +273,15

COP*(95f1 t)Rep OSEExt
n 4 BX
Ref ‘(GSf:Int + B¢ _stint ) per ~(OstExt + AORt-stExt )‘
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— Calculation of the electrical capacity:

(PEXt'OSf:Int ,OsExt f=1 )Ref

PELQSf:Int,QSf:EXt f=1~ . +( ) CoP* (A27)
2ndP, 05t O Ext Ref (O5f:int ) gef Ost:Ext
— Calculation of ideal COP at temperatures Oggj, and Ogg.pyy
COP* B (Of.nt + AORg_sgint ) +273,15 (A.28)
Osf.int OseExt — '
MUESEEXE (Ot e + AORe_stine )~ (OseExe + AORe-srExt )
— Cadllculation of the internal thermal capacity:
— . * .

Pint, 0t o Ostze £=1 = PELOSt1ne Ot £=1 " COP " Ot Ospee T20dP,Oging Ot (Af29)
— Callculation of the external thermal capacity:

Pt 0sghne. Ot £=1 = Pint Osg1ne, 05 £=1 F PELOsg1ne, 05ty =1 (A;30)

A.2.2.3.2 |Absorption heat pumps

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

cop*- - - Ocen — Max (Osgine + Arestint Osext + AORe.seExt) Ostine + AOre-stine +273,15
7 )
[ |(Otane + AOre.stine )~ (Osext +AORe-sggxe )| Ogen +273,15
(A.31)

— Calculgtion of COP at temperatures Ogg.;,; and Ogf.py:
— N *
COPht e Ostpxe £=1 _(nzndPﬁSf:lntﬁSf:Ext 'le)Ref COP ™ gt e Ostigxe (A32)

— Calculgtion of the generator capacity.at temperatures Og.,; and Oggpy :

PGenﬁsr It OsExe f=1 ~ (P Gen )Ref (Af33)

— Calculation of the internalthermal capacity at temperatures Ogy.,, and Ogg.py

LS I R AL Ny ‘(Pgen )Ref (A]34)
— Calculation ofthe external thermal capacity at temperatures gy, and Ogpgy
Pext 50 Bsr pe =1 = Pintbr ) Ocpp f=1 ~ Poen 05y Ogppy f=1 T heating mode
(A.35)
Prxt Ostne. Osgoxe f1 = Pint Osgine Ot £=1 ¥ PGenO5gine Osgpye =1 10 COOlng 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-tNormimatcomditions =1 20t
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] 35.0 350 350 350
COP[-] 3.0 3.2 3.5 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 O
Control ON-OFF %
AS

S

In Table A.2, input areas are yellow shaded, whereas out le are in the green area. In parficular, the
inpfit areas are two: the upper one is used to prov1d a needed for full load COP and capacities
caldulation, whereas the lower area is used for calculﬁl ns at part loads. It is clear that thg amount of
infqrmation needed by Method A for the achieveme full load COP and capacities at any tgmperature
is really low and easy-to-find in any catalogue or. ta sheet For instance, in the examples presented in
thepttached spreadsheets, just one nominal p %ﬂ is used for the calculation of COP and capagities at full
load conditions. The rest of input and outp eas will be described in the section regardinlg part load

caldulations.
+ C .E
TABLY OMPARISON (used as references for method validation)
DECLARED VALUES CALCULATED VALUES GAP
Int Tcmp [°c1 Int Temp [°C] Int Temp [*
6 7 8 10 “’! 16 18 6 7 8 10 12 15 16 18 6 7 8 10 12] 15 16 18
i - 25 | 50 5.2 5.4 5.7 6.7 71 - 25 |49 50 652 56 60 68 71 78 - 25 | 4% -4% -3% -2% -1%| 3% 6% 10%
=y £, 30 |48 50 5.1 5.4 ‘ 5.3 6.4 68 |E_, 30 (47 49 50 53 57 63 66 T |E _ 30 | -2% 2% 2% 2% 1% 1% 3I% 5%
5 = 2 E. 35 | 45 47 4.8 51 5 59 6.0 64 |¢ g. 35 46 47 48 51 54 59 61 66 [ 2. 35 | 1% 0% 0% 1% -1%| 0% 2% 2%
5 E 40 | 43 44 4.5 4.8 C)J 5.6 6.0 - 3 40 | 44 46 47 49 52 656 658 5 40 | 5% 4% 3% 2% 1%| 0% -4% -
43 | 41 42 4.3 O . 49 - - - 43 44 45 46 48 50 - - 43 8% 6% 5% 3% 2% - -
Int Temp [°C] Int Temp [°C] Int Temp [*¢]
] 7T o~ 10 12 15 16 18 6 7 8 10 12 15 16 18 6 7 8 10 12| 15 16 18

3.29 340 352 378 4.08 462 483 531
287 295 3.05 3.24 346 3.85 4.00 432
254 261 268 284 3.01 3.30 3.41 365
228 234 240 252 266 2.89 297

