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Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings.
Preparation of Building Control Bill, Building Regulations and Code for Energy Efficiency and Compliance Mechanisms.

1 Executive Summary

Energy efficiency is widely accepted as the most cost effective way to mitigate climate change and
accounts for 50% of the potential to halve energy-related CO2 emissions by 2050.

This report has been prepared as background research to support the formulation of
recommendations for the development of Regulation and Code for Energy Efficiency and
Conservation in buildings for Mauritius.

The development for the above, is an initiative of the Ministry of Renewable Energy & Public
Utilities to meet the goal regarding energy efficiency in the building sector: 00058178/Removal of
Barriers to Energy Efficiency and Energy Conservation in Buildings — PS/MAR 2010/002, funded
by GEF/UNDP and AFD.

A number of documents are reviewed in this paper, including:

0 ICC International Energy Conservation Code 2009 (IECC)
ANSI/ASHRAE/IESNA Standard 90.1-2007
United Kingdom Building Regulations
Danish Building Regulation (BR0S)
Passiv Haus Standard
South African National Standard (SANS 204) (2008)
Energy Efficiency Considerations in the Botswana Building Regulation (2007) —
Draft
The RTAA DOM (Réglementation Thermique, Acoustique et Aération -
Départements d’Outre Mer)
0 Building Code of Australia (2009)
O Malaysia Guidelines for Energy Efficiency in Buildings (2007) MS1525
0 India Energy Conservation Building Code

Oo0oo0oo0oo0oo
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The documents have common threads although different approaches have been taken.

The review of these documents provides useful background information for the development and
implementation of the regulation, code and compliance mechanism, as well as the content of same.
A table is included in Section 3 providing an overview of the documents reviewed.

The criteria use for the table are:

Regulation method

Climate definitions

Building classification

Compliance method

Building Envelope

Heating, Ventilation, Air Conditioning (HVAC)
Lighting

Electrical power

Design guidelines

Alternative compliance method

OO0OO0OO0OO0OO0OOOO0OO
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Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings.
Preparation of Building Control Bill, Building Regulations and Code for Energy Efficiency and Compliance Mechanisms.

Section 15 provides a study of the relevance of the documents to Mauritius.
The potential barriers to the implementation of the code have been looked. The ones identified are:

Lack of awareness and tools

Absorptive capacity of stakeholders

Climatic conditions

Energy efficient equipment, materials and technologies — availability, knowledge
Lack of equipment testing/certification for local products

Lack of Life Cycle Costs analysis

Compliance procedures — additional resources required

Consumer behaviour — uptake by market

Potential threat of regulatory system abuse

OO0OO0OO0OO0OO0OO0OO0O

To conclude the recommendations are provided following the study and review of the documents.

The recommendations are that:

0 One climatic zone is to be determined and defined

0 The buildings to be categorized in two categories “Residential” and “Commercial”,
with a further possibility to differentiate “Existing” and “New”.

O Building systems to be included in the code are similar to those treated in the
reviewed documents: building envelope, HVAC, service hot water heating. Interior
and exterior lighting and electrical power and motors

0 The evaluation criteria to be the prescriptive requirements for the elements and
systems, rather than an overall building performance evaluation. This is mainly due
to the lack of data to create baselines, and the complexity of the exercise. As a first
step simple verification tools shall be developed. Overall building performance can
be added to the code once data has been collected from the Energy Audit
programme.

o0 Itis proposed to consider specifying solar hot water installations as a mandatory
requirement, but for certain types of buildings only. For instance, it should be
proposed for buildings which would have the highest usage of hot water, may be
excluded from this requirement.

0 It is recommended that a guidebook is developed for use with the code.

2 Introduction

Energy codes and standards provide minimum building requirements that are cost-effective in
improving energy efficiency in buildings. The latter is very important, as buildings are estimated to
account for about 30% of the energy consumption globally.

Mauritius being on the fast track of development, is experiencing a high rate of growth in new
buildings, with developments of luxurious resorts, shopping malls, residential and beach villas, and
other energy-intensive buildings. The initial design of a building can greatly influence the
building’s future energy footprint, and therefore the implementation of energy codes can set the
necessary standards for improving energy efficiency right at the beginning of a building project.

