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1. Introduction

1.1. Purpose
The purpose of this document is to record the detail of the various calculation procedures
adopted within SBEM, generally comprising, for each:

The input data required

The source of each data item

The assumptions made

The calculation algorithm(s) used

The source of those algorithms

The output data generated

A commentary on the strengths and weaknesses of the approach adopted

1.2. Audience

The document is intended to be technically detailed, aimed at:
The SBEM development team, as a reference document
DCLG" and AECOM, as a record of the SBEM project
Developers of alternative simulation software, and of alternative interfaces
Interested users of the tool, assumed to be building professionals such as:
0 Architects
o Service and M&E engineers
o Energy surveyors
0 Building energy modellers
0 Suppliers of energy-related building components

It is not intended to be required reading for users of the tool. An overview, in the form of a
BRE Information Paper?, is available, but all users are expected to read and refer to the
iISBEM User Guide?® if using iISBEM as the interface. That Guide contains all the information
on the functioning of SBEM needed to operate the tool effectively.

! Department for Communities and Local Government
2 |P 2/07: SBEM for non-domestic buildings
% Available for download from http://www.ncm.bre.co.uk.
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2. Background

This section of the manual looks at the requirement for a calculation methodology for the
UK that complies with Article 3 of the EPBD, which has developed into the National
Calculation Methodology (NCM). It describes which draft prEN and CEN standards have
been used to develop a calculation procedure, and how one particular implementation
(SBEM) has been designed to satisfy these requirements.

2.1. Requirements of the EPBD

The Energy Performance of Buildings Directive (EPBD) 2002/91/EC of the European
Parliament and Council (dated 16 December 2002) calls on each EU Member State to
promote the improvement of energy efficiency of buildings, by laying down standards,
assessing performance on a consistent basis, and providing certificates for the majority of
buildings so that this performance is communicated effectively.

In more detail, the EPBD calls on Member States to:

- develop a methodology of calculation of the integrated energy performance of buildings
(Article 3)
set minimum requirements for the energy performance of new and existing buildings
(Article 4)
ensure that those requirements for the energy performance are met in new buildings,
and that the feasibility of certain alternative energy systems is checked for new buildings
(Article 5)
ensure that those requirements for the energy performance are met in existing buildings
that are subject to major renovation or extension (Article 6)
develop energy certification of buildings (Article 7)
set up regular inspection of boilers and of air conditioning systems, and of the whole
heating system where the boilers are more than 15 years old (Articles 8 & 9)
ensure that certification and inspections required by articles 7, 8 & 9 are carried out by
gualified and/or accredited experts (Article 10)

This Manual explains how the relevant parts of Articles 3, 4, 5, 6 & 7 led to the National
Calculation Methodology (NCM) and thence to SBEM for new construction, extensions,
major refurbishment and existing buildings. The issues addressed by EPBD Articles 8 — 10,
which deal with inspection and the accreditation of experts, are not considered here.

2.1.1. Need for methodology

Article 3 of the EPBD calls for a methodology for calculating the energy performance of
buildings, to be applied at a National or Regional level. The UK response to this has been to
develop the NCM; SBEM is one implementation of this methodology.

An annex to the EPBD states that the calculation must be based on a general framework,
which includes at least the following factors:
Thermal characteristics of the building (shell and internal partitions, etc.); this may
include air tightness
Heating installation and hot water supply, including their thermal characteristics
Air conditioning installation

11



Natural and mechanical ventilation

Built-in lighting installation (mainly in non-residential sector)
Position and orientation of buildings, including outdoor climate
Passive solar systems and solar protection

Indoor climatic conditions, including the designed indoor climate

The calculation should also deal with the influence of the following aspects on energy
performance, where relevant:
- Active solar systems, and other heating and electricity systems based on renewable
energy sources
Electricity produced by combined heat and power
District or block heating or cooling systems
Natural lighting

Buildings should be classified into different categories for the purposes of the calculation.
Article 3 of the EPBD calls for the calculation to be transparent, that is, the way it works
should be explained. This manual is part of that explanation.

The definition of “energy performance” in Article 2 of the EPBD refers to the estimation of
energy needed for the “standardised use” of the building; this estimation is intended to
enable comparisons made between buildings to be on the basis of their intrinsic properties
rather than being dependent on the user’s choice of operating patterns which might exist in
practice. Article 3 permits the use of CO, emissions as a means of comparison, rather than
energy consumption, in the standard methodology.

2.2. The National Calculation Methodology (NCM)

The Building Act 1984 requires that all buildings constructed or refurbished should comply
with the requirements of the current Building Regulations. As stated above, the EPBD calls
for a calculation methodology on the energy performance of buildings to be established.
The response to this by the UK Office of the Deputy Prime Minister (ODPM) - now the
Department for Communities and Local Government (DCLG) - was to state in the 2006
Building Regulations Part L for England and Wales:

17A- (1) The Secretary of State shall approve a methodology of calculation of the
energy performance of buildings

(2 The methodology shall comply with the requirements of the Directive.
17B - The Secretary of State shall approve minimum energy performance requirements for
new buildings in the form of CO, emission rates, which shall be based upon the
methodology approved pursuant to regulation 17A.

The NCM has been developed to provide this calculation. This manual deals with the
calculation methodologies and compliance checking procedures that form the NCM.

The EPBD permits the inclusion of a CO, emission factor in the standard methodology. For
Building Regulations compliance in the UK, it has been decided to base compliance on CO ,
emissions, rather than on delivered or primary energy, in order to:

avoid confusion over definitions of delivered and primary energy

allow comparison of energy from disparate sources and of different costs

avoid having to set different targets where there is the option of using electricity or other

fuels for a given end use
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remind users that the overall objective for the UK is carbon management in order to
meet international treaty obligations.

Following on from the Article 3 requirement of the EPBD, the 2006 Building Regulations
called for a proposed building to be assessed by comparing its expected annual carbon
dioxide emissions with a target, on a consistent, calculated basis.

This marks a change from the optional means of demonstrating compliance with previous
Building Regulations which allowed either matching constructions with U-value
requirements for particular elements, limits to glazing areas, etc., or achieving a calculated
target. Previous calculation methods have been specified (e.g. CECM, as explained in
CIBSE TM32) but these are not compliant with all the requirements of the EPBD, and there
could potentially be difficulties in achieving consistent results.

To address these concerns, the National Calculation Methodology (NCM) has been
established.

2.2.1. Comparison rather than absolute calculation

At the core of the NCM, the calculation process compares the carbon emissions of the
proposed building with target emissions which are based on those of a “notional building”.
This constitutes setting the standards in order to satisfy the requirements of Article 4 of the
EPBD.

The basis on a comparison minimises argument about how well the absolute carbon
emissions are predicted by different NCM-compliant methods, because both the proposed
and notional buildings are subject to the same calculation approach. Instead it concentrates
on achieving improvements compared with the previous regulations.

The NCM also requires the use of standard databases or information sources for:
Environmental conditions and operating/occupation patterns in each part of each
building
Weather data
Heating and cooling generator efficiencies

The reason for this is to encourage consistency between repeated evaluations of the
proposals.

Standard databases are also available for
Heating and cooling system efficiencies
Building component parameters

These databases are described in more detail in Section 3.3.

The NCM also requires that specific construction elements in the proposed building are
checked for compliance with minimum performance standards specified in Part L in England
(or equivalent in Wales, Scotland, and Northern Ireland). It also requires that the output
report adopts a standard format, so that building control officers will not have to interpret the
way different tools present the results.
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2.2.2. Basis for calculation methodology

The requirements of the EPBD are most readily achieved by demonstrating that the
calculation method complies with the CEN standard umbrella document PG-N37, which lists
standards relevant to the implementation of the EPBD. In particular EN 1ISO 13790 deals
with Energy performance of buildings — Calculation of energy use for space heating and
cooling.

Some necessary parts of the calculation are not dealt with explicitly or completely by these
CEN standards or draft prEN standards. Acceptable calculation methodologies used in
SBEM to deal with the areas not covered by the standards are explained elsewhere in this
document.

2.2.3. Parameters required to define building

In the NCM, buildings for evaluation should be defined in terms of:

- the zones in which identifiable, standardised activities take place
the geometry of each zone; its floor area, the areas of the building fabric elements which
surround it, and their location with respect to the exterior or other interior conditioned
zones
the thermal performance characteristics of the building fabric elements surrounding each
zone
the building services systems which serve each zone (or groups of zones)
weather location

2.2.4. Comparison with Target Emission Rate

The performance requirement is for the proposed building to achieve carbon emissions less
than a “Target Emissions Rate” (TER). This is derived from those of the notional building
introduced above.

Briefly, the notional building has the following characteristics:

- The same geometry, orientation and usage as the evaluated building
The amount of glazing in the notional building is, however, not the same as that in the
evaluated building. The area of glazing is a certain percentage of external walls and
roofs and is dependent on the building type.
Standard operating patterns (to allow consistent comparison between buildings in the
same sector)
It is exposed to the same weather conditions as the evaluated building
Standardised assumptions for building fabric, glazing type, and HVAC plant efficiencies.
Any service not covered by Part L (e.g. emergency escape lighting, specialist process
lighting) is ignored in both the actual and notional building

While there are differences between the specifications of the notional building in each of
England, Wales, Scotland, and Northern Ireland and the associated methodology for the
setting the target, the philosophy is the same.

The NCM is used to calculate the energy consumption and hence carbon dioxide emissions

of both the building being evaluated (its “Building Emissions Rate” or BER) and those of the
notional building.
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Detailed specifications of the 2013 England notional building are in DCLG’s 2013 NCM
Modelling Guide (available from www.ncm.bre.co.uk), and further guidance is in the Building
Regulations Approved Document Part L 2013 in England, which can be accessed from
www.planningportal.gov.uk/uploads/br/BR_PDF_AD_L2A 2013.pdf . Further information on
the limiting standards for building services is available in the 2013 Non-Domestic Building
Services Compliance Guide, which can be accessed from
http://www.planningportal.gov.uk/uploads/br/non_domestic_building_services_compliance

quide.pdf.

Detailed specifications of the 2014 Welsh notional building are in the Wales 2014 NCM
Modelling Guide (available from www.ncm.bre.co.uk), and further guidance is in the Building
Regulations Approved Document Part L 2014 Wales, which can be accessed from
www.wales.gov.uk/docs/desh/publications/140326building-regs-approved-document-12a -
fuel-power-en.pdf.

The specifications for the 2010 Scottish notional building are in the 2010 Section 6
document and the 2010 Scottish NCM Modelling Guide, which are available from the
Building Standards Division at http://www.scotland.gov.uk/Topics/Built -
Environment/Building/Building-standards .

For Northern Ireland, please refer to http://www.dfpni.gov.uk/index/buildings-energy -
efficiency-buildings.htm for further information on Northern Ireland’s building regulations and
published documents.

2.2.5. Compliance with Articles 5 & 6

EPBD Articles 5 & 6 require that it should be demonstrated that the minimum standard
requirements applied to new and existing buildings have been met. The requirements are
different for new and existing buildings; for instance for new buildings over 1000m 2 it must
be shown that the technical, environmental, and economic feasibility of alternative systems
such as heat pumps or CHP has been considered before construction starts.

The articles 5 & 6 requirements for new buildings and refurbishments are effectively
provided by a compliance checking module (BRUKL) which is incorporated into all
implementations of the NCM, such as SBEM.

2.3. Brief from ODPM

Having established the generalised content of the NCM, the ODPM (now the Department of
Communities and Local Government or DCLG) sought software implementations of it. In
particular, they required software which would handle the majority of buildings and could be
made available free to users. They commissioned BRE to write a national calculation tool to
fulfil this role.

This tool has been developed into SBEM (Simplified Building Energy Model) by BRE as the
default calculation for non-domestic buildings in the UK, to enable Building Regulations
compliance checks and energy ratings to be carried out on a consistent basis.

It comprises several modules, some of which are common with other commercial software
tools for consistency:

SBEM, the core calculation engine

iISBEM, an interface based on Microsoft Access®.
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BRUKL, the building regulations compliance checking module
EPCgen, the Energy Performance Certificate (EPC) generator
Standardised databases

Standardised report format

This manual describes the basis of the calculation engine. Wherever possible, this has been
based on European standards.