0% 1% 2% 6% 10% 19% 23% 3%
A% 0% 1% 4% T%| 14% 16% 22%
1% 2% 3% 5% 8%| 12% 14% 19%
6% T% T% 9% 11% 15% 4% -

.01 3.12 3.24 3.38 3.44 3.55
27 279 294 2.98 3.07
23 2.40 252 2.86 -

25 [329 3.35&25‘ 358 370 388 394 406

Ext Temp
rel
585888
Ext Temp
rel
58888

COP[]
Ext Temp
rel
&8

»g.u.u.
Py
i
8
PR
ona
sa

43 210 218 215 220 225 236 249 M% 1% 12% 13% 14%
N
\) Int Temp [*C] Int Temp [°C] Int Temp (4]
g 6 7 8 10 12 15 16 18 6 7 8 10 12 15 16 18 6 7 8 10 12] 15 16 18
= 25 | 15 1.6 1.6 18 186 17 17 138 - 25 |15 15 15 15 15 15 15 15 o 25 | -3% -5% -5% -8% -10% -13% -13% -16%
%‘ ‘ 30 |17 17 1.7 17 18 19 19 19 E 0 (16 16 16 16 16 16 16 16 |E 30 | 1% 2% -3% 6% -8%| -11% -11% -14%
2 = E 3 |18 18 19 18 2.0 2.0 2.0 21 |# E 35 |18 18 18 18 18 18 18 18 |2 E 35 | 1% 2% 3% -5% -B%| -11% -11% -14%)
E 40 | 20 20 20 21 21 22 241 - 5 40 |19 19 18 19 19 19 19 ‘E 40 | 2% -3% -4% -T% -9%| -13% -T% -
w 43 | 24 21 22 2.2 23 - - - 43 | 20 20 20 20 20 - - 43 | -3% -4% 6% -8% -114 - -
Int Temp [*C] Int Temp [*C] Int Temp [*C]
[ 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 | 66 6.8 6.9 73 7.7 B3 8.4 8.9 o 25 |63 65 67 71 75 83 86 93 o 25 | 4% 4% -4% -4% -3% 0% 2% 5%
ig E_. 30 |85 66 68 7.2 75 8.1 8.2 87 |E 30 (64 85 68 7.0 73 80 B2 BB |E 30 [ -2% 2% -2% -3% -3% -2% 0% 1%
S= |2 o35 |64 65 67 70 74 BO 84 85 (ST 35 |64 65 66 69 72 77 79 84 2D 35| 0% 0% % 2% -2% -3% -2% 2%
= 3 40 | 62 64 66 6.9 73 7.9 8.1 - | 40 |64 65 66 69 71 76 77 - |X a | 3% 2% 1% 1% -2% -4% -5% -
43 | 6.2 6.3 6.5 6.9 72 - - - 43 | 64 65 686 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 \lariations 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;

— requirjng one more nominal point, placed in the defrost activation temperature range, that cap be
used ap 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 pnd
maintain good calculation accuracy, whereas the first option is feaSible for software and advarlced
modelling.

A.4 Advpntages and disadvantages
Method A has the following advantages:

— input data consist of really few values, easy to eollect even for old heat pumps;

—n

— good dalculation accuracy when the nominal rated point is in the middle of the actual operat
conditjons;

ng

— the calculation procedure has a clearand consistent physics basis and does not consist of just njere
coeffidients adapted for conveniérice;

— the m¢thod can be improved-via easy enhancements, not considered at this stage (in ordef to
maxinlize easiness of caleulations). The possible enhancements can be resumed in the following
list:

— split of electrical capacity into compressor, defrost system, control system, pumps and fans
elgctrical gapacities, 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
J—=enelrat

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 ¢ogefficients based on
the|different technologies of heat pumps.

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

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

Fluid type
Fluid
type 6 L
eout
&
A Ref
k

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

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

of the heat pump

COP _K;b=Cine(k,ref) - Coue(l,ref) - COPref (B.1)
where
COP k| 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
Cint (2,7)=09
Cint (12,7)=1,1
Cint (17,7)=1,2

Outlet temperature
Cout (25,35)=1,1
Cout (45,35)=10,8

Cout (55,35) = 0,64
Cout(65, 35) = 0,51

B.3 He

The valu

B.3.1 Fu

B.3.1.1 G

For this m
sources at
delivered

purmp modet

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

1 load capacity with non-nominal conditions

ooling mode

bdel, the heat pump system in cooling mode is characterized with the temperature of
evaporator and condenser. It calculates the energy delivered te the system and the ene

the
rgy

o the cooling system. This model is based on two non-dimeénsional formulae in which

polynomia| 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)
temperatufe of the condenser, and of the ration of the coolingipower demand and energy used by|the
compressot: at nominal conditions. The cooling power for nonénominal conditions is calculated based on
the same pinciple.

(Qi‘} :(QAJ (1+€1aT+cyaT?) (B.2)

Qtn 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;

Qfnom | is the coolingpower demand at full load at non-nominal conditions.

AT = Text >~ Text ( 33)

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.

52
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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):

(QLﬂJ:(Q—aJ .(1+Cl.AT+CZ.AT2) (B.5)
Qe c/n
ATZ( Text }_( TEXt } (B6)
Tnir ent T:;ir ent -
Qcﬂ = an'|:1 + Dl '(Text - Textn ) + DZ '(Tair,ent - Tair,ent,n ):| (B'7)
wheére
Q¢ is the power demand at the condenser;

Qaf1  is the power used by the compressor at full capacity and non ipminal 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 isthe internal temperature at the inlet of the condenser.

Ci, i are the weighting factors (i = 1,2) used fo¥ determination of the performance of the fheat pump
in Heating mode at full load for non-nominal conditions. The definition of theses weighting factors is
pregenter in B.3.

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

QC,C DI =Qc lf Text > ZOC
QC,C br — CdQc if Text <2¢C
B.32 Model at part load for ON/OFF heat pumps

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

Qa Qf
—==C. ‘| — —-1|+1 B.8
Qaﬂ P (Qfﬂ j+ (56)

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:

EERI‘ée] Z% (Bg)

a
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EER,, = Om (B
afl
The reduction factor at part load is calculated according to Formula (B.11):
Qf
_ EERréel _ Qa _ Qaﬂ _ T
cp = = =|. = (B
EER,, Qm Q. Cep (r -1)+1
Qaﬂ
This exprefsion shall be considered for any type of cooling unit. For HP, the expression of Ccp sha
replaced wjith the coefficient (1 - ), as a represents the ratio of the standby power with power delivg
to the compressor at full load.
B.3.3 Ca]culation of the weighting factors used for assessment of the performiance of
ON/OFF heat pumps
B.3.3.1 Gooling mode

The calcul:
Calculatior
For cooling

the exf

ition of the weighting factors is based on at least three sets of ddta.
is available for air or water.
mode, the temperatures at the evaporator and at the cendenser are determined with

ernal air temperature or output water temperatuge, tsc, and

— the output temperature of iced water or output air temperature (direct evaporative air co

batter

B.3.3.2 (
The definif
for air

for wa

/'), Lse-

alculation procedure for the weighting factor
ion of tec is based on available product information:
condenser, te; correspondstoambient air (inlet air to the condenser);

fer condenser, tec corresponds to the outlet temperature of the condenser.

The accurdcy of the results ofcthe'model hardly depends on the choice of data used for characteriza

of these pa

point 1

point 2

point 3

Fameters. As a basis, it is preferable to choose three points with the following characteris
shall correspond to nominal operation of the HP;
shall corvespond to the operating mode with the lowest value for At;

shall'‘correspond to the operating mode with the highest value for At.

10)

11)

be
red

pbler

fion
ics:
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Temperature of the heating source  ATqax

Nominal operating mode

Temperature of
the cooling

Fig

Thi
sys

source

y

ATmin

heating sources

5 procedure is preferred when the product data are available. Exfrapolation increase
ematic uncertainty.