Energy codes are usually attached to the country’s Building Regulations or Building Act and cover
the technical specifications and methodologies towards achieving the minimum compliance
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Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings.
Preparation of Building Control Bill, Building Regulations and Code for Energy Efficiency and Compliance Mechanisms.

requirements. Some countries refer to their building energy regulations as codes and others as
standards. All building energy codes and standards generally set out the requirements for energy
efficiency, but they can differ in several aspects in different countries. The main differences lie in
the scope, the mandatory requirements, and compliance mechanisms.

Building energy codes usually cover issues such as thermal and solar properties of the building
envelope (walls, roofs, windows and other elements in contact with the external environment),
heating, ventilation and air conditioning (HVAC), hot water supply and lighting. Some codes and
standards may also cover issues such as natural ventilation and implementation of renewable
energy. In some countries, different issues are considered under different codes or standards. For
instance, the UK Building Regulations consist of fourteen “parts”, each covering specific issues
separately; such as Fire Safety (Part B), Ventilation (Part F), Sanitation (Part G), etc. The
requirements for energy efficiency in buildings are covered under Part L (Conservation of fuel and
Power).

This report covers the review of energy codes in several countries across the world, with the
purpose of analysing their historical backgrounds (code development and maintenance), compliance
mechanisms, minimum requirements of aspects such as the building envelope, building services
(HVAC, lighting, etc.), and contribution of renewable energy. The selection of countries was
mainly based on factors such as proximity to Mauritius, climatic conditions, similarity in living and
economic standards and access to different types of building materials. The energy codes selected
for review are those of Reunion Island, South Africa, Australia, India, Malaysia, Botswana,
England, Denmark and USA. Furthermore the voluntary energy efficiency approach Passive House
Standards has been reviewed as a standard that goes even beyond national building codes

The aim of this report is to provide an insight into the building energy codes being reviewed, and to
analyse how successful or unsuccessful their different approaches have been. Being in the initial
stages of developing its own energy codes, Mauritius will benefit from countries around the world
which have developed and implemented similar codes, by learning about issues such as how certain
challenges were addressed and what measures were taken to overcome any barriers towards
implementation of the energy codes.

2.1 Background

In 2009 Ministry of Renewable Energy & Public Utilities defined a Long-Term Energy Strategy
2009-2025 and Action Plan for The Republic of Mauritius. It puts great emphasis on developing the
energy sector up to 2025 including development of renewable energy, reduction of the
independence on imported fossil fuel and the promotion of energy efficiency.

One initiative to meet the goal regarding energy efficiency in the building sector is the project:
00058178/Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings —
PS/MAR 2010/002, funded by GEF/UNDP and AFD which includes consultancy for preparation
of:

A new Building Control Bill,

Building Code for Energy Efficiency,

Regulation to the new Building Control Bill on the subject of Energy Efficiency,
Compliance Mechanisms
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Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings.
Preparation of Building Control Bill, Building Regulations and Code for Energy Efficiency and Compliance Mechanisms.

As part of the project is to review International Best Practice for the Building Control Bill, in
relation to Energy Efficiency. The review collects, compare and evaluate selected International
Energy Standards, Regulations and Codes with the aim to form the basis for the following
development of Energy Efficiency related to the New Building Control Bill.

The overall project goal for the mother-project Removal of Barriers to Energy Efficiency and
Energy Conservation in Buildings is to reduce GHG emissions sustainably through a transformation
of the building energy efficiency market for existing and new buildings.

The project is intended to overcome barriers to energy efficiency in buildings in Mauritius and
reinforce the development of a market approach to improving residential and non-residential
building energy efficiency in both existing stock and future buildings.

2.2 Global Status of Energy Codes

During the past three decades, governments in both industrialized countries and the global south
have initiated policies to reduce energy consumption in buildings. Most of these policies can be
grouped into one of the following three categories: economic incentives (e.g. taxes, energy pricing),
informational programs (e.g. energy awareness campaigns, energy audits), or regulatory
requirements (e.g., codes or standards).

A comprehensive investigation on the worldwide status of energy standards for buildings in 81
countries has been carried out by Kathryn Janda, Senior Researcher, Lower Carbon Futures,
Environmental Change Institute, Oxford University. Data is gathered though an on-line survey,
reports and appropriate web-sites.
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Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings.
Preparation of Building Control Bill, Building Regulations and Code for Energy Efficiency and Compliance Mechanisms.
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Figure 1. Overview of Energy Codes prevalence in 81 countries, 2009.