2.4. European standards (CEN) used by SBEM

The CEN umbrella document, Standards supporting the Energy Performance of Buildings
Directive (EPBD), PG-N37, provides an outline of a calculation procedure for assessing the
energy performance of buildings. It includes a list of some thirty European standards * both
existing and those that are to be written, which together form a calculation methodology.

Although the UK is not bound to use these standards, except where applicable in public
procurement, government policy is to adopt them generally. SBEM follows them as far as is
practicable.

2.4.1. Summary of all CEN standards used by SBEM

PG-N37 Standards supporting the Energy Performance of Buildings Directive

EN 15193-1 Energy requirements for lighting — Part 1: Lighting energy estimation

EN 15217 Methods of expressing energy performance and for energy certification of
buildings

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

EN ISO 13786:2005 Review of standards dealing with calculation of heat transmission in
buildings — Thermal performance of building components — Dynamic thermal characteristics
— Calculation methods

EN ISO 13789 Review of standards dealing with calculation of heat transmission in
buildings — Thermal performance of buildings —Transmission and ventilation heat transfer
coefficients — Calculation methods

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

EN 15316-3 Heating systems in buildings — Method for calculation of system energy
requirements and system efficiencies — part 3 Domestic hot water systems

* Published standards can be obtained online from the British Standards Institution at
http://www.bsonline.bsi-global.com/server/index.jsp.
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3. The calculation process

3.1. Calculation overview

SBEM takes inputs from the software user and various databases, and by calculation,
produces a result in terms of the annual CO , emissions resulting from the energy used by
the building and its occupants. Some of the inputs are standardised to allow consistent
comparisons for building regulation and energy rating purposes in new and existing
buildings.

SBEM calculates the energy demands of each space in the building according to the activity
within it. Different activities may have different temperatures, operating periods, lighting
levels, etc. SBEM calculates the heating and cooling energy demands by carrying out an
energy balance based on monthly average weather conditions. This is combined with
information about system efficiencies in order to determine the energy consumption. The
energy used for lighting and hot water is also calculated.

Once the data has been input using iISBEM, the SBEM calculation engine:

1. calculates lighting energy requirements on a standardised basis, which takes into
account the glazing area, shading, light source, and lighting control systems

2. establishes the standardised heat and moisture gains in each activity area, from the
database

3. calculates the heat energy flows between each activity area and the outside
environment, where they are adjacent to each other, using CEN standard algorithms

4. applies appropriate HVAC system efficiencies to determine the delivered energy
requirements to maintain thermal conditions

5. aggregates the delivered energy by source, and converts it into equivalent CO ,
emissions. This comprises the Building Emission Rate (BER).

6. determines, on the same basis, the CO , emissions of a notional building with the
same geometry, usage, heat gains, temperature, lighting and ventilation conditions,
and weather but with building component construction, HVAC and lighting systems,
as per the specifications of the relevant building regulations.

7. derives from the notional building’s CO , emissions the resulting Target Emission
Rate (TER), as per the specifications of the relevant building regulations.

8. determines, on similar basis, the CO, emissions of a reference building, which has
fixed ventilation and cooling conditions and space and water heating fuel.

9. applies a fixed improvement factor to each zone within the reference building and
derives the resulting Standard Emission Rate (SER).

The BER and TER calculations are then handed over to the compliance checking module,
BRUKL, to complete the assessment. BRUKL.:

1. compares the BER with the TER, and determines a pass or fail for the CO ,
emissions criterion, based on the relative performance of the proposed building

2. undertakes a compliance check on certain fabric and building services parameters
drawn from information input using iISBEM.

Reports are prepared to the standard format to provide:

1. comparison of BER & TER
2. confirmation of the elemental compliance check
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The BER and SER calculations are also handed over to the energy performance certificate
generator module, EPCgen, to provide energy rating certification. EPCgen:

1. calculates the asset rating of the actual building as the ratio of the BER to the SER
in England, Wales, and Northern Ireland (the asset rating equals the BER in
Scotland), and converts it into an energy band on an A-G scale.

Reports are prepared to the standard format to provide:

1. a certificate showing the asset rating and energy band of the actual building.

2. areport setting out recommendations for cost-effective improvements to the energy
performance of the actual building.

Intermediate results produced by SBEM are available, in electronic format, to assist any
diagnostic checks on the proposed building:

1. data reflection (to confirm entry associated with results)
2. monthly profiles of energy use by each end use and fuel type
3. total electricity and fossil fuel use, and resulting carbon dioxide emissions

3.2. Inputs and information sources

The inputs to the energy calculation include:
physical configuration of the different areas of the building (geometry)

internal conditions to be maintained in each activity zone (area in which identifiable,
standardised activities take place)

external conditions

factors affecting fabric and ventilation heat losses, including insulation levels,
airtightness, deliberate natural ventilation, and the geometry of the building

expected heat gains which are determined by the occupancy pattern, installed
equipment (including lighting and IT), and solar heat gains which will depend on glazing
areas, thermal mass, geometry, and orientation

information about the heating, cooling, lighting, and other building services systems

The input module iISBEM acts as the interface between the user and the SBEM calculation.
As far as possible, the user is guided towards appropriate databases, and then the input is
formatted so that data is presented correctly to the calculation engine and compliance
checking module.

The steps involved in the input are as follows:

User defines the activities taking place and inputs the areas they occupy in the
proposed/actual building

Conditions in each of those areas are determined from a standard database
Durations of those conditions in each activity area are established from the database

User inputs the areas and constructions of the building components surrounding each
activity area
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User selects, from the standard database, a set of weather data relevant to the building
location

User selects HVAC and lighting systems and their control systems, and indicates which
activity areas they serve

Provided that supporting evidence is available, the user is enabled to over-write default
assumptions for construction and building services parameters

Finally, the interface enables the user to see reports on the CO , emissions comparison
and compliance check undertaken by the BRUKL module (or similar modules for
Scotland and Northern Ireland) and/or the asset rating and energy band determined by
the EPCgen module.

Hence, the user interacts with the interface module, iISBEM, and sets up a model of the
building by describing its size, how it is used, how it is constructed, and how it is serviced.
After the calculations are performed, the results and output reports become accessible
through the interface.

When the calculation is used for building regulations compliance checking or energy
performance certificate purposes, the software should draw information from the sources
described below.

3.2.1. User input

The user identifies the zones suitable for the analysis, according to the zoning rules (see
Section 3.4.1) by examining the building and/or its drawings. The user describes the
geometry of the building, i.e., areas, orientation, etc. of the building envelopes and zones,
using location plans, architectural drawings, and, if necessary, measurements on site.

3.2.2. Accessible databases

By interacting with the software interface, the user can access databases for standardised
construction details and for accepted performance data for heating, ventilation, and air
conditioning systems. These databases are ‘accessible’ in that the user can override some
default parameters by supplying their own data.

Hence, the user provides the software with the U-value and thermal mass for the building
elements, the HVAC systems efficiencies, and lighting data and controls by either selecting
from the internal databases, using the ‘inference’ procedures, or inputting parameters
directly (see Sections 3.3.2 and 3.3.3).

3.2.3. Locked databases

SBEM also draws information from some ‘locked’ databases on activity parameters and
weather data. These databases are ‘locked’ because the user cannot alter their parameters
as they need to be the same for similar buildings to allow fair and consistent comparison.

Hence, the selection of occupancy conditions and profiles for spaces with different activities
come from a database inside the software determined by the user-selected building type
and zonal activity (see Section 3.3.1). The external conditions come from the internal
weather database determined by the user-selected location (see Section 3.3.4).
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3.3. Databases
3.3.1. Activities

3.3.1.1. Overview of the Activity Database — purpose and contents

The NCM requires the activity definitions for a building to be defined by selecting from a set
of standardised activities. For this purpose, an Activity database has been prepared, and is
available from the NCM website. The database contains a comprehensive list of building
types (see Table 1 for the full list), and the space types that might exist in each one (see
Table 2 for the full list). Each building type has a selection of the 64 activity types to choose
from.

The NCM divides each building up into a series of zones (following the zoning rules), each
of which may have different internal conditions or durations of operation. This enables the
calculation to be more analytical about the energy consumption of a mix of uses in a
particular building, rather than relying on a generic type such as “office” or “school”. For
instance, an “office” may mean anything between a set of cellular offices, meeting rooms,
and circulation spaces that are only occupied during the normal working day, and a
dedicated 24 hour call centre. The approach of setting up multiple activity areas allows such
buildings to be defined more correctly.

In order to achieve consistency in comparisons between similar buildings, which may be
used in different actual operating patterns, a number of parameters for the activity areas are
fixed for each activity and building type rather than left to the discretion of users. These are:

Heating and cooling temperature and humidity set-points

Lighting standards

Ventilation standards

Occupation densities and associated internal gains

Gains from equipment

Internal moisture gains in the case of swimming pools and kitchens

Duration when these set-points, standards, occupation densities, and gains are to be
maintained

Set back conditions for when they are not maintained

Hot water demand

The data are drawn from respected sources, such as CIBSE recommendations,
supplemented and modified where necessary to cover activity areas not listed in such
sources.

Users should bear in mind that these data are used by the calculations for the proposed
(actual), notional, and reference buildings, as with the choice of weather location. The need
is to ensure that comparisons with the notional and other buildings are made on a
standardised, consistent basis. For this reason, the energy and CO , emission calculations
should not be regarded as predictions for the building in actual use.

Details of the parameters and schedules included in the database along with details on how
they are used to calculate the values needed for SBEM, or any other energy simulation
software, are described below.
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As part of improving consistency of application and compliance, the activities in the NCM
Activity Database have been driven by the “Planning Use Class” so that the list of building
types closely aligns with the Town and Country Planning (TCP) Use Classes °.

Building Type

Description

A1/A2 Retail and Financial/Professional
services

Shops, retail warehouses, hairdressers, undertakers, travel and
ticket agencies, post offices, pet shops, sandwich bars,
showrooms, domestic hire shops, dry cleaners and funeral
directors. Banks, building societies, estate and employment
agencies, professional and financial services and betting
offices. It also includes launderettes.

A3/A4/A5 Restaurant and Cafes/Drinking
Establishments and Hot Food takeaways

For the sale of food and drink for consumption on the premises
- restaurants, snack bars and cafes. Public houses, wine bars
or other drinking establishments (but not night clubs). Also
premises for the sale of hot food for consumption off the
premises.

B1 Offices and Workshop businesses

Offices, research and development, light industry appropriate in
a residential area.

B2 to B7 General Industrial and Special
Industrial Groups

Use for the carrying on of an industrial process other than one
falling within TCP Use class B1 and including those within TCP
Use classes B3 to B7.

B8 Storage or Distribution

Use for storage or as a distribution centre.

C1 Hotels

Hotels, boarding and guest houses where no significant
element of care is provided.

C2 Residential Institutions - Hospitals and
Care Homes

Residential care homes, hospitals and nursing homes.

C2 Residential Institutions - Residential
schools

Residential boarding schools, residential colleges and training
centres. These follow a schedule of work similar to the schools
schedule (with similar working days, breaks and holiday
periods).

C2 Residential Institutions - Universities and
colleges

Universities and other residential campuses. These follow a
schedule of work similar to the universities schedule (with
similar working days, breaks and holiday periods).

C2A Secure Residential Institutions

Use for a provision of secure residential accommodation,
including use as a prison, young offenders institution, detention
centre, secure training centre, custody centre, short term
holding centre, secure hospital, secure local authority
accommodation or use as a military barracks.

D1 Non-residential Institutions -
Community/Day Centre

Créches, day nurseries and day centres.

D1 Non-residential Institutions - Crown and
County Courts

Law courts

D1 Non-residential Institutions - Education

Non-residential education and training centres.

D1 Non-residential Institutions - Libraries
Museums and Galleries

Art galleries, museums and libraries.

D1 Non-residential Institutions - Primary
Health Care Building

Non-residential clinics and health centres.

D2 General Assembly and Leisure plus
Night Clubs and Theatres

Cinemas, music and concert halls, bingo and dance halls,
swimming baths, skating rinks, gymnasiums or sports arenas
(except for motor sports or where firearms are used). This type
also includes night clubs and theatres.

Others - Car Parks 24 hrs

Enclosed or underground car park reserved for parking cars
with 24 hrs operation.

Others - Emergency services

Includes fire stations.

Others - Miscellaneous 24hr activities

Miscellaneous 24hr activities.

Others - Passenger terminals

Airport, Bus, Train and Sea Port passenger terminals.

Others - Stand alone utility block

Modular building that just provides shower/toilet facilities.

Residential spaces

Residential spaces within non-domestic buildings nor designed

*http://www.planningportal.gov.uk/england/public/planning/smallbusiness/bgl3commontypesofapplic

ation/bgl138changeofuse/useclassorder.

21



http://www.planningportal.gov.uk/england/public/planning/smallbusiness/bg13commontypesofapplic

or altered for use as a separate dwelling (as defined in DCLG's
Guide to energy performance certificates for the construction,
sale and let of non-dwellings, section 4.4).

Table 1: List of building types

Activity Type

Description

24 hrs Consulting/treatment areas

For all A&E consulting/treatment/work areas, occupied and
conditioned 24 hours a day.

24x7 Generic Office Area

Areas to perform 24 x7 hrs office work including offices and
meeting rooms. It can include internal corridors providing
access to the office spaces, tea making facilities or
kitchenettes within the office space, areas for photocopiers
and fax machines and staff lounges.

24x7 Warehouse storage

Large (warehouse sized) storage areas (unchilled) with 24 x 7
operation.

Assembly areas / halls

An area which can accommodate a large number of seated
people. This could include a stage area.

Auditoria Theatre auditoria spaces.
Bathroom Contains a bath and/or shower and usually a basin and toilet.
Bedroom Bedroom

Bedroom unit

Guest bedroom unit including bedroom and on suite
bathroom. Contains a bath and/or shower and usually a basin
and toilet.

Car Park

Area designated for parking cars (enclosed or underground)

Cell (police/prison)

A room which accommodates one or more residents/inmates.

Changing facilities with showers

An area used for changing, containing showers. This activity
should be assigned to the shower area and all associated
changing areas. For areas which can be used to for changing
but which do not contain showers, such as a cloak
room/locker room, use the Generic Office Space.

Circulation area (corridors and stairways)

For all circulation areas such as corridors and stairways.

Circulation area (corridors and stairways)
- non public

For all non-public corridors and stairways.

Circulation area (corridors and stairways)
- non-public/restricted

For restricted circulation areas such ward & department
circulation, corridor sub-waiting, and domestic circulation
(staff accommodation).

Classroom

For areas used for teaching/seminars which are not lecture
theatres.

Common circulation areas

For all common circulation areas such as corridors and
stairways outside the dwelling.

Computer lab

High density desk based work space with corresponding
dense IT.

Cupboard

Areas for un-chilled storage with low transient occupancy.

Data Centre

For data centres such as a web hosting facilities, with 24hr
high internal gains from equipment and transient occupancy.

Dept Store Sales area - chilled

A sales area in Department Stores designed to accommodate
a considerable quantity of fridges/freezers such as a
supermarket or food hall.

Dept Store Sales area - electrical

Sales areas in Department Stores designed to accommodate
considerable electrical equipment loads such as lighting sales
areas and IT/TV/Hi-fi sales areas.

Dept Store Sales area - general

All Sales areas in Department Stores which do not have a
large concentration of fridges/freezers or electrical appliances.

Diagnostic Imaging

For areas which contain diagnostic imaging equipment (such
as MRI and CT scanners, Bone Mineral Densitometry,
Angiography, Mammography, PET, General Imaging, Linear
Accelerator, Ultrasound). This category should be used for
any associated plant areas where people work.

Display and Public areas

All public circulation areas where people are walking/sitting
and where display items are exhibited / available normally
using display lighting.
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Display area

An area where display lighting is used to illuminate items.

Display window

An area where display lighting is used to illuminate items with
glazing onto the outside such as a shop window, but which is
boxed/enclosed, separated from the main retail space.

Domestic Bathroom

An area specifically used for bathing/washing. Contains a
bath and/or shower and usually a basin and toilet.

Domestic Bedroom

An area primarily used for sleep.

Domestic Circulation

For all circulation areas within the dwelling.

Domestic Dining room

An area which is primarily used for eating meals.

Domestic Kitchen

The area within the dwelling where food is prepared

Domestic Lounge

The main reception room of the home.

Domestic Toilet

An area containing a toilet and basin which is separate from
the main bathroom

Dry sports hall

An area where indoor sports can be played.

Eating/drinking area

An area specifically designed for eating and drinking.

Fitness Studio

An area used for exercising/dance, usually with high person
density but with no machines.

Fitness suite/gym

An area used for exercise containing machines.

Food preparation area

An area where food is prepared.

Generic Checkin areas

Areas designated for check in, which may contain conveyer
belts; security check areas, which may include equipment
such as x ray machines; and baggage reclaim areas.

Generic Office Area

Areas to perform office work including offices and meeting
rooms. It can include internal corridors providing access to the
office spaces, tea making facilities or kitchenettes within the
office space, areas for photocopiers and fax machines and
staff lounges.

Generic Ward

For all areas containing beds which accommodate either
single or multiple patients. It includes toilets, ward storage,
staff accommodation, day patient accommodation and
intensive care units.

Hall/lecture theatre/assembly area

An area which can accommodate a large number of seated
people.

Heavy Plant Room

For heavy plant rooms with 24hr low-medium internal gains
from equipment and transient occupancy.

Hydrotherapy pool hall

The area in which the hydrotherapy pool is contained.

Ice rink

An area which contains an ice rink.

Industrial process area

An area for industrial process work, usually involving large
machinery or equipment.

Laboratory A facility that provides controlled conditions in which scientific
research, experiments, and measurement may be performed.
Laundry An area used specifically for washing and/or drying clothes

using washing machines and/or tumble dryers.

Light plant room

Areas containing the main HVAC equipment for the building
e.g., boilers/air conditioning plant.

Lounges

All areas where passengers are walking/sitting which are not
covered by the other space types. This includes departure
lounge, corridors, stairways and gate lounges.

Office and consulting areas

Areas to perform management, office and administration work
separated from standard customer/public areas. It can include
internal corridors providing access to the office spaces, tea
making facilities or kitchenettes within the office space and
staff lounges.

Operating theatre

For the operating theatre suite, including anaesthetic, scrub &
preparation rooms.

Performance area (stage)

For stages with dedicated lighting and equipment in addition
to that within the remainder of the space. For stages within
other activity areas which do not have specific lighting or
additional electrical equipment, do not define these as
separate spaces.

Physiotherapy Studio

For all physiotherapy areas, e.g., Fitness Suite/Gym, activity
area, Cardiac stress test area.
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Post Mortem Facility Post-Mortem Facility (including Observation room and body
preparation area)

Public circulation areas All public circulation areas such as a foyer. For non public
spaces use "Circulation areas (corridors and stairways) - non
public"

Reception The area in a building which is used for entry from the

outside, from other building storeys or in general waiting
areas containing a reception desk.

Residents common rooms TV lounges and other common spaces for use of residents. It
may contain some hot drink facilities.

Residents kitchen Common area kitchens used by residents, e.g. in residents’
halls.

Retail Warehouse Sales area - chilled A sales area in Retail Warehouses designed to accommodate

a considerable quantity of fridges/freezers such as a
supermarket or food hall.

Retail Warehouse Sales area - electrical Sales areas in Retail Warehouses designed to accommodate
considerable electrical equipment loads such as lighting sales
areas and IT/TV/Hi-Fi sales areas.

Retail Warehouse Sales area - general All Sales areas in Retail Warehouses which do not have a
large concentration of fridges/freezers or electrical appliances.

Sales area - general All Sales areas which do not have a large concentration of
fridges/freezers or electrical appliances.

Server Room For areas such as computer server spaces with 24hr low-

medium internal gains from equipment and transient
occupancy. For an area with 24hrs high gains from
equipment, use the 'Data Centre' activity.

Small Shop Unit Sales area - chilled A sales area in Small Shop Units designed to accommodate a
considerable quantity of fridges/freezers such as a
supermarket or food hall.

Small Shop Unit Sales area - electrical Sales areas in Small Shop Units designed to accommodate
considerable electrical equipment loads such as lighting sales
areas and IT/TV/Hi-fi sales areas.

Small Shop Unit Sales area - general All Sales areas in Small Shop Units which do not have a large
concentration of fridges/freezers or electrical appliances.

Swimming pool The area in which a swimming pool is contained. This activity
should be used for the whole pool hall.

Teaching Areas Teaching areas which include classrooms and corridors
providing access to and between classrooms.

Toilet Any toilet areas. If toilets are subsidiary to changing/shower
activities refer to Changing facilities with showers.

Waiting Rooms Enclosed waiting spaces with no through flow of people eg in

the transport terminal areas. For larger, more open waiting
areas such as departure lounges and gate areas use

"Lounges".

Warehouse sales area - chilled All warehouse sized sales areas designed to accommodate a
considerable quantity of fridges/freezers such as a
hypermarket.

Warehouse sales area - electrical All warehouse sized sales areas designed to accommodate
considerable electrical equipment loads such as IT sales.

Warehouse sales area - general All warehouse sized sales area which do not contain a large
concentration of freezers/fridges or electrical appliances.

Warehouse storage Large (warehouse sized) storage areas (unchilled). Lux = 300;
Equip = 2; Heat Set Point = 18

Workshop - small scale An area for sedentary-light practical work. Often containing

some machinery.

Table 2: List of Activity areas with definitions (in some cases the definition will change
slightly depending on building type)

3.3.1.2. Occupation densities and associated internal gains

An occupancy density, metabolic rate, and schedule of occupancy are used to calculate the
internal heat gains from people. The percentage of the metabolic gains which are sensible
rather than latent (released as moisture) is also taken into account.
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3.3.1.3. Heating and cooling set-points and set back temperatures

The heating and cooling setpoints define the conditions which the selected HVAC system
will be assumed to maintain for the period defined by the heating and cooling schedules.
For the unoccupied period, the system will be assumed to maintain the space at the setback
temperature defined in the database.

3.3.1.4. Lighting standards

The database contains the illuminance levels (in lux) which need to be maintained in each
activity area for the period defined by the lighting schedules. This level of illumination is then
provided by the lighting system selected by the user. In addition to general lighting, some
activities are assumed to have display lighting. The lux levels, along with the user selected
lighting system are used to calculate the heat gains from lighting.

3.3.1.5. Ventilation requirements

The database contains the required fresh air rate for each activity for the occupied period.
This value is used along with the occupancy (as described below) to calculate the quantity
of ambient air which then needs to be heated or cooled to the required heating or cooling
set-point. Whether or not the activity will include high pressure filtration is also defined in the
database (such as commercial kitchens and hospital operating theatres).

3.3.1.6. Heat gains from equipment

Following a similar procedure as for calculating heat gains from people and lighting, the
database calculates the expected heat gains from equipment for each activity based on the
Watts per square meter and schedules of activity.

3.3.1.7. Humidity requirements

The database contains the maximum and minimum humidity requirements for each activity.
This information is for dynamic simulation models.

3.3.1.8. Hot Water requirements

A hot water demand is defined for all occupied spaces. The hot water demand is associated
with the occupied spaces rather than the spaces where the hot water is accessed, i.e., there
is a demand for hot water associated with an office rather than a toilet or tea room.

3.3.2. Constructions

The SBEM user can specify the U-value and thermal mass information for a particular wall,
window, roof, or floor for which the construction is accurately known. Where the
construction is less precisely known, the SBEM user can make use of SBEM's construction
and glazing databases. These databases contain a library of constructions covering
different regulation periods and different generic types of construction.
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The user may access a particular construction directly from the library by selecting first the
generic type of construction and then selecting the particular construction which appears to
match most closely the actual construction. Once the user has selected the construction,
the database provides a U-value and thermal mass and, in the case of glazing, solar
factors, and these values are then fed directly into the SBEM calculation.

For cases where the SBEM user has only minimal information, SBEM has an inference
procedure. When using the inference procedure, the user supplies basic data such as the
sector (building use), the building regulations that were in use at the time of construction,
and a description of the generic type of construction. SBEM will then select the type of
construction which most closely matches the description selected in the inference and will
use this construction as the basis for the U-value and thermal mass value that are to be
used in the calculation.

3.3.3. HVAC system efficiencies

3.3.3.1. Definitions

The definition of “system efficiency” for HYAC systems is less straightforward than appears
at first sight, because of the difficulty of attributing energy for fans, pumps, and controls to
the different end-uses (heating, cooling, and ventilation). The EPBD standards resolve this
by separating the energy associated with these, mainly transport, components from the
losses associated with the generation of heating or cooling from fuels or electricity. The
energy associated with fans, pumps, and controls is treated as a separate item denoted as
“auxiliary energy”. The consequent definitions for system heating and cooling efficiencies
then become more straightforward - but are now different from the more familiar meanings
that include the auxiliary energy.

“Auxiliary Energy”: is the energy used by the fans, pumps, and controls of a system,
irrespective of whether this supports heating, cooling, or ventilation.

For heating, the “System Seasonal Efficiency for heating”, SSEFF, is the ratio of the total
heating demand in spaces served by an HVAC system divided by the energy input into the
heat generator(s) - typically boilers. It takes account of, for example, the efficiency of the
heat generator, thermal losses from pipework and ductwork, and duct leakage. It does not
include energy used by fans and pumps

For cooling, the “System Seasonal Energy Efficiency Ratio”, SSEER, is the ratio of the total
cooling demand in spaces served by a system divided by the energy input into the cold
generator(s) - typically chillers. It takes account of, for example, the efficiency of the cold
generator, thermal gains to pipework and ductwork, and duct leakage. It does not include
energy used by fans and pumps. Since many cooling demand calculations only estimate
sensible cooling, the definition may be extended to include allowances for deliberate or
inadvertent latent loads.

As the demand calculations are carried out monthly, the HVAC system calculations have to
be on a similar basis, i.e., explicit hourly (or more frequent) calculation would be
incompatible. As a result, we need to calculate values for the three system efficiency
parameters for each month.

3.3.3.2. Scope

The calculation of energy consumed by HVAC systems obviously starts with the outputs of
the heating and cooling demand calculations. These produce monthly values of heating
demand and sensible cooling demand for each space. These demand calculations are for
idealised conditions, i.e., perfect temperature controls, uniform air temperatures, etc., so the
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scope of the term “HVAC system” has to be sufficiently broad to encompass some factors
that relate to the spaces themselves.

EN 15243° is the EPBD standard that deals with the calculation of HVAC system
efficiencies. It contains a number of informative annexes that illustrate different approaches,
but it does not prescribe specific calculation procedures. It permits the HVAC system
performance to be calculated either monthly or hourly.

The standard identifies nearly 40 mechanisms that can affect the relationship between the
cooling or heating demand of a building and the energy used by an HVAC system in
meeting that demand. (Heating-only systems are covered by the various parts of EN 13790.
EN 15243 reflects the scope of EN 13790 where the two standards overlap. Some parts of
EN 13790 require levels of detailed information that are impractical for SBEM. In these
cases, simplified options addressing the same mechanisms have been used).

In EN 15243, the mechanisms are mapped against 20 or so types of HVAC systems to
show which mechanisms may apply to which system types. Any compliant calculation
procedure is required to declare which system types it claims to cover, and how it
addresses each of the applicable mechanisms. The standard does not prescribe how each
mechanism should be handled (although there are “informative” suggestions). SBEM
includes all the mechanisms that were in the draft standard at the time SBEM was being
developed.

3.3.3.3. Determination of system performance parameters from the mechanisms

The basic energy flow diagram of the HVAC calculation in SBEM is shown below in Figure
1. The basic philosophy is to provide a consistent set of parameters that address all the
mechanisms in EN 15243. The energy flow diagram is simplified in that some of the
parameters are relatively aggregated - for example, heat pickup in chilled water distribution
pipework is expressed as a percentage of the cooling energy flow handled.

Putting reliable values to each mechanism for any given system would be extremely
difficult, unreliable, and difficult to check, especially for existing systems. SBEM offers the
user a range of system types — the system choice sets standard values for most of the
mechanisms. The user is required to input (or accept a default value for) specific fan power,
heat or cold generator efficiency, duct leakage, and fuel. Corrections are then applied to the
standard system performance parameters.

At present, system performance parameters and the correction routines are calculated
outside SBEM and inserted into look-up tables in iISBEM. Internalising the calculation and
providing the user with access to more of the mechanism values is a future upgrade.

® CEN EN 15243 Ventilation for Buildings — Calculation of room temperatures and of load and energy
for buildings with room conditioning systems.
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Figure 1: Basic energy flow diagram of the HVAC calculation in SBEM

3.3.3.4. The Mechanisms

The tables below, Table 3 and Table 4, list the mechanisms and summarise key points

about them. Table 5 contains a complete parameter list.
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HVAC parameters used in SBEM

Note: this is a subset of the longer list in Table 5a of prEN 15243. It omits, for example, change-over wastage for 2 pipe FCU
Note:some values are arbitrary but the overall impact of all assumptions is consistent with simulation results.

Parameter Purpose Source of information rL;l;ZIZ Comment User Access
Controls Allows for presence or absence
factor of time controls, metering and ADL2A: 09tol Separate input to iISBEM
monitoring
Terminal Depends on Currently fixed for given
auxiliary Electricity demand by terminal 0.001 to | HVAC system y 9
. TM32 system type, possible to
power units 0.005 type and ; )
. provide access in future
parameter design
Additional demand to sen5|_ble Sensible heat ratio Depends on Currently fixed for given
Local latent | load to allow for (local) coils . HVAC system .
; 5 values in manufacturers| 0to 0.25 system type, possible to
load sometimes operating below type and : .
) catalogues . provide access in future
dewpoint. design
Terminal Factor for the proportion of Cautious assumption Depends on | Currently fixed for given
Auxiliary terminal fan energy that that all fan energy Otol terminal system type, possible to
pickup factor| contributes to cooling load. contributes design provide access in future
Allowance for Factor added to cooling . Depends on Currently fixed .fo.r given
) Somewhat arbitrary system type, difficult to
imperfect demand to account for i control sensor p inaful val
local control imperfect local time or 'gures based on CEN | 0100.02 and system ind meaningiul values
. draft prEN 15232 that relate to identifiable
(cooling) temperature control performance L
characteristics
Factor added to both cooling
Extra cooling and heating demands to Mixture of factors used Depends on ) .
account for some systems Currently fixed for given
load from . . by NEN2916 and results HVAC system .
L intentionally (and others 0t0 0.4 system type, possible to
mixing reheat . . of TAS and DOE2 type and : )
through imperfect interlocks) ) . . provide access in future
etc - ) ) simulations design
allowing simultaneous heating
and cooling
Extraload ;
Factor added to demands for . ' Effect of different
from . Avrbitrary figure (0.05) but : I
. systems serving more than one| . SO Depends on operating periods is
imperfect . not applied to individual | 0to 0.2 ; . X
. space without local controls zoning| picked up automatically
zoning room systems. .
) temperature control. from activity databases
(cooling)
Proportion of Indirectly affects energy . .
. . Obvious for all-air or all- ) .
cooling load | performance via assumed fan Currently fixed for given
: water systems, Depends on .
handled by and pump power, pipe and : Otol . || system type, possible to
. . otherwise somewhat system design : )
air sub- duct heat gains and duct : ) provide access in future
arbitrary assumption
system leakage
F implcity assuming hat | Classes fo ductand entand
Duct leakage plctty a g . AHU leakage in prEN | 0t00.3 . User selection in iISBEM
commissioining will result in 15242 quality of
correct airflows to spaces!). ductwork
Reclaimed Cautious assumption Depends on | Currently fixed, possible
Factor to allow for some of the - ) ) .
leakage S . that nothing is usefully Otol location of to provide access in
leaked air being useful:
losses recovered ductwork future
Depends on ) )
Duct heat Factor to allow for effect of Based on Dutch extent and Currently_flxed, posglble
. standard NEN2916and | 0t0o 0.1 | . ) to provide access in
pickup heat transfer through duct walls| insulation of
other sources future
ductwork
Reclaimed Cautious assumption Depends on |Currently fixed, possible
Factor to allow for some of the o ) ) .
cold losses lost coolth being useful that nothing is usefully Otol location of to provide access in
(cold ducts) 9 recovered ductwork future
Addition to sensible cooling for Basgd on‘example Depends on Currently fixed for given
Central latent . ; calculations in textbooks HVAC system .
systems with central cooling ) . 0t00.5? system type, possible to
load ; (assumes no intentional type and : .
coils. . . provide access in future
moisture control) design
. Depends on ) )
Reheat Factor added to heatln_g No dewpoint control HVAC system Currently_flxed, pos;lble
demand for systems with 010 0.5? to provide access in
energy ) assumed type and
dewpoint control design future

Table 3: Mechanisms and key points
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Mechanism

SBEM process

Within-room mechanisms

Room heat balance and temperature

Monthly calculation in accordance with EN 13790

Room moisture balance and moisture content

Not addressed

Control and Zoning Issues

Definition of zones and ability to combine room demands into zonal demands

Explicit definition of zones and ability to combine spaces into zones
served by each system

Combination of room conditions into zonal return air state

Perfect mixing assumed

Contribution to room demands from separate ventilation / base cooling system

Choice of HVAC system type sets proportion of load met by sub-
systems when appropriate

Contribution to room demands from heat gains or losses from pipes and
ducts

Taken as zero

Impact of proportional band on energy supplied

Not explicitly included but fixed factor for imperfect control

Impact of dead band on energy supplied

Not explicitly included but fixed factor for imperfect control

Effect of open-loop control or averaging of sensors

Fixed factor when there is more than one zone.

Effect of absence of interlock between heating and cooling

For new buildings, presence is assumed. For existing buildings a fixed
penalty is applied

Distribution: terminal issues

Energy penalties from hot/cold mixing or reheat systems

Proportional penalty according to system type

Terminal auxiliary energy.

Proportional to heat demand for unit heaters, fixed default in other
cases

Effect of sensible heat ratio of terminal(and risk of condensation)

Fixed sensible heat ratio.

Lack of local time control

For new buildings, presence is assumed. For existing buildings a fixed
penalty is applied

Heat gains and losses from pipes and ductsIncludes AHUs and other air-
handling components

Fixed percentage loss assumed with no useful contribution to loads

Duct system air leakage
Includes AHUs and other air-handling components

User selects class of leakage

Refrigerant pipework heat losses

Ignored

Fan and pump energy pickup

Fixed proportion of fan or pump energy

Heat recovery provision

User selects from list of options

Distribution systems: operation

Latent demand calculation at central (zonal) plant (includes dewpoint control
plus reheat)

Fixed sensible heat ratio.

Adiabatic spray cooling Not included
Additional demands produced by hot deck:cold deck mixing systems Proportional penalty
Impact of mixing of return water temperature in 3-pipe systems Ignored
Wastage due to changeover in 2-pipe systems Ignored

Impact of variable ventilation air recirculationTypically CO2 controlled — total
air flow unchanged

Not included explicitly but possible to approximate in input parameters

Impact of air-side free cooling

Provided as an option

Distribution systems: auxiliary energy

Auxiliary energy use by fans and pumps (other than in terminals)

Calculated according to system type, hours of use and (for fans) SFP

Cold and Heat Generation

Cold generator (chiller) part-load performance (including multiple installations)

Calculated externally and provided to software

W ater-side free-cooling

Can be included in external calculation of seasonal performance

Thermosyphon operation

May in principle be included in external calculation of seasonal

performance
Impact on chiller performance of central heat rejection equipmentncludes May in principle be included in external calculation of seasonal
cooling towers, dry coolers etc. Included in overall performance of packaged performance

systems

Auxiliary energy use by central heat rejection equipment
Included in overall performance of packaged systems

For air-cooled equipment, included in calculation of seasonal
performance. For water —cooled, fixed proportional penalty is added

Heat generator (boiler) part-load performance.(including multiple installations)

Calculated externally and provided to software

Auxiliary energy use by heat generators Includes gas boosters, fuel pumps, Not included
etc. Included in overall performance of packaged systems
Energy use for humidification Not included

Bivalent systems Includes boiler + CHP, condensing boiler + non-condensing
boiler, heat pump + top-up, evaporative cooling + chiller......

Not included explicitly but possible to approximate in input parameters

Table 4: Summary of how SBEM deals with the HYAC mechanisms identified in EN 15243
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Cooling Demand

and heating
Cooling Demand| Cooling Demand| Intermediate iliary i Cooling D Cooling Demand| Cooling Demand| Cooling Deman
Parameter Peak cooling Equivalent full [Room cooling demand| Terminal Terminal auxiliary Local latent Terminal Allowance for [|Extracooling Extra load from
demand load cooling auxiliary energy load Auxiliary pickup |imperfect local |load from imperfect
hours power factor control mixing reheat |zoning
etc
Description Fans for FCUs for Coils may Fans etc Imperfect time of |Hot/cold mixing | Different spaces
example operate below to load: systems, 3-pipe |may have
dewpoint, picked up as extra |control will cause |systems, different needs -
generating extra [cooling load and [extra time or
demand in interlock with temperature
heating load pro- heating, terminal [control will cause
rata to reheatalladd extra
consumptions cooling load consumption
[Application Base for TBase for Factor applied to |factor applied Factor applied to |Add equal Factor
room cooling  [toenergy use room cooling amountto
demand - but be demand heating demand
careful with the
algebra
Units Kw/m2 hours pa kWhpa/m2 KW/KW kwhpa/kWhpa cooling _|dimensionless dimensionless _|[kWhpa/m2 dimensionless
Comment Building Building Building dependent. System System dependent System Control and load | system Building and
per unit floor dependent sytem dependent]
Expressed per area
unit floor area
Cooling-air and w|Cooling-air Cooling-ar Cooling-ar__|Cooling-ar Cooling-arr Heating-water __[Cooling-air Auxilary Cooling-air
Parameter Proportion of |Duct leakage _|Reclaimed leakage  |Duct heat _ |Reclaimed cold losses | Central latent |Reheat energy |Heatrecovery |Specific fan _ |Fan energy
load handled by| losses pickup load or economiser |power pickup factor
air sub-system
Description Can vary from all-{Can be [Some of the lostcoolth |Heat tansfer |Some of the lostcoolth May be For dewpoint Airside free Used to Most of fan
air to no air substantial may be useful through duct | may be useful inadvertent control cooling or heat |determine fan  |energy s
walls operation below recovery wheel [energy. Both  transferred to air
dewpoint or (etc) can reduce |supply and as heat gain
humidity control net loads extract
Application factor Leakage factor - |factor applied o the dudt| factor factor applied © the duct| factor, butbe _|factor, but result s |factor applied (o Proportion of fan
think about the  [loss figure heat pickup figure careful with the  |added toheating |room cooling energy - but
algebra when algebra! load demand remember that
applying! fan also runsin
non-cooling
|modes
Units kWhpa/m2 dimensionless  |W/lis kWhpa/m2
Comment System Depends on Depends on location of |Depends on | Depends on location of |System System dependen] System System System
dependent quality of ducts ||ductwork extentand
and AHUs insulation of
ductwork
(Cooling (Cooling
Auxiliary Intermediate calciCooling-water Cooling-water | Cooling-water Intermediate: calc|Auxiliary generation generation
Parameter Fan run hours |Fan energy Pipe heat pickup Reclaimed  |Cooling pump pickup |Cooling pump |Cooling pump _ [Chiller Chiller
cold losses _|factor power energ performance _[Ancillaries
Description [Allservices. All services Heat transfer through __|Some of the |Most pump energy is Depends on Seasonal value - |May need to add
Same figure used pipe walls lost coolth may] transferred to water as pressure drop  |also applied to | cooling towers
for terminals be useful heat gain room units etc
[Application Depends on Based on 10 /s ||factor factor applied |Proportion of pump Taken as 0.01 _|Pump power imes| (nverse) factor _|factor added to
controls m2 for all-air tothe pipe  |energy - - but remember |times wet part of [hours. Operating chiller energy
systems, heat pickup |that pump also runsin  |peak cooling  |hours proportioned consumption,
proportioned to figure non-cooling modes Joad o loads. may be included
% cooling by air. in chiller
SFP effect performance
to
allow for extract
etc
Units hours kWhpa m2 kWhpa/m2 KWhpa/m2
Comment Depends on extentand |Depends on | System dependent System dependen{ depends on depends on
insulation of pipework location of chiller,climate etc|chiller,climate etc
Heating Demand| Heating Demand| Intermediate calculation |intermediate cdHeating Demand Heating Demand|Heating-air and wg Heating-air Heating-air Heating-air Heating-air
Parameter Heating Load |Heating EFLH |Room heating demand| Cooling Allowance for Extraload from |Proportion of  |Ductleakage |Reclaimed Duct heat loss |Reclaimed heat
proportion  |imperfect local control |imperfect load handled by leakage losses losses
zoning air sub-system
Description Peak heating Ideal annual demand | cooling energy|imperfecttime or Different spaces |Can vary from all- [Can be Some of the lost |Heat transfer | Some of the lost heat
load emand temperature control will |may have air to no air substantial heat may be through duct | may be useful
divided by cause extra consumption| different needs - useful walls
heating + imperfect time or
cooling energy| temperature
demand control will cause
extra
»ww
[Application [Base for calculation TRather Factor applied to room | Factor [factor, should this [set to be the factor applied to_[factor factor applied to the
arbitrary value |heating demand be constrained to |same s for the duct loss duct heatloss figure
used to spiit be the same as for]cooling figure
fan and cooling?
terminal pickup)
between
cooling and
heating (and
\where fan etc
energy has to
be spiit
between
services)
Units Jkw/m2 hours pa kW hpa/m2 dimensionless dimensionless _|dimensionless dimensionless _|dimensionless _|dimensionless _|dimensionless
Comment Building Building Building dependent Control and load Building and system dependent] Depends on Depends on Depends on Depends on location
dependent sytem dependent quality of ducts | location of extent and of ductwork
and AHUs ductwork insulation of
ductwork
Heating-air Heating-air Heating-air Heating-water | Heating-water Heating-water _|Auxiliary Auxilian
Parameter Heat recovery |Fan power Fan energy pickup Pipe heat Reclaimed heat losses | Heating pump |Heating pump _ |Heating pump | Boiler Boiler
or i losses pickup power energ performance Ancillaries
Description Heat recovery | Pick up from Pick up from cooling Heat transfer |Some of the lostheat | Mostpump Depends on Seasonalvalue - [May need to add
wheel (etc) can | cooling through pipe | may be useful energy is pressure drop | also applied to  |gas boosters etc.
reduce net loads walls transferred to room units. May |more relevant for
water as(useful) be reverse cycle [reverse cycle
heat gain chiller
Application Factor, but really Tactor Tactor applied © the pipe |Proportion of _ [Taken as 0,02 |hours times (inverse) factor _[factor added ©
needs thinking heat loss figure pump energy - - [timeswet partof |power boiler energy
about carefully butremember  [peak heating load consumption,
that pump also
runs in non-
heating modes
Units dimensionless p KW/m2 KWhpa m2
Comment System Depends on_|Depends on location of |System System depends on depends on
dependent extentand dependent chiller,climate etc |chiller,cimate etc

of

Table 5: Parameter list
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3.3.3.5. Calibration process

As can be seen from Table 3, the likely range of values for each mechanism is known —
albeit with varying degrees of reliability. Starting from a set of plausible but sometimes
arbitrary figures, the values were progressively revised to provide calibrated combinations
of values for each system type.

The process is illustrated in Figure 2.

DEVELOPMENT PROCESS

Simplified energy flow model.
Includes all the prEN15243
mechanisms

Initial estimates of values for

/ mechanisms

First estimates of SCoP,
SEER and AuxE Empirical annual

/ consumption benchmarks

li _ : " System-specific estimates:
Calibrated generic values o a).Simulation results: 11 system types,
SCoP, SEER and AuxE several buildings

b). Simulation results (different model): 7
system types, 1 building
c). Measured data: 6 system types, 30
buildings

System specific values for

SCoP, SEER and AuxE for
each system type. Adjustments for realism

1.Add duct and AHU leakage

2 Reduce chiller EERs and boiler

efficiencies
/ 3.Increase specific fan powers
4 Add allowances for latent loads
Realistic default values for 5 Reduce control effectiveness..
SCoP, SEER and auxiliary

energy for each system type.

User inputs actual system
characteristics:
Chiller EER, specific fan power, duct
5 leakage, etc...
Building-specific values for
SCoP, SEER and auxiliary
energy for each system type.

Figure 2: HVAC Model Development Process

We first produced initial estimates of typical values of the flow sheet parameters and
calculated initial figures of the three performance parameters (auxiliary energy, SSEFF, and
SSEER). With some relatively small adjustments to the initial assumptions, the consumption
figures that these implied were brought into general alignment with empirical benchmarks,

notably ECG 019. This provided us with calibrated generic estimates of the parameter
values.

In parallel with this, we brought together several sets of existing comparisons between the
energy consumptions of different types of systems in offices. These included two sets of
simulation results using different models to compare different systems in identical buildings.
One of the studies examined 11 different system types in a number of buildings, while the
other examined 7 system types in a single building, but modelled the system components in
more detail. We combined these results with measured data from 30 buildings covering 6
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system types’ to develop a set of system-specific values for SSEFF, SSEER, and auxiliary
energy. For each system type, we then adjusted the spreadsheet parameters until the
spreadsheet generated the same figures.

Since the simulations assumed idealised control and other conditions, we then degraded
some parameters to provide less optimistic default assumptions. In particular, we added
duct and AHU leakage, reduced chiller EERs and boiler efficiencies, increased specific fan
powers, added allowances for latent loads, and reduced control effectiveness.

The resulting “default” consumption levels straddle the “typical” consumption benchmarks
(some systems being better than the benchmark, others worse). The idealised figures
straddle the equivalent “good practice” benchmark.

3.3.3.6. Adjustments to demand figqures

There are two system-related issues associated with temperature distributions within
spaces that are part of the translation from heating or cooling demand to energy
consumption. These are the effects of vertical temperature gradients and of radiant heating
or cooling.

Temperature gradient adjustment

General Principle

Vertical temperature gradients increase the average air temperature and thus the heat loss
in tall spaces. Some systems generate bigger gradients than others. De-stratification fans
(and similar systems) reduce gradients but use energy for fans.

Derivation

This follows the principle summarised in the draft CEN standard (un-numbered, possibly EN
14335 section 5.1.3).

Assume that there is a linear temperature gradient, with the required comfort
temperature t. maintained at 1.5 m above the floor. At this height, air temperature is t;s

Average air temperature is t, = t; 5+ grad*(h/2-1.5) where h is room height and grad is
air temperature gradient in K/m

Assume that surface temperatures are unaffected
Design operative temperature is (t; + t;5)/2 so nominal heat loss is U*((t; + t15)/2 - t,)
Ignoring how losses vary between floors, walls, and roof, actual heat loss is U*((t; +tay)/2
- o)

Valuing grad

Actual heat loss should be based on a temperature that is higher than design value by
grad*(h/2-1.5). For room heights around 3 m, this correction is very small.

From GPG 303, typical values of grad are:

Radiant heating 0.3 K/m
Radiators 1.5 K/m

" Knight IP, Dunn GN, Measured Energy Consumption and Carbon Emissions of Air-conditioning and
Heat-pumps in UK Office Buildings, BSER&T, CIBSE 26(1) 2005.
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Convector heaters | 2.3 K/m

For tall spaces, the temperature adjustment can be significant - for 10 m height, they are:

Radiant heating 1.1°C
Radiators 5.3°C

Convector heaters | 8.1°C

De-stratification systems (either de-stratification fans or high level downflow air heaters)
gain a benefit of reducing or removing this gradient, but their fan energy use is added to the
energy calculation.

3.3.3.7. Direct radiation from Heating and Cooling Systems

General Principle

Direct radiation falling on occupants allows a lower air temperature for a given level of
thermal comfort. This, in turn, reduces ventilation losses.

Derivation

EN 15316-2-1 provides tabulated values of corrections based on detailed simulations of
specific cases. These are difficult to capture within the structure of SBEM, and the following
simplified, but more flexible process, has been derived. In practice, it gives similar
corrections to those of the EN for the situations reported there.

Thermal comfort criteria are defined as a weighted mean (commonly the simple average) of
the air and mean radiant temperature in a space. For practical purposes, it is usual to
replace the mean radiant temperature by the mean internal surface temperature of the
space and to ignore direct radiation from the heating system.

As is well-known from the use of sol-air temperatures, the effect of direct radiation is
equivalent to a temperature increase of the surroundings equal to the product of the radiant
intensity, I, the absorption coefficient, a, and the surface heat loss resistance, r.

Reduction in air temperature

Radiation from the heating system will also fall on the surfaces of the space. For a given
indoor air temperature, this will increase the surface temperatures, and therefore the fabric
heat losses. Different surfaces will be affected to different extents. However, if the air
temperature is lowered to provide a constant comfort temperature, this will tend to reduce
the surface temperature. As a simplification, assume that, for a given comfort level, the
mean internal surface temperature is independent of the amount of direct radiation from the
heating system.

With this assumption, we can calculate the air temperature reduction needed to maintain
the same comfort temperature in the presence of direct radiation. If the comfort temperature
t. is expressed as the arithmetic mean of air and mean surface temperature, t, and ts,
respectively, we have

te = I*a*r + (ta+ts)/2

And the reduction in air temperature due to direct radiation is 2*I*a*r = dt
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Radiant intensity

For heat emitters, such as heated floors, the proportion of heat output that is radiant can be
determined from the radiant and convective heat transfer coefficients. For radiant heating
systems, the radiant component is

Q" hy/hy

where Q is the total heat output, h;, is the radiant efficiency, and h is the total efficiency of
the system.

Not all the radiant energy falls on the occupied area. Denote the proportion that does as d.
The occupied area will usually be the floor area of the space, A.

So the radiant intensity on the occupied area is
| = d*Qt* h,/ (h*A).

Correction factor
The heating requirement for the space is
Q: = (t-to)*(U+V) - dt*V

where t; is the internal temperature (strictly speaking environmental temperature, but say
comfort temperature),

t, is the outdoor air temperature

U is the total conductance associated with the fabric (that is the sum of U*A terms)
V is the ventilation conductance

(For purely convective heating, dt is zero, and we have the conventional formula)
However, we know that dt is proportional to Q.. For brevity, set dt = k*Q;.
Substituting and rearranging, we obtain

Q= (& - to)*(U+V)/(1+k)

That is, the conventional heat demand is multiplied by a factor 1/(1+Kk)

Valuing k

V, the ventilation conductance is 0.33*N*room volume, where N is the ventilation rate in
ac/h.

So k = 2*a*r*d*0.33*N*room volume*h, / (h*A)
And room volume/A is equal to room height, h

A typical value of ais 0.9, and of r, 0.123.

RADIANT HEATING SYSTEMS:

The radiant efficiency of a radiant heater is measured taking into account only the
downwards radiation so, in a very large space, we might expect d to approach 1. More
commonly, some radiation will fall on (the lower part of) walls.

As a default, it is proposed that d should be equal to 0.6 (for typical radiant heaters, this
yields results close to those proposed by the industry using alternative reasoning).

k = 0.00438*N*h*h,/ h;
k increases with increasing ventilation rate, room height, and radiant efficiency
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h, / htis a property of the radiant heater. A value of 0.5 would be reasonable as a default;
rising to 0.7 for ECA listed radiant heaters.

Note that, having calculated the heat demand, it is still necessary to divide by h; to obtain
fuel consumption.

OTHER TYPES OF SYSTEM:

The same logic applies to all heating systems that have a radiant component. For systems
operating reasonably close to room temperature, the h,/h,term simply represents the
proportion of the output that is radiant.

The following values are suggested:

Emitter h./h|d

Radiator 0.56 0.25 (includes 50% straight to wall behind radiator)
Heated floor | 0.55 | 0.60

Chilled ceiling | 0.55 | 0.40

The corrections are smaller but typically in the range 5% to 10%.

3.3.3.8. Energy Use Calculation for Hot Water in SBEM

The basic calculation scheme is straightforward:

Hot water demand is taken from the Activity database. It is expressed per unit of floor
area, but this reflects occupancy density and nominal consumption per person for the
activity in question.

Heat losses from storage and distribution are added (if they are present).

Heat losses associated with residual hot water in distribution pipes of more than 3
metres in length are added (as in SAP).

Energy consumption is calculated using the heat generation efficiency.
CO; emissions are calculated depending on the fuel source.

Additionally, if there is a secondary circulation system, auxiliary energy and the
consequent CO, emissions are calculated.

The calculation does not take account of detailed draw-off patterns or of adequacy of
service. Energy use by any secondary pump and heat losses from secondary pipework
reflect the hours of operation defined in the Activity database.

The user can define values for the parameters below. In most cases, default (rather
pessimistic) assumptions are provided.

storage volume

heat loss per litre of stored hot water

insulation type and thickness on storage vessel
length of secondary pipework

heat loss per metre of pipework
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secondary pump power

heat generation efficiency

3.3.3.9. Heat and Cold generator seasonal efficiency

These values should be provided by the user to over-write the pessimistic default values.
The calculation of the seasonal efficiency of boilers and (especially) chillers is not entirely
straightforward, especially when there are multiple chillers and a degree of oversizing.
Methods of handling this have been reported elsewhere ®°.

3.3.4. Weather

In order to calculate the reaction of the building and systems to the variable loads imposed
by the external environment, the NCM needs an input of weather data. In addition,
information regarding weather data is necessary to calculate the energy yield by some
renewable energy systems, such as solar and wind technologies.

Although some accredited NCM software only requires monthly figures, other software will
require year round hourly data on the following parameters for each location:

Dry and wet bulb temperature

Global and diffuse solar radiation (from which radiation for any slope and orientation of
surface can be calculated)

Wind speed and direction

In order to provide consistency of application, standard weather sets have been adopted as
the only weather data sets to be used as part of the NCM. These equate to the 2006 CIBSE
Test Reference Years. The available sites are: Belfast, Birmingham, Cardiff, Edinburgh,
Glasgow, Leeds, London, Manchester, Newcastle, Norwich, Nottingham, Plymouth,
Southampton, and Swindon. Thus the only option to be made available to the NCM user is
to choose a weather location closest to the actual site of the project.

3.4. Building geometry

There is a number of stages to defining the geometry of the building in the interface:
Zone the building on the drawings according to the zoning rules shown in Section 3.4.1.

After “zoning” the building, create the zones in the interface (i.e., select their building
and activity types), and enter their basic dimensions, i.e., area, height, air permeability,
etc.

Define the envelopes of each zone, in terms of their type, i.e., walls, floor, ceiling/roof,
areas, orientations, the conditions of the adjacent spaces, the constructions, and any
thermal bridges additional to the ones defined in Section 3.4.3.

® Hitchin, R. and Law, S. The Seasonal Efficiency of Multi-Boiler and Multi-Chiller Installations,
Improving Energy Efficiency in Commercial Building (IEECB’06) Frankfurt, 26-27 April 2006.
° CEN EN 15243 Appendix .
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Within each envelope element, there may be windows/rooflights or doors. The areas,
types, shading systems, and constructions of windows and doors within each envelope
element need to be entered.

Similarly, within the envelope elements or within the window/door, there may be
additional thermal bridges, (other than those defined in Section 3.4.3) which need to be
defined.

3.4.1. Zoning rules

The way a building is subdivided into zones will influence the predictions of energy
performance. Therefore, so as to ensure consistency of application, the NCM defines
zoning rules that should be applied when assessing a building for Building Regulations
compliance or energy performance certification.

The end result of the zoning process should be a set of zones which are distinguished from
all others in contact with it by differences in one or more of the following:

The Activity attached to it
The HVAC system which serves it
The lighting system within it

The access to daylight (through windows or rooflights).

To this end, the suggested zoning process within a given floor plate is as follows:

1.

Divide the floor into separate physical areas, bounded by physical boundaries, such as
structural walls or other permanent elements.

If any part of an area is served by a different type of HVAC or lighting system, create a
separate area bounded by the extent of those services.

If any part of an area has a different activity taking place in it, create a separate area for
each activity.

Attribute just one Activity to each resulting area.

Divide each resulting area into Zones receiving significantly different amounts of
daylight, defined by boundaries which are:

0 Atadistance of 6 m from an external wall containing at least 20% glazing.

0 Atadistance of 1.5 room heights beyond the edge of an array of rooflights
whose area is at least 10% of the floor area.

o If any resulting Zone is less than 3 m wide, absorb it within surrounding zones.

o If any resulting Zones overlap, use your discretion to allocate the overlap to one
or more of the Zones.

Merge any contiguous areas which are served by the same HVAC and lighting systems,
and which have the same Activity within them (e.g., adjacent hotel rooms, cellular
offices, etc.) unless there is a good reason not to.

Each Zone should then have its envelopes described by the area and properties of each
physical boundary. Where a Zone boundary is virtual, e.g., between a daylit perimeter
and a core Zone, no envelope element should be defined. SBEM will then assume no
transfer of heat, coolth, or light across the boundary, in either direction. In the context of
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iISBEM, the building needs to be divided into separate Zones for each activity area,
subdivided where more than one HVAC system serves an Activity area.

3.4.2. Envelope definitions

When the user creates a zone, envelope element, or window, what is being created is
referred to in iISBEM as a ‘building object’. These building objects need to be linked together
correctly in order to define the geometry of a zone. When the user defines an envelope
element in the Envelopes main tab, he will be prompted to link (or assign) it to a zone.
Equally, when he defines a window in the Windows & Rooflights main tab, he is prompted to
link it to an envelope element. If the user creates the envelope element or window in the
Quick Envelopes sub-tab of a particular zone, these links are established automatically.

Figure 3 below is an example of a simple zone. To define the geometry of this zone, you
would need to create the zone, 6 envelope elements, one window, and one door. The south
wall door and window would need to be linked to the south wall, which in turn (along with
the other 5 envelope elements) would need to be linked to the zone, as shown by the
arrows in the diagram below.

Diagram of a simple zone showing Define ceiling
i the building objects needed to [ :
. define th d how th d | Define
de ine the zone and how they nee v . north wall
i to be linked to each other N R S
i : Define A"
................... Zone ]
Define < Define
west wall / east wall
v NI
Define door T R
in south wall ™" » Define - !
_______ w south wall i
_Define window" Define floor
in south wall

Figure 3: Diagram of building objects needed to define a simple zone

3.4.3. Thermal bridges

There are two types of thermal bridge: repeating and non-repeating. Repeating thermal
bridges should be taken into account when calculating the U-value of a construction. Non-
repeating thermal bridges can arise from a number of situations, but SBEM is only
concerned with those arising from junctions between envelope elements, windows, and
doors which are in contact with the exterior. These types of junctions fall into two
categories:

Junctions involving metal cladding
Junctions NOT involving metal cladding.

At these junctions between different building elements, there can be additional loss of heat
from the building which is not attributed to the U-values and areas of the adjoining
elements. The additional heat loss which is attributed to the junction is expressed as a
linear thermal transmittance, (Psi) value, (expressed in W/mK). SBEM contains a table of
types of junctions and default linear thermal transmittance values for each of these types of
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junctions, Table 6 (which are used unless overwritten by the user). These default values are
determined according to the method in BRE IP 1/06: Assessing the Effects of Thermal
Bridging at Junctions and around Openings and then degraded by the greater of 0.04 W/mK
or 50%.

Non-metal
. . Metal cladding cladding
Type of junction constructions constructions
(W/(m-K)) (W/(m-K))
Roof to wall 0.42 0.18
Wall to ground floor 1.73 0.24
Wall to wall (corner) 0.38 0.14
Wall to floor (not ground floor) 0.04 0.11
Lintel above window or door 1.91 0.45
Sill below window 1.91 0.08
Jamb at window or door 1.91 0.09

Table 6: SBEM's default values for the linear thermal transmittance of thermal bridges

For each type of junction, the user can either enter an  (Psi) value (W/m.K) or leave the
default values.

Additional thermal bridging at junctions and around openings, which are not covered in
Table 6, can be defined by the user in ISBEM in relation to the relevant building object, i.e.,
envelope, window, door, etc.

Note: Point thermal transmittances are ignored as point thermal bridges are normally part of
plane building elements and already taken into account in their thermal transmittance, U-
value.
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4. The calculation algorithms

The calculation methodology can, in theory, be based on any process which evaluates the
energy consumption, and hence CO , emissions of a building, as long as it complies with the
following NCM requirements:

Considers the energy uses required by article 3 of the EPBD
Draws on standard conditions in the activity area and other databases
Compares with a notional building (and reference building), defined in a standard way

The calculation method in SBEM mostly follows the CEN standard umbrella document PG-
N37, which lists standards relevant to the implementation of the EPBD. The CEN umbrella
document PG-N37 provides an outline of the calculation procedure for assessing the energy
performance of buildings. It includes a list of the European standards, both existing and
those that are to be written, which together form a calculation methodology. In particular,

EN ISO 13790 deals with Energy performance of buildings — Calculation of energy use for
space heating and cooling. Within this standard, there are several optional routes to
undertaking the calculation; for instance, it includes three explicit methods — a seasonal
calculation, one based on monthly heat balance, and a simplified hourly calculation, and
also permits detailed simulation.

It has been decided that a seasonal calculation is unacceptable for the NCM, and that only
one implementation of the monthly average calculation method will be accepted in the UK,
namely SBEM. However, some necessary parts of the calculation are not dealt with
explicitly or completely by these CEN standards or draft prEN standards. Where this is the
case, alternative acceptable calculation methodologies, to deal with the areas not covered
by the standards, were developed. For example, the following energy calculations needed
to be determined:

Fixed lighting with different control systems

Hot water for washing

Contributions from renewable energy systems such as solar thermal water heating and
photovoltaic electricity

4.1. Space heating and cooling energy demand

In EN 13790, the building energy demands for heating and cooling are based on the heat
balance of the building zones (Note: EN 13790 only deals with sensible cooling and heating
demand in a single room). This energy demand for the building is then the input for the
energy balance of the heating and cooling systems, and hence, the CO , emissions for the
building as a whole. The main structure of the calculation procedure is summarised in Table
7. The options chosen for SBEM from those available in the EN ISO 13790, and the
resulting equations to be used are described and/or referenced in Table 8.

1 | Define the boundaries of the conditioned and unconditioned spaces, and
partition them into zones according to the activities undertaken in them and
the conditions required for each of those activities

2 | Calculate for each period and each zone, the energy needed to heat or cool
them to maintain the required set-point conditions, and the length of the
heating and cooling seasons

3 | Combine the results for different periods and for different zones served by
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the same systems, and calculate the delivered energy use for heating and
cooling taking into account the heat dissipated by the heating and cooling
systems through distribution within the building or inefficiencies of heating
and cooling production.

energy totals.

Combine the results for all zones and systems, to give building delivered

Convert the totals into equivalent CO , emissions (this is not part of the CEN
Standard — the conversion is described in ADL2A)

Table 7: Summary of CEN standard calculation

Issues/options Chosen route References
in CEN
standard EN
ISO13790

Different types of Quasi-steady state, calculating the heat | 5.3

calculation method: balance over a month

dynamic or quasi-

steady state

If steady state, how to Determine utilisation factors for internal 5.4.2

take account of and solar heat sources using equations

dynamic effects on 31 & 32, to allow non-utilised heat which

heating leads to an undesired increase in

temperature above set-points to be
ignored. This depends on the thermal
capacity of the structure

Effects of thermal Adjust set-point temperature as 13.2

inertia in case of described in EN ISO 13790 (i.e., thermal

intermittent heating capacity-dependent) using information in

databases

How to take account of | Using equations 35 & 36, determine 12.2.1

dynamic effects on utilisation factors for internal and solar

cooling heat sources, to take account of that

part which takes the temperature to a
certain level, so only non-utilised heat
beyond that level contributes to cooling
needs. This depends on the thermal
capacity of the structure

Effects of thermal Adjust set-point temperature using 13.2

inertia in case of information in databases.

intermittent cooling

Energy balance at Includes energy needs at zone level; 5.5; see also

system level from renewables; generation, storage, figs 3a&c in

distribution, emission and control losses; | the section

input to space heating and cooling
systems; energy outputs e.g., from CHP;
energy recovered within the system

for all energy
flows

Relationship with The boundary of the building is the 6.2
unconditioned spaces elements between the conditioned and
unconditioned spaces, including exterior.
Heat transfer between conditioned
spaces is ignored.
Dimension system for Internal dimensions of each zone’s 6.2,6.3.2

calculating areas

structural elements, so that the area

42




presented to heat flux from inside the
building coincides with the overall
internal dimensions

9 | Thermal zones Building is partitioned into several 6.3.1,6.3.3.2
zones, taking no account of thermal
coupling between zones
10 | Calculation procedure Regard as a series of single zone 6.3.5
for multi-zone calculations, but with boundary
conditions and input data coupled when
zones share same heat/cooling system.
Zones are aggregated when served by
the same heating/cooling system.
11 | Energy demand for Equation 3; correction for holidays 7.21.1
heating applied where relevant through
schedules in activity area database.
12 | Energy demand for Equation 4; correction for holidays 7.2.1.2
cooling applied where relevant through
schedules in activity area database.
13 | Length of heating Not calculated in SBEM — heat is 7.2.1.3
season available whenever monthly calculation
demands it.
14 | Length of cooling Not calculated in SBEM - cooling is 7.2.2
season available whenever monthly calculation
demands it.
15 | Calculation in two Not done in SBEM 7.2.5
steps, to determine
dissipation of heat from
systems based on 1°
iteration
16 | Total heat transfer by Equation 11 8.2
transmission
17 | Transmission heat Calculate according to EN I1ISO 8.3.1
transfer coefficients 13789:2005 taking into account other
standards listed in 8.3.1
18 | Thermal bridges Calculate transmission heat loss 8.3.1
according to EN ISO 13789:2005
19 | Differences in Not implemented in SBEM - physical
transmission calculation | characteristics of building do not change
between heating and
cooling modes
20 | Nocturnal insulation Not implemented in SBEM 8.3.2,8.4.2
21 | Special elements Optional; if applied, comply with 8.4.3 8.4.3
22 | Total heat transfer by Equation 13 9.2
ventilation
23 | Ventilation heat transfer | Determine according to section 9.3.1, 931
coefficients using volume flow rate based on NEN
2916:1998 methodology section 6.5.2.1.
Infiltration based on section 7.1.3.2 of
EN 15242:2005
24 | Differences in Infiltration and heat recovery are 9.3.2
ventilation calculation currently ignored during cooling
between heating and
cooling modes
25 | Ventilation heat Only during heating. Based on section
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recovery

6.5.2 of NEN 2916:1998 methodology,
where according to efficiency of heat
recovery system, the air flow to be
heated is effectively reduced.

26 | Night-time ventilation Not implemented in SBEM 9.4.3
for free cooling
27 | Special elements Optional; if applied, comply with 9.4.4 9.44
28 | Internal heat sources, Calculate contribution using equations 10.2,10.3.1
including cold sources 16,17 & 18
(i.e., sinks, etc)
29 | Heat dissipated by Impact on building heating/cooling 10.3.1
system within the needs ignored in SBEM, but heat
building dissipated is included in system
efficiency adjustment factors
30 | Heat gain from people Determined from activity area database | 10.3.2.1
and appliances
31 | Heat gain from lighting Determined using method described in 10.3.2.2
this manual
32 | Heat to/from washing Ignored in SBEM 10.3.2.3
water and sewerage
33 | Heat dissipated from or | Determined from efficiency factors 10.3.2.4
absorbed by heating,
cooling and ventilation
systems
34 | Heat from processes or | Determined from activity area database | 10.3.2.5
goods
35 | Total solar heat sources | Equations 22 & 23 based on monthly 11.2
average solar irradiance from weather
data, including the effect of gains in
adjacent unconditioned spaces
36 | Effective solar Equations 24, 27 & 29. Movable shading | 11.3.2,
collecting area of is included. Shading factors determined | 11.4.1,
glazed elements from user input 114.2,11.43
37 | Frame fraction Included in SBEM 11.4.4
38 | Effective collecting area | Equations 25, 26 & equations in 11.4.5 11.3.3,11.45
of opaque elements including 30 to deal with radiation from
the element to the sky. Sky temperature
taken from weather data
39 | Gain utilisation factor Equations 31, 32, 33 & 34 using 12.2.1.1
for heating reference numerical parameter for
monthly calculation from table 8 based
on building type and calculated building
time constant (see below)
40 | Loss utilisation factor Equations 35, 36, 37, 38 & 39 using 12.2.1.2
for cooling reference numerical parameter for
monthly calculation from table 9 based
on building type and calculated building
time constant (see below)
41 | Building time constant Equations 40 (heating) and 41 (cooling) | 12.2.1.3
using internal heat capacity of building
42 | Internal heat capacity of | Sum of internal capacities of all building | 12.3.1
building elements, using C,, values calculated
according to EN ISO 13786:2005
43 | Internal temperatures Where heating or cooling is continuous 13.1
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used in energy
calculations

during the whole heating period, use the
set-point temperature indicated by the
activity area database. If not continuous,
see below.

43 | Correction for holiday SBEM obtains this information from the 13.4
periods activity area database
44 | Internal temperature As 13.2.1 - resolve mode of 13.2.1
correction for intermittency which is dependent on
intermittent heating building time constant (calculated
above) and difference in set-point
temperature between normal and
reduced heating periods
45 | Correction for Equations 44 & 45, which need input of 13.3
intermittent cooling building time constant (calculated
above) and set-point temperatures for
normal cooling and intermittent periods.
46 | Annual energy need for | Sum of heating and cooling needs in 141
heating and cooling per | each month; as equation 47
building zone
47 | Annual energy need for | Sum of heating and cooling needs 14.2
heating and cooling, per | served by the same combination of
combination of systems | systems, then sum of needs of all
systems; as equation 48
48 | Total system energy Use option b in section 14.3.1, in order 14.3.1
use, including system to present auxiliary energy separately
losses from system losses, for each energy
carrier.
49 | System losses SBEM does not require separation of 14.3.2
total losses and system losses that are
recovered in the system.
50 | Results presentation of | SBEM'’s tabulated output reports 14.3.3
heating and cooling
energy needs
51 | Additional annual Calculated as section 14.3.4, in 14.3.4
energy by ventilation accordance with EN 15241. For HVAC
system systems involving ventilation, auxiliary
energy comes from method in appendix
G. Where ventilation comes from
individual fans, use EN 13779
52 | Reporting of building Results broken down for the whole 15.2,15.3.1,
and systems evaluation | building, each zone and each month, 15.3.2
with heating and cooling heat transfer
and energy needs as in section 15.3.1.
Input data reflection (as section 15.2) is
available on screen but is not printed
automatically, to reduce paper
consumption prior to final version.
53 | Climate related data Hourly climatic data are needed, even Annex A
though the calculation is monthly based,
in order to prepare the monthly values.
Data should include the parameters
required in CEN standard annex A
54 | Multi-zone calculation Not implemented in SBEM Annex B

with thermal coupling
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between zones

55 | Alternative formulation Not implemented in SBEM Annex D
for monthly cooling
method

56 | Heat loss of special Not implemented in SBEM Annex E

envelope elements
(e.g., ventilated walls)

57 | Solar gains of special Not implemented in SBEM. Annex F
elements (e.g.,
unconditioned
sunspaces, opaque
elements with
transparent insulation,
ventilated walls)

58 | Data for solar gains Refer to annex G Annex G

59 | Calculation of heat use | Not implemented in SBEM Annex H
in different heating
modes (e.g., if different
modes have different

COosts)
60 | Accuracy of the method | Not required for NCM Annex |
61 | Conventional input data | Not required for NCM — use activity area | Annex J
(to be used in the database
absence of national
data)

Table 8: Options chosen in the CEN standard EN ISO 13790:2004

4.1.1. Calculation method

SBEM adopts the quasi-steady state calculation method, calculating the heat balance over
a month. The monthly calculation gives reasonable results on an annual basis, but the
results for individual months close to the beginning and the end of the heating and cooling
season can have errors relative to the actual profile of cooling and heating demands.

In the quasi-steady state methods, the dynamic effects are taken into account by
introducing correlation factors:

For heating: a utilisation factor for the internal and solar heat sources takes account of the
fact that only part of the internal and solar heat sources is utilised to decrease the energy
demand for heating; the rest leading to an undesired increase of the internal temperature
above the set-point. In this approach, the heat balance ignores the non-utilised heat
sources, which is counterbalanced by the fact that it ignores at the same time the resulting
extra transmission and ventilation heat transfer from the space considered due to the
increased internal temperature above the set-point.

The effect of thermal inertia in case of intermittent heating or switch-off can be taken into
account by introducing an adjustment to the set-point temperature or a correction to the
calculated heat demand.

For cooling: (mirror image of the approach for heating) a utilisation factor for the
transmission and ventilation heat transfer takes account of the fact that only part of the
transmission and ventilation heat transfer is utilised to decrease the cooling needs, the
“non-utilised” transmission and ventilation heat transfers occur during periods or moments
(e.g., nights) when they have no effect on the cooling needs occurring during other periods
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or moments (e.g., days). In this approach, the heat balance ignores the non-utilised
transmission and ventilation heat transfer. This is counterbalanced by the fact that it ignores
that the cooling set-point is not always reached. With this formulation, it is explicitly shown
how the heat transfer attributes to the reduction of the building energy needs for cooling.

The effect of thermal inertia in the case of intermittent cooling or switch-off can be taken into
account by introducing an adjustment on the set-point temperature or an adjustment on the
calculated cooling needs.

4.1.2. Overall energy balances for building and systems

The building energy demand for heating and cooling is satisfied by the energy supply from
the heating and cooling systems. At the system level, the energy balance for heating and
cooling, if applicable, includes:

energy demand for heating and cooling of the building zones
energy from renewable energy systems

generation, storage, distribution, emission, and control losses of the space heating and
cooling systems

energy input to the space heating and cooling systems

special energy output from the space heating or cooling systems (export; e.g., electricity
from a combined heat and power installation)

The system energy balance may also include energy recovered in the system from various
sources.

The main terms of the (time-average) energy balance for heating and cooling are
schematically illustrated in Figure 4 and Figure 5, respectively.
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B Building Sys System
THT Transmission heat transfer Sys-HL System heat losses, not recovered (from
generation, transport, electronics, storage,
distribution, emission)
VHT Ventilation heat transfer HRH-8ys System heat losses, recovered in system
L THT+VHT HRW-Sys Heat from waste water, recovered in system
SHS Solar heat sources RE-H Renewable energy, heat e g. solar, ground,..)
IHS Internal heat sources (persons and appliances). RE-E Renewable energy, electric (PV)
Including heat recovered from hot water, heat
transferred to cold water, heat from lighting and fan
or pump dissipation
Heat from heating system: shown as separate flow:
see HR-Sys-L
L+ Mismatch between transmission and ventilation HR-B-=Sys Heat recovered in building (into the system)
heat transfer and solar and internal heat sources, e.g. ventilation exhaust air as source for heat
leading to average internal temperature higher than pump; heat from building mass into vent system,..
required
NH Energy need for space heating EXP-E Exported electricity, non-renewable
HRV-B Heat recovered in ventilation system (into the EXP-H Exported heat, non-renewable
building)
HR-Sys-L Heat recovered from system loss in building EXP-RE-E Exported electricity, from renewable source
(distribution, storage, emission, etc.)
EXP-RE-H Exported heat, from renewable source
1 Delivered energy, electricity
2 Delivered energy, gas or coal or oil or ...

NOTE: Cross-flows between heating and cooling are not shown

Figure 4: Energy balance of a building for space heating
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HRV-B Heat recovered in ventilation system (into the 1 Delivered energy, electricity

building, if not by-passed during cooling period)
CR-Sys-L Cold recovered from system loss in building 2 Delivered energy, (gas, coal, oil, eic)

(distribution, storage, emission, efc.)

NOTE: Cross-flows between heating and cooling are not shown

Figure 5: Energy balance of a building for space cooling

4.1.3. Boundary of the building

Firstly, the boundaries of the building for the calculation of energy demands for heating and
cooling are defined. Secondly, the building is, if necessary, divided into calculation zones.
The boundary of the building consists of all the building elements separating the conditioned
space or spaces under consideration from the external environment (air, ground, or water)
or from adjacent buildings or unconditioned spaces. Heat transfer between conditioned
spaces is ignored in SBEM.

The floor area within the boundary of the building is the useful floor area Ay of the building.
The dimension system used to calculate Aquses the internal dimensions of each zone’s
structural elements (i.e., the internal horizontal dimensions between the internal surfaces of
the external zone walls and half-way through the thickness of the internal zone walls) so
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that the area presented to the heat flux from inside the building coincides with the overall
internal dimensions.

4.1.4. Thermal zones
The building is partitioned into several zones (multi-zone calculation), taking no account of
thermal coupling between the zones.

For a multi-zone calculation without thermal coupling between zones (calculation with
uncoupled zones), any heat transfer by thermal conduction or by air movement is not taken
into account. The calculation with uncoupled zones is regarded as an independent series of
single zone calculations. However, boundary conditions and input data may be coupled, for
instance because different zones may share the same heating system or the same internal
heat source.

For zones sharing the same heating and cooling system, the energy demand for heating
and cooling is the sum of the energy demand calculated for the individual zones.

For zones not sharing the same heating and cooling system, the energy use for the building
is the sum of the energy use calculated for the individual zones.

4.1.5. Climate data
Hourly climatic data is needed for the preparation of monthly climatic values and climate
dependent coefficients. This data comprises at least:

Hourly external air temperature, in °C;

Hourly global and diffuse solar radiation at a horizontal plane, in W/m ? (and indicators
needed for the conversion of global solar radiation at a horizontal plane to incident
radiation at vertical and tilted planes at various orientations).

Local or meteorological wind speed, in m/s;

Wind direction

4.1.6. Calculation procedure for energy demand for space heating and cooling

The calculation procedure to obtain the energy demand for space heating and cooling of the
building or building zone is summarised below. For each building zone and for each
calculation period:

calculate the characteristics for the heat transfer by transmission
calculate the characteristics for the heat transfer by ventilation
calculate the heat gains from internal heat sources and solar heat sources

calculate the dynamic parameters (the gain utilisation factor for heating and the loss
utilisation factor for cooling)

calculate the building energy demand for heating, QnH, and the building energy demand
for cooling, Qnc
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4.1.7. Energy demand for heating

For each building zone, the energy demand for space heating for each calculation period
(month) is calculated according to:

ONe=QLH- el Y6H

subject to Quu 3 0

where (for each building zone, and for each month):

QnH is the building zone energy demand for heating, in MJ;

Q.n  isthe total heat transfer (losses) for the heating mode, in MJ;

Qsn are the total heat sources (gains) for the heating mode, in MJ;

hen  is the dimensionless gain utilisation factor. It is a function of mainly the gain-loss
ratio and the thermal inertia of the building.

If applicable, corrections are applied to account for holidays, according to the occupancy
schedules in the Activity database.

4.1.8. Energy demand for cooling

For each building zone, the energy demand for space cooling for each calculation period
(month) is calculated according to:

Quc = Qsc-hic.-Qc

subject to Quc?® 0

where (for each building zone, and for each month)

Qne  is the building zone energy demand for cooling, in MJ;

Q.c Iisthe total heat transfer (losses) for the cooling mode, in MJ;
Qsc are the total heat sources (gains) for the cooling mode, in MJ;

h.c is the dimensionless utilisation factor for heat losses. It is a function of mainly the
loss-gain ratio and inertia of the building.

If applicable, corrections are applied to account for holidays, according to the occupancy
schedules in the Activity database.

4.1.9. Total heat transfer (loss) and heat sources (gain)

The total heat transfer, Q, is given by:

Q=Qr+Q

where (for each building zone and for each month):

Q is the total heat transfer, in MJ;

Qr is the total heat transfer by transmission, in MJ;

Qv is the total heat transfer by ventilation, in MJ;

The total heat sources, Qg, of the building zone for a given calculation period, are:
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QG = Qi + Qs
where (for each building zone and for each calculation period):
Qe are the total heat sources, in MJ;

Q is the sum of internal heat sources over the given period, in MJ;
Qs is the sum of solar heat sources over the given period, in MJ.
4.1.10. Total heat transfer by transmission

The total heat transfer by transmission is calculated for each month and for each zone, z,
by:

Qr = é.k{HT,k "(Qi - qe’k)}xtxf

where (for each building zone, z and for each month)
Qr is the total heat transfer by transmission, in MJ;

Hrx is the heat transfer coefficient by transmission of element kto adjacent space(s),
environment, or zone(s) with temperature .y, in W/K;

i is the internal temperature of the building zone, in degrees Celsius; taken from the
Activity database (heating set-point);

ek is the external (outdoor) temperature (the monthly average temperature obtained
from the hourly weather data for the location) of element k, in degrees Celsius; taken from
the Weather database;

t is the duration of the calculation period, i.e., number of days in the month;
f is a factor for conversion from Wh to MJ.

The summation is done over all the building components separating the internal and the
external environments.

NOTE: The heat transfer or part of the heat transfer may have a negative sign during a
certain period.

4.1.10.1.Transmission heat transfer coefficients

The values for the heat transmission coefficient, Hry, of element k are calculated according
to EN ISO 13789:2005, taking into account the standards for specific elements, such as
windows (EN ISO 10077-1:2004), walls and roofs (EN 1ISO 6946:2005), and ground floor
(EN ISO 13370:2005).

The value for temperature .y is the value for the temperature of the external environment
of element Kk, for the following situations:

Heat transmission to external environment
Heat transmission to adjacent unconditioned space

Heat transmission to the ground

The transmission heat transfer coefficient through the building elements separating the
heated or cooled space and the external air is calculated by:
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where

Hy is the heat transfer coefficient by transmission of building envelope, in W/K;
A is the area of element i of the building envelope, in m?, (the dimensions of windows
and doors are taken as the dimensions of the aperture in the wall);
Ui is the thermal transmittance (U-value™®) of element i of the building envelope, in
W/(mz2-K);
I is the length of linear thermal bridge k, in m;

K is the linear thermal transmittance of linear thermal bridge k, in W/(m-K).

4.1.10.2.Thermal bridges:

The default values used in SBEM for the linear thermal transmittance, , of linear thermal
bridges are determined according to the method in BRE IP 1/06: Assessing the Effects of
Thermal Bridging at Junctions and around Openings . These are the values used in the
calculations unless the user overrides them, as described in Section 3.4.3.

4.1.11. Total heat transfer by ventilation

The total heat transfer by ventilation Qy is calculated for each month and for each zone zas
described in Section 4.2.

4.1.12. Heat gains

Heat gains result from a contribution from internal heat sources Q in the building, consisting
of occupants, lighting, appliances, and a contribution from solar heat through transparent
constructions Qs, and through opaque constructions Qsunnt.

The heat gains are calculated by

Qpain = Q + Quunt + Qsunynt

where:

Quain IS the heat gain per month, in MJ;

Q is the internal heat production, in MJ;

Qsunt IS the solar heat gain through transparent construction parts of the external
envelope, in MJ;

Qsunnt IS the solar heat gain through opaque construction parts of the external envelope, in
MJ;

1% The U-value for ground floors should be adjusted to account for insulation to counter the heat loss
through contact with the ground (as a function of the ratio of exposed perimeter to floor area and the
thermal resistance of the floor construction) following the guidance specified in section 3.5.2 of
"CIBSE Guide - Vol. A - 2007" (and 1ISO 13370:2007 — Thermal Performance of Buildings — Heat
Transfer via the Ground — Calculation Methods).
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