Qan |_[Q | (1,c, .Acic, At
QfﬂJ (QfJnom ( T o )

with: At:[tij—[tij [K]
tse tse n

Q= '[1+D1'(tsc _tscn)+D2 '(tse _tsen):l

The following parameters are used to determine the weighting factors:

_ = At2
| Qan O B=\A¢ E=At o O
Qf Qan Qfn
tsc _tscn H= tse _tsen

Dath set point/l and 2 are linked with the following formulae:

A =1% C1B + C2E

Cy=

D2

ure B.2 — Position of the point used as a function of the temperatures of cooling s¢purce and

b the value

(B.12)

(B.13)

(B.14)

(B.15)

F=1+D1G+DH

B,A;-B{A,+B; -B, Cy= A -1-C,E,
B,E1 -B{E; B4
G,H;-G4H; 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:

Qf\
Ci=| = (B.17
1 (Ca)n T )

C2=0
(B}18)

B.3.3.3 Heating mode

Heating m¢de performances are calculated with the same procedure as the cpoling mode.
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Annex C
(informative)

Calculation of heat pump COP and thermal capacities at part load

conditions

C.1

To ¢
full
rati
att
sec
sec]
req
rec

C.2

Int
is e
flui
full
of 1
par

wh

General

stimate the value of COP at part load conditions, Method A and Method B walkthe sam

p X, that expresses the degree of partialization, i.e. the ratio between thethermal capac
he user side and the maximum capacity that the heat pump can deliver at’the same temp
ndary fluids. With regard to vapour compression heat pumps, the method described in {
ion accepts rated performances at any part load condition, even if-it is suggested to
1ired by EN 14825, for consistency among standards. If such data\are not present, it use
pmmended by EN 14825.

Introduction and input data

he following steps, the procedure to calculate the COP and average capacities at part load
xplained. In a few words, it is assumed that,»at*any couple of internal and external
l temperatures, the COP and capacities at part load conditions are tightly related to {
load. That relation is easy and is expressed’ via a multiplier whose value depends on
artialization. At any couple of internal and external secondary fluid temperatures, the
Fialization is defined via the partload, ratio, according to Formula C.1:

X = Plnt'QSf:lnt Ost.Ext f=X [_]
Pint, 01 Ot g £=1
bre

is'the average internal capacity needed at the user side, with seconc

Pint,0ggne Osgpxe f=X
7SEint USEEXL temperatures Ogppne and Ogppy ;

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

Ping,0gg.1n¢ 085 f=1
»VUSEInt VSEExt 1 — .
S * secondary fluid temperatures g, and Ogg.py; -

b path: The

load COP is multiplied by a proper part load factor, fx, calculated basing aon the actual part load

ity needed
eratures of
he present
use points
s formulae

conditions
secondary
he ones at
the degree
t degree of

(C.1)

lary fluid

pump at

The

capacity consists in the following formulae:

COPyg e Ot £=X = COPogg e Osgupye £=1 X

P Int,Osf.1nt , Osf.Ext f=X

2 =
ELOst.nt Ost.Ext f=X
COP Ost.nt Osf.Ext f=X

Pext, b5t Ostxe £=X = Pint st Ot xe £=X ~ PELOgg e, O5p £=x 1N heating mode
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PEXt'GSf:Int'QSf:Ext f=x =P Int,Osg.1ne OstExe f=X T B ELOgg1nt 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

" 1 1.1 1 L 1 £l ek " 1 h 1
and the mqgst ProDapIe COUpPIE Ul SECOIIUAT y [TUTU CEIIPET AtUT €S Cdll U aCIIIEvVEU.

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

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

COP [-]

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
1.6

1.4

1.2

Part load factor (1) [-]

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 ratjo X)

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

In 1ief, the profile of fx versus X is needed. For that purpose, EN 14825 recommends that CQP be rated
atimposed partload values Xnom 4 =ANom: XNom, B = BNom» XNom, ¢ =CNomand Xnom p = Pnom» With

spefified temperature couples £0s¢.1nt »Osg.pxt )» Where Xy, means that the partload ratio isfreferred to
the[nominal capacity.

C.3] Detailed calculation procedure

C.3|1 Charactérization of rated points

Particularatténtion has to be paid, since part load values ANom, BNom» CNom, and Dnom are feferred to
)A. Henge, X4, =4,

and not to (Plntwesf-lnt'

Osf.pxe f=1 )Nom Osf.pxe f=1

norTinal internal capacity (Plnt'esf-lnt'
D

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

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

D
fc, fp, by the following correlations:

(Plnt’GSf:Int Osfpxe f=1 )Nom

A=Aynom - (C.6)

( Int,0sf.nt ,Osf.pxe f=1 ) A
COPQSf:Int JQSf:EXt A (C 7)

0=
(COP Osf.int Ost.Ext f=1 ) A
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o foo

D=..
fp=-

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

1.0

(f)

Point A PointNom

PointB

PointD

PointC

Part load ratio (X)

a) Typic4l correction factor curve for COP under part load conditions, for on-off compressors

X = Plnt-esnntresfsxl-f:x [_}

1Nt Bggym By . =1
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Part load factor (f)

C.3

To
Ost.
intq
0

h

C.3

b) Typical correction factor curve for COP;uiinder partload conditions, for inverter-

Figure C.2 — Typical part load factor curves for COP under part load conditions, fol

gum up, when the curvein Figure C.2 is known, COP and capacities for any group of dz

PointB
. PointA
Point
fx
// PointNom
1.0 L~
PointD
Part load ratio (X)
P _
0 X = Int,Bstint Osrent.f=X -1 1

Int B854 Osren f=1
comipressors

compressors’and inverter-driven compressors

2 Calculation of COPand capacities of heat pumps at part load capacity

ot s Plnt'esf:lntvesf:Ext»f:X) can be calculated, after that the values of Plnt'esf:lnt'gsf:EXt,f:l

rnal capacity that' can be expressed by the heat pump at secondary fluid temperatures
Ext ) and COPg . o .. f-1 have been calculated.

2.1 _Vapour compression heat pumps

driven

" on-off

ta (Ostine
(maximum

Osg.ne and

e followed:

If p

hr'tload points such as 4, B, €, and D are not provided, then the following procedure hasto b

©IS

[f the heat pump has ON-OFF control, then:

— Ifthe internal secondary fluid is water, from EN 14825:

X
Ix=59x+01
— Ifthe internal secondary fluid is air, adapted from EN 14825:
fx =L-[1—0,25.(1—X)]
0,9-X+0,1

02014 - All rights reserved
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(C.9)
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fx=1

If the heat pump has INVERTER control, then:
If X>0,25:

(&

If X<0,25:

If the internal secondary fluid is water, then, from prEN ISO 14825, Formula (1):

(100)

10)

25 )

0

fx

~

If the inter
formula is

9.{)(.(1;50}}0,1

hal secondary fluid is air, then, from Formula (2) in prEN ISO 14825 (in prEN [SO 14825,

100

25 100

Jxop =

NOTE

This way, in
pumps. Und
same partl
inverters, ig

C3.22 A

The value
modulatin

0,9 X- 100 +0,1
25

onsider that the formula is a necessary simplification, when rfie’data at part load conditions are given.

hot complete, indeed):

(%) focoasocs

25

verter heat pumps maintain anyway better COP at part load conditions compared with ON-OFF
er part load factor equal to 0,25 it is supposed that the‘hi€at pump works in ON-OFF mode, so
ad factors as for ON-OFF control are used, but the considered modulation range in ON-OFF mod¢d
assumed between 0,0 and 0,25, so the multiplier 100/25 is present.

bsorption heat pumps

bf fx comes from Tables C.1 and C.2;depending on the kind of heat pump control (on-of

).

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

the

heat
the
, for

f or

X g,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00

fx g,68 0,77 0,84 0,89 0,92 0,95 0,97 0,99 1,00 1,00
Table C.2 — fx for modulating absorption heat pumps

X g,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00

fx q,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.

62

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=851ffed77abe21ffb686f073dfe02359

1ISO 13612-2:2014(E)

Additional rated points for part load calculations
Cod [Alfa] A B C 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} 36 352 35 36
,\t 3
Part load ratio [%, ref. to actual] 100,0 80,34 44,19 53
COPFactor [-] 9l il 2 1155 ’ ,41
N
Use standard parzialization curve YES 030
N
Control ON-OFF O
)

v
5

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

theme of the modelling of equipment characteristics is the compatibility between the.chaj
ue to equipment, with dynamic characteristics taken into consideration, and the maintalinability of

 characteristics data. As for the maintenance after completion of programs, it/is imp

racteristics can be added without any mistake. For this purpose, equipment character
cally static characteristics and the modelling was made easier.

As

be physically expressed, and regression formula models are applied.to that equipment who
chafacteristics are complicated. As for the regression formula models, equipment characts
clagsified into a couple of representative types and polynomialapproximation is applied to
amount of inputs and outputs at the rated capacity of each pieee of equipment and the power of

or the models of equipment characteristics, physical models are applied to that equipme

program

acteristics

rtant how

Ciently new types of high-efficiency equipment can be built in and the typesrofiequipmenit of similar

stics were

nt that can
be inherent
bristics are
them. The
auxiliaries

and| others are described separately in data s of equipment specifications, and the maintafinability is

impgroved by separating the models of characteristicssand the tables of equipment spe
Thif Annex describes the structure of equipment data, methodologies of modelling of rep

eq

D.2

As
val
des

equipment listed in the design-standard of the Ministry of Land, Infrastructure, Transport, ar

As ¢
D1

equiipment, the model-humbers of outdoor units, fuel consumptions (consumptions by fuel ty

ope
ratq

0
:Iles of respective equipment are inputted from the catalogues of manufacturers. In a stag
gning stage, where specific types are not decided, it is decided to input the rated values of those

ipment, and the results of calculations.

Structure of equipment data

r general purpose equipment, applicable types are selected on the selection screen, an

in example of the table of equipment specifications, one of the centrifugal chillers is shov
These values are set-as fixed values at the time of initialization of element modules. A

ration, and characteristics for heating mode (rated output, rated input, rated temperatun
) are added.in accordance with the types of equipment.

cifications.
fesentative

1 the rated
e, including

d Tourism.

vn in Table
s for other
he) at rated
e, and flow

©IS
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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 unverter)
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 température (°C) 32
Outlet temperature (°C) 37
Flew'rate (m3/h)
Pressure loss (Pa) 148
9) Characteristic fotmula 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

charactaricticc

TITOT O CTtCTIOTCICY

Type

Outline

Ce

Standard unit

Vane control

Developmentfrém JR

A data

Vane control

Data provided by manuf

acturers

ntrifugal chiller | High-efficiency

Inverter control

Data provided by manuf

acturers

pressors

unit
Ice storage (Under review)
S Slide valve control Data provided by manuffacturers
crew
Inverter control Data provided by manuflacturers
Alir-source heat Control of the number of comé .
Data provided by manufacturers
pump Scroll pressors
Inverter contral (Under review)
Ice storage (Under review)
S Slide valve control Data provided by manufacturers
crew
Inverter control Data provided by manuffacturers
Water-cooled S ber of
chiller Scroll Controlor'the number of com- Data provided by manuflacturers

I¢e’storage

(Under review)

Ab

Triple effect

Direct-fired

Double effect

Data provided by manuf

acturers

High year-round efficiency unit

(Under review)

orption chiller Stéam-fired

Double effect Data provided by manuffacturers
Hotwater-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

Th

nputsand outputs of centrifugal chiltersare shiowmn i Figure D-1- For characteristic

odels, 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.

© IS0 2014 - All rights reserved
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Cold water inlet temperature
Cold water flow rate

Power consumption

Centrifugal Cold water outlet temperature
Cooling water inlet temperature chiller model Cold water pressure loss

Cooling water flow rate

Cooling water pressure los

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

Cooling water outlet temperature

Ofthese, the characteristic formula ofthe standard unit (vane control) is formulated by SWG on equipment

characteris

tics based on the performance characteristic diagram of the association. Figure D.1 sh

that the copling capacity increases by up to 4 % when the cooling water temperature is low and.the

water temperature is high. With emphasis placed on this point for calculation, the maximuam-coo

capacity, Rhmax (%), is calculated first by Formula (D.1).
RoMax § 100 + 2(TWin = TWin_s) - 0,5(TWgin = TWin_s)

(Provided,

where
TWin
TWin_s
TWein

TWCin_

Then, pow
WcR =

CQ-wc 7

where

WCR_s

however, if RoMax > 104, Romax = 104)

is the cold water inlet temperature (°C);
is the rated temperature of cold water inlet (°C);
is the cooling water inlet temperature (°C);

sis the rated temperature of cooling water;iplet (°C).

br consumption Wcr (W) is calculated by Formula (D.2).