It is found that in 2009 some 61 of the 81 countries have some kind of mandatory and/or voluntary
existing standard, 11 countries had proposed standards and 9 countries had no standards.

The survey also shows that even though many countries do not have energy standards for buildings,
there is evidence of other kind of programs to promote energy efficiency or energy conservation in
buildings. Initiatives like energy labeling for appliances are widespread among in many countries
not having general requirements to energy usage in buildings.

In the European Union, regulation for energy efficiency in buildings is mainly based on the
directive for Energy Performance in Buildings — Directive 2002/91/ED of the European Parliament
and of the Council of 16 December 2002 (EPBD). Each member countries have to set standards for
overall Energy Performance for buildings and require calculations as shown in the figure below. It
is up to each individual member state to develop models for energy performance, and requirement
shall be revised at least every 5 year. In these years, most of the states updates energy efficiency
standards every second year.
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Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings.
Preparation of Building Control Bill, Building Regulations and Code for Energy Efficiency and Compliance Mechanisms.

Annex 1

1. The methodology of calculation of enerngy performances of buildings shall include at least the
following aspects:

[a) Thermal characterstics of the building (shell and intermal partitions. etc.). These charactersics may
also include air-tightness;

[b) Heatimg installation and hot water supply, incuding their insulation charasctenstics;

(o) Air-conditioning installation;

() Ventilation;

{2) Buili-in lighting installation {mainly the non-residential sector);

[f) Paosition and arentstion of buildings, including cutdoor climate;

(g} Passive solar systems and solar protection;

{h} Matural ventilation;

[i} Indoor climatic conditions, including the designed indoor dimate.

Figure 2. Calculation requirements set in EPBD.

In North America and Canada each individual state is responsible for setting energy standards. The
ASHRAE standard (American Society of Heating, Refrigerating and Air-Conditioning Engineers
Inc) and IECC (International Energy Conservation Code) are mainly based on model codes built on
prescriptive efficiency requirements or trade off models where buildings are compared to a model
building. Most states have implemented regulations based on the ASHRAE standards for
commercial and larger residential buildings and the IECC codes for small residential buildings.

Australia and New Zealand has developed a very successful 5 star system for rating energy
efficiency in both residential and commercial buildings used to drive the marked towards a higher
efficiency than minimum requirements set by national government.

On behalf of an overall survey of international energy efficiency codes and standards a number of
appropriate codes have been selected for elaborated review related to Mauritius conditions.

3 Selected Codes and Standards

(Code [ Country |
USA
ICC International Energy Conservation Code 2009 (IECC) USA
ANSI/ASHRAE/IESNA Standard 90.1-2007 USA
EUROPE
United Kingdom Building Regulations England
Danish Building Regulation (BR0S) Denmark
Passiv Haus Standard Voluntary
AFRICA
South African National Standard (SANS 204) (2008) South Africa
Energy Efficiency Considerations in the Botswana Building Botswana
Regulation (2007) - Draft
ASIA - PACIFIC - INDIA
The RTAA DOM (Réglementation Thermique, Acoustique et Reunion
Aération - Départements d’Outre Mer)
Building Code of Australia (2009) Australia
(3} BULDGaEEN CoNSULTING B Darish Energy Management Wace: .




Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings.
Preparation of Building Control Bill, Building Regulations and Code for Energy Efficiency and Compliance Mechanisms.

Malaysia Guidelines for Energy Efficiency in Buildings (2007) Malaysia
MS 1525:
India Energy Conservation Building Code India

Figure 3. Selected Building Codes and Regulations

Tables 1a and 1b provide an overview of the reviewed documents under several criteria.
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Criteria\Standard

USA - IECC

India - ECBC

Malaysia

USA - ASHRAE

UK - Part L

Reunion - RTAA DOM

REGULATION
METHOD

Approval of a Standard
asa

Malaysian Standard is
governed by the
Standards of Malaysia
Act 1996 (Act 549).

MS 1525:2007 was
developed by the
Technical Committee on
Energy Efficiency in
Buildings under the
authority of the Building
and Civil Engineering
Industry Standards
Committee.

The energy efficiency
requirements are
conveyed in Part L of
Schedule 1 to the
current UK Building
Regulations (2006).

The RTAADOM is in
the form of a decree,
which amends the
“Code de la
construction et de
I’habitation” (Code of
construction and
housing) on specific
provisions for French
Overseas Departments.
The RTAA DOM only
came in force as of the
1st May 2010 and
therefore all
applications for a
building permit made
after this date, need to
comply with the
requirements of the
RTAA DOM.

The RTAA DOM sets
requirements for new
residential buildings in
the Overseas
Departments and
Territories of France,
which include the
departments of
Guadeloupe, Guyana,
Martinique and
Reunion Island.

COMPLIANCE
METHOD

The building shall
comply with the

Compliance will be
established if, the design

Compliance documents
shall  show all the

In order to meet the
requirements of the Part

The RTAA DOM
consists of three sets




Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings.

Preparation of Building Control Bill, Building Regulations and Code for Energy Efficiency and Compliance Mechanisms.

mandatory provisions,
wholebuilding
performance methods,
and the prescriptive
methods for either
envelope, HVAC or
lighting.
Administrative
requirements relating to
permit requirements,
enforcement,
interpretations,

claims of exemption,
approved calculation
methods, and rights of
appeal are specified by
the

authority having
jurisdiction.

building annual energy
use, does not exceed the
base building annual
energy use as calculated
by the same simulation
program; and if the
energy performance
rating for equipment or
components specified in
the design

building are not less than
the rating used to
calculate the base
building energy
consumption.
Exceptional compliance:
Utilisation of on-site
renewable energy
sources (such as
photovoltaic) or
siterecovered

energy, is encouraged or
exceed the energy used
by the design building as
simulated as per the
requirement here,
Modelling or simulation
of the Base building
need not be performed..
The annual energy
consumption of the
design building is
permitted to be reduced
by subtracting 100% of
the annual renewable
energy or siterecovered
energy utilised.

Sustainability consultancy services for the bulll snvirenmaent
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pertinent data and
features of the building,
equipment, and systems
in sufficient detail to
permit a determination
of compliance by the
building official and to
indicate compliance with
the requirements of this
standard. Supplemental
information necessary to
verify compliance with
this standard, such as
calculations, worksheets,
compliance forms,
vendor literature, or
other data, shall be
made available when
required by the building
official.

L of the UK Building
Regulations, buildings
are to meet the
minimum energy
performance
requirement specified in
the regulations. This is
referred to as the Target
CO2 Emission Rate (TER),
measured in
kg/m2/year. The actual
emission rate of a
building must be less
than TER in order to
comply with the Part L
requirements.

Since October 2008,
every new building is
required to have an
Energy Performance
Certificate (EPC), which
provides a diagnostic of
the building's general
information, energy
performance and
recommendations for
improvement.

A Display Energy
Certificate (DEC) is
required for public
buildings larger than
1000m2 which are
occupied or part
occupied by public
authorities or by
institutions providing
public services and
therefore frequently

of regulations: thermal
regulations,
regulations for
acoustics and
regulations for
ventilation. The RTAA
DOM sets out
requirements for the
minimum level of
performance that
needs to be achieved
for those aspects.
Compliance would be
to meet the
prescriptive
requirements of the
RTAA DOM.

Woee:
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Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings.

Preparation of Building Control Bill, Building Regulations and Code for Energy Efficiency and Compliance Mechanisms.

visited by the public.

BUILDING
CLASSIFICATION

Commercial and
residential

buildings or building
complexes that have a
connected load of
500kW or greater or a
contract demand of 600
kVA or greater

Commercial and
residential

New buildings and their
systems

New dwellings

New residential
buildings only

Except buildings that do
not use either electricity
or fossil fuel and,
equipment and portions
of building systems that
use energy primarily for
manufacturing processes

New portions of builings
and their systems

Existing dwellings

New systems and
equipment in existing
buildings

New non-domestic
buildings

Except for single-family
houses, multi-family
structures of three
stories or fewer above
grade, and
manufactured houses
(mobile homes and
modular)

Existing non-domestic
buildings

CLIMATE
DEFINITIONS

Three classes of climate
are defined, relating to
precipitation / moisture:
Marine, Moist and Dry.

Composite; hot and dry;
warm and humid;
moderate; cold

Unites States locations;
International locations

One climate zone is used
for the whole of UK.

The island is divided
into 2 climate zones:
windward and
downwind areas.

Sustainability consultancy services for the bulll snvirenmaent
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Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings.

Preparation of Building Control Bill, Building Regulations and Code for Energy Efficiency and Compliance Mechanisms.

Ten classes of climate are
defined relating to Dry
Bulb temperature
heating and cooling
degree days.

The codes however
sometimes refer to
areas at certain
altitudes (e.g. for
prescribing U-value or
solar factor limits)

Any particular climate
therefore falls into one
of the three moisture
classes and one of the
temperature classes.

BUILDING

ENVELOPE

Envelope The code includes | The mandatory The mandatory | Requirements for Requirements for the
specifications  for  U- | requirements specify requirements for | limiting U-values vary performance of the

factors, R-values for wall
and roof elements and
SHGC (solar heat gain
coefficient) values for
fenestration elements.

that U-factors, SHGCs
shall be determined, and
indicate how these shall
be determined, without
setting any requirements
for their values.

insulation, fenestration
and doors, and air
leakage shall be used to
determine compliance

depending on whether
building is new or
existing and whether
domestic and non-
domestic.

Different U-value
limitations are given for
existing buildings
depending on whether
the existing elements are
replaced, or retained
and upgraded.

building envelope are
specified to reduce the
solar gains.
Requirements are for
vertical and horizontal
structures.

It also includes
requirements for control
of air leakage and control
of moisture.

They also specify
maximum air leakage
rates for fenestrations
and doors as 2.0l/s-m2,
and require that all
openings in the envelope
be sealed.

Provision for
conditioned, semiheated
and unconditioned
spaces in the
prescriptive part, shall
be complied with

The building fabric
should be constructed to
a reasonable quality so
that:

a. The insulation is
reasonably continuous
over the whole building
envelope; and

b. the air permeability is

A structure is defined
as ‘horizontal’ if its
angle to the horizontal
plane as seen from
inside the building is
less than 60 degrees,
and a structure is
defined as ‘vertical’ if
its angle to the

Sustainability consultancy services for the bulll snvirenmaent
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Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings.

Preparation of Building Control Bill, Building Regulations and Code for Energy Efficiency and Compliance Mechanisms.

within reasonable limits.

horizontal plane as
seen from inside the
building is greater than
60 degrees.

The prescriptive
requirements are similar
to those for residential
buildings, but include
additional building
elements that are found
in commercial buildings.

For new domestic and
non-domestic buildings,
the Part L documents
state that a reasonable
limit for the design air
permeability is
10m3/(h.m2) @ 50 Pa.

Roofs

The R-value of the
insulating

material in commercial
buildings shall be based
on

construction  materials
used in the roof
assembly

Roofs are required to
comply with either a
max. assembly U-factor,
or min. R-value for
insulation. A minimum
reflectance of .7 is
required for roofs with
slope of <20°.

A maximum U-value is
defined for roofs that
have no skylights. For
roofs that do have
skylights, a Roof Thermal
Transfer Value (RTTV) is
defined that combines
the various thermal
transfer values for the
roof surfaces and
skylights into one value.
It has units of Watts per

metre squared (W/m?).

Tables 5.5-1 through 5.5-
8. Skylight curbs shall be
insulated to the level of
roofs with insulation
entirely above deck or R-
5, whichever is less.

For new domestic and
non-domestic buildings,
all roof types need to
comply with an area-
weighted limiting U-
value of 0.25 and
individual roof element
limiting U-value of 0.35.

For existing buildings,
different limiting U-
values are provided for
new roof element in
extensions, depending
on whether itis pitched
roof with insulation at
ceiling level, pitched roof
with insulation at rafter
level, and flat roof with
integral insulation.

A “solar factor” S is
specified for opaque
roofs as follows: S <
0.03

In the higher zones of
Reunion (atitudes >
800m), a minimum
insulation is required
for roofs, and is
defined by limiting U-
value of 0.5 W/m?2.K.

Sustainability consultancy services for the bulll snvirenmaent
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Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings.
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Daylight credits are | High  Albedo  roofs; Roofs should not to

allowed for skylights, | above-grade wall contain any windows

subject to certain | insulation; below-grade or transparent/

conditions. wall insulation; floor translucent material,
insulation; slab-on- except for buildings
Grade floor insulation; which are located at an
opaque doors altitude greater than

800m.

Opaque walls Walls are classified as | Similarly,  walls  are | The approach to the | R-values, U-factor, C- | For new domestic and The “solar factor” S'is
above-grade and below- | required to comply with | building envelope is to | factor or F-factor non-domestic buildings, | specified for opaque
grade walls. They comply | either a max. assembly | define an Overall the limiting U-value is walls as follows: S <
with a mimimum R-value | U-factor, or min. R-value | Thermal Transfer Value 0.35 for walls. 0.09
for insulation for insulation. (OTTV). This is a

weighted summation of In existing buildings, for In the higher zones of
the thermal transfer new roof in an Reunion (atitudes >
properties of all the extension, the limiting 800m), the limiting U-
envelope elements that wall U-value = 0.3 value required for
make up the walls of the walls is 2.0 W/m?2.K.
building. (This is not Retained walls should be
specifically stated, but upgraded to U-value
can be assumed from 0.35 if the existing wall
the definition and the U-value > 0.7
later sections of the
Code that define
properties for other
envelope elements
including the roof and
the floor.) It has units of
Watts per metre squared
(W/m?).
~ ® Danish Energy Management \YF‘
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Fenestration

For vertical fenestration,
maximum U-factor and
SHGC are based on the

Fenestration
requirements include
the following: Maximum

Gross wall areas and
gross roof areas shall be
calculated separately for

In new domestic and
non-domestic buildings,
windows and curtain

The solar factor
requirement for
windows has been set

window projection | area weighted U-factor, each space-conditioning | walling area-weighted U- | as follows in RTAA
factor. and Maximum area category for the | value should be <0.22 DOM:
weighted SHGC. Vertical purposes of determining
fenestration is limited to compliance In existing buildings, Windows adjacent to
max. 40% of gross wall retained windows should | an air-conditioned
area in the Prescriptive comply with overall space: $<0.25
Method. limiting U-values or be
upgraded. Windows adjacent to
Upgraded windows an un-conditioned
should comply with an space: S<0.65
overall limiting U-value
of 1.8, or 1.2 if measured
at centre pane.
U-factors and SHGC,
fenestration area
Building envelope A trade-off option is
trade-off allowed whereby
improved performance
in one envelope element
can be offset against
lower performance in
another.
HVAC
Mechanical Control  systems are Various requirements for | Minimum equipment | For non-domestic Where mechanical
systems required to include a HVAC systems are | efficiencies - standard | buildings, the ventilation is required,
thermostat for each specified rating and operating | performance of air minimum air extraction
zone. conditions, and | handling plant would rates are specified for
nonstandard conditions need to consist of: different types of
a. suitably efficient air houses (2 bed, 2 bed or
handling plant; and >3 bedrooms) and for
4 B DeikhEy e ‘Woea:
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b. effective control
systems.

different utility spaces
(kitchen, toilets, and
bathrooms).

Specifications are
included for insulation of
ducts, etc.

Sizing method to be
based on the ASHRAE
handbook, with indoor
conditions specified;
control systems; CoP for
various equipment types

Mechanical systems are
to be sized in accordance
with  Code M1401.3
International Residential
Code.

Table 35 of the Non-
domestic Heating,
Cooling and Ventilation
Compliance Guide (NBS,
2006) specifies the
limits to (Specific Fan
Power) SFP of
mechanical ventilation
systems in new
buildings.

For living spaces, the
following minimum
outdoor air exchange
rates are required :

* Bedrooms: 2 20
m3/h

e Living room/ dining
room/ lounge: > 40
m3/h

Design loads shall be
determined in
accordance with the
procedures described in

For domestic buildings,
reasonable provision
would be to install
mechanical ventilation

The mechanical
ventilation systems
have the option to be
switched off by means

the ASHRAE systems which also have | of control equipment
Fundamentals specific fan powers and when air conditioning
Handbook. heat recovery efficiency | is not in use.
not worse than the
following:
~ ® Danish Energy Management
) A e of Dareh Mrsagestaat Group BE 16/126
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HVAC system
performance
requirements are

specified, e.g. COP for a
wide range of different
equipment types.

SFP for continuous
supply and continuous
extract =0.8 L/s.W

SFP for balanced systems
=2.0L/s.W

Heat recoevery
efficiency = 66%

In addition, all living
spaces should make
provision for the later
connection of a ceiling
fan or

have a ceiling fan
installed as from the
construction of the
building.

More detailed control
requirements are
specified than those for
residential buildings,
including a requirement
for a deadband between
heating and cooling
setpoints, and setback
controls for zones that

are not continuously
occupied.
HVAC system
construction and
insulation
Natural Ventilation shall be in | Natural ventilation s It is required that there
ventilation accordance with Chapter | required to comply with is an uninterrupted

4 of the International
Mechanical Code

the design guidelines for
natural ventilation in
National Building Code
of India.

flow of air through the
living spaces of the
building via external
openings, by designing
the building such that
there are openings on
different orientations
of the building and in
internal walls
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Minimum equipment
efficiencies (COP) are
specified for a number of
types of equipment.
Others are required to
conform to AHSRAE
90.1-2004 #6.4.1.

Openings ae required
in at least two facades
in different
orientations, and the
minimum area of
window openings for
buildings at an altitude
< 400m is 20% opening
area on one facade.
For buildings at an
altitude between 400m
and 800m, at least 15%
opening is required on
one fagade. Buildings
at an altitude greater
than 800m do not have
a minimum
requirement with
regards to window-to-
wall ratio.

Limits are also
provided for the
positioning of windows
for better natural
ventilation.
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HVAC equipment
control

Requirements specified
for thermostatic controls
with a deadband of
2.8°C, off-hour controls,
shutoff damper controls,
snow melt system
controls

Requirements for
control systems include
timeclocks and

thermostats  with a
deadband of 3°C, with
separate  heating /
cooling equipment
thermostats interlocked
to prevent simultaneous
heating / cooling.

Load calculations; zone
thermostatic  controls;

setpoint overlap
restrictions; off-hour
controls; ventilation

system controls; heat
pump auxiliary heat
control; air system and
design control; hydronic
system  design  and
control

Min. control for cooling
plant: Multiple cooling
modules should be
provided with controls
to provide the most

effi cient operating
modes for the combined
plant.

Min. control for cooling
system: Each terminal
unit capable of providing
cooling must be capable
of time and
temperature control
either by its own, or
remote, controls

¢ |n any given zone
simultaneous heating
and cooling shall be
prevented by a

suitable interlock

HVAC
prescriptive
requirements

Prescritive requirements
for smaller HVAC systems
include economisers and
variable flow hydronic
systems.

Prescritive requirements
for smaller HVAC
systems include
economisers and
variable flow hydronic
systems.

For air-conditioned
buildings or rooms
with air conditioning,
adequate ventilation
within these areas is to
be provided as per the
provisions for
mechanical ventilation.

Larger  systems are
required to comply with
ASHRAE 90.1-2004 #6.5.
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Energy recovery

Energy recovery
ventilation systems are
required, with some
exceptions.

Exhaust air;  service
water heating

Exhaust hoods
energy recovery

Kitchen hoods; fume
hoods

Duct and pipe

Duct and pipe insulation
and leakage are
controlled.

Insulation and sealing of
pipework and ducts are
specified.

Duct and plenum
insulation and leakage;
piping insulation

Reasonable provision
would be demonstrated
by insulating pipes, ducts
and vessels to standards
that are not worse than
those set out in the Non-
domestic Heating,
Cooling and Ventilation
Compliance Guide (NBS,
2006) and Domestic
Heating Compliance
Guide (NBS, 2006).

Service water
heating

Service water heating
requirements are
specified, including
efficiency of the heating
equipment and various
requirements for the
distribution and control
systems.

Solar water heaters or
heat recovery systems
must be provided to
supply at least 20% of
design  capacity for
residential facilities,
hotels and hospitals.

Load calculations,
equipment  efficiency,
service hot water piping
insulation, service hot
water heating system
controls, pools, heat
traps

Guidance in the Non-
domestic Heating,
Cooling and Ventilation
Compliance Guide (NBS,
2006) and Domestic
Heating Compliance
Guide (NBS, 2006)
should be followed, with
regards to:

a. the use of an
appliance with an
efficiency not less than
that recommended for
its type and;

b. the provision of
controls that meet the
minimum control
requirements for the
particular type of

According to the RTAA
DOM requirements, all
new homes must be
fitted with a solar hot
water system, which
should amount to at
least 50% of the hot
water demand.

® Danish Energy Management ‘s‘
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appliance and heat
distribution system.

Heated pools are
required to have a cover,
unless solar heated

LIGHTING

Automatic  shut  off | Occupancy sensors in | Recommended average | Lighting control - | For office, industrial and
control  (typically by | buildings >500m2 for | lighting levels for various | automatic lighting shut- | storage areas in all
occupancy sensors) is | offices <30m2, meeting | activities are specified. off; space control building types, the
required for buildings | rooms, classrooms and average initial efficacy
>465m?2. storage spaces. should be no less than
45 luminaire-
lumens/circuit-Watt.
Daylight switches are | Switches in each room. Maximum lighting loads For any other non-

required to all exterior
lights.

(W/m?) are specified for
different  classes of
buildings.

domestic buildings, an
average initial (100 hour)
lamp plus ballast efficacy
of not less than 50 lamp
lumens per circuit-Watt
is required.
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Lighting power is
controlled by specifying
maximum installed
capacity for various
indoor and outdoor
spaces, generally in

terms of W/m2.

Daylight dimmer
switches in daylighted
areas >25ma2.

Lighting control
requirements are
specified to ensure that
lights can be switched
off when not needed,
and to allow daylight
energy savings strategies
to be implemented.

For domestic buildings,
the requirement is to
provide lighting fittings
(including lamp, control
gear and an appropriate
housing, reflector, shade
or diffuser or other
device for controlling the
output light) that only
take lamps having a
luminous efficacy
greater than 40 lumens
per circuit-Watt.

Lighting systems shall be
provided with controls

Daylight switch to all
exterior lights.

Lighting controls should
be present so as to avoid
unnecessary lighting
during the times when
daylight levels are
adequate or when
spaces are unoccupied.

Interior lighting
power

Two alternative methods
are provided for
determining the max.
interior lighting power.

Building area method or
space-by-space method

Exterior lighting
power

Limits to exterior lighting
power are defined for
various locations, such
as entrances, exits and
facades.

All exterior lighting shall
have automatic controls
capable of turning off
exterior lighting when
sufficient  daylight is
available or when the
lighting is not required
during nighttime hours

ELECTRICAL
POWER
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Electrical power

metering
energy
consumed

electrical | Transformer losses.;
Energy efficiency
motors; Power factor
correction; Metering

requirements

Various requirements for
electrical power and
distribution are
specified, including limits
to the sizing of motors,
minimum motor
efficiencies, power
factor correction, etc.

DESIGN
GUIDELINES

Architectural and
passive design

The Code includes a
section on design

strategy strategies for achieving
energy efficiency
including the following
aspects:
Orientation and
geometry; Arrangement
of windows and other
fenestration elements;
Sunpath diagram;
Facade design; Natural
ventilation; Strategic
landscaping

ALTERNATIVE

COMPLIANCE

METHODS
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Simulated Simulated performance
performance may be used as an
alternative alternative to the

‘deemed to  satisfy’
requirements. In this
case the applicant is
required to demonstrate
that the proposed
building has equivalent
or lower energy cost
than a standard
reference building that
meets the ‘deemed to
satisfy’ requirements,
using  software that
meets certain standards.

Specifications are given
for the characteristics of
both the standard
reference building and
the proposed building.

Simulated The simulated
performance performance alternative
alternative applies in the same way
as for residential
buildings.
(Commercial energy
efficiency)

ASHRAE/IESNA Standard
90.1, Energy Standard for
Buildings Except for Low-
Rise Residential
Buildings, may be used as
an alternative to this
code.

Table 1a. Overview of reviewed documents

® Danish Energy Managemen Q‘
) A part of Dharis Manig m 24/126

Sustainability consultancy services for the bulll snvirenmaent




Criteria\Standard

Australia - BCA

Denmark

Passiv House Standard

South Africa

Botswana

REGULATION METHOD

The BCA is given legal
effect by building
regulatory legislation in
each State and Territory.
This legislation consists of
an Act of Parliament and
subordinate legislation
which empowers the
regulation of certