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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 pro
describe
different
editorial

fedures used to develop this document and those intended for its further maintenance ai
d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for th
types of ISO documents should be noted. This document was drafted in accordance with t}
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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1 is drawn to the possibility that some of the elements of this document maybe the subject
hts. ISO shall not be held responsible for identifying any or all such pateritrights. Details

list of patent declarations received (see www.iso.org/patents).

e name used in this document is information given for the conveniénce of users and does n
e an endorsement.

xplanation of the voluntary nature of standards, the-meganing of ISO specific terms an
bns related to conformity assessment, as well as .infermation about ISO's adherence {
l[d Trade Organization (WTO) principles in the echnical Barriers to Trade (TBT), sq
.org/iso/foreword.html.
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TC 247, Building Automation, Controls and Building-Management, in accordance with the Agreement d
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Any feedback or questions on this document should be directed to the user’s national standards body.
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ument was prepared by Technical Committeée 1SO/TC 205, Building environment design,
ition with the European Committee for Standardization (CEN) Technical Committee CEN

cooperation between ISO and CEN (Vienna Agreement).

1l parts in the ISO 52120 series canbe found on the ISO website.

listing of these bodies cambe found at www.iso.org/members.html.
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Introduction
This document consolidates information that is considered important for users to properly understand,
apply and nationally adapt the EPB standards.

The detailed technical rules in CEN/TS 16629 ask for a clear separation between normative and
informative contents:

— to avoid flooding and confusing the actual normative part with informative content;

— toreduce the page count of the actual standard;

- to facilitate understanding of the package.

—3

herefore, it is important that each EPB standard is accompanied by an informativé technicdl report,
ike this document, where all informative contents are collected. Table 1 showsthe relative pgsition of
this document within the EPB set of standards.

fa—)
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Energy performance of buildings — Contribution of

building automation, controls and building management —

Part 2:
Explanation and justification of IS0 52120-1

[y

Scope

This document contains information to support the correct understanding, cuseé and add
[0 52120-1.

Normative references

2
The following documents are referred to in the text in such a wdy that some or all of thei
c
u

hdated references, the latest edition of the referenced document (including any amendments]

[

§0 52120-1, Energy performance of buildings — Contributién of building automation, controls and
anagement — Part 1: General framework and procedures

3

Yt

80 7345, Thermal performance of buildings and building components — Physical quantities and d|

I§0 52000-1, Energy performance of buildingss — Overarching EPB assessment — Part 1
frlamework and procedures

O8]

Terms and definitions

1]

br the purposes of this documert, the terms and definitions given in ISO 7345, ISO 520
§0 52120-1 apply.

b— et

§0 and IEC maintain terininology databases for use in standardization at the following addres

- 1SO Online browsing platform: available at https://www.iso.org/obp

- [EC Electropedia: available at https://www.electropedia.org/

4 Symbels and abbreviated terms

41 Symbols

ption of

content

pnstitutes requirements of this document. For dated references, only the edition cited applies. For

applies.
| building

efinitions

General

DO-1 and

Ses:

For the purposes of this document, the symbols given in ISO 52000-1 and ISO 52120-1 apply.

4.2 Abbreviated terms

For the purposes of this document, the abbreviations in ISO 52120-1 apply.

© IS0 2021 - All rights reserved
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5 Method description

5.1 Effect of building automation and control (BAC) and technical building
management (TBM)

5.1.1 General

The key-role of building automation and control and TBM is to ensure the balance between the desired
human comfort, which should be maximal, and energy used to obtain this goal, which should be
minimal

The scope of BAC and TBM covers in accordance with their role from one side all technical building
systems|(where the effect of the BAC is used in the calculation procedures) and from another side the
global optimization energy performance of a building.

Several dqategories of controls could be identified.

— TecHnical building systems specific controls: these controllers are dedicated to’the physical chain pf
trangformation of the energy, from generation to storage, distribution and\emission. We find them
in tHe matrix starting with the Modules M3-5 to M9-5 and finishing with-.M3-8 till M9-8. We could
congider that one controller exists by module, but sometimes one controller does the control among
several modules. More often, these controllers are communicating bétween them via a standardizqd

oper bus, such as BACnet, KNX or LON.

— BAC|used for all or several technical building systems that‘do multidiscipline (heating, cooling,
ventfilation, DHW, lighting) optimization and complex contrel functions. For example, one of them fis
INTERLOCK, a control function that avoids heating and-cooling at the same time.

— If al] technical building systems are used in the building, we have (depending of the size of the
buildling) a technical building management systém. Specific global functions are implemented here
and pre necessary to reach the key-role mentioned above. Usually, in this case, an interrelation with
the building as such (Module M2) will occur, mainly to take in consideration the building need;

for gxample, due to outside temperature,taking into account the inertia of the building when the

n

hydraulic Valves are need 1t

The temperature control accuracy (CA) for a zone temperature is a key number that allows calculating
the additional energy needed for heating or cooling caused by the inaccuracy of zone temperature
control. The temperature control accuracy (CA) can be calculated from control variation (CV) and
control set point deviation (CSD) as described in the main text of EN 15500-1:2017. The compliance
with CA is also defined in EN 15500-1. This is an important input for EN 15316-2 and for EN 16798-7,
where the effect of the control for heating, cooling and ventilation is taken into account.

The same standard (EN 15500-1:2017) describes also the four operations modes that deal with the
levels of temperatures: comfort, pre-comfort, economy and frost/building protection. These four
predefined operation modes are parameters that could be set by the users (occupant) (e.g. the

2 © IS0 2021 - All rights reserved
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temperature allocated to each operation mode). These operations modes are important for the control
strategy used for intermittence, which will be described below.

5.1.3 Control function

The control function is the ability of a controller (or set of communicative controllers) to perform a
determined task(s). Usually the functions implemented in the controllers are parametric or freely
programmable. The functions could be performed by a single controller or by a set of communicative
controllers. A controller could perform several functions.

The control functions present in a BAC or TBM, are presentin ISO 52120-1:2021, Table 5. These flunctions
are organized in the matrix given by the modular structure of EPB standards. [SO 52120-1:2021, Table 5
starts with heating emission, distribution, storage and generation (M3-5, M3-6, M3-7,'M3-8) [followed
by domestic hot water, cooling, ventilation and lighting (M9-5, M9-6, M9-7, M9-8):* Each [function
i described in detail, in accordance with the type (level) of the function: from,the lower fype (NO

TOMATIC CONTROL Type = 0) to most advanced types. For each function, an identifier that is the
spftware language for BAC and TBM is also defined, as the destination of thei(medule where the control
function has its effect. An abstract from ISO 52120-1:2021, Table 5 is given’below as an example.

Fpr practical reasons, four different BAC efficiency classes (A, B, C, D) of\functions are defined both for
npn-residential and residential buildings. This is the fastest way to.specify a BAC or a TBM.

— Class D corresponds to non-energy efficient BAC. Building with such systems should be refrofitted.
New buildings should not be built with such systems.

— Class C corresponds to standard BAC.

— Class B corresponds to advanced BAC and some@pecific TBM functions.

— Class A corresponds to high-energy perforntance BAC and TBM.

building is in class D: if the minimum functions to be in class C are not implemented.

b be in class C: minimum functions defined in ISO 52120-1:2021, Table B.1 are implemented.

hble 5 are implemented in addition to class C. Room controllers are able to communicate with a

Al

T

Tp be in class B: building automation function plus some specific functions defined in [SO 52120-1:2021,
g.lilding automation systems

T

b be in class A: technicdl building management function plus some specific functions de¢fined in
140 52120-1:2021, Table 5 are implemented in addition to class B. Room controllers should be able
for demand controlléd HVAC (e.g. adaptive set point based on sensing of occupancy, air quallity, etc.)
including additional integrated functions for multi-discipline interrelationships between HVAC and
various building services (e.g. electricity, lighting, solar shading, etc.).

[

additionythe hydraulic system is properly balanced.

The-functions assignment to the BACS efficiency classes is listed in ISO 52120-1:2021, Table 6.

BAC functions with the purpose to control or monitor a plant or part of a plant which is not installed in
the building do not have to be considered when determining the class even if they are shaded for that
class. For example, to be in class B for a building with no cooling system no individual room control
with communication is required for emission control of cooling systems.

If a specific function is required to be in a specific BAC efficiency class, it is not required that this
function is strictly required everywhere in the building: if the designer can give good reasons as to
why the application of a function does not bring a benefit in a specific case then it can be ignored.
For example, if the designer can show that the heating load of a set of rooms is only dependant on the
outdoor temperature and can be compensated with one central controller, no individual room control
by thermostatic valves or electronic controllers is required to be in class C.

©1S0 2021 - All rights reserved 3
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A reference list of BACS functions to reach is defined in ISO 52120-1:2021, Table 7. That table defines
the minimum requirements of BACS functions according to BACS efficiency class C of ISO 52120-1:2021,
Table 6.

Unless differently specified this list is used for the following:
— to specify the minimum functions to be implemented for a project;

— to define the BACS function to take into account for the calculation of energy consumption of a
building when the BACS functions are not defined in detail;

— to cqlculate the energy use for the reference case in step 1 of the BACS efficiency factor method:

514 ontrol strategy

The contjrol function is the method employed to achieve a given level of control to reach a)geal. Optim
control gtrategies deliver a desired level of control at a minimum cost (minimumenergy demand
A contrdl strategy could consist of a control function or a group of control functionhs. Examples of
control gtrategy implemented by a control function are optimum start, optimum ‘stop, or night set bag
described in EN 12098-1 and EN 12098-3. The timer function is described in EN, 12098-5.

o 2

An examlple of a control strategy that is realized by a group of control funetions is the control strategy
used by [ntermittence. This function uses several control functions, operation modes, optimum starnt-
stop and|timer at the same time. All elements together are called eithier building profile or user patter
Usually, fo implement such building profile, a TBM is a prerequisite:

e

The mogt important control strategy described and implemented in ISO 52120-1 is demand-orientgd
control. Usually these strategies implement the sense of the,energy flow (from generation to emission)
with floy of calculation (from building needs to delivered energy). Usually for this complex contrpl
strategyla TBM is necessary with a distributed specifie\control for each Technical Building System that
communlicates in system architecture via a commuaication standardized bus such as BACnet, KNX o¢r
LON.

More clepr, this demand-oriented control works as follows: When the comfortis reached in the emissiqn
area, thg controller from the emission sends the message to the controller in charge of distributign
to stop to distribute energy, then the.controller in charge of distribution sends the message to the
controllgr in charge of storage to either store the energy or if the storage cannot store more energjy,
then to send the message to the controller in charge of the generation to stop generating more energy

Another [important control strategy is the control strategy for multi generators either from the same
type (e.g several boilers) erZdifferent types (e.g. a boiler and heat pomp) including also the renewable
energy spurces. The stratégy could be based as follow:

— priorities only based on running time;

— fixed sequeneing based on loads only: for example depending on the generator's characteristics (e.g.
hot yvater'\boiler vs. heat pump);

riO bitiac hacnd A gon oty A iy o d ch oot oot n gt A aatia a] Aol 1o o ht
p ILICO UdoCUu UIT 6\,“\/1 [eynwvpy blll\«l\,llby AITU CITATACLUCTIOVIV O, LIIU sbllbl AlvuUl Ut}'vl AlIVIIAT CUTILT UT'TO OC

individually to available generators so that they operate with an overall high degree of efficiency
(e.g. solar, geothermic heat, cogeneration plant, fossil fuels);

— load prediction-based sequencing: the sequence is based on, for example efficiency and available
power of a device and the predicted required power.

The standards enabling to calculate the effect of BACS and TBM functions on energy consumption use
different approaches to calculate this impact. The approaches are described in ISO 52120-1:2021, 6.4.2.

4 © IS0 2021 - All rights reserved
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5.2 Description of BAC functions

5.2.1 General

The numbers in italics refer to the numbers in ISO 52120-1:2021, Table 5.

5.2.2 Heating control

1.1 Heating - Emission control

~

1.0 No automatic control

Dlescription: no automatic control of the room temperature.

~

1.1 Central automatic control

Dlescription: central automatic control of temperature in rooms by means of heating, is acti

0

demand of different rooms, possibly by using one room as reference. This€an be achieved, for
by an outside temperature controller conforming to EN 12098-1 or EN-12098-3.
T
u
a

hrget: to improve EP by minimizing emitted heat by emitters (e.g\radiators) or by air in the

nd/or a reference sensor inside the building and assumes simnilar demands in different parts
the building.

~

1.2 Individual room control

,-w-sg

on-communicating) electronic control units: The individual control should/may be combi
theduler programs providing different opéerating modes.

(%]

hrget: to improve EP by minimizingemitted heat by emitters (e.g. radiators) or by air in the

Qo =

fferent loads in different rooms.

~

1.3 Individual room controbwith communication

bntrol of temperaturein rooms by means of heating, with communication between controlle
ACS, allows exchange of setpoints, demand and other status information.

hrget: to improve EP by minimizing emitted heat by emitters (e.g. radiators) or by air in the

fferentloads in different rooms. Furthermore, to obtain energy demand for further use t
stribution and generators, keeping run time at minimum and setpoints optimal.

Qoc 4 o

1 1 A. Individual raom caontral with cammunication and accunmanecu dotaction

hg either

h the distribution or on the generation. Heating control is performed without consideration of local

example

building

cing central control of temperature and/or flow. This control tmay be based on outside temperature

rooms of

scription: individual room control by thermostatic valves or electronic controllers. The igdividual
om control of heating temperature in rooms, is performed either by thermostatic valves| or local

hed with

building

5ing local control of temperaturesand/or flow in the rooms, thereby adapting to local demand, i.e.

Dlescription: individualtoom control with communication between controllers and to BACS. Individual

rs and to

building

5ing local~control of temperature and/or flow in the rooms, thereby adapting to local demand, i.e.

b control

Ty Tortot T O o C ot O vy e SOt e et o e et a panrcy e e ototr

Description: individual room control with communication between controllers and to BACS, and
presence control performed by occupancy. Individual control of temperature in rooms by means of

heating, with communication between controllers and to BACS, allows exchange of setpoints,
and other status information.

Target: to improve EP by minimizing emitted heat by emitters (e.g. radiators) or by air in the

demand

building

using local control of temperature and/or flow in the rooms, thereby adapting to local demand, i.e.
different loads in different rooms. Furthermore, to obtain energy demand for further use to control

distribution and generators, keeping run time at minimum and setpoints optimal.

1.2 Heating - Emission control for TABS

© IS0 2021 - All rights reserved
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1.2.0 No automatic control

Description: there is no automatic control of the room temperature implemented.

Target: manual controls of a loop apply.

1.2.1 Central automatic control

Description: the central automatic control for a TABS zone (which comprises all rooms which get the
same supply water temperature) typically is a supply water temperature control loop whose setpoint is
depende

Target: the supply water temperature is set according to the filtered outside air temperature (filtere
-weathel compensated supply water temperature).

1.2.2 Advanced central automatic control

Descriptjon: this is an automatic control of the TABS zone that fulfils the following conditions.

One solufion to achieve these requirements can be found in References [7] and [8].
Target: achieve temperatures within'the desired bandwidth for all rooms in the heating/cooling grou

1.2.3 Advanced central automatic control with intermittent operation and/or room temperatui
feedbacH control

If th

an optimal self-regulating of the room temperature within the required-comfort range (specifig

by t

rooms of the TABS zone remain during operation periods in the cemfort range, to meet comfo
reqyirements, but also is as low as possible to reduce the energy defmiand for heating.

If the TABS is used for heating and cooling: the central autetnatic control is designed and tune

to a
(spe
tem
to

dempnd for heating and cooling.

If th

is nqt done only dependent on the outside temperature, but also taking at least indirectly the he
gainp (internal and solar) into account.

Descript

Adv

automatic control according to 2) with the following supplement: The pump is switched off regular
to sqve eléetrical energy, either with a fast frequency - typically 6 h on/off cycle time - or with a slo

freq

OpeI"H"" waath 24 b o Joff ~ooln 4ivnn oo Slen bhn v d 40 voinor s oot +0 +bhn Aot dn 30 1€+ 1

tonthe filtered cutside fnmpnrnfnrn’ for nvamp]n the average ofthe prnvinnc 24 h

e TABS is used only for heating: the central automatic control is designed<nd tuned to achiey

ne room temperature heating setpoint). “Optimal” means that the ‘réom temperatures of g

hieve an optimal self-regulating of the room temperature within the required comfort rang
rified by room temperature heating and cooling setpoints). “Optimal” means that the roo
eratures of all rooms of the TABS zone remain during operation periods in the comfort rang
eet comfort requirements, but also uses as far as possible the full range to reduce the energ

e TABS are used for heating and cooling; the automatic switching between heating and coolir

jon: advanced<eritral automatic control with room temperature feedback control.

inced centkal automatic control with intermittent operation. This is an advanced centr

1ency, corresponding to 24 h on/off cycle time. If the TABS are used for cooling, intermitte}

e
d
11
't

e

< P =

O

aCIOTT vy ICIT T 1 O/ OTT Cy Crie— Tt Cailt arsU ot oS to Tttt ac to— T oacstat—art H—tf

outside air is cold. One solution to achieve this requirement can be found in References [7] and [9].

Advanced central automatic control with room temperature feedback control. This is an advanced
central automatic control according to 2) with the following supplement: The supply water
temperature setpointis corrected by the output of a room temperature feedback controller, to adapt
the setpoint to non-predictable day-to-day variation of the heat gain. Since TABS react slowly, only
day-to-day room temperature correction is applied, an instant correction cannot be achieved with
TABS. The room temperature that is fed back is the temperature of a reference room or another
temperature representative for the zone. One solution to achieve this requirement can be found in
References [7] and [9].
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— Advanced central automatic control with intermittent operation and room temperature
control.

feedback

Target: the goal is to compensate room/zone behaviour into the supply water temperature control in

order to optimize emissions taking into account heat gain and radiation.
1.3 Heating - Control of distribution network hot water (supply or return)

1.3.0 No automatic control

cr‘ripfinn- the distribution network fnmpnrahlrn ofthe hot waterisnot controlled

113.1 Outside temperature compensated control

Dlescription: control of the temperature of the hot water distribution based on outside tem
compensation.

Thrget: to improve EP by lowering the mean temperature of the flow, thereby, minimizing heat
1{3.2 Demand based control

Dlescription: control of the temperature of the hot water distribution.is based on indoor tem
njeasurements.

Prerequisite: communicating system to room control units.

Water based systems in buildings usually supply thermalsenergy to more than one room or

a. o

bmand is present.

Alssuming that several rooms or zones are coftnected to the same network and the room or
hange overtime, i.e. multiple use, this will\result in inefficient operation of the distribution

(@)

[l

énding to 14 h/day to 16 h/day).

o

bne in the planning stage prier to relocating people or business activities.

~

4 Heating - Control of distribution pumps in networks
1}4.0 No automatic control

Dlescription: distribution pumps are not controlled (only protection functions).

~

4.1 On/offcontrol

with4g control at maximum speed.

perature

losses.

perature

pne zone

(q.g. distribution network, risers) according to planned\use patterns. Class B (or higher) room or zone
ntrols send energy demand to the associated distribution network and require them to run yhile the

zone use
network

because the distribution network (e.g. pumps) are eventually running for a very long active {ime (e.g.

ecommendations: consider the {space usage profile while modifying distribution networkg. This is

Dlescription: on/off control. Pumps are switched on and off automatically but once switched dn it runs

eds to be

T rSats a3 3= LD L = H - 3= 3 £ il 3=
ISCL- U llllt}l Uve Ll lJy ClVUlullls auAlllaly CIICT Sy LUllDullllJLlUll Ul Pullll_}b vvIIIICT 11U CIIT1 5)’ 11T

circulated.
1.4.2 Multi-stage control

Description: speed of pumps is controlled by a multi-step control.

Target: to improve EP by reducing auxiliary energy consumption by adapting (in fixed steps) the speed

of the pump depending on the system conditions.

1.4.3 Variable speed pump control
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Description: speed of pumps is controlled depending on different states of the system. This may be done
with constant or variable Ap and with a demand evaluation to reduce the auxiliary energy demand of
the pumps.

Target: to improve EP by reducing auxiliary energy consumption of pumps by optimizing their speed
according to the current system conditions.

1.4.4 Variable speed pump control

Description: speed of pumps is controlled depending on the different states of the system. This may
be done pritlrvariabte ﬁ\p fUHUWiug amrexterat denrad bigual, TB- hydl auhcT cquil eIeTTts; AT TIIrergy
optimizdtion or a demand evaluation to reduce the auxiliary energy demand of the pumps.

Target: to improve EP by reducing auxiliary energy consumption of pumps by optimizing their spegd
for the cyirrent system conditions.

1.5 Heafing - Intermittent control of emission and/or distribution
1.5.0 Nq automatic control

Descriptjon: no intermittent control (always full energy consumption).
1.5.1 Automatic control with fixed time program

Descriptjon: automatic control is carried out to reach intermittent‘eperation of the emission and/¢r
distribugion components.

Target: tp improve EP by lowering the temperature setpoints.during certain conditions (e.g. night). Thijs
leads to jmproved EP due to shortened operation time of the generation/distribution and lower loss¢s
of the ropm(s) due to lower temperature differences to the outside.

1.5.2 Adtomatic control with optimum start/stop

Descriptjon: automatic control is carried out to.feéach optimized start/stop of intermittent operation pf
the emispion and/or distribution components.

Target: tp improve EP through optimized\start/stop to maximize time for economy mode by considering
energy cppacity of the building in control.

1.5.3 Adtomatic control with dentand evaluation

Descriptjon: automatic control is carried out to reach intermittent operation of emission and/¢r
distribufion based on demand (occupancy).

Target: tp improve EP)through maximizing “pre-comfort” and/or “economy” time periods by detecting
or using finformatiowabout real demand (e.g. occupancy).

1.6 Heating —.Geénerator control for combustion and district heating

1.6.0 C0|nstant temperature control

Description: generator temperature is controlled to hold a predefined constant temperature within a
defined control deviation.

Target: to improve EP by minimizing the generator operation temperatures and avoiding max boiler
temperature (with highest losses), e.g. compared to thermostatic on/off control.

1.6.1 Variable temperature depending on outside temperature
Description: generator temperature setpoint is variable depending on outside temperature.

Target: to improve EP by minimizing the generator operation temperatures using outside temperature
information.
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1.6.2 Variable temperature depending on the load
Description: generator temperature setpoint is variable depending on the load of the system.

Target: to improve EP by minimizing the generator operation temperatures using information about
current demand of the system.

1.7 Heating - Generator control for heat pumps

1.7.0 Constant temperature control

Dlescription: heat generation is not optimized to environmental conditions and controhi always
towards the maximum allowed temperature.

[puts: maximum allowed temperature setpoint.

~

7.1 Variable temperature depending on outside temperature

Dlescription: the control temperature is calculated with the goal to operate the heat pump with
njinimized operating temperature setpoints depending on outside temperature.

Thrget: to improve EP by avoiding unnecessary electrical pumping energy by minimizing the generator
operation temperatures using outside temperature information.

~

7.2 Variable temperature depending on the load

scription: heat pump temperature setpoint is variable‘depending on the demand which is pased on
the load of the system.

Thrget: to improve EP by optimizing efficiency ofthe heat pump at given environmental cdnditions
bpsed on current demand of the system.

~

8 Heating - Generator control for outdoorunit

—3

he goal consists generally in maximizingthe heat generator efficiency.

~

8.0 On/off-control of heat generator
1{8.1 Multi-stage control of héat generator

Dlescription: output of héat-generator is controlled depending on the load or demand (e.g. pn/off of
s¢veral compressors).

~

8.2 Variable control of heat generator

Dlescription: eutput of heat generator depends on the load or demand (e.g. hot gas bypass,|inverter
flequency,eontrol).

~

9 Heating - Sequencing of different generators

~

9.(D Priorities only based on running time

Description: priority based sequencing of multiple heating generators. The priority of sequencing is
only based on running times of the generators (in order to optimize maintenance).

1.9.1 Control according to fixed priority list

Description: priority based sequencing of multiple heating generators. The generators of higher priority
are running first. A given generator in the priority list is running only if the generators of higher priority
are running at full load. The sequence is fixed - the priority list is arbitrarily created.

Target: to improve EP by only using as many generators as needed at any point in time and drive each
generator in its most efficient mode (full load).
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1.9.2 Control according to dynamic priority list

Description: priority based sequencing of multiple heating generators considering their capacities. The
generators of higher priority are running first. A given generator in the priority list is running only if
the generators of higher priority are running at full load. The priority list is dynamically created based
on load, considering the current capacities of the generators (max power).

Target: to improve EP by only using as many generators as needed at any point in time - to avoid
generators to run at very low load (e.g. <30 %), but there is also a target to avoid too short “cycle times”
(e.g. as each burner start consumes additionally energy).

1.9.3 Cothrol according to prediction based dynamic priority list

Descriptjon: priority based sequencing of multiple heating generators considering their capacities.
The geng¢rators of higher priority are running first. A given generator in the priority list,is’running
only if tHe generators of higher priority are running at full load. The priority list is dynamigally creatqd
reflectinlg the generators current efficiency.

Target: to improve EP by only using as many as needed and drive each generat@p-in its most efficient
mode (fyll load), and only using the most efficient generators at any point in time.

1.10 Heating - Control of thermal energy storage (TES) charging
1.10.0 Cpntinuous storage operation

Descriptjon: thermal energy storage system is enabled for charging’all the time independently on the
expected load. In case cooling energy is available it is charged to.the TES.

1.10.1 2isensor charging of storage

Descriptjon: once the TES is enabled for operation,«it is charged if the lower temperature sens¢r
indicateg a minimum state of charge. Charging will;de’stopped based on the second sensor informatign
at the top of the storage.

Target: o improve EP by reducing charging intervals. Based on that energy losses of the TES can he
reduced,

1.10.2 Lpad prediction-based storagé.operation
Descriptjon: thermal energy storage is operated taking into account load predictions.

Target: to improve EP by reducing state of charge when storage is not needed. Based on that energy
losses of|the TES can be reduced.

5.2.3 Domestic hot water supply control

Charging time release: storage charging time release by time switch program.

Multi-sensor Storage management: demand-oriented Storage management using two or more
tempera:urc Sehsofs:

Heat generation: boilers (fired with different types of fuels), heat pump, solar power, district heating,
CHP.

Demand-oriented supply: information exchange to supply according to storage temperature demand.
Return temperature control: charging pump control for return temperature reduction

Solar storage charge: control of charging pump on/off to maximum DHW storage temperature during
supply of free solar energy. Solar collector supplies the first priority energy.
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Supplementary storage charge: release of supplementary control from heat generation with storage
charging time release by time switch program to nominal DHW storage temperature or when going
below the reduced DHW storage temperature. Heat generation supplies the second priority energy.

2.1 DHW - Control of DHW storage charging with direct electric heating or integrated electric heat
pump

2.1.0 Automatic control on/off (standalone DHW)

Description: control of DHW storage temperature with integrated or exclusively linked heat sources

+ 1.1 hY
(E LdI1IUud1uUlIc].

2|1.1 Automatic control on/off and charging enable

Dlescription: control of the DHW (standalone DHW) storage temperature avoiding early recharging
uping time-based charging blocking.

Thrget: to improve EP by lowering mean DHW buffer temperature to reach less isolation losses|from the
bliffer. This can be achieved by using up the full capacity of buffer heat beforerecharging. Lesg number
f recharge cycles has also positive benefits for energy generators.

@]

2|1.2 Automatic control on/off and charging enable and multi-sensdrgtorage management

Dlescription: automatic control on/off and charging time release @nd multi-sensor storage marjlagement
($tandalone DHW). Control of the DHW storage temperatuyre thus avoids early recharging using multi
s¢nsing detection of remaining heat capacity of the buffer

Thrget: to improve EP by lowering mean DHW buffer temperature to reach less isolation losses|from the
bliffer. This can be achieved by using up the full capagity of buffer heat before recharging. Lesg number
f recharge cycles has also positive benefits for energy generators.

]

2|2 Control of DHW storage temperature chdrging using heating water generation
2|2.0 Automatic control on/off

Dlescription: control of DHW storage:temperature (DHW is one heat consumer in a heating sysfem).
2|2.1 Automatic control on/off and scheduled charging enable

Dlescription: control of the\DHW storage temperature by avoiding early recharging using tirhe based
charging blocking.

Thrget: to improve-EP-by lowering mean DHW buffer temperature to reach less isolation losses|from the
bliffer. This cande-dchieved by using up the full capacity of buffer heat before recharging. Lesg number
Frecharge cycles has also positive benefits for energy generators.

]

2|2.2  Autematic control on/off, charging enable, demand based, supply temperature control, pr multi-
s¢nsonstorage management

DlesCription: control of the DHW storage temperature by avoiding early recharging usipg time-
based charging blocking and multi sensing detection of the remaining heat capacity of the buffer and
transmitting demand information to the heat generation system.

Target: to improve EP by lowering mean DHW buffer temperature to reach less isolation losses from
the buffer. This can be achieved by using up the full capacity of buffer heat before recharging. Less
number of recharge cycles has also positive benefits for energy generators. Transmission of demand
information enables optimized EP in heat generator systems.

2.3 Control of DHW charging with solar collector and supplementary heat generation

2.3.0 Manual control
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Description: manual selected control of solar energy source for DHW; manual selection of energy source
which feeds the DHW.

2.3.1 Automatic control of solar storage charge (Prio. 1) and supplementary storage charge (Prio. 2)

Description: control of the DHW storage temperature preferring energy from solar sources in
combination with automatically supplementary recharging in case solar load is not sufficient.

Target: to improve EP by maximizing charging of solar energy and in case that no solar energy is
available automatic switch to supplementary loading of buffer with other heat generations.

2.3.2 Afitomatic control of solar storage charge (Prio. 1) and supplementary storage charge (Prié:2)
plus denjand-oriented supply or multi-sensor storage management

Descriptjon: Control of the DHW storage temperature preferring energy from solar ‘Sources In
combinafion with automatically supplementary recharging in case solar load is not suffigient.

Target: o improve EP by maximizing charging of solar energy and in case thatma solar energy s
availablg control supplementary load of buffer with other heat generations with-minimum losses and
maximuin efficiency of the generators. In “Supplementary operation mode” EPcfficiency is reached by
minimizjng mean DHW buffer temperature to reach less isolation losses frgm‘the buffer. This can he
achieved by using up the full capacity of buffer heat before recharging. Less/humber of recharge cyclés
has also |positive benefits for energy generators. To improve EP throughoptimized selection of energy
source which feeds the buffer at a given condition.

2.4 Control of DHW circulation pump

2.4.0 Nd control, continuous operation

Descriptjon: continuous operation of circulation pump.

2.4.1 Control of DHW circulation pump, with time pfogram

Descriptjon: control of DHW circulation pump u$ing time switch program.

Target: tp improve EP by avoiding energy.losses in pipes as well as unnecessary energy consumption pf
circulatipn pump during time while no DHW comfort with circulation pump is needed.

5.2.4 C(ooling control

3.1 Cooling - Emission Contriol

3.1.0 Copling - No automatic control

Descriptjon: no autematic control of the room temperature.
3.1.1 Ceptral autorhatic control

Descriptjon: céntral control of temperature in rooms by means of cooling, it is acting either on the
distributlion’or on the generation Cooling control is performed without consideration of local demand

of different rooms, possibly by using one room as reference.

Target: to improve EP by minimizing emitted cool by emitters (e.g. chilled beams) or by air in the
building using central control of temperature and/or flow. This control may be based on outside
temperature and/or a reference sensor inside the building and assumes similar demands in different
parts/rooms of the building.

3.1.2 Individual room control

Description: individual room control by thermostatic valves or electronic controller. The individual
control of cooling temperature in rooms is performed either by thermostatic valves or local (non-
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communicating) electronic control units. The individual control may be combined with central timer
program providing different operating modes.

Target: to improve EP by minimizing emitted cool by emitters (e.g. chilled beams) or by air in the
building using local control of temperature and/or flow in the rooms, thereby adapting to local demand,
i.e. different loads in different rooms.

3.1.3 Individual room control with communication

Description: individual room automatic control with communication between controllers and the BACS.

Illdividual control of temperature in rooms by means of cooling with communicatioh. pbetween
pbntrollers and to BACS, allows exchange of setpoints, demand and other status information

(@)

—3

hrget: to improve EP by minimizing cooling by emitters (e.g. chilled beams) or by air‘in the[building
5ing local control of temperature and/or flow in the rooms, thereby adapting~to local demand, i.e.
fferent loads in different rooms. Furthermore, to obtain energy demand forfutrther use tp control
stribution and generators, keeping run time at minimum and setpoints optimal.

Qo

W

1.4 Individual room control with communication and occupancy detection

scription: individual room automatic control with communicatioi’between controllers and the BACS.

p—

dividual control of temperature in rooms by means of, cooling with communication |between
pntrollers and to BACS, allows exchange of setpoints, demandiand other status information.

(@)

Thrget: to improve EP by minimizing cooling by emitters (e.g. chilled beams) or by air in the|building
uping local control of temperature and/or flow in the xooms, thereby adapting to local demand, i.e.
djfferent loads in different rooms. Furthermore, tayobtain energy demand for further use tp control
djstribution and generators, keeping run time at miinimum and setpoints optimal.
3
3

2 Cooling - Emission control for TABS

2.0 No automatic control

Dlescription: there is no automatic.control implemented.
Thrget: Manual controls of a logp apply.

3]2.1 Central automatic gentrol

Dlescription: the centrallautomatic control for a TABS zone (which comprises all rooms which get the
same supply watertemperature) typically is a supply water temperature control loop whose sg¢tpoint is
bpendent on thefiltered outside temperature, e.g. the average of the previous 24 h.

d

Thrget: the stpply water temperature is set according to the filtered outside air temperature (filtered -
weather eompensated supply water temperature).

3

2.25 Advanced central automatic control

escription: this is an automatic control of the TABS Zone that rulrils the rollowing conditions.

— If the TABS is used for heating and cooling: The central automatic control is designed and tuned
to achieve an optimal self-regulating of the room temperature within the required comfort range
(specified by room temperature heating and cooling setpoints). “Optimal” means that the room
temperatures of all rooms of the TABS zone remain during operation periods in the comfort range,
to meet comfort requirements, but also uses as far as possible the full range to reduce the energy
demand for heating and cooling.

— If the TABS is used for heating and cooling: The automatic switching between heating and cooling
is not done only dependent on the outside temperature, but also taking at least indirectly the heat
gains (internal and solar) into account.
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Target: achieve temperatures within the desired bandwidth for all rooms in the heating/cooling group.

3.2.3 Advanced central automatic control with intermittent operation and/or room temperature
feedback control

Description: advanced central automatic control with room temperature feedback control.

— Advanced central automatic control with intermittent operation. This is an advanced central
automatic control according to 2) with the following supplement: The pump is switched off regularly
to save electrical energy, either with a fast frequency - typically 6 h on/off cycle time - or with a slow

freq ; -
operfation with 24 h on/off cycle time can also be used to reject the heat to the outside air f t}
outsfde air is cold.

Advanced central automatic control with room temperature feedback control. This is.anladvance

centpal automatic control according to 2) with the following supplement: The supply wate

temperature setpointis corrected by the output of a room temperature feedback controller, to adaj
the getpoint to non-predictable day-to-day variation of the heat gain. Since TABS réact slowly, on
day-fo-day room temperature correction is applied, an instant correction cahnot be achieved wit
TABPB. The room temperature that is fed back is the temperature of a reference room or anoth¢
tempperature representative for the zone.

Advanced central automatic control with intermittent operation and room temperature feedbad
contjrol.

Target: the goal is to compensate room/zone behaviour into the'Supply water temperature control
order to pptimize emissions taking into account heat gain and radiation.

3.3 Cooling - Control of distribution network chilled watet“temperature (supply or return)

3.3.0 Cdnstant temperature control

Descriptjon: the distribution network of the coldywater is controlled at a constant temperature or n
controllgd.

3.3.1 Odtside temperature compensated control

Descriptjon: control of the temperature of the cold-water distribution based on outside temperatus
compendation.

Target: tp improve EP by lowering the mean temperature of the flow, thereby minimizing cooling losse

3.3.2 Ddmand based control

Descriptjon: control of the temperature of the cold-water distribution is based on indoor temperatu
measurements.

Prerequisite: €ommunicating system to room control units.

nt

eI
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Target: tb improve EP by raising the mean temperature of the flow, thereby minimizing cooling loss
In addition, use energy demand information to keep run time at a minimum and setpoints optimal.

3.4 Cooling - Control of distribution pumps in hydraulic networks

3.4.0 No automatic control

Description: distribution pumps are not controlled (only protection functions).

Target: To improve EP by distributing energy with pumps (just thermal circulation).

3.4.1 On/off control

Description: pumps are enabled only if flow temperature and return temperature are different.

14
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Target: to improve EP by avoiding energy consumption of pumps while no energy needs to be circulated.
3.4.2 Multi-stage control
Description: speed of pumps is controlled to a constant pressure difference.

Target: to improve EP by reducing auxiliary energy consumption by adapting (in fixed steps) the speed
of the pump depending on the system conditions.

3.4.3 Variable speed pump control

Diescription: speed of pumps is controlled depending on different states of the system. Thi$ may be
dpne with constant or variable Ap based on pump unit (internal) estimations to reduce-the puxiliary
ehergy demand of the pumps.

Thrget: to improve EP by reducing auxiliary energy consumption of pumps by opfithizing th¢ir speed
fqr the current system conditions.

3|4.4 Variable speed pump control

Dlescription: speed of pumps is controlled depending on the different.states of the system. This may
b done with variable Ap following an external demand signal, e.g. hydraulic requirements, A, energy
optimization or a demand evaluation to reduce the auxiliary energysdemand of the pumps.

Thrget: to improve EP by reducing auxiliary energy consumption of pumps by optimizing the¢ir speed
fqr the current system conditions.

3]5 Cooling - Intermittent control of emission and/or.distribution
3]5.0 No automatic control

Dlescription: no intermittent control (always full energy consumption).
3]5.1 Automatic control with fixed time psogram

Dlescription: automatic control is carried out to reach intermittent operation of the emissiop and/or
djstribution components.

Thrget: to improve EP by rising the temperature setpoints during certain conditions (e.g. night), this
ldads to improved EP due to)shortened operation time of the generation/distribution, lower [losses of
the room(s) due to lower temperature differences to the outside.

315.2 Automatic contvol with optimum start/stop

scription: autermatic control is carried out to reach optimized start/stop of intermittent opgration of
the emission-and/or distribution components.

Thrget: to-improve EP through optimized start/stop to maximize time for economy mode by conpsidering
ehergy\capacity of the building in control.

3 L As.t 43 FpN | TR N | A | | 3
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Description: automatic control is carried out to reach intermittent operation of emission and/or
distribution based on demand (occupancy).

Target: to improve EP through maximizing “pre-comfort” and/or “economy” time by detecting or using
information about real demand (e.g. occupancy).

3.6 Cooling - Interlock between heating and cooling control of emission and/or distribution
3.6.0 No interlock

Description: No automatic control.
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3.6.1 Partial interlock
Description: partial interlock (dependant of the HVAC system).

The control function is set up to minimize the possibility of simultaneous heating and cooling. Typically
air conditioning and static heating/cooling are not totally interlocked. A typical root cause is that
air conditioning is serving many rooms with one supply air temperature, but rooms are controlled
individually. During interlock conditions the setpoints for the centralized (air) supply are changed
towards lowering the “interlock”.

Target: fo—tmproveEP—througiravordimg—emer watstby mmimmizime—the—timre—amd g mitudepf
P 5 5 8Y Y 5 5
simultaneous heating and cooling.

3.6.2 Total interlock
Descriptjon: the control function ensures that there will be no simultaneous heating and-cooling.

Target: tp improve EP by ensuring that no energy is waisted through simultaneous heating and coolin
Typically, this is done by either hydraulic mechanical construction or by total switchover on supply
level.

ua

3.7 Cooling -Generator control
3.7.0 Copstant temperature

Descriptjon: cool generation is not optimized to environmental ¢onditions and control is always
towards|the maximum allowed temperature.

3.7.1 Variable temperature depending on outside temperature

Descriptjon: the control temperature is calculated with the goal to operate the generator with
minimized operating temperature setpoints depending on outside temperature.

Target: tp improve EP by avoiding unnecessary.€lectrical pumping energy by minimizing the generatgr
operatioh temperatures using outdoor tempetature information.

3.7.2 Variable temperature depending oh the load

Descriptjon: generator temperaturéisetpoint is variable depending on the demand which is based gn
the load pf the system.

Target: fo improve EP by-optimizing efficiency of cold-water generator at given environmentpl
conditiofns based on currehtload of the system.

3.8 Cooling - Sequenoing of different chillers (generators or chilled water)
3.8.0 Prjiorities gnly based on running time

Descriptjon priority based sequencing of multiple cooling generators. The priority of sequencing fs
only basgd-on running times of the generators (in order to optimize maintenance).

3.8.1 Fixed sequencing based on loads only

Description: priority based sequencing of multiple cooling generators. The generators of higher priority
are running first. A given generator in the priority list is running only if the generators of higher priority
are running at full load. The sequence is fixed - the priority list is arbitrarily created accounting for the
generator's characteristics, e.g. absorption chiller vs. centrifugal chiller.

Target: to improve EP by only using as many generators as needed at any point in time and drive each
generator in its most efficient mode (full load).

3.8.2 Priorities based on generator efficiency and characteristics
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Description: priority based sequencing of multiple cooling generators considering their capacities. The
generators of higher priority are running first. A given generator in the priority list is running only
if the generators of higher priority are running at full load. The priority list is dynamically created
reflecting the generators current efficiency.

Target: To improve EP by only using as many generators as needed and drive each generator in its most
efficient mode (full load), and only using the most efficient generators at any point in time.

3.8.3 Load prediction-based sequencing

. ties. The
bnerators of higher priority are running first. The priority list is dynamically created based on load
redictions, considering the efficiencies of the generators to serve the load.

g
p
Thrget: to improve EP by only using as many generators as needed at any point in“time -|to avoid
generators running at a very low load (e.g. <30 %), but there is also a target to @veid too shart “cycle
times” (e.g. as each start consumes additionally energy).

319 Cooling - Control of thermal energy storage (TES) charging
3]9.0 Continuous storage operation

Dlescription: thermal energy storage system is enabled for charging all the time independent]y on the
ekpected load. In case cooling energy is available it is chargedto‘the TES.

3]9.1 Time-scheduled storage operation

Dlescription: thermal energy storage system is enabled for charging during certain time glots, e.g.
dhring weekdays or during night. Once the TES is enabled for operation it is charged independently on
the expected load

Thrget: to improve EP by reducing state of ch@arge when storage is not needed. Based on energy losses
of the TES that can be reduced.

W

9.2 Load prediction-based storage operation
Dlescription: thermal energy storage is operated taking into account load predictions.

Thrget: to improve EP by reducing state of charge when storage is not needed. Based on thdt energy
lgsses of the TES can be neduced.

2.5 Ventilation'and air conditioning control

1 Supply aip-flow control at the room level

bntrolsszare related but covered in 4.6 and 4.7. Air handling (heating, cooling, humidificafion, and
thumidification) and circulating air is an energy consuming process, as a consequence the main goal
orCan energy efficient air flow control is to minimize air movement. Typical example is VAY type of
equipment in rooms.

5
4
This function focuses mainly on air flow (exchange of air in the room). Temperature and humidity
d
f

4.1.0 No automatic control

Description: no automatic control of ventilation or natural ventilation. There is no control; the system
runs constantly or controlled by a manually operated switch.

4.1.1 Time control
Description: time control (comfort, economy).

The system runs according to a given time schedule, e.g. scheduled mechanical ventilation (comfort,
economy) and / or motorized windows.
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Possible variants:
— simple scheduler on a daily basis;
— 7-day (weekly) scheduler with holiday and other pre-programming capabilities;

— ‘“extended hours” manual intervention: An occupant could kick the system after hours (during
“economy”) using a manual push button or similar. The system runs during a specified time and
switches off automatically.

Target: imprnvn EP hy intermittent or reduced flows Hﬁrnngh scheduled mechanical ventilation (nr/

off or off] step 1, step2) and/or motorized windows (optional).
4.1.2 Ogcupancy based detection

Descriptjon: the room controls runs dependent on the occupancy, e.g. of a light switch, infraxed sensors,
etc. (chapgeover of room status between “pre-comfort” and “comfort”).

Optional
— “in yse” scheduler;

— windlow contact that triggers “protection-mode” while window is opgeh;
— ‘“ext¢nded hours” manual intervention;

— “optjmal start control”;

— presence detector (people in space);

— meapuring air quality.

™

A schedyler switches the operation mode of a roonichetween “economy” (= not in use) and “comfor
(=in use)

A preserfce detector switches the mode of a‘troom between “comfort” and “pre-comfort” mode while
“in use”)] The air quality drives the supply air volume in addition to other comfort demands (e.s.
temperagure).

Target: To improve EP by switchifig room status to "pre-comfort” when required (=no presence) ard
adapting ventilation needs to the demand.

4.1.3 Dgmand based detection
The systpm runs deperident on the air quality demand (measurement of CO2, VOC, etc.).
4.2 Room air tempgrature control by the ventilation system

This fun¢tion isrelated to all-air systems and/or combination of ventilation systems with static systenps
as cooling-ceiling, radiators, etc. It is assumed that room air temperature depends on both air flow
(controlled-hy functions 4 1 and 4 5) as well as supply air temperature (controlled hy function 4 9) Thiis
control function is related to a closed loop controller for the room air temperature acting on the air flow
or supply air temperature. It can work with or without an additional static heating system (radiators
etc.). Minimum air flow rates are maintained.

4.2.0 On-off control

Description: Both air flow rate and supply air temperature are fixed at the room level; the ventilation is
switched on and off. Room temperature setpoints are set individually.

4.2.1 Continuous control

Description: Either air flow rate or supply air temperature at the room level can be varied continuously;
room temperature setpoints are set individually.
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Target: To improve EP due to more accurate room temperature control.
4.2.2 Optimized control

Description: Both air flow rate and supply air temperature at the room level are controlled dependent
on heating/cooling load.

Target: Minimum energy demand by optimized control.

4.3 Coordination of room air temperature control by ventilation and by static system

This function is used to coordinate the interaction of the different technical systems dedicated to
njaintaining room temperature, e.g. ventilation and water-based heating system (radiater, unpderfloor
heating, TABS).

413.0 No coordination

Dlescription: Interaction is not coordinated, e.g. closed-loop controllers are dedicated to each system to
njaintain the room air temperature independently.

413.1 Coordination

e room air temperature and the other system conditions the room only to the extent that allows the

?scription: interaction is coordinated, i.e. only one system is controled by a closed-loop contfoller for
t
osed loop controller to benefit from internal and external héat gains.

(@)

—3

hrget: to improve EP by avoiding conflictive operation of Systems.
44 Outside air flow control

This control function is applied to ventilation,systems that allow varying the OA ratio or|OA flow
¢spectively.

-

4]4.0 Fixed OA ratio or OA flow

Dlescription: the system runs according to a given OA ratio or OA flow, e.g. modified manually.
4)}4.1 Staged (low/high) OA ratie or OA flow

Dlescription: flow depends onya given time schedule.

414.2 Staged (low/high),OA ratio or OA flow

Dlescription: flowcdepends on the occupancy. Information about occupancy is provided by fe.g. light
syitch, infrared.sensors, etc.

4|4.3 Varijable control

Dlescription: the system is controlled by sensors which detect the number of people or iffdoor air
phrdameters or adapted criteria (e.g. CO2, mixed gas or VOC sensors). The used parameters are adapted
tathe kind of activity in the Space

4.5 Air flow or pressure control at the air handler level
4.5.0 No automatic control

Description: no automatic control of ventilation or natural ventilation. There is no control; the system
continuously runs and supplies air flow for a maximum load of all rooms.

4.5.1 On/off time control

Description: the air handler or motorized windows are controlled via on/off mechanism while the
building is “in use”.
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Target: To improve EP by scheduled mechanical (on/off) ventilation.
4.5.2 Multi-stage control

Description: the air handler is switched on while “in use” (step 1). Based on the demand of supply air
volume (pressure) the fan decreases the speed by a multi-step control (step 1 till step x).

Target: to improve EP by scheduled mechanical ventilation (on/off or off, step 1, step 2).

4.5.3 Automatic flow or pressure control without pressure reset

Descriptjon: the air handler is enabled while “in use” and controlled based on the air flow demand from
the roonjs (e.g. occupancy detector, air quality, temperature, humidity).

Pressurq setpoint could be either constant or variable (dynamic).

When all rooms are in pre-comfort and air quality, temperature and humidity are according to the
setpoint§ the fan is then switched off. (Note that a prerequisite is that all rooms/zoneS)are in class A.)

There isno pressure reset carried out.

Target: EP is achieved by maintaining a constant, or desired, pressure in.the supply air that drives
“air conditioning” as the demand in the emission spaces (rooms / zonegs)gecurs, including a demangl-
controllgd fan speed down to 0.

4.5.4 A(tomatic flow or pressure control with pressure reset
Descriptjon: same function as 4.5.3 but with pressure reset.
4.6 Heatrecovery control: icing protection

4.6.0 W]|thout icing protection control

Descriptjon: in a heat recovery system there can be conditions where the heat exchange equipment
could get icy (e.g. very humidity and very low outside temperatures).

There is|no control of the heat recovery equipment in case of icy conditions at the exhaust of the hept
recoveryl There is no specific action during cold season required.

Target: HP not applicable.
4.6.1 WIth icing protection control

Descriptjon: in a heat recovery system there can be conditions where the heat exchange equipment
could gef icy (e.g. very. humidity and very low outside temperatures). A control sequence avoids alir
leaving the heat exchdnger producing icy conditions in the air outlet. There are different solutions, ftI:r
examplel|either heat'the air up or control/bypass the heat exchanger to avoid the situation.

Target: HP is-achieved by preventing ice on the outlet hindering air passing through.

4.7 Heatrecavery control (prpvpn’rinn of nvprhpafing)

Heat recovery systems can recover more heat than needed (e.g. in cases where w large portion of the
heat production is generated outside of the HVAC system).

4.7.0 Without overheating control

Description: there is no control of the heat recovery equipment to prevent overheating of supply air
temperature. There is no specific action during hot or mild periods.

4.7.1 With overheating control
Description: automatic control prevents the heat recovery to overheat the supply air temperature,

either by stopping, modulating or by-passing the heat exchanger.
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Target: EP is achieved by limiting of heat recovery (and re-cooling afterwards).
4.8 Free mechanical cooling

Free mechanical cooling is a method to cool a building applying mechanical ventilation while in
unoccupied mode. This method is applicable under certain conditions and need to be designed in a way
that no more energy is used by mechanical systems than gained with exchange of the air.

4.8.0 No automatic control

scrintion:no automatic cooling controlis availahle
) =]

4]8.1 Night cooling
Dlescription: the amount of outdoor air is set to its maximum during the unoccupied period provided:
a] room temperature is above the setpoint for the comfort period;

b) difference between the room temperature and the outdoor temperaturéis above a given limit; if
free night cooling is carried out by automatically opening windows thefe is no air flow corjtrol.

—

hrget: EP is achieved by using cool night air to prepare temperature_dondition in zones while “not in
uke”.

4]8.2 Free cooling

Dlescription: the amount of outdoor air and recirculation‘air’are modulated during all periodf of time
t¢ minimize the amount of mechanical cooling. Calculatien is performed on the basis of temperatures.

Thrget: EP is achieved by using cool air to prepare témperature condition in zones during all times.
4{8.3 H,x-directed control

Dlescription: the amount of outdoor air and recirculation air are modulated during all periods ¢f time to
njinimize the amount of mechanical copling. Calculation is performed on the basis of temperatures and
hhimidity (enthalpy).
T
zZ

hrget: EP is achieved by applyingboth temperature and humidity to prepare temperature cor{dition in
bnes while scheduled / occupied.

9 Supply air temperature control at the AHU level

4
This section appliesforcontrols of rooms/zones where the “leading” setpoint of the air supply is room
t¢gmperature (andmot air quality, or air flow, see 4.1).

—3

his temperatlre control is considered with a particular attention if the system principle does not
prevent simmultaneous heating and cooling (see 3.6).

419.0 , No-automatic control

Dlesetiption: na control loap enahles to act an the supply air temperature — also no controls tlo a fixed

temperature value.

4.9.1 Constant setpoint

Description: a control loop enables to control the supply air temperature. Supply air temperature
setpoint can be set but stays constant - no automatic adaptation.

Target: supply air setpoint can be adjusted to fit needs of controls.

4.9.2 Variable setpoint with outside temperature compensation
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Description: setpoint is modulated applying a scheme or rules to follow outside air temperature (OTC).
The rules or algorithm to follow the outside air might be adjustable (e.g. linear function, curve, 2 point

line).

Target: the controls strategy is that the supply setpoint follows the outside air temperature - applying
algorithmic - in order to ensure comfort/production environment.

4.9.3 Variable setpoint with load dependant compensation

Description: the setpoint follows a strategy of the demand for colder or warmer air in order to ensure

the req
several (
rooms/z
air flow

— prio

— prio
heat
Possible
Target: i
with air
for static

4.10 Hu

It is used
damp in{

4.10.0 N

Descript

iredcomditiomr i aspacesupptied by theplant—the—comntrotstrategy might eed—tofotto
lemand signals (e.g. temperature, air quality) from different rooms. This is typically used
bnes where air conditioning and static heating and/or cooling are installed. In these caSeés; tk
Controls towards:

Fity 1: air quality (or constant flow) setpoint;

Fity 2: supply air temperature which is calculated together with information from/to stat
ing/cooling.

variants: supply air temperature is dependent, additionally, on outside air temperature.

mprove EP by optimizing (lowest possible) temperature setpoirt for supply air in combinatid
low/air quality control and static heating, respectively (highestpossible) temperature setpoil
cooling.

midity control

to ensure the comfort for the room users or as a building protection to prevent the increase
ide the building envelope.

0 automatic control

jon: humidifier/dehumidifier facilities xun constantly or manually switched/on.

4.10.1 Dew point control

Descript
supply a

Target: i
dew poit]

4.10.2 D

jon: supply air or room air humidity expresses the dew point temperature and reheat of th
I.

mmprove EP through avoiding air handler operation in “high energy” operational state (aboxv

).

irect humiditycontrol supply air or room air humidity

Descript

may be dpplied as\’humidity limitation control” or “constant control”.

Target:

mprove EP through reducing operation time and/or operation setpoints of humidifie

jon: a contfiplloop enables the supply air or room air humidity at a constant value. Controllef

iC

n
ht

e

<

e

dehumidifiér facilities.

5.2.6 Lighting control

5.1 Lighting - Occupancy control

5.1.0 Manual on / off switch

Description: the luminaire is switched on and off with a manual switch in the room.

5.1.1 Manual on/off automatic off switch - Additional sweeping extinction signal

Description: lighting control is realized by manual on/off switch and additional sweeping extinction
signal. The luminary is switched on and off with a manual switch in the room. In addition, an automatic

22
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signal automatically switches off the luminary at least once a day, typically in the evening to avoid
needless operation during the night.

Target: to improve EP by switching off the light after business hours.
5.1.2 Automatic detection

Auto on/dimmed off: the control system switches the luminaire(s) automatically on whenever the
illuminated area is occupied, and automatically switches them to a state with dimmed status (of no
more than 20 % of the normal 'on’ state) no later than 15 min after the last occupancy in the illuminated
areaTmadditiom o tater thamr 20 mimrafter the tast UTCUparcy i theroomrasawhotetsdetected, the
Iyminaire (s) is automatically and fully switched off.

Thrget: to improve EP by avoiding light where no light is needed and reduce light brightness|in areas
npt being used (open space office).

Auto on/auto off: the control system switches the luminaire (s) automatically on whenever the
illuminated area is occupied and automatically switches them entirely off nodater than 15 minjafter the
dst occupancy is detected in the illuminated area.

Thrget: to improve EP by avoiding light where no light is needed.
511.3 Automatic detection

Manual on/ partial auto on /dimmed off: The luminaire(s) can.@nly be switched on by means of f manual
syitch or automatically by occupancy detection sensor loeated in (or very close to) the area illyminated
by the luminaire(s) and, if not switched off manually, is:automatically switched to a state with|dimmed
status (of no more than 20 % of the normal 'on state"} no later than 15 min after the last occupancy in
the illuminated area. In addition, no later than 20 min after the last occupancy in the room as a whole is
dptected, the luminaire(s) is automatically and fully switched off.

Manual on/ partial auto on /auto off: The luminaire(s) can only be switched on by means of § manual
syvitch or automatically by occupancy detection sensor located in (or very close to) the area illyminated
by the luminaire(s), and, if not switched off manually, is automatically and entirely switched off by the
apitomatic control system no later than 20 min after the last occupancy is detected in the illyminated
area.

2 Lighting - Light level daglight control (daylight harvesting)

5

This covers only the aspect of light level control (occupancy control is covered separately in 5.1).
Typically, light level and’occupancy control are installed together (very often even in the samp control
dgvice).

5

2.0 Manualcentral control

Dlescription)there is no automatic control to take light level into account. User can manually sjwitch on
lights. Luminaires are controlled centrally, there is no manual switch in the room/zone.

5]2(2+ Manual control

Description: luminaires can be switched off with a manual switch in the room.
Target: to improve EP by avoiding light if light level is available.
Automatic switching

Description: the luminaires are automatically switched off when more than enough daylight is present
to fully provide minimum illuminance required and switched on when there is not enough daylight.

5.2.3 Automatic dimming

Description: the luminaires are dimmed down and finally fully switched off, e.g. when daylight is
available or when scene based light level control is applied. The luminaires will be switched on again
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and dimmed up if the amount of daylight is decreasing or when scene based light level control is applied.
During time intervals dynamic adapted lighting scenes are set in terms of illuminance level, different
correlated colour temperature (CCT) and the possibility to change the light distribution within the
space according to e. g. design, human needs, visual tasks.

5.2.7 Blind control

There are two different motivations for blind control: Solar protection to avoid overheating and to
avoid glaring.

6.0 Man

Descript
only on 4

6.1 Mot

Descript
only on {

Target:
increase

6.2 Mot

Descript
Venetian
collectiv
wind prd

Target: t
6.3 Con

Descript
means o

Target: i
heat by
control (|

5.3 M;q
(detaile

ual operation

jon: manual operation of blind. Mostly used only for manual shadowing, energy savingdepenc
he user behaviour.

brized operation with manual control

jon: mostly used only for easiest manual (motor supported) shadowing, ene¥gy saving depend
he user behaviour.

mprove EP through disburdening the user from manual (mechanical) shadowing whic
5 user’s probability to shade in a way that it is more energy efficient:

brized operation with automatic control

jon: automatically control the solar radiation by meafns of motorized blinds (roller blind
blinds, blinds and awnings). Solar radiation sensing cah be done individually in each room
bly for many rooms by an outside solar sensor. Very often there are protection functions (e.
tection) which interfere with the shading.

b improve EP by reducing cooling energy.
bined light/blind/HVAC control

jon: combined light/blind/HVAC control with light level control. Control the solar radiation 4
 motorized blinds (roller blinds/Venetian blinds, blinds and awnings).

mprove EP by maximizing gain of solar heat, light and minimizing cooling losses through sol4
foordination of blinds cofitrol, automatic lighting control, automatic light level control, HVA
foom temperature) and‘heéat retention facility including alignment of zones/rooms.

rthod 1 - Impact of BAC and TBM on the energy performance of buildings
d method)

5.3.1

This mefhod is meant for a detailed energy performance analysis of a building in case detaile
informatiion’about the building, the HVAC system and especially the type of automation, control arn

ationale

03

y

ir

d

d

management functions is available and that this information can be applied in a holistic EPBD calculation
method. The detailed method is used only when sufficient knowledge about automation, control and
management functions used for the building and the energy systems is available. The application of
the detailed calculation procedure implies that all automation, control and management functions that
have to be accounted for the operation of a building and its energy systems are known.

5.3.2 Time steps

Method 1 (detailed method) is compatible to different time steps:

— year

24

ly,

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=964049080d962a8434101a34dc848d2d

ISO/TR 52120-2:2021(E)

— monthly,
— hourly,

according to the time-step of the input. Normally it is designed for a monthly or hourly met
method "bin" or any class interval method may also be applied.

5.3.3 Assumptions

hod. The

It is assumed that a calculation method is available that can be used to quantify the impact of building

afitomation and control.

5(3.4 Data input

Dlefault values for functions are referring to the minimum requirements defined jinyISO 5212
Thble B.1. As an alternative BAC efficiency class C could be used as a default.

9]}

3.5 Simplified input

—3

he document gives the opportunity to classify a building or differenit HVAC disciplines fol
tandardized classification scheme instead of defining specific BAG.finctions.

%]

9] ]

3.6 Calculation information

D-1:2021,

lowing a

5/3.6.1 Heating and cooling control
Emission control (HEAT_EMIS_CTRL_DEF) (CLG_EMIS_CTRL_DEF)
Ak least the types of room temperature controldescribed in ISO 52120-1:2021, Table 5, (1.1 and 3.1) are
djfferentiated. The impact of the control system type is taken into account by considering an equivalent
internal temperature set point.

0,,=0+06 (@8]
where

0,; isthe equivalentiinternal temperature which takes into account control inaccuracies;

0 is the set point temperature of the conditioned zone;

66 is the eontrol accuracy which depends on the control and controlled systems.
The set pointis increased by 66 for heating and decreased by 66 for cooling. 66 depends on the control
system anid’on the emitter type.
This.approach is described in:
— EN 15316-2-1 for heating systems;
— EN 16789 for air conditioning systems;
— S0 52016-1.
For electronic controllers 66 is equal to the “control accuracy” determined according to EN 15500-1.
Values of the control accuracy are given in EN 15500-1:2017, Table 9 “Temperature control accuracy
compliance”.
Emission control for TABS (HEAT_EMIS_CTRL_TABS) (CLG_EMIS_CTRL_TABS)
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At least the types of room temperature control described in ISO 52120-1:2021, Table 5 (1.2 and 3.2) are
differentiated.

The impact of the control system for heating and cooling is taken into account by simulation.

Control

of distribution network water temperature (HEAT_DISTR_CTRL_TMP) (CLG_DISTR

CTRL_TMP)

At least the types of supply temperature control described in ISO 52120-1:2021, Table 5 (1.3 and 3.3)
are differentiated.

Two effe
control.

— The
a dd

— Ift
actiq
cons

supq

NOTE
consump
temperat
between
flow of hq
to the em

Control
Atleastt

The imp
3 throug

Intermi
At least t

0) noa

1) automatic intermittent control without optimum startin conformity with EN 12098-1 or EN 12098-

3or

2) automatic infepmittent control with optimum starts in conformity with EN 12098-1 or EN 12098-B.

The imp

teml])erature being calculated according to Clause 8.

Itters.

Cts are taken into account when assessing the impact of the supply (and/or return) temperature

presence of an automatic control that lowered the mean flow temperature. This,leads to
crease of distribution losses. These losses are calculated according to EN 15316-2-3, the

ere is no automatic control of the supply and/or return temperature~the room controll¢r
ns lead generally to a decrease of the flow rate. This enables to redute‘the auxiliary energy
umption. This is calculated according to EN 15316-2-3 through the correction coefficient for
ly flow temperature control fs defined in EN 15316-2-3.

This flow temperature control correction coefficient shows that the flow and the auxiliary energy
ion are lower if there is no temperature control. Indeed a reduction of the supply and/or retugfn
lire in the heating case or an increase of it in the cooling ¢ase’ reduces the temperature differenge
the supply and the return temperature, which requires a higher mass flow in order to supply the sanje
at and/or cold (which is proportional to the product of thetemperature difference and the mass floy)

pf distribution pumps in networks (HEAT_DISTR_CTRL_PMP) (CLG_DISTR_CTRL_PMP)
he types of pump control described in ISO 52120-1:2021, Table 5 (1.4 and 3.4) are differentiate:

>
1

ict of pump control on auxiliary energy demand is taken into account according to EN 15316-2
h the correction coefficient for control f;.

[tent control of emission and/or distribution (HEAT_DISTR_CTRL) (CLG_DISTR_CTRL)
he following types of intermittent control of emission and/or distribution are differentiated:

itomatic control;

EN 12098-5 9p.1S0 16484-3;

et af intermittent control of emission and/or distribution is split in two aspects:

£l o boa:1]

— anir

+ £l A £ H A £ LA | £ 4 A 43
I}JGLL UIl LIIT CTI1ITT s_y IICTUS UL LIIT uuuulus UUutT LU 11TUuvUyUl1 LCllllJCl dlurc ircuucttiivll,

— an impact on the energy use of the HVAC system due to lower operating times;

— impact on the energy needs of the building.

The impact of the intermittent occupation is calculated according to ISO 52016-1. This approach takes
into account the fraction of the number of hours in the week with a normal heating or cooling set point
(e.g. 5/14/7/24), this fraction is defined by the coefficient fy ., for heating and f. . for cooling.

The approach described in this document does not differentiate the different types of controls.

In order to differentiate the different types of control the following procedure is applied:

26
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In ISO 52016-1:2017, Formulae (48) and (49), replace:
— faubyfvuc=an X
— fnebyfnec= e X

where X is given in the following Table 2.

Table 2 — Factor X

» -

e

P

F
1

—3

SV

|2

0
1
2
A

hould differentiate at least:

>F

No automatic control 0,5

Automatic intermittent control

without optimum start 0.8

Automatic intermittent control with
optimum start

- Impact on the energy use of the HVAC system.

he impact of the control system on the operating time of the HVAC system is calculated acc
reduction of the auxiliary energy demand for heat distribution calculated according to EN 15

hables to assess this impact.

br air-conditioned buildings the function described in ISO 52120-1:2021, Table 5 (3.6) is o
ost important regarding energy savings.

he possibility to provide at the same time‘heating and cooling in the same room depend
’stem principle and on the control functions. Depending on the system principle a full interlo
chieved with a very simple control funétion or can request a complex integrated control func

no interlock;
partial interlock;
total interlock.
total interlock canbe achieved in different ways:
- by the sysfem principle which avoids any risk, for example;

- heatifg)and cooling are generated by a reversible heat pump which cannot provide hed
coeling at the same time;

rding to
316-2-3.

One can in addition consider the impact of an optimum stop function. Nevertheless, no standard already

nterlock between heating and cooling control of emission and/or distribution (CLG_GEN_CTRL)

he of the

s on the
'k can be
fion. One

ting and

- Ca single distribution network provides either heat or cool (e.g. 2 pipes fan coils with chang

e over);

heating and cooling can both be totally controlled at the room level, for example 4 pipes fa

— system including a control of heating (respectively cooling) at the building level and a ¢
cooling (respectively heating) at the room level raised specific problems regarding interlock of

©

heating and cooling. They include for example a system composed of:

by a single controller acting in sequence on heating and cooling. This is applicable to systems where

n coils;

ontrol of

— a central ventilation system serving different rooms with a preheating coil in the central air

handling unit, and a central control of the supply air temperature;

— acooling (or heating and cooling) device in each room with its local control.

[SO 2021 - All rights reserved
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ystems one can reach the three levels of interlock:

— no interlock: the supply air temperature set point is fixed to a constant value;

— partial interlock: the supply air temperature set point varies with the outdoor temperature;

— total interlock: the supply air temperature set point is automatically reset depending on the cooling
request in the different zones (this requests and integrated control system).

An example of methods to calculate this impact through a correction factor approach is given in

EN 15243

Generat
The gen
in minin
thermod

Four ma
3.7):

— heat]
— heat]
— heat
— diffe
Details 11

— Boil¢
incly
cycli
impd

— Heat
stan

detajfiled case specific method. The simplified methodology when existing is the subject of a nationfl

anng
nati

the pational annex.

The app
emission

0) cong

1) vari

ion control

bration control depends on the generator type. Nevertheless, the goal consists)generally
hizing the generator operating temperature. This enables limiting the thermalylosses. For
ynamic generators this also enables increasing the thermodynamic efficiency.

n types of temperature control are described in ISO 52120-1:2021, Table 5/(1.6; 1.7; 1.8 and

generator control for combustion and district heating (HEAT_GEN~-CTRL_CD);
generator control heat pump (HEAT_GEN_CTRL_HP);

generator control outdoor unit (HEAT_GEN_CTRL_OU);

rent chillers selection control (CLG_GEN_CTRL).

egarding specific systems are given in the followjnig/'standards.

brs: the impact of the control system is calculated according to EN 15316-4-1. This standard
des three calculation methods: typology;case specific boiler efficiency method and boil¢r
ng method. The “case specific boiler efficiency method” describes explicitly how to assess the
ict of the control system. This is dealt with in EN 15316-4-1:2017, 5.3.9 and Annex H.

pump systems: the impact of the ¢ontrol system is calculated according to EN 15316-4-2. This
dard includes two calculation methods: a simplified method based on system typology and|a

x. It is developed by applying the detailed case specific method to cases representative of|a
nal typology. The way.to‘deal with control in this simplified methodology does then depend qn

ication of thecdetailed specific method takes into account the controller setting of the heat
system. At minimum the following control types of the distribution are differentiated:

tant temperature COHtI'Ol;

hblétéemperature depending of the outdoor temperature;

2) variable temperature depending on the load (this includes control according to room temperature).

From the type of control used, one can define the operating temperature in the calculation
procedure.

The operation of back up heaters depends on the following values of outdoor temperature:

a) a cut off temperature 6,,.: below this temperature the heat pump is switched off and the backup
operates alone;

b) abalance temperature 6y : below this temperature the backup is started. This temperature is in all

case

28

s equal or higher than the cut off temperature.
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The following modes are taken into account:

i) alternate mode: the cut off temperature and the balance point are equal. At this temperature the

heat pump is stopped, and the backup operates alone;

ii) parallel mode: there is no cut off temperature. Below the balance temperature the backup is started

and operates in parallel with the heat pump which operates at its full power;

iii) partly parallel mode: Above the balance temperature the heat pump operates alone.
balance and cut off temperature, back up is started and the heat pump operates in parallel

Between
with the

1 + e 11 n_l +1 + £ + +1 1 1 + 1
HHEdU pUIIIp dU ILS TUIll pOWCI. DTIUV UIC CUL UIT LCHIPTCT ALUL © LT DdLRKUP OpPTldics d1U1IC.

— Cogeneration systems: the calculation method defined in EN 15316-4-4 does natdiff
different types of control systems.

— District heating systems: the impact of the generator control system is caleulated acc

EN 15316-4-1, running temperature of the generator.

— Other renewable systems: EN 15316-4-6.

The generator operating temperature is calculated’in the same way as in EN 15316-4-
temperature of the generator.

— Radiant heaters and stoves: EN 15316-4-7,
Sequencing of different generators (HEAT_GEN_CTRL_SEQ)(CLG_GEN_CTRL_SEQ)

in ISO 52120-1:2021, Table 5 (1.8 and 3,8):"This is calculated according to EN 16947-1.
3.6.2 Domestic hot water control

heir full functions are expldined in ISO 52120-1:2021, Table 5 (2.1 - 2.5).

lditionally combined.with a DHW circulation pump. Therefore, the function 2.5 will become
gether with the determined function.

The calculatien_method defined in EN 15316-3-2, for DHW distribution and EN 15316-3-3,
g

5|3.6.3~Ventilation control

T

by these standards and their relation to ISO 52120-1:2021, Table 5.

© IS0 2021 - All rights reserved

5
T
Any determined DHW storage temperature function of ISO 52120-1:2021, Table 5, 2.1 - 2.4 may be
t

prentiate

brding to

EN 15316-4-5. The losses are calculated in 6.3.5 “thermal loss”. The loss.depends on fhe mean
temperature of the dwelling station. This temperature depends on théiméan water temperature
of the secondary circuit of the dwelling station which is calculated in the same way as in

— Biomass generation system: the impact of the generator‘eontrol system is calculated according
to EN 15316-1. The method is similar to the “directive method” described in EN 13316-4-1.

running

[f{different generators are available one can differentiate atleast the types of sequence control described

relevant

for DHW

bneration does not distinguish between different types of control systems in its normative pgrt.

798-5-1

he-impact of ventilation and air conditioning control is calculated according to EN 16
or EN 16798-5-2 and EN 16798-7. Tables 3 to 5 show the BAC-functions and BAC-Function types covered
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