VcRr_s - Cq-we - Cwe + Wer_a

A2 - Roe? + A1+ RQg + Ag

Agg Ap1 Aoz 1

=\ A0 A1 A4 || TWein (

A0 A1 A2z )| TW 2

1s the rated input of motor (W);

Co-wc
Cwe
WcRr_A

RqE

DW'S
cold
ling

D.1)

.2)

is the transformation factor of load factor and cooling water temperature;
is the transformation factor of cooling water temperature;
is the power of auxiliary unit (W);

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.

0,

120 104%
—_ Cooling water inlet temperature:
S 8
5 100 32C
2 28C
© 24°C
5 80 20°C / ‘\
c
£ 60 \
g— Increase in cooling
o capacity with decrease
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 80 100 120
Load factor (%)

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

In addition to the standard unit indicated in Figure D.2, the characteristics of high-efficiendy units are
shovn in Figure D.3. Here, COP ratios are expressed with the rated point (load factor is [L00 % 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 refrigegants is small, HFCs and HCFCs are expressed by thdir common

chafacteristics.
400 400 T | T T |
Cooling water inlet temperatyre:
350 350
12°C N
300 Cooling water inlet temperature: 300 \
—~ 250 12°C ~ 250 AN
= 16°CH—— S — T~
N S 200 HeCF >
= — | o | T~
O o~
E o /// 3 20¢ A
(= 77 100 Fosg //
2ucH/ 28°C//
50 28°CF—7/ 50 3o
32°C{
0 0

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

a) Fixed speed (vane control) unit

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

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
Power consumption
Cold/hot water

Operation mode
(cooling/heating)

C0||d/h0t water outlet temperature
inlet temperature Absorption Cold/hot water
Cold/hot water water heater- pressure loss

flow rate chiller unit Cooling water.etitlet

Eooling \Q/ater inlet models tempe%ature
emperature i

Cooling water flow g?é’!éﬂ%e%gts?r

rate

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

As an example of equipment characteristics, the characteristics of the double effect steam-fijred
absorption| chiller are shown in Figure D.5. The load factor of?100 % and cooling water temperatuife of
32 °C are donsidered as the standard points of steam consumption rate as is the case with Figure D.3.
The partia| load characteristics of the high-efficiency unit and that of the standard unit are almost{the
same and oth can be expressed by the characteristics<shown in Figure D.5. Moreover, the databage is

added withl “high seasonal efficiency units” that are.\announced by Japanese manufacturers.
120
| Cooling water inlet temperature:
~ 100 [ . ]
X L 32C :
Py 28°C |
© 80 24°C N/
s 20°C —
- 60
€
>
2 40
o}
(&)
E X
g 20
n
8

0 20 40 60 80 100 120
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 numns maodels wiatar outlat
7 Ll =

=\ watereutet
flow rate ) tem perature
Outdoor dry-bulb / Cold/hot

temperature water pressure
Outdoor wet-bulb loss
temperature

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

Figlire D.7 shows the partial load efficiency of air-source heat pumps:(screw compressors,|slide valve
confrol type) at the time of cooling with the ratios that use the rated point (load factor is [L00 % and
outfloor dry-bulb temperature is 35 °C) as the standard. Thecharacteristics of COP and thg maximum
cappcity, which increase in proportion to the decrease in outdoor temperature, are reflected.

140

120 /;
= 178
Q
'(% 80 /%Outdoor dry-bulb temperature:
o 60 ), \\_- 25 (/
o
& L]\ 50c
© 40 ~——35C

%) 40°C

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 (exaimple)

As for airssource heat pumps, the maximum cooling capacity is calculated based on outdoor tgmperature
in dceordance with Figure D.7, and actual outputs are calculated by the comparison with required
cooling capacity thatis 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
o . lingt Specifications for 37,5 °C - 32,0 °C A
en type cooling tower . .
pentyp & Specifications for 37,0 °C - 32,0 °C B Provided by the technical com-
mittee of Japan Cooling Tower
Specifications for 37,5 °C - 32,0 °C C Institute
Closed type cooling tower
Specifications for 37,0 °C - 32,0 °C D

Outdoor wet-bulb

temperature Cooling water
Cooling water inlet outlet
temperature ) temperature
Cooling water flow Cooling Volume of
rate tower cooling tower
Air volume of models make-up
cooling tower water

Set value of Power
cooling water consumption
temperature

Figure D.8 — Inputs and outputs of cooling tower mmodels

Lire,

vay

D.4)

.5)

h in

D.6)

The calculdtion method of each characteristicis basically the same. The'cooling water outlet temperat
TWout (°C){is calculated by the following formulae.
Outlet temlperature of main unit of cooling tower (outlet temperature without control by three-
valves):
TWout kT =(al'TVVBin2 + b1-TWBjn + c1)-ca-d (
Outlet temperature with the control by three-way valves:
TWout § TWout_ct *a + TWin_cT -(1-a)
(
And, a1, by} and ¢ are expressed by Formula (D.6) and vary with each of the specifications show
Table D.3.
ap| (90 911 4R 1
by |=|b1o b1y b1z || TWincr (
c c C o 2
1 10 11, 12 TWin_CT
where
a].OI 1‘12 arethe constantsthat r]npnnﬂ aon fypnc;
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,
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 \ \ \ \ i

I~ 7 | Cooling water inlet temperature:

g 3 40.0C ‘7/
-— | % | /

5| el T o
© 30 | 35.0C N -~

o 26 _—

S 54 b— Opening of three-way vaive:
2 a=1 (100%)

L 22 ‘ ‘

3 0 5 10 15 200 25 30

Wet-bulb temperature (WBC)

6 35 1 I d !

— Opening of three-way valve:

o a=1 (100%) —
-] _— /
£ 30 e
£ o5 e Cooling water
o — flow rate:

I3 20 _— - 150%

] | N

S N —
=,15 ‘

5 0 5 10 15 20 25 30

Wet-bulb temperature (WB“C)

Figure D:9 — Characteristics of open-type cooling tower (specifications for 37,5 °C td 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 nqqignpd (Frpqh air treatment etc) (4) classifications of energy type (electricity,
city gas, arld kerosene), and (5) heat radiation systems (air cooling and water cooling).

D.3.3.3 (Qutline of characteristics models

Figure D.13 shows the outline of calculation models of VRF systems to be examined, and\I'able D.5 shpws
the types and descriptions of respective characteristic formulae in these models. The,calculation moglels
are composed of two or more indoor and outdoor units, and adopt the “system-integrated performdnce
characterigtics models” that provide the coolingand heating outputs and energyconsumption that cah be
supplied by respective equipment under any given conditions and the amountof energy consumptiop as
output infgqrmation by inputting various pieces of information such as outdeor air conditions, conditjons
of air takep in indoors, rated specifications of equipment, length of fefrigerant piping, differencp of
elevation between equipment, etc.

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

Type Outline
VRF Switch from COO]LZ%;C(I) heating and vice Partial review of characteristics
syptems
Cooling and heating at the sahte time (Under review)
GHP 3 ; :
Self consumption type (SV.VItCh from Completion of development of approximatidn
GHP with cooling to heating and vice versa)

generator System interconnection type (switch

from cooling tofieating and vice versa) (Under review)

Switch from Cooling to heating and vice | Transformation of parts that reflect intermefi-

versa ate capacity
Coolingand heating at the same time (Under review)
YRF f i cold dli ] .
sybtems Support for use in cold climate areas Formulation as an extension of form of chargc-
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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KHH

EHH: Electric heat pump

: Kerosene engine heat pump

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 id . 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 [rom cooling to heating and vice | time of thermal storage and non-thefmal stor-
VRF versa age (indoor units are the same as thgse of VRF
systems systems)
Support for use in cold climate areas (Under review)
«Hp VRF Standard types Formulation as isithe case with{GHP
systems Support for use in cold climate areas The saine as above
GHY: Gas engine driven heat pump
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por characteristic formulae, both motor-driven multi-split;type air-conditioners (hereinaftler referred
s “EHP”) and fuel-driven multi-split type air-conditionérs (hereinafter referred to as
ressed in almost the same form by the maximum cubic expressions of explanatory variables, each
Chich is independent, concerning indoor/outdoor units, at the time of cooling/heating, 4nd cooling
hting) capacity/energy consumption, and formulated by giving coefficients from A* to N*. An example
he calculation results is shown in Figure D.14.,

‘GHP”) are
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outdoor air temperature
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—
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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

RC cap

acity,rated capacity (load ratio)

Adjustment coef-
Mode | Equipment Objective ficient Expressions of characteristics formula to calculate
variable No. Input adjustment coefficients
parameter
1 DBoa COFcc_in_oa=A1+ A2 x DBpa + A3 x DBop2
Indoor unit 2 WBRra COFcc_in_ra =B1 + B2 x WBRa + B3 x WBRraZ2 + B4 x WBRa3
3 Lp COFcc_in_lp=C1+C2xLp
Cookingeapaet—4 Lh COFcc in 1h=D1+D2xLh
ity 5 DBos  |COFcc_out_oa=A1l+A2 x DBoa + A3 x DBop2
Cooling 6 WBRra COFcc_out_ra =B1 + B2 x WBra + B3 x WBRaZ2 + BAX WBRA3
7 Lp COFcc_out_lp=C1+C2 xLp
utdoor unit 8 Lh COFcc_out_lh=D1+D2 xLh
9 Rc COFce_out_rc=E1 +E2 x Rc + E3 x RE2
E;ffg’tf:: 10 DBoa  |COFce_out_oa=F1 +F2 x DBop #F3 x DBop?2
11 WBRra COFce_out_ra=G1 + G2 x WBRA * G3 x WBRraZ2 + G4 x WBRa3
12 WBoa COFhc_in_oa = H1+H2 x WBpya+ H3 x WBoa2 + H4 x WBg}3
ndoor unit 13 DBRrA COFhc_in_ra =I1 +12%BBgra + I3 x DBRraZ + 14 x DBRa3
14 Lp COFhc_in_lp=J1#42 x Lp
Heating 15 Lh COFhc_in_lh= KT + K2 x Lh
capacity 16 WBoa g?;ih\j\;ggzéoa = HL+ H2 x WBoa + H3 x WBoa® +
Heating 17 DBra  |COEhG out_ra=I1+12 x DBra+I3 x DBra2+I4 x DBRA3
18 Lp GOFhc_out_lp=J1+]J2 xLp
utdoor unit 19 Lh COFhc_out_lh =K1 + K2 x Lh
20 Re COFhe_out_rc=L1+L2 x R¢ + L3 x Rg2
Energy con- 21 WBoa Cthe_out_oa =M1 + M2 x WBga + M3 x WBga2 + M4 x VB
sumption 0A
22 DBRra COFhe_out_ra =N1 + N2 x DBRa+N3 x DBra2
DBOA  outdoor dry-bulb temperature
WBRa indpor inlet wet-bulb tempesature
WBOA outldoor wet-bulb temperature
DBra  indporinlet dry-bllb-temperature
Lp length of refrigerant piping
Lh difference.of.elevation between indoor unit and outdoor unit

Al,A2, A3, ~N3

COIISUAIILS O CIIardCLErTSUICS TOT'ula
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Figure D.11 — Equipment characteristics of VRF systems (example)

described as follows.

3.4 Characteristics of calculation models of varieus packaged air-conditioners
3.4.1 Support for intermediate capacity and input display

he past, only the data at the rated point-of 100 % load factor were inputted in the g
prrect characteristic formulae of eachirequipment.

3.4.2 Development of common format to display characteristics data

the assumption that there.is a wide variety of equipment to be reviewed as shown in Ta]
data of partial load characteristics unique to respective manufacturers would be suppdg
Ire, the commonality‘of forms of approximate expressions that represent equipment chat
romoted as showaint Table D.6. As for approximate expressions, the scope of explanator

support for @discontinuous characteristics and support beyond the scope.

improvement points of calculation models and major equipment characteristics shown in Table D.4

artial load

racteristics that represent inputs (energy consumption) and load factors (load processinjg capacity)

ble D.4 and
rted in the
acteristics
y variables

vided into five sections in principle and expressed by approximation of cubic expression, including

©IS
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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 Name Scope Higher Less 0 .
than than (A0~T3: constant)
o 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
Ad) T WiB+indoor T3xWB+ CZx WB
justment o . i _ R R X TC2 % D+
capacity Kcti (WB) | wet-bulb tim Scope 2 19°C 22°C C1x WB +60
perature °C
o o D3 x WB3+ D2 WBP+
Scope 3 22°C 24 °C D1 xWB4D0
Maxi 240 E3 x WB3+ E2 x WBP+
Adjustment by aximum C - 1 x WB +E0
room tempera- 3% WB+ F2 x WEP
ture s _ o x +F2 x D
Minimum 16 °C F1 x WB +F0
o o G3 x WB3+ G2 x WBR+
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 °G 22°C H1 x WB +HO
perature °C
Y o 13 x WB3+ 12 x WB7+
Scope 3 22 °C 24 °C 11 x WB +10
. o . J3 x WB3+]2 x WBZ+
Maximum 24 °C J1 x WB +]0
D o K3 x WB3+ K2 x WBR+
Mifimum — -5°C K1 x WB +KO
o o L3 x WB3+ L2 x WBp+
Scope 1 -5°C 15°C L1 x WB +L0
. DB: outdéor
3 2
Ad]ustm'ent of Kcta (WB)| dry-btlb'tem- Scope 2 15°C 25°C M3 > WBS+ M2 x Whe+
capacity o M1 x WB +M0
perature °C
o o N3 x WB3+ N2 x WB_2+
Scope 3 25°C 43°C N1 x WB +NO
. 43°C 03 x WB3+ 02 x WBR+
Adjustment by Maximum o 01 x WB +00
outdoor tem- P3 x WE+ P2 x WEL
erature .. . _rco X + X D+
p Minimum 5°C P1 x WB +P0
o o Q3 x WB3+ Q2 x WBR+
Scope 1 5°C 15°C Q1 x WB +Q0
. DB: outdoor
Adjustment of| Kcwta o o R3 x WB3+ R2 x WBE+
\nput (WB) dry-bulb ttim- Scope 2 15°C 25°C R1 x WB +R0
perature °C
Scane 3 25 °C 43°C S3 x WB3+ S2 x WB}+
T STXWBFS0
. 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
me‘ huu ao that fUl Ul d;ucu _y ‘V’Rl—‘ D_y otculo that o VV ;tbh fl UIll LUU};lls tU hcat;us Cllld Vl.bC verou They haVe
such characteristics that specific indoor units and outdoor units are combined together incpdvance as
an integrated system and that there are many types. Their equipment characteristics §Show|almost the
sanje tendencies as those of VRF systems.

D.3|3.5.3 Characteristics of KHP (kerosene engine heat pump air-conditioner) VRF sys$tems

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

As flor the transformation of capacity and input due to the outdoor ajiftemperature at the time of heating,
the fequipment characteristics of the type for use in cold climate@reas are reflected at outdo¢r wet-bulb
temperature of 6 °C or lower, and it is differentiated from theé\standard type. Other characteristics are

thelsame.
Rated point Yl

ﬂpe foriuse in cold climate areas _ 1

——

P Nl
—_—
-—

-~ _l
-

Standargd-type

=15 -10 -5 0 il

Outdoor air temperature (WB)

Comparison of heating capacity

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

D.3l4 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.

© ISO 2014 - All rights reserved 79


https://standardsiso.com/api/?name=851ffed77abe21ffb686f073dfe02359

ISO 13612-2:2014(E)

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

7 =/ Heatquantity
Figure D.13 — Inputs and outputs of pump models

w45 90
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L 240 80 3
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T= 0 0
o 00 02 04 06 08 10

Load flow rate GW (m*/min)
Figurg D14 — 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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Air quantity

External Fan models Power

static consumption
pressure

Figure D.15 — Inputs and outputs of fan models

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

cha

whg

Thd
FER

Thd
For
tim

Facteristics data of rans, which are obtained by conducting hearings of manuliacturers.

FPAt = f1(FGA,FPA)

FEF = f,(FGA)

FPEEF = f3(FGA)

bre
FGA is the air quantity at the time of operation fin3/min);
FPA is the external static pressure at the tinie 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 functionsapproximated by characteristics data.

y are formulated baSed on these formulae to calculate the shaft power of fans with FP
and moreover the power consumption with the shaft power of fans and FPEEF.

calculation pesults of characteristics of fans by the models mentioned above are shown in K
reference, simple models are used as the approximate expressions for total pressure effi
b, the characteristics of total pressure efficiency, etc. in JIS-B-8331 are not taken into con|

(D.7)

(D.8)

(D.9)

It, FGA and

igureD.16.
Fiency; this
sideration.
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Figure D.16 — Characteristics of fan models (example)
D.3.5 Cojls of air-conditioners
For coils of air-conditioners, plate fin coils are reviewed. As for:calculation models, general methods
to use heaf transfer coefficients and wet surface coefficientsswhich are often used in coil selection
calculations of air-conditioner manufacturers, are adopted. The parameters to decide the heat trangfer
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
'ajbso.chjl_tte Modellcs of coils humidity
umidity orair- Outlet water
Water quantity conditioners temperature
Inlet water Coil removal
temperature heat quantity
Operation
mode
Figure DA77~ Inputs and outputs of models of coils of air-conditioners
In these mpdels, first, the amount of coil heat extraction (sensible heat) is given as an assumed vdlue,
and the cofl rev\humbers required for sensible heat treatment are calculated. Convergent calculatjons
are made ynti} the coil row numbers calculated agree with the coil row numbers set. Outlet conditjons
of water and air are calculated from the coil removal quantity (sensible heat] decided. The coll row
numbers are calculated by the following formulae.
N, - Q (D.10)
F, xK¢xWSF x MED
1 1 1
—= —+ el (D.11)
Kt KeaxV,," K xV, fd
WSF=WSaxSHF2+WSb xSHF + WS (D.12)
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(D.13)

D - (Tai = To )= (Tag ~Ti)
In [(Tai ~Two)/ (Tao —Twi )]

where

Ny is the number of rows of coil;

Q+ is the amount of coil heat extraction (sensible heat);

Fa is the front area;

Ks is the heat transfer coefficient;

Kfa~Kfq are the parameters to decide heat transfer coefficients;

ro is the thermal resistance of tube wall;

Vw is the water velocity;

Va is the wind velocity;

WSF is the wet surface coefficient;

SHF is the sensible heat ratio;

WS,~WS: are the parameters to decide wet surface coefficients;

MED is the log-mean temperature difference;

Tai is the inlet air temperature;

Tao is the outlet air temperaturne;

Twi is the inlet water tempé€pature;

Two is the outlet water temperature;
The calculation results with.models of coils of air-conditioners at the time of heating and fooling are
shopvn in Figure D.18. As the water velocity of horizontal axis is proportional to water qyantity, the
temperature difference-between cold water and hot water decreases in proportion to the |ncrease in
velgcity:.
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18 — Characteristics of models of coils of air-conditioners (example of cooling coil

at pump hot water supply system for business use

alculation model for hot water supply system

D shows a calculatioh_model for heat pump hot water supply system for business use.

calculation is a centralized hot water supply system, and one set of heating and coo
for hot water and-hot water storage tank is provided to one circulation system. The dem|
er supply and the point of use are set at one place for convenience, but the amount of hot w
ed represents the amount to be used simultaneously in the whole building. Figure D.20 sh

mp Hotwater supply system, calculation is conducted based on the following conditions

a) hot wateris returned to the upper part of hot water storage tank from the hot water return pip

hanges in outlet temperatures in proportion to water velocity in tube and number of rows of coi.

The
ling
and
hter
DW'S
fom

the secondary side;

P on

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 puéﬁ\hot water supply system in the BEST
$
Hot water storage tank N Hot water supply pipe
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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 calculption time-of-day data on outdoor air temperatures are acquired to calculate feed whter
temperatufes and the efficiency ratios of water heaters.

The volume of hot water to be used and the pattern of hot water utilization are defined forthe hot water
demand to|be calculated.

In addition to those defined above, the specifications of equipment and pipe modules (capacity, rated
power con$umption, thermal insulation specification, etc.) are defined.

D.3.6.2.3 |Calculation sequence
Step 1: Calgulation of feed water temperature

Step 2: Calgulation to separate the feed water load and hot water'load from the volume of hot watdr to
be used

Step 3: Calgulation on single supply pipe

Step 4: Calgulation on the lower part of hot water storage tank

Step 5: Calgulation on heat pump water heater

Step 6: Calgulation on primary circulation pump for hot water supply

Step 7: Calg¢ulation of heat loss from hotwater supply pipe on the primary side
Step 8: Calgulation of heat loss from hot water return pipe on the primary side

Step 9: Calgulation on the upper part of hot water storage tank

Step 10: leculation onésecondary circulation pump for hot water supply
Step 11: Callculatiomof heat loss from hot water supply pipe on the secondary side

Step 12: Callculation of heat loss from hot water return pipe on the secondary side

The calculation sequence mentioned above 1s 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)
0.25

g ——
| AT A
WA 7 el ~

0.05 -‘i";ﬁi.\

Load ratio
(volume of hot water used per day = 1)

0.00
01 2 3 4 5 6 7 8 9 1Mv11 12 13 14 15 16 17 18 19 20 21|22 23
Time

Higure 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 Jtep 1 above, the example of hot water temperature at the outlet of hot water supply pipe on the
secpndary side: 58 °C” at the pfeceding calculation time of day, and the temperature of hot ater used
(example: 43 °C).

D.3|6.3.3 Calculatiofiron 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 frequent¢y of disposal of waste hot water (twice a day, for example). And, it is added to the hot
watler 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.
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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
consumptipn, 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 thiat is supplied into the water heater (feed water temperature), and the partial load gfficigncy
is presentdd by the relations between the outdoor air temperature and efficiency ratio(the ratip 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 diffefence between outlet temperature and inlet temperature x operation time of water heatqr;

2) power|consumption of water heater = heating capacity at a calculation time interval x [1/(rated
efficiency x efficiency ratio)].

Equipment characteristics of heat punip water heater*
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Outdoor air temperature (°C)

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 — (1in — 13) * [1 - EXP (-Ct/3600) x Ky/(C % L/1000)]
(D.14)
wheére
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)
whére
Qp isthe amount of heatloast from the pipe.
D.316.3.8 Calculation of heat loss from hot water return pipe on the primary side
As 1s the case with Step 7 above, the average amount of heat loss per unit temperature dlfference is
calqulated baséd on the length, diameter, and the state of thermal insulation of the pipe.|The outlet
tenperature of the pipe (temperature in the upper part of hot water storage tank) and thel amount of

heaf lost'\from the pipe are calculated based on ambient temperature as well as the inlet tgmperature
(outléttemperature of water heater, 60 °C, for example) and flow rate of the hot water retyrn pipe on
the primmaryside.

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 part and 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

supp]y is scheduled notto operate hy cpﬂ'ing the operation of the pump is cfnpppd and the calculati

to
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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 thatthere 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
temperatu
for the wa
explained |

D.3.7.2.2

Figure D.2
heat sourc

operated a
operation

way valve.
return wat
constant fl
side water
The algorit

programs include water thermal storage systems (multi-connected mixing type
Fe stratification type) and ice storage systems (on-site construction type). The-progr
fer thermal storage system and ice storage system (on-site construction type) -aré ma
pelow.

Prospective systems and module structures

ind in spring and fall. The inlet water temperature of heatsource is controlled by a th

tanks (itemp 17, see Table D.7). Such ideas are also reflected in other parts.

b shows the prospective basic water thermal storage air-conditiopihg system. Two or 1y
bs can be installed on the primary side. At the time of thermal storage, all units are basic
[ full load but a module to control the number of units is also,available for daytime follow

The pump on the secondary side can control variable flows. To prevent the temperatur
er to thermal storage tanks from lowering (at the time«0f cooling) in the case where there
pw system such as FCU system and loads are small, it\is also possible to select the second
supply temperature control three-way valve to_céhtrol the temperature of water supplied.
hm of TESEP-W is used mainly for the calculation of water temperatures in thermal stof

and

inly

ore
ally
ing
Fee-
e of
isa
ary

age

92

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=851ffed77abe21ffb686f073dfe02359

1ISO 13612-2:2014(E)

8 Water supply header 1 Return water header

7 Decrease in flow rate )
2 Increase in flow rate

16 Secondary pump

P14t

EEEE

14 Three-way valve (for thermal storage) v

Secondary side

17 Thermal storage tank

14 Three-way valve (for thermal storage)

Primary side

: v

! 4_[ 5 Heat pump ]4_@4_
:

1

1

1

- 4_[ 5 Heat pump «

mTTTTTTTIT > 4 Chilled and hot water pump

i < >
1 SR

1 6 Heat source supply header A

3 Heat source return header

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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