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Foreword

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

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

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

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

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

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

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

—	 Part 1: Design and dimensioning

—	 Part 2: Energy calculation
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Introduction

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

—	 ISO 13612-1 deals with the design and sizing of heat pump systems.

—	 ISO 13612-2 presents the energy calculation method.
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Heating and cooling systems in buildings — Method for 
calculation of the system performance and system design 
for heat pump systems —

Part 1: 
Design and dimensioning

1	 Scope

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

This part of ISO 13612 establishes the required inputs, calculation methods, and required outputs for 
heat generation for space heating and domestic hot water production and control of the following heat 
pump systems:

—	 electrically driven vapour compression cycle (VCC) heat pumps;

—	 combustion engine-driven VCC heat pumps;

—	 thermally-driven vapour absorption cycle (VAC) heat pumps.

This part of ISO 13612 specifies the design and dimensioning criteria for the heating and cooling systems 
in buildings using heat pumps alone or in combination with other heat generators. These include the 
following:

—	 water–water;

—	 brine–water;

—	 refrigerant–water (direct expansion systems);

—	 air–air;

—	 air–water;

—	 combined;

—	 systems driven by electricity or gas.

This part of ISO 13612 takes into account the heating requirements of attached systems (e.g. domestic 
hot water, process heat) in the design of heat supply, but does not cover the design of these systems. 
This part of ISO 13612 covers only the aspects dealing with the heat pump, the interface with the heat 
distribution and emission system (e.g. buffering system), the control of the whole system, and the 
aspects dealing with the energy source of the system.

INTERNATIONAL STANDARD� ISO 13612-1:2014(E)
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Table 1 — Heat pump systems (within this scope)

Source system 
(energy extraction)

Sink system 
(energy rejection)

Energy sourcea Mediumb Medium Energy sinkc

Exhaust air
Outdoor air

Refrigerant Refrigerant Air

Air
Air Air

Water
Indoor air

Water

Surface water
Ground water

Water
Water

Indoor air
Water

Air Indoor air

Ground

Brine
(Water)

Air Water

Water
Indoor air

Water

Refrigerant
(Direct expansion)

Water
Indoor air

Water
Refrigerant Indoor air

a	 Energy source is the location where the energy is extracted.
b	 Medium is the fluid transported in the corresponding distribution system.
c	 Energy sink is the location where the energy is used; this can be the air-conditioned 
space or water in case of domestic hot water (DHW) production.

2	 Normative references

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

ISO 16818, Building environment design — Energy efficiency — Terminology

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

EN 15243, Ventilation for buildings — Calculation of room temperatures and of load and energy for buildings 
with room conditioning systems

3	 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 16818 and the following apply.

3.1
balance point temperature
lowest design external air temperature at which the heat pump output capacity and the building heating 
demand (heat load) are equal

Note 1 to entry: At lower external air temperatures, a second heat generator is employed to cover the entire or 
part of the building heating demand.

3.2
bivalent alternative mode
low-temperature cut out
operational mode in which a second heat generator (e.g. gas boiler) completely accounts for the heat 
demand of the heating system if the external temperature falls below the balance point temperature
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3.3
bivalent parallel mode
operational mode in which a second heat generator (e.g. gas boiler) accounts for the remaining heat 
demand of the heating system which cannot be supplied by the heat pump when the external temperature 
falls below the balance point temperature

3.4
coefficient of performance
COP
momentary ratio of the thermal heat flux (ΘHP) of the heat pump to the electrical power input of the unit

Note 1 to entry: The electrical power of the unit includes auxiliary power requirements, but not the additional 
power requirements for circulation pumps (heat sink and heat source).

3.5
minimum operating temperature
θMOT
minimum recommended value of the external temperature to operate the heat pump

3.6
monovalent mode
operational mode in which the heat pump is designed to cover the entire energy demand of the heating 
and cooling system alone

Note 1 to entry: The heat pump output capacity is equal to the design heat load.

3.7
seasonal performance factor
ratio of the annual heat QHP supplied by the heat pump to the total electrical energy consumed (including 
all auxiliary sources)

3.8
source (heat–cool)
source of energy extracted to the heat pump system

4	 Symbols and abbreviations

The symbols and units and abbreviations used in this part of ISO 13612 are listed in Tables 2 and 3.

Table 2 — Symbols and units

Symbol Description Unit
Φsupply Heating capacity of the supply system kW
θMOT Minimum operating temperature (external) °C
θe, h Design external temperature (heating) °C
θmin, h Minimal operating temperature of the heat pump 

(heating)
°C

Table 3 — Abbreviations and subscripts

Abbreviation Description
H Heating
C Cooling
DWH Domestic hot water
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5	 System design requirements

5.1	 General

The heat pump system shall be designed to satisfy the design heating and cooling load of the building 
and the requirements of any attached system.

Any other recognized energy load calculation method shall only be used if accepted by the client.

The heating supply system and/or the cooling supply system shall be designed and dimensioned taking 
into account the type of energy source.

General consideration shall be given to the energy efficiency of the heat pump system.

5.2	 Heating/cooling source

5.2.1	 Air as heat source

The minimum air flow declared by the manufacturer shall be taken into account when designing the 
system. For monovalent systems, the required capacity of the heat pump shall be determined by using 
the design external air temperature. For bivalent systems, a suitable balance point temperature shall be 
set depending on the selected operational mode (bivalent-alternative or bivalent-parallel mode) and the 
minimum air flow entering the system. The air quality shall be checked and airborne salinity (a function 
of the distance from seawater) shall be taken into consideration.

5.2.2	 Water as heat source

Water sourced from groundwater, seawater, a lake, or a river can be used as a heat source.

The required water flow rate for the heat pump unit shall be made available, taking into account local 
regulations which can place limits on the availability and flow rates.

The average groundwater temperature can be obtained from local authorities, from a test borehole, or 
(in the case of dwellings) by a qualified assumption (e.g. the annual mean external temperature at the 
location).

The water source shall enable a continuous extraction of the design flow rate of the attached heat pumps. 
The possible extraction flow rate is dependent on local geological factors and can be ascertained by 
continuously extracting the nominal flow rate in a test run of sufficient duration to attain quasi-steady-
state conditions. For larger systems, hydrogeological investigations (e.g. well test) can be necessary.

The quality of the water shall match the manufacturer’s requirements. If the manufacturer’s 
requirements cannot be achieved (e.g. in the case of seawater), a secondary circuit or water treatment 
shall be considered (see Annex B).

Provisions for returning the water shall be provided. The direction of the ground water flow shall be 
taken into account when selecting the position of the injection well. The extraction well shall be situated 
upstream of the injection well if the heat pump is only used for heating purposes (see Figure 1).

The heat extraction system shall be designed and controlled so as to avoid the risk of freezing.

The water shall be returned to the environment as clean as possible and in accordance with local 
regulations.
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Key
1 living room
2 bathroom
3 cellar
4 heat exchanger
5 heat pump
6 storage water heater
7 buffer storage
8 injection well
9 extraction well (including pump)
10 ground-water flow direction

Figure 1 — Arrangement of a heat pump heating system with ground-water flow

5.2.3	 Ground as heat source

The minimum temperature of the ground at the appropriate depth shall be taken into account when 
designing the ground heat pump system. Information on typical temperature profiles is given in Annex A.

The temperature reduction of the ground, as a result of the heat extraction over the heating period, as 
well as the long-term temperature drop, due to consecutive years of heat pump operation, shall be taken 
into account so as to never jeopardize the operation of the heat pump and also to ensure economical as 
well as reasonable environmental operating conditions.

5.3	 Electrical supply

The availability of a suitable electrical supply (both power and amperage) shall be ensured.

The operation time, the tariff, and the cut-out time shall be taken into account.

﻿
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The maximum current withdrawn during the start-up phase shall be considered, especially for single-
phase electrically driven heat pumps.

5.4	 Heat pump system design

The design of a heat pump system shall consider the following aspects.

—	 The heat pump system shall be designed to achieve the highest seasonal performance factor 
with respect to the selected heat source. The seasonal energy efficiency ratio (or seasonal energy 
performance) increases with decreasing temperature difference between the source temperature 
and the sink temperature. High source temperatures and low sink temperatures are desirable in the 
heating period (reducing the sink temperature by 1 K leads to an increase in the COP of about 2 %).

—	 The heat pump system shall be designed so that its seasonal performance factor is equal to or higher 
than the minimum values given in a corresponding national annex. In case no national values have 
been published, the default minimum values are given in Annex C.

NOTE 1	 Additionally, the target values for the seasonal performance factor are given in a corresponding 
national data set. In case no national annex has been published, the default target values are given in Annex C.

—	 The environmental impact due to the heat pump operation shall be minimized. Care shall be taken 
in order not to emit the refrigerant into the atmosphere due to leakages during operation as well as 
during maintenance.

NOTE 2	 Monoblock systems are hermetically sealed and the leakage rate is under 1 %.

—	 The heat pump system shall be designed to be user-friendly and require limited maintenance.

5.5	 Positioning

The positioning of a heat pump shall consider the following aspects:

—	 the location of the heat pump (e.g. outside the building) within the heated space or in an unheated 
space;

—	 the allowable temperature range of the environment surrounding the heat pump (given by the 
manufacturer);

—	 the possibility of damage to the unit or the components due to freezing;

—	 the accessibility for installation and maintenance purposes.

5.6	 Noise level

Heat pumps using air as a heat source are prone to cause noise problems resulting from the sound 
conducted through solids and transmitted through air. The noise levels and information regarding the 
installation shall be provided in the technical documents provided by the manufacturer.

6	 Dimensioning of the heat pump system

6.1	 General

The heat supply system shall be designed to satisfy the design heat load of the building and the 
requirements of any attached system (e.g. domestic hot water production). The design heating and 
cooling loads shall be calculated in accordance with the rules given in the accepted methodologies.

NOTE 1	 ISO 15265 provides benchmark results for the validation of the building simulation model used for the 
calculation of the design heating and cooling loads.

NOTE 2	 Information on the design scheme is presented in Annex A.
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6.2	 Methodology for sizing

The method for dimensioning the heat pump is provided in Figure 2.

The maximum power supply required for any period of activity (heating or cooling) shall be calculated 
and the heat pump system shall be designed to satisfy the energy demand in any case.

Designers shall take into account the energy uses required by any combination of heating, domestic hot 
water production, and cooling.

The priority given to the energy used to satisfy the demand shall also be identified.

For a heat pump system sized below this maximum value, a supply system shall be attached to satisfy 
the energy demand. For a bivalent system, the minimum operating temperature shall be identified as 
the thermal load is calculated for this value of the minimum operating temperature. The temperature 
operating limit and the bivalent temperature shall be identified by the designer.

Environmental data of the building

Building description

- building envelope / system characteristics / scenarios for control

Termal load calculation 

for heating and cooling 

(with consideration for 

bivalent system)

Sizing condition for 

heating

Sizing condition for 

cooling

Determination of the 

power of the heat 

pump (coolting)

Determination of the 

power of the heat 

pump (heating)

Size for the maximal power 

of the system

Figure 2 — Flowchart for dimensioning the heat pump system
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6.3	 Dimensioning the heat pump system for the heating period

6.3.1	 Heat supply conditions

The heat supply to serve the system shall be sized according to EN 15243. For the heat pump systems, 
the design factors in Formula (1) are:

ΦSU = fHL · ΦHL + fDHW · ΦDHW + fAS	 (1)

where

ΦSU is the capacity of the heat supply system, in kW;

fHL is the design factor for the heat load;

ΦHL is the heat load capacity, in kW;

fDHW is the design factor for the domestic hot water systems;

ΦDHW is the domestic hot water capacity, in kW;

fAS is the design factor for the attached systems;

ΦAS is the capacity of the attached systems, in kW.

Table 4 — Heat pump systems design factor (informative) 

Load Heat pump 
design factor Design criteria

Default value 
for the design 

factor

Heat load fHL

Low building mass (suspended ceilings and raised 
floors and light walls)

Cth < 20 Wh/m2
1,00

Medium building mass (concrete floors and ceilings and 
light walls)

20 Wh/m2 < Cth < 40 Wh/m2
0,95

High building mass (concrete floors and ceilings com-
bined with bricks or concrete walls)

Cth > 20 Wh/m2
0,90

Domestic hot 
water fDHW Standard class of sanitary systems 1

Attached 
systems fAS 1

NOTE	 Cth is the effective internal heating capacity of the building element.

6.3.1.1	 Incorporated additional backup heater

Heat pumps incorporating an additional backup heater shall be selected so that the energy supplied by 
the backup system is reduced to a minimum, particularly if the energy source of the backup heater is 
not renewable.

In order to secure sufficient domestic hot water production, the designer shall calculate and document 
the daily quantity of hot water which can be delivered by the backup system alone.
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6.3.1.2	 Domestic hot water production or other attached systems

The maximum daily hot water demand and relevant tapping pattern shall be identified to size the system.

Annex A presents the information on the alternative requirements for domestic hot water use.

Annex  E presents the basic data, based on a European survey in the domestic sector, to specify the 
energy use for domestic hot water and the energy performance of domestic hot water appliances.

6.3.1.3	 Heat pump data

The data shall be obtained from the manufacturer’s specifications, which shall be based on the test data 
according to the product standards (see Bibliography).

6.3.2	 Dimensioning for space heating

The maximum heat load, ΦHL, for space heating is obtained from the rules given in the accepted 
methodologies.

The design values are based on the regional set of data or accepted methodologies.

NOTE	 EN 12831 can be used for the dimensioning for space heating.

6.3.3	 Dimensioning for DHW

6.3.3.1	 Hot water demand for sizing the system

The designer shall identify the critical value, QDP, of the daily hot water energy demand during a defined 
period and the duration of this corresponding period, tDP. Annex A and Annex E provide the information 
on the domestic hot water demand for the residential sector. Different strategies are available depending 
on the electrical tariff and the cost-reflective messages for energy management, the space available for 
the heat pump system and energy collectors, and the cost effectiveness of the design solutions.

The accumulation system results in a larger volume of the DHW storage, which is sized on the maximum 
daily demand. The selected thermal capacity of the heat pump allows the DHW storage to be heated 
during the defined period to restore the storage at set temperature conditions.

The defined period corresponds as a maximum to the low-cost period tariff for the electrically driven 
heat pump.

The volume of the storage shall be reduced accordingly with the availability of the corresponding energy 
output from the heat pump. The tables given in Annex D and Annex E provide guidance to define the 
total hot water energy demand (Qdaily), the critical value (QDP), and the duration of the corresponding 
period (tDP).

6.3.3.2	 Definition of the DHW storage volume Vs

The size of the DHW storage and the thermal capacity needed to heat and maintain enough DHW to fulfil 
the demand are closely related.

The simplest way to design the DHW storage is to define a volume and subsequently check whether or 
not the thermal power of the heat pump is sufficient to meet the requirements for the DHW demand 
alone as well as during the heating period. If the thermal power of the heat pump is not sufficient, the 
volume of the DHW storage shall be adapted.

6.3.3.2.1	 Accumulation

As a basis, the average daily consumption given in Annex E is doubled (e.g. from 25 l to 50 l at 60 °C per 
person) and this value is considered for sizing the system. Larger values can be used if the use of DHW 
and large bathrooms are considered.
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Annex A provides an alternative guidance for dimensioning the capacity of the storage, depending on a 
specific domestic hot water use.

The daily thermal losses of the DHW storage (Q1, s) shall be integrated in this calculation as an added 
volume corresponding to the set temperature.

6.3.3.2.2	 Semi-accumulation

As a basis, the volume should be considered to match the daily average consumption of the DHW.

Smaller volumes can be used if the thermal heating capacity of the heat pump is sufficient to reload the 
DHW storage to the set temperature after critical sequences such as two consecutive baths.

NOTE	 The critical value, QDP, of the daily hot water energy demand is conventionally expressed as a 
corresponding volume, VDP60, delivered at 60 °C. The volume of hot water has to be corrected according to the set 
temperature of the DHW in the DHW storage tank.

The DHW storage volume is determined as the volume of hot water, VTset, delivered at Tset and is obtained 
using Formula (2).

V V
T

T TTset P60

c

set c

= ×
−( )
−( )

60
	 (2)

where

VTset is the volume of the hot water at Τset corresponding to QDP, in l;

VDP60 is the volume of the hot water at 60 °C corresponding to QDP, in l;

Tset is the set temperature of the hot water in the DHW storage, in °C;

Τc is the temperature of the cold water, in °C.

6.3.3.3	 Energy balance of the DHW storage

The energy stored in the DHW storage is expressed using Formula (3).

Qs = 0,001 16 (θset – θcw) · Vs [kWh]	
	 (3)

The extraction temperature in the DHW storage shall not fall below  min = 40 °C during any draw-off 
period.

The effective amount of energy available in the storage is therefore calculated using Formula (4).

Qs, eff = Qs · (θset − 40) / (θset – θcw) [kWh]	
	 (4)

The energy demand during the defined period is calculated using Formula (5).

QDP = 0,001 16 (60 − θcw) · VDP60 [kWh]	
	 (5)

as the energy demand is expressed at 60 °C.
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6.3.3.4	 Minimum thermal heating capacity needed to fulfil the DHW requirements

6.3.3.4.1	 Accumulation systems

The thermal heating capacity of the heat pump for the DHW production is sized to heat up the storage 
when the electrical energy is available.

Φ
hp, set

s

Energy, hp

kWθ = Q
t

[ ] 	 (6)

where

Φhp, θset is the thermal heating capacity of the heat pump at θset, in kW;

Qs is the energy stored in the DHW storage, in kWh;

tEnergy, hp is the time period where the electrical energy is available for the DHW production, in h.

The corresponding electrical power is determined using Formula (7).

P
COPhp, el, set

hp, set

set
θ

θ

θ
=

Φ
	 (7)

where

Php, el, θset is the electrical power of the heat pump for domestic hot water use, in kW;

Φhp, θset is the thermal heating capacity of the heat pump at θset, in kW;

COPθset is the coefficient of performance at θset (as obtained from the manufacturer’s specifica-
tions).

6.3.3.4.2	 Semi-accumulation systems

Considering the energy drawn off during the critical period (QDP), the thermal capacity of the heat pump 
is determined so as to reload the DHW storage to the same status (θset) before the next draw off occurs. 
This signifies, that during the defined period (e.g. as presented in Annex E), the heat pump power is 
sufficient to maintain the DHW storage at a minimum value (40 °C as a minimum).

Formula (8) indicates the energy balance of the system.

Energy input = Energy used – Useful energy stored + energy losses of DHW storage

Φhp,θset · tDP = QDP − QS · (θset – 40) / (θset – θcw) + Ql, s	 (8)

Φ
hp, set

DP s
set

set cw

DP

ts

DP

θ

θ
θ θ=

− −
− +

Q Q

t
Q
t

( )

( )

40

	 (9)

where

tDP is the duration of the defined period, in h;

Ql, s is the thermal losses of the DHW storage in the considered time period, in kWh.

The corresponding electrical power can be determined according to Formula (7).
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6.3.3.5	 Additional heating requirements and sizing of the backup heater for DHW

Formula (2) given in 6.3.3.2.2 provides the relationship between the output capacity of the heat pump 
and the volume of the DHW storage. The designer shall choose the DHW storage volume so that the total 
output capacity of the heat pump is sufficient to fulfil the demand for space heating and domestic hot 
water. If this is the case, the volume of the DHW storage shall be changed.

The backup heater (usually electrical) should be sized to cover at least the demand for the DHW of the 
system as calculated above.

6.3.3.6	 Specific control requirement for the DHW production

If containment of Legionella growth is required, the system shall be sized and supplied with a control 
system to ensure that a temperature of 60 °C is reached periodically (e.g. daily, weekly, etc.). If the heat 
pump is unable to reach 60 °C on its own, the auxiliary system shall ensure that a temperature of 60 °C 
can be reached.

In the case of combined systems (space heating and domestic hot water), the control system shall be 
designed to prioritize the DHW production when a simultaneous need of space heating and DHW occurs.

The control of the backup heater shall be properly integrated with those of the heat pump. This is to 
avoid both operating at the same time, where the return water temperature to the condenser could rise 
to such a level that the high-pressure cut-out shuts down the heat pump.

6.3.4	 Power of the heat pump system and additional supply system (backup system)

Additional heat supply is sometimes needed when

—	 the external reference temperature of the site location is lower than the minimum operating 
temperature of the heat pump, and

—	 the heat pump is doubled with another source for heating (boiler, etc.).

In this case, the power of the supply shall complete the capacity to provide heat to the building for the 
design conditions.

The difference between the types of source of energy shall be considered for the sizing as their availability 
is linked to the local temperature.

6.4	 Determination of the power of the heat pump system for the cooling period

The cooling power to be installed is a function of

—	 the internal load (human occupancy, lighting, heat dissipated by appliances, heat transmitted from 
internal surfaces, and other sources such as processes),

—	 the external load due to climate conditions (transmission through facades and glazing and solar 
irradiation through glazing), and

—	 the set temperature of the building and acceptable range for temperature and humidity.

The cooling load is derived from ISO 13790 or alternative approved methodologies. Cooling does not 
correspond strictly to the sum of the maximum, but to the sum of the cooling for the different thermal 
zones. For large buildings with a centralized heat pump system, it is possible to introduce a simultaneity 
coefficient to reduce the heat load due to internal heat load.

The designer shall take into account the maximal heat load during seasons combining cooling demand 
due to temperature and humidity aspects.
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If domestic hot water use is required during the cooling period, the designer shall consider if

—	 the system ensures both energy use (cooling and DWH) or if a separate system is needed for the 
DWH use, and

—	 the preheating of the DWH is considered in cooling mode.

6.5	 Oversizing considerations

The supply system for a bivalent system will complete the heat pump system to provide sufficient heat.

The total thermal power of the system should match the requirements of the heat load calculation of the 
building. In case of bivalent systems there is no need of oversizing the heat generator heat pump.

7	 Additional design information for heat pump system

7.1	 Hydraulic integration

In order to minimize cycling, it shall be ensured that the heating capacity delivered by the heat pump is 
completely transferred to the heating system.

NOTE	 This can be achieved by setting a sufficient constant volume flow rate at the heat-sink side of the heat 
pump. A higher inertia (capacity) can be achieved with a surface heating system or by installing a buffer storage 
(in parallel or series). A buffer storage connected in parallel with the heat pump additionally serves as a means of 
hydraulic decoupling. A guidance value for sizing the buffer storage volume is 12 l/kW to 35 l/kW maximum heat 
pump capacity.

7.2	 Control of the system

The output capacity of the heat pump shall be adapted to the building energy demand. It can be 
accomplished by the different methods given in Annex F.

During the heating period, the control of the heat pump is linked to the temperature (external–internal). 
Humidity control shall be added (for large buildings) during the cooling period.

The control system shall identify which priority is given to the different energy uses such as

—	 domestic hot water,

—	 heating, and

—	 cooling.

7.3	 Safety requirements

The safety requirements are provided in the national regulations.

EXAMPLE	 In Europe, EN 378–1 applies.

In principle, all heat pump systems shall be equipped with the appropriate controls that prevent a major 
leakage of refrigerant in case of an accident. Refrigerant systems shall be designed in accordance with 
the existing regulation or national guidance.

NOTE	 For Europe, the requirements listed in 4.6 of EN  12828:2003 also apply to this part of ISO  13612 
(nominal heat output < 300 kW) if the medium on the heat-sink side of a heat pump system is water.

Local regulations can require that heat pump systems using the ground as a heat source shall be 
equipped with the appropriate equipment to detect a leakage of brine or water.
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7.4	 Operational requirements

7.4.1	 General

Operational parameters shall be controlled during the commissioning and be periodically monitored 
in the normal running phase of the heating system. In addition, the measurement and recording of the 
operational parameters can be used to calculate the energy performance of the heat pump in operation 
during a certain period of time.

These respective parameters are the feed and return temperatures of the heat source and heat sink, the 
electrical power consumption, and the volume flow rate (or heat meter readings).

7.4.2	 Provisions for monitoring operational conditions

7.4.2.1	 General requirements

Provisions shall be made in the piping (water systems) or ducting (air systems) to facilitate the 
monitoring and recording of the operational and energy-related parameters (e.g. temperature and 
power consumption), provided they have not already been integrated in the heat pump unit as supplied 
by the manufacturer.

7.4.2.2	 Fluid systems

If the source side and/or the sink side of the heat pump system are served by water, brine, or refrigerant 
as a medium, the following operational requirements in these types of circuits apply.

—	 Provisions for directly measuring the feed and return temperatures of the circuit shall be provided.

—	 A pipe sleeve on the feed or return pipe of the circuit shall be installed in such a way that a volume 
flow-meter can be easily installed for measurement (external method). Alternatively, a refrigerant 
heat balance method can be used (internal method).

—	 The electrical power consumption of the heat pump unit should be measured by a power meter.

7.4.2.3	 Air-based systems

If the source side and/or the sink side of the heat pump system are served by air as a medium, the 
following operational requirements in these types of circuits apply.

—	 Provisions for directly measuring the feed and return temperatures of the air in the circuit shall be 
provided.

—	 Provisions shall be taken to leave enough room around the supply or return air ducts in order to 
introduce an air velocity or an air flow-meter probe into the duct (external method). Alternatively, 
a refrigerant heat balance method can be used (internal method).

—	 The electrical power consumption of the heat pump unit should be measured by a power meter.

8	 Installation requirements

The manufacturer’s installation instructions shall be followed. The national regulations concerning the 
installation of vertical and horizontal ground collectors shall be adhered to. This also applies to the 
creation of injection and extraction wells in water-based systems.
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Annex A 
(informative) 

 
Heat pump technologies and design schemes

A.1	 General

A.1.1	 Design standard

The heat source systems are selected in consideration of the applications, scale, heat load trends, 
operation hours, etc. of the facilities.

The types of major heat source equipment and others are selected in consideration of the effective and 
efficient use of energy, levelling of electric power loads, utilization of natural energy, cost efficiency, 
reliability, durability, ease of maintenance and inspection, and necessity of qualified operators.

The refrigerants selected for the use in chillers and package type air-conditioners should be highly safe 
and should have an ozone depletion potential of zero and a global warming potential as small as possible.

A.1.2	 Design data

For large equipment such as chillers, the load-carrying strength of the floor should be taken into 
consideration. A machine hatch and similar provisions should be made as necessary.

Measures against earthquakes should also be taken as necessary.

The following measures should be taken against the noise and vibration of air-conditioners.

—	 The adoption of low-noise equipment should be considered for places where quietness needs to be 
maintained.

—	 Measures against noise and vibration should be taken as necessary.

The heat-source capacity and thermal storage tank capacity of a thermal storage system should 
be determined in consideration of the daily heat loads, heat balance of the heat source capacity, and 
operating time. Noise reduction measures should be considered for the operation of thermal storage 
systems during nighttime hours.

Salt-resistant equipment should be adopted if regular exposure to saltwater or high airborne salinity is 
anticipated.

A.2	 Design schemes for several kinds of heat pump systems

A.2.1	 Heat pump water heater (with CO2 refrigerant)

A.2.1.1	 Design standard

The heat pump water heater with CO2 refrigerant is sized in accordance with the number of residents 
as shown in Table A.1.

The operating hours of a heat pump unit should be determined by considering the hot water supply load 
characteristics and the tariff.
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Table A.1 — Sizing of the heat pump water heater with CO2 refrigerant

Number of residents
1 to 2 3 to 5 5 to 6 7 to 8

DHW storage volume 185 l 300 l–370 l 460 l 560 l
Heat pump capacity 4,5 kW/6,0 kW 4,5 kW 6,0 kW 6,0 kW

A.2.2	 Heat pump water heater (except for detached house)

A.2.2.1	 Design standard

A.2.2.1.1	 The heating capacity of a heat pump unit and the volume of a hot water storage unit should 
be determined based on the hot water supply load characteristics of a facility, the hot water supply load 
per day, and the operating hours.

A.2.2.1.2	 The operating hours of a heat pump unit should be determined by considering the hot 
water supply load characteristics and the tariff.

A.2.2.2	 Calculation for the heat pump hot water supply units

A.2.2.2.1	 General

The calculation procedure for a heat pump hot water supply unit is as shown in Figure A.1.
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Calculation of hot water supply load per day

START

Decision on operating hours of heat pump unit

Calculation of heating capacity of heat pump unit

Identi�ication of characteristics of hot water supply load

Calculation of required volume for hot water storage unit

END

Con�irmation of required volume 

for hot water storage unit

NO

YES

Figure A.1 — Heat pump hot water supply calculation method

Examples of the characteristics of the hot water supply load and the heat pump unit operation are shown 
in Figure A.2.
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Figure A.2 — Examples of the hot water supply load and the heat pump unit operation

Formula (A.1) provides the calculation of the hot water supply load per day.

Qhwd = 0,001 16 · N · q · (Thw − Tw)	
	 (A.1)

where

Qhwd is the hot water supply load per day, in kWh/day;

N is the number of users (man);

q is the yearly average hot water supply volume per day [l/(man ∙ day)] (see Table A.2);

Thw is the hot water supply temperature, in °C;

Tw is the water feed temperature, in °C.
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Table A.2 — Hot water supply volume

Building type Yearly average of hot water sup-
ply volume per day

Peak hot water supply 
volume

Peak continuous 
operating hours 

h

Apartment
150~250

l/(dwelling · day)
50~100

l/(dwelling · h)
2

Office
7~10

l/(man · day)
1,5~2,5

l/(man · h)
2

Hotel guest room
150~250

l/(man · day)
20~40

l/(man · h)
2

General hospital

2~4
l/(m2 · day)

0,4~0,8
l/(m2 · h)

1

100~200
l/(bed · day)

20~40
l/(bed · h)

1

Restaurant

40~80
l/(m2 · day)

10~20
l/(m2 · h)

2

60~120
l/(seat · day)

15~30
l/(seat · h)

2

The heating capacity of a heat pump unit is calculated by Formula A.2.

Q Q a a a
n nhp

hwd= ⋅ ⋅ ⋅
+
1 2 3

1 2

	 (A.2)

where

Qhp is the heating capacity of the heat pump unit, in kW;

Qhwd is the hot water supply load per day, in kWh/day;

a1 is the heat loss coefficient of the pipe lines, hot water storage unit, etc. ( = 1,1);

a2 is the aging coefficient ( = 1,05);

a3 is the capacity compensator coefficient ( = 1,05);

n1 is the operating hours of the overnight hot water storage for the heat pump unit, in h;

n2 is the operating hours of the daytime follow-up running hours, in h.

The reduction in the capacity due to the outside temperature and defrosting in winter shall be 
determined, and if the heating capacity is not sufficient, it shall be increased.

A.2.2.2.2	 Identification of hot water supply load characteristics

The temporal thermal balance should be investigated according to the hot water supply load 
characteristics and the heating capacity of the selected heat pump unit.
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Formula (A.3) provides the calculation of the hot water storage unit volume.

V
Q n Q

t n
=

⋅ −( )
⋅

860
1hp hwn

s
∆

	 (A.3)

where

V is the hot water storage unit volume, in l;

Qhp is the heating capacity of the heat pump unit, in kW;

n1 is the operating hours of the overnight hot water storage for the heat pump unit, in h;

Qhwn is the overnight hot water supply load, in kWh ( = 0, if there is no overnight hot water supply 
load);

Δt is the temperature difference in the usage of the hot water storage unit, in °C ( = the hot 
water storage temperature – the water feed temperature);

ns is the effective volume of the hot water storage unit ( = 0,8).

The factor values of the heat pump hot water supply units are shown in Table A.3.

Table A.3 — Factors of the heat pump hot water supply units

Refrigerant CO2 HFC
Hot water storage temperature (°C) 90 70
Hot water supply system Single pass Single pass Circulation

Specifications of 
the heat pump 
unit

Rated capacity (kW) 4,5 6 15 26,3 14 49,3
Electricity consumption 
(kW) 1,1 1,25 3,69 6,9 3,14 15

Coefficient of performance 
(COP) 4,1 4,8 4,1 3,8 4,5 3,3

Mass (kg) 65 65 200 620 120 600

Specifications 
of the hot water 
storage unit

Type Closed Closed
Maximum volume (l) 370 370 1 680 3 000 1 680 6 000
Operating mass (kg) 447 446 1 956 3 850 1 950 6 850

Hot water supply rate of the heat pump unit
(5 °C to 60 °C) (per hour) (l/h)

70 94 235 411 219 771

Maximum hot 
water supply 
rate(5 °C to 
60°C)

Per hour (l/h) 642 666 2 831 5 048 2 204 7 862

Per three hours (l/3 h) 783 853 3 300 5 870 2 642 9 404

Instruction on 
the installation 
locations

Downstream supply Measures to counter negative pressure are required.

Upstream supply An assist pump is applicable.

NOTE 1	 Single-pass type means that no return pipe is installed in the hot water supply circuit.

NOTE 2	 The maximum hot water supply rate is defined as the 60 °C hot water supply rate with the combination of the hot 
water storage unit and follow-up heating by the heat pump unit.

Piping examples of a heat pump unit for hot water supply are shown in Figures A.3 and A.4.
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Key
a Not usually necessary for the second floor.

Figure A.3 — Piping of a ground installation of a heat pump unit for a hot water supply

Figure A.4 — Piping of a roof installation of a heat pump unit for a hot water supply in case of a 
hot water circulation
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A.2.3	 VRF (variable refrigerant flow) system

A.2.3.1	 General

The capacity of VRF system is selected according to the procedures shown in Figure A.5. A VRF system is 
temporarily decided by selecting the indoor units based on the total heat load required by the respective 
rooms and by correcting the capability based on the respective temperature conditions and others. 
Then, an outdoor unit that is connected to the indoor units is decided by calculating the capability at the 
time of use in combination with the indoor units.

As for given conditions, it is assumed that the interior design conditions (temperature and humidity) 
and the hourly heat loads required by the respective rooms (total heat load for cooling and total heat 
load for heating) are determined by calculation.
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Figure A.5 — Procedures for the selection of the VRF system

﻿

© ISO 2014 – All rights reserved� 23

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 13

61
2-1

:20
14

https://standardsiso.com/api/?name=ab992099f5ca2d90ac0f37ac6a08929b


﻿

ISO 13612-1:2014(E)

A.2.3.2	 Aggregation of heat loads in each room and zoning

The calculation results of the cooling and heating loads are aggregated and the loads are classified into 
respective zones. In zoning, attention should be given mainly to the following points:

a)	 each zone should be on the same floor level to the extent possible;

b)	 running time and load fluctuation should be similar;

c)	 in the case of duct types, air can be sent by a short duct;

d)	 return air should not be mixed into other zones;

e)	 the same conditions should be applied for the purpose of disaster prevention.

In the case of tenant buildings, it is necessary to plan the zoning by allowing for possible changes in 
partitions in the future.

A.2.3.3	 Temporary selection of the type of indoor units in each room

The type of indoor units required to satisfy the cooling and heating loads in the respective rooms is 
temporarily selected. Attention should be given not to select the type of indoor units with excessive 
capacity in consideration of a margin.

The capability of the indoor unit type selected is greater than the cooling and heating loads.

A.2.3.4	 Correction of the nominal cooling and heating capability of the indoor units

The nominal cooling and heating capability of the indoor units is corrected according to the temperature 
of the air taken into the rooms.

Based on the VRF system capacity tables provided by the manufacturers, correction is made according 
to the temperature of the air taken in by the indoor units.

A.2.3.5	 Judgment of corrected capability of the indoor units

It should be checked that the corrected capability of the indoor units is higher than the cooling and 
heating loads. If the corrected capability is lower than the cooling and heating loads in the respective 
rooms, the type of the indoor unit should be selected again and the capability should be adjusted.

A.2.3.6	 Decision on the grouping of the indoor units to be connected to the same outdoor unit

To select the outdoor unit that allows indoor units to sufficiently and rationally demonstrate their 
capability, the indoor units to be connected to the same outdoor unit should be grouped.

Grouping should be done in a manner that makes the distance of the refrigerant pipes and electrical 
works between the indoor units and the outdoor unit equal in the shortest possible length.

A.2.3.7	 Calculation of the total cooling and heating capability of the indoor units

The total cooling and heating capability of the indoor units to be connected to the same outdoor unit 
should be calculated. The calculated total cooling and heating capability is considered to be the capability 
required for the outdoor unit.

A.2.3.8	 Temporary selection of the type of the outdoor unit

The outdoor unit that is necessary to cope with the total cooling and heating capability of the indoor 
units should be temporarily selected. Attention should be given not to select the type of outdoor unit 
with an excessive capacity in consideration of a margin.
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The capability of the outdoor unit type selected is greater than the total cooling and heating capability 
of the indoor units.

A.2.3.9	 Correction of the nominal cooling and heating capability of the outdoor unit

Based on the VRF system capacity tables provided by the manufacturers, correction is made according 
to the outside air temperature, length of refrigerant pipes, difference of elevation between the indoor 
units and outdoor unit, and connected capacity ratio of the indoor units to the outdoor unit (in the case 
where the combined capacity of the indoor units is 100 % or higher).

If the VRF system is selected based on the heating capability, a correction is also made according to the 
defrost capability.

A.2.3.10	 System cooling and heating capability

The total cooling and heating capability of the indoor units and the maximum cooling and heating 
capability of the outdoor unit are compared with each other, and the smaller capability should be defined 
as the system cooling and heating capability.

A.2.3.11	 Indoor unit cooling and heating capability

The cooling and heating capability of each indoor unit is calculated by proportionally dividing the system 
cooling and heating capability with the capacity of the indoor units.

A.2.3.12	 Judgment of indoor unit cooling and heating capability

It should be checked that the calculated cooling and heating capability of each indoor unit is larger than 
the heat load in each room. If the capability is smaller than the heat load, the type of outdoor unit should 
be selected again and the capability should be adjusted.

A.2.4	 Cold heat source equipment and cooling towers

A.2.4.1	 Cold heat source equipment

A.2.4.1.1	 Design standard

The number of units of the cold heat source equipment is decided in consideration of the scale, 
applications, heat load trends, time-of-use periods, equipment efficiency and maintenance, inspection of 
facilities, and others.

The cold heat source equipment is installed by reasonably ensuring the space for maintenance and 
inspection.

A.2.4.1.2	 Design data

The division of the number of units of the cold heat source equipment is decided in overall consideration 
of the maximum heat loads of the facilities, follow-up to fluctuation of the heat loads, and equipment 
efficiency.

The flow rate of the cold/hot water and cooling water of the cold heat source equipment should not be 
changed in principle. However, if energy-saving effects can be expected, variable flow systems can be 
adopted upon consideration of safety, reliability, and others.

The maintenance and inspection space of the cold heat source equipment is shown in Table A.4.
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Table A.4 — Maintenance and inspection distance of chillers

Location Distance
Front side
Right side and left 
side
Back side

1,2 m or longer
1,0 m or longer
1,0 m or longer

Height (from the 
floor) 2,0 m or longer

Clearance for tube 
cleaning If needed

As for the circulating pumps to be installed in the primary circuits of the cold/hot water piping, each 
unit of the cold heat source equipment is equipped with one circulating pump in principle.

Air-source heat pump unit is designed as follows.

—	 The capacity of a heat pump unit is decided after the correction with the locally appropriate 
conditions of outside air temperatures and humidity.

—	 The noise, freezing, and corrosion resistance are considered.

—	 In the case where an air-source heat pump unit is used in snowy areas, it should be considered to 
install snow-shed hoods and others.

—	 In the case where two or more air-source heat pump units are installed or there are obstacles around 
the heat pump units such as advertising pillars, sound-insulating walls, and others, the space where 
the outside air flows into should be considered. Particularly, in the case where the heat pump units 
are surrounded by sound-insulating walls, it should be considered to install louvers or outlet ducts 
to allow the air to be ventilated at a specified outside air temperature. It should also be checked that 
sufficient separation distances from the stacks are ensured.

A.2.4.1.3	 Calculation of capacity

A.2.4.1.3.1	 Cold heat source equipment

A.2.4.1.3.1.1	 Refrigeration capacity
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The refrigeration capacity (HRC, in W) of a compression chiller is decided by multiplying the maximum 
value (qm) of the hourly cooling loads in the building by the pump load factor (K1), piping loss factor (K2), 
unit load factor (K3), aging factor (K4), and ability compensation factor (K5).

HRC = K1 · K2 · K3 · K4 · K5 · qm / 1 000	
	 (A.4)

where

qm is the maximum value of the aggregate hourly cooling loads in the building, in W;

K1 is the pump load factor ( = 1 to 1,05);

K2 is the piping loss ( = 1 to 1,05);

K3 is the unit load ( = 1 to 1,05);

K4 is the aging factor ( = 1,05);

K5 is the ability compensation factor ( = 1,05).

A.2.4.1.3.1.2	 Heating capacity

The refrigeration capacity of an air-source heat pump unit is decided in accordance with A.2.4.1.3.1, and 
heating capacity (HRh, in kW) is decided by multiplying the total value of the heating loads (qh) by the 
piping loss factor (K2), unit load factor (K3), aging factor (K4), and ability compensation factor (K5).

HRh = K2 · K3 · K4 · K5 · qh / 1 000	
	 (A.5)

where

qh is the aggregate value of the heating loads, in W;

K2 is the piping loss factor ( = 1 to 1,05);

K3 is the unit load factor ( = 1 to 1,1);

K4 is the aging factor ( = 1,05);

K5 is the ability compensation factor ( = 1,05).

A.2.4.1.3.2	 Package-type air-conditioner

A.2.4.1.3.2.1	 Cooling capacity
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The cooling capacity (Hc, in kW) is decided by multiplying the maximum value (qm) of the aggregate 
hourly total heat load for the cooling of the system by the aging factor (K4) and ability compensation 
factor (K5).

HC = K4 · K5 · qm / 1 000	
	 (A.6)

where

K4 is the aging factor ( = 1,05);

K5 is the ability compensation factor ( = 1,05);

qm is the maximum value of the aggregate hourly total heat load for cooling, in W.

A.2.4.1.3.2.2	 Heating capacity (heat pump)

The heating capacity (Hh, in kW) is decided by multiplying aggregate value of the heating loads by the 
aging factor (K4) and ability compensation factor (K5).

Hh = K4 · K5 · qh / 1 000	
	 (A.7)

where

K4 is the aging factor ( = 1,05);

K5 is the ability compensation factor ( = 1,05);

qh is the total value of the heating loads, in W.

A.2.4.1.3.2.3	 Capacity of the auxiliary space heater

The capacity of the auxiliary space heater (Hw, in kW) is calculated using Formula (A.8).

Hw = (Hh − Hh0) / 1 000	
	 (A.8)

where

Hh is the necessary heat capacity, in W;

Hh0 is the heating capacity under the service conditions of the selected air-source heat pump 
package-type air-conditioner, in W.

A.2.4.1.3.3	 Thermal heat source equipment

A.2.4.1.3.3.1	 Rated output of the thermal heat source equipment

The rated output (H, in kW) of the thermal heat source equipment is decided by multiplying the heating 
load (q1), hot water supply load (q2), and others by the piping loss factor (K2), unit load factor (K3), aging 
factor (K4), and ability compensation factor (K5).
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In the case of the absence of the heat exchanger:

H = K2 · K3 · K4 · K5 (q1 + q2) / 1 000	
	 (A.9)

where

K2 is the piping loss factor ( = 1 to 1,05 for hot water,  = 1 to 1,1 for steam);

K3 is the unit load factor ( = 1 to 1,1 for hot water, = 1 to 1,15 for steam);

K4 is the aging factor ( = 1,05);

K5 is the ability compensation factor ( = 1,05);

q1 is the heating load, in W (air-conditioning load);

q2 is the hot water supply load, etc., in W.

In the case of the presence of the heat exchanger:

H = (HE + K2 · K3 · K4 · q3) · K5 / 1 000	
	 (A.10)

where

HE is the quantity of heat exchanged by the heat exchanger, in W;

q3 is the load except for the heat exchanger, in W.

A.2.4.1.4	 Calculation formula of the quantity of the cold/hot water

The quantity of the cold water, Lc (l/min), is calculated by Formula (A.11).

L H
C t t

H
tc

RC

wc1 wc2

RC

wc

= ⋅
⋅ ⋅ ⋅ −

= ⋅3600

60

14 3

ρ ( )

,

∆
	 (A.11)

where

HRC is the refrigeration capacity, in kW;

twc1 is the inlet temperature of the cold water, in °C;

twc2 is the outlet temperature of the cold water, in °C;

Δtwc is the difference in the temperature of the cold water between an outlet and an inlet, in °C

C is the specific heat of the water [kJ/(kg·K)] ( = 4,19);

ρ is the density of the water, in kg/l ( = 1,0).
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The quantity of the hot water, Lw (l/min), is calculated by Formula (A.12).

L H
tw

Rh

wh

= ⋅14 3,

∆
	 (A.12)

In the case where Lc = Lw,

∆t H
Lwh

Rh

c

= ⋅14 3, 	 (A.13)

t t H
Lwh1 wh2

Rh

c

= − ⋅14 3, 	

where

HRh is the heating capacity, in kW;

twh1 is the inlet temperature of the hot water, in °C;

twh2 is the outlet temperature of the hot water, in °C;

Δtwh is the difference in the inlet temperature and outlet temperature of the hot water, in °C;

A.2.4.2	 Cooling tower

A.2.4.2.1	 Design standard

The determination of the cooling capacity of a cooling tower is based on the heat to be rejected from the 
equipment.

The cooling tower is installed at a place that ensures an ambient space where there is no harm in 
exchanging heat with outside air. In addition, measures should be taken as necessary to prevent noise, 
vibration, freezing, propagation of Legionella bacteria, and others.

The adoption of a cooling water temperature control is decided in consideration of the outside air 
temperature in the case when the cooling tower is operated between seasons or in the winter season.

The adoption of a closed-type cooling tower is decided in consideration of the quantity of dust and 
concentrations of pollutants such as sulfur dioxide at the place of installation.

A.2.4.2.2	 Design data

One cooling tower is provided to one unit of cold heat source equipment in principle.

In the case when the cooling towers are separately installed for a cooling water system of one unit of 
cold heat source equipment, the diameter of the communicating tube, shape of the joint to the water 
tank, and height of the foundation are examined to make it possible to maintain the balance of the water 
level between the cooling towers.

A cooling tower is installed at a place located as far away as possible from the fresh-air inlets (to prevent 
Legionella bacteria from being taken in) and stacks.

In the case when two or more cooling towers are installed or there are surroundings such as walls, an 
ambient space and the height of the outlet duct are examined.

The water treatment equipment is selected by considering the cost efficiency and others, based on the 
problems to be assumed in proportion to the water quality of the makeup water of the cooling tower and 
the level of air pollution.
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The freezing of the cooling water is prevented in principle by the electric heaters that have a device to 
stop the operation when water is lost.

Measures should be taken to prevent the noise and vibration of the cooling towers as necessary.

The cooling capacity of a cooling tower is decided by the refrigeration capacity of the cold heat source 
equipment as a standard.

Earthquake-proof measures for cooling towers should be taken as necessary.

A.2.4.2.3	 Calculation formula

The cooling capacity (Hct, in kW) is calculated by Formula (A.13).

Hct = K6 · HRC	 (A.13)

where

HRc is the refrigeration capacity of the cold heat source equipment, in kW;

K6 is the cooling coefficient ( = 1,3).

The quantity of the cooling water is calculated by Formula A.14.

L H
tct

ct= ⋅14 3,

∆
	 (A.14)

where

Δt is the difference in the temperature of the cooling water, in °C.

A.2.5	 Air-to-air heat pump room air-conditioner and mini split

A.2.5.1	 List of heating and cooling load

When selecting the capacity of the room air-conditioner (RAC), the heating or cooling load is calculated, 
taking into consideration the type of the room, area, structure type of the envelope (wooden, RC, etc.), 
the thermal performance of the envelope including glazing and openings, and the generated heat from 
the occupants, lighting, and other appliances.

However, the heat load calculation can be complicated for the designers or occupants for one residential 
building. In such a case, lists of the heating and cooling load per unit area as shown in Tables A.5 and 
A.6 can be used; these were prepared based on the heating load pre-calculation discussed in A.2.5.3. 
In addition to the table, the applicable conditions such as the climate, region, type of the structure, 
and direction of the openings of the room, the assumption of the pre-calculation can be described as in 
Table A.7.

The maximum heating and/or cooling load are also dependent on the operation schedule of the heating 
and/or cooling equipment (e.g. intermittent use or continuous use). Designers can decide which design 
value to use through the discussion with the occupants in the design phase.
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Table A.5 — Example of the heating and cooling load per unit area in the Southern Hemisphere 
(intermittent use)

Type of room

Heating and cooling load and its assumption
Heating and cooling load per unit area 

W/m2

Cooling Heating
Detached house
(wooden, one-story house)

South facing 190 265
North facing 230 265

Apartment house (RC construction)
South-facing room

Highest floor 185 250
Middle floor 145 220

Table A.6 — Example of the heating and cooling load per unit area in the Southern Hemisphere 
(continuous use)

Type of room

Heating and cooling load and its assumption
Heating and cooling load per unit area 

W/m2

Cooling Heating
Detached house
(wooden, one story house)

South facing 140 205
North facing 185 205

Apartment house (RC construction)
South-facing room

Highest floor 125 190
Middle floor 105 180

Table A.7 — Example assumption of the calculation (Southern Hemisphere)

Simulation: SHASE-S112–2009 Simplified Calculation Methods of Cooling and Heating Loads
Strategy of sizing:
Cooling conditions:
— Indoor room temperature
— Outdoor temperature

27 °C
33 °C

Heating conditions:
— Indoor room temperature
— Outdoor temperature

20 °C
0 °C

Air change rate 1 (1 volume per hour)
Window area/floor area 30 %
Number of occupants per floor area 3 persons/10 m2

Lighting (fluorescent):
— Detached house
— Apartment house
— Others

10 W/m2

10 W/m2

Opening such as windows and doors are closed.

Heat generated for lighting and occupants for heating Neglected

Others The blinds are closed at the openings facing east, south, 
and west.
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A.2.5.2	 Calculation of the heating or cooling load

The heating or cooling load per unit area is selected based on Tables A.5 and A.6, taking into account the 
type of room heated or cooled and the operation schedule of the heating/cooling system.

The heating or cooling load can be calculated using Formula A.15.

L = U × S	 (A.15)

where

L is the designed heating or cooling load, in W;

U is the designed heating or cooling load per unit area selected from Tables A.5 and A.6, in W/
m2;

S is the floor area of the heated or cooled room, in m2.

A.2.5.3	 Heat load pre-calculation

In order to prepare the lists of the designed heating and cooling load per unit area as shown in Tables A.5 
and A.6, a heat load calculation is carried out. It is important to classify the assumptions and results by 
the heating equipment’s schedule of the intermittent use and continuous use, because the peak load is 
different between both operations (see Figure A.6). The peak load of the intermittent use is generally 
higher than that of the continuous use (see Figure A.7).

a) Intermittent use

b) Continuous use

Figure A.6 — Example heating load and outdoor temperature
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In the case of intermittent operation, the peak load mainly exists when the equipment is started 
up. Meanwhile, in the case of continuous operation, the peak load mainly exists when the outdoor 
temperature is lowest.

a) Intermittent use

b) Continuous use

Figure A.7 — Example frequency of equipment and distribution of heat load

A.2.6	 Heat pump water heater (with CFC refrigerant)

A.2.6.1	 Selection method of the air-conditioner and water heater combined systems

The combined systems of the air-conditioner and water heater generally have the configuration shown 
in Figure A.7. As for the systems on the secondary side, floor heating devices, fan coils, radiators, and 
others are used. The selection of the equipment of the air-conditioner and water heater combined 
systems is decided in consideration of the capacity of the equipment to cover the water heating loads 
and the capacity of the equipment to cover the heating loads in living space (or cooling loads for the 
region where the selection of the cooling loads is necessary). Air-conditioner and water heater combined 
systems give their basis of control to boil water for household use in the time zone when air-conditioning 
loads (heating and cooling) are not required, and the selection of the systems is not decided based on 
the total value of the air-conditioning loads and water-heating loads. As for the way of the hot water 
production, their tanks also have electric heaters and can keep the water hot and reheat the water. Some 
systems can also add optional heaters. For the energy calculation, it is necessary to consider the amount 
of energy consumed by optional heaters.
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The point of selection of the equipment capacity is the comparison of the magnitude of the air-
conditioning loads and water-heating loads. Usually, however, the capacity is selected based on air-
conditioning loads because the air-conditioning loads are much larger as they are continuously used for 
long hours. It should be noted that the selection of the combined systems are different from that of the 
systems of the water heaters only.

Figure A.8 — Configuration of the combined system

A.2.7	 Heat recovery system

One of the heat pump system’s major characteristics is the heat recovery system.

In the case of air-source heat pumps, the exhaust heat from cooling is recovered by another heat exchanger 
in the condenser, which is called a double-bundled condenser. However, the cooling load and heating load 
are not necessarily balanced, causing hourly deficiency and excess. Since it is also impossible to allocate 
the exhaust heat to the condenser for heat release and heat collection properly with sharing control, 
installation of both chilled water storage tank and hot water storage tank is necessary. Basically, the 
same concept applies to the water source types, but double-bundled condensers are not needed when 
the cooling water piping is used in combination as shown below:

a)	 when the switch between the heat release operation from the cooling tower and heat recovery 
operation is implemented per season, and there are no short-term switches such as by hour or day;

b)	 when the hot water temperature level out of the heat exchanger for heat recovery is allowed to be at 
the same level as the cooling water temperature.

The schematic diagram of the general heat recovery system is shown in Figure A.9.

An operational example of the heat recovery heat pump in winter using exhaust heat from space cooling 
for space heating with chilled water storage tank and hot water storage tank is shown in Figure A.9.

It uses a chilled water storage tank that contains thermal storage capacity which accounts for about 
50 % of the peak daily cooling load in summer. It stores chilled water for two to three days of cooling 
demands, recovering exhaust heat equivalent to one day’s of heating demands. The rest of the heating 
demands are covered by the storage operation of the air-source heat pump.
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Thus, in the case of the heat recovery operation with heat pumps, it is necessary to install thermal 
storage tanks for both chilled and hot water sides in order to operate flexibly, overriding the time and 
demand difference between the cooling and heating demands.

a) Heat recovery by air source system b) Heat recovery by water source system

Figure A.9 — Schematic diagram of the waste heat recovery system

A.2.8	 Water thermal storage system

A.2.8.1	 Design standard

The capacities of the heat pump (chiller) and water thermal storage tank are decided based on the daily 
heat loads, heat balance, and operating time.

The operating time and stop time of the heat pump are decided in consideration of the characteristics 
of the daily heat loads.

A.2.8.2	 Design data

A.2.8.2.1	 General information

a)	 The capacity of the heat pump and thermal storage tank should cover the daily air-conditioning 
loads on the peak day.

b)	 The heat pump should conduct the thermal storage operation during the nighttime and the follow-
up operation (running) during the daytime.

c)	 The thermal storage rate on the peak day and the annual rate of the heat load shift to the nighttime 
should be taken into account in deciding the capacity of a thermal storage tank, and the capacity 
should be decided in consideration of the economics of the thermal storage system. The rate of the 
heat load shift to the nighttime means a ratio of the heat loads stored by operating the heat pump 
during the nighttime to the daily heat loads.

d)	 A variable flow control system should be applied to the piping systems on the primary and secondary 
sides.

e)	 A connecting pipe type should be applied in principle in the case when underground double slabs 
are used for a thermal storage tank. If the effective depth of the water can be set at 2 m or deeper, a 
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temperature stratification type should be considered based on the efficiency, economics, and other 
factors of the thermal storage tank.

f)	 The floor and walls in the thermal storage tank should be insulated and waterproofed all over the 
surface, and the ceiling should be insulated all over the surface to prevent dew condensation and 
heat loss.

g)	 The bore of the connecting pipe should be selected in accordance with Figure A.9 to set the difference 
in the water level between the lower temperature end tank and the higher temperature end tank 
at 200 mm or less and the flow rate through the connecting pipe at 0,1 m/s to 0,3 m/s (generally 
0,2 m/s) at the maximum circulating water amount that can practically happen.

h)	 For the thermal storage tanks with the connecting pipe type, connecting pipes should be installed 
as the effective capacity of each tank becomes the largest. In addition to the connecting pipes, vent 
pipes (100 φ or larger), drain pipes (150 φ halved), overflow pipes (150 φ × 2 or more), and manholes 
(600 φ) should also be installed. Each pipe is installed in accordance with Figure A.10.

i)	 The lower connecting pipes should be installed practically as low as possible down to the slab surface 
in the case of thermal storage tanks with the connecting pipe type, and the upper connecting pipes 
should be installed to keep them always under the surface of the chilled and hot water. The opening 
of the connecting pipes should be chamfered to reduce resistance. The connecting pipes of the lower 
temperature end tank and higher temperature end tank should be installed in the upper part in 
principle. While preventing the operation with little water or no water due to a decrease in the 
water level at the start-up of the pumps, the capacity of the lower temperature end tank and that of 
the higher temperature end tank should be set at the same or larger than the capacity of the other 
intermediate tanks.

j)	 The pumping pipes of the heat pump and air-handling unit should be installed down to the lower depth 
of the water in the lower temperature end tank and higher temperature end tank. The return pipes 
should be installed down to the centre of the lower temperature end tank and higher temperature 
end tank, and the pipe ends should be elbowed for discharging in the horizontal direction.

k)	 The pumps should be installed in pits in the case when they are installed below the water surface. 
In the case when the pumps are installed above the water surface, they should be vertical types.

l)	 The manholes for inspection of the thermal storage tanks should be installed in every tank in 
principle. Moreover, measures for heat insulation such as double insulation and others should be 
taken as necessary.

m)	 The pipes for other applications should not be laid inside the thermal storage tanks.

n)	 The water meters and manual valves should be installed in the makeup water system, and ball taps 
should not be used. Makeup water should be put in a high-temperature tank (in the case of chilled 
water system) and its pipe position should be decided in consideration of the changes in the water 
level.
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Figure A.10 — Table for the selection of the bore of connecting pipe

Figure A.11 — Example pipe installation in the connecting pipe type

A.2.8.3	 Calculation of the water thermal storage tank

a)	 The capacities of the heat pump and thermal storage tank should be calculated in accordance with 
Figure A.12.
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b)	 The hourly heat loads on one day should be calculated under the conditions of the air-conditioning 
design.

c)	 The amount of heat stored in the thermal storage tank should be decided based on the total effective 
volume of water stored in the water tanks and the calculation of the air-conditioning loads.

d)	 The examples of the thermal storage system diagrams are shown in Figure A.13.

e)	 The examples of the hourly heat balance and operation method of the heat pump are shown in 
Figure A.14.

f)	 The secondary system should use heat exchangers and should be a closed circuit.

g)	 The standard water temperatures of the heat pump and the secondary system are shown in 
Table A.8.

Calculation of daily heat 

Is there any space that can be 

used for installation of a thermal

storage tank such as 

underground pit, etc.?

Is the necessary capacity of

thermal storage tank ensured?

Decision on the operating time of heat pump

Consultation with related people

Decision on the capacity of heat pump

Calculation of hourly heat balance

Calculation of the necessary capacity 

of thermal storage tank

Calculation of annual rate of 

heat load shift to the night time

Completion

NO

NO

YES

YES

Figure A.12 — Procedures for calculating the capacities of the heat pump and thermal storage 
tank
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Table A.8 — Standard water temperature conditions

Heat pump Equipment on the 
secondary system

Chilled water outlet
Chilled water inlet

6 °C
14 °C

15 °C
7 °C

Hot water outlet
Hot water inlet

46 °C
38 °C

37 °C
45 °C

Figure A.13 — Example system diagram of the thermal storage system with connecting pipe 
type (in the case when the pumps can be installed below the water surface)
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Figure A.14 — Examples of the hourly heat balance and operation of the heat pump

A.2.8.4	 Calculation formula

a)	 Daily heat load (peak), Qd (kW · h/day):

Q q
d

i
= ∑ 	 (A.16)

where

qi is the air-conditioning heat load at time i, in kW.

b)	 Capacity of the heat pump HR, in kW:

H K K K Q
n n

W
R

d

2

HW,gen,aux
= ⋅ ⋅ ⋅

+
⋅6 7 8

1

	 (A.17)

where

K6 is the heat loss coefficient of the pipe, thermal storage tank, etc. ( = 1,1);

K7 is the aging coefficient ( = 1,05);

K8 is the performance compensation coefficient ( = 1,05);

n1 is the operating time of the heat pump, in h;

n2 is the follow-up operation time of the heat pump, in h ( = air-conditioning time);

c)	 Capacity of the thermal storage tank V, in m3:
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V
n H q

c t s
=

⋅ ⋅ −
⋅ ⋅ ⋅

∑1 000
1

( )
R n

w w
ρ η∆

	 (A.18)

where

qn is the air-conditioning heat load at time n during the thermal storage operating time, in kW;

Δt is the difference in the temperature to use the thermal storage tank, in °C ( = 8);

ηs is the efficiency of the thermal storage tank:
— temperature stratification type = 0,8 to 0,9;
— connecting pipe type (less than 10 tanks) = 0,7;
— connecting pipe type (10 to less than 15 tanks) = 0,75;
— connecting pipe type (15 tanks or more) = 0,8;

cw is the specific heat of the water [W · h/(kg · K)] ( = 1,163);

ρw is the density of water, in kg/m3 ( = 1 000).

d)	 Rate of the heat load shift to the nighttime, ηd, in %:

η ρ η
d

w w s

d

= ⋅ ⋅ ⋅ ⋅
⋅

V c t
Q

∆
1 000

	 (A.19)

where

ηd is the rate of the heat load shift to the nighttime on the peak day, in %.

A.2.9	 Ice storage system

A.2.9.1	 Design standards

a)	 The capacities of the heat pump (chiller) and ice storage tank are decided based on the daily heat 
loads, heat balance, and operating time.

b)	 The operating time and stop time of the heat pump are decided in consideration of the characteristics 
of the daily heat loads.

A.2.9.2	 Design data

A.2.9.2.1	 General information

a)	 The capacity of the heat pump and ice storage tank should cover the daily air-conditioning loads on 
the peak day.

b)	 The heat pump should conduct the ice storage operation during the nighttime and the follow-up 
operation (running) during the daytime.

c)	 The thermal storage rate on the peak day and the annual rate of the heat load shift to the nighttime 
should be taken into account when deciding the capacity of the ice storage tank, and the capacity 
should be decided in consideration of the economics of the ice storage. The rate of the heat load 
shift to the nighttime means a ratio of the heat loads stored by the operating heat pump during the 
nighttime to the daily heat loads.
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d)	 The water meters and manual valves should be installed in the makeup water system, and ball taps 
should not be used.

e)	 The types of the ice storage systems are shown in Figure A.16.

A.2.9.3	 On-site construction type ice storage system

An on-site construction type ice storage system as presented in Figures A.16 and A.17 is selected in 
reference to Figure A.15.

Ice tank is also used for thermal 

storage tank for heating

Consideration of additional
heat pump

Calculation of annual rate of heat load shift to the 
night time

Completion

Suf	icient

NO

Insuf	icient

YES

Check thermal storage  capacity for heating

Decision on the operating time of heat pump

Decision on the capacity of heat pump

Calculation of hourly heat balance

Calculation of the necessary capacity 
of ice storage tank

Calculation of daily heat load

Figure A.15 — Procedures for selecting an on-site construction type ice storage system

The calculation of the on-site construction type ice storage system should be as follows:

a)	 daily heat load, Qd (kW · h/day);

b)	 capacity of the heat pump, HR, in kW:
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H K K K Q
n K nR

d= ⋅ ⋅ ⋅
⋅ +

6 7 8

1 9 2

	 (A.20)

where

K6 is the heat loss coefficient of the pipe, thermal storage tank, etc, ( = 1,1);

K7 is the aging coefficient ( = 1,05);

K8 is the performance compensation coefficient ( = 1,05);

n1 is the thermal storage operation time of the heat pump, in h;

n2 is the follow-up operation time of heat pump, in h;

K9 is the heat pump performance coefficient at the time of the ice making:
— static external melting type ( = 0,67);
— static internal melting type ( = 0,72);
— dynamic type ( = 0,77).

c)	 capacity of the ice storage tank Vi, in m3:

V
n K H q

c t ci
R n

w w i iIPF
=

⋅ ⋅ ⋅ −
⋅ ⋅ ⋅ + ⋅ ⋅

∑1 000 1 9( )

ρ η ρ∆
	 (A.21)

where

qn is the air-conditioning heat load at time n during the thermal storage operating time, in kW;

Δt is the difference in the temperature to use the ice storage tank, in °C ( = 0 °C to 6 °C);

IPF is the ice packing factor:
— static external melting type ( = 0,1 to 0,45);
— static internal melting type ( = 0,5 to 0,9);
— dynamic type ( = 0,2 to 0,4);

cw is the specific heat of the water [W · h/(kg · K)] ( = 1,163);

ci is the latent heat of the ice melting (W · h/kg) ( = 93);

ρw is the density of the water, in kg/m3 ( = 1 000);

ρi is the density of the ice, in kg/m3 ( = 920);

Η is the efficiency of the ice storage tank ( = 0,7 to 0,9);

d)	 rate of the heat load shift to the nighttime, ηd, in %:
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η ρ η ρ
d

i w w i i

d

IPF= ⋅ ⋅ ⋅ ⋅ + ⋅ ⋅
⋅

V c t c
Q

( )∆
1 000

	 (A.22)

where

ηd is the rate of the heat load shift to the nighttime on the peak day, in %.

At the time of ice making At the time of ice melting

Decentralized system
Packaged air-source heat pump

Central 
system

Static 
type

External 
melting 

type

Ice is made on the external surface of ice-making coil at the time of ice 
making.
Ice is melted from the outside of ice in the reverse direction of ice making 
at the time of ice melting.
Low-temperature chilled water can be taken out.
The system is simple and can be integrated into a unit.

Key
AHU air-handling unit
BP brine pump
CH chiller
CP compressor
CHP chilled and hot water pump
HEX heat exchanger

Figure A.16 — Types of ice storage system
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At the time of ice making At the time of ice melting

Central 
system

Static 
type

Internal 
melting 

type

Ice is made on the external surface of ice-making coil at the time of ice 
making.
Ice is melted from the inside of ice in the same direction of ice making at 
the time of ice melting.
This system is compact as its ice packing factor (IPF) is high.

Dynamic 
type

Slurry 
ice type

Key
AHU air-handling unit
BP brine pump
CH chiller
CP compressor
CHP chilled and hot water pump
HEX heat exchanger
WP water pump

Figure A.17 — Ice production and storage systems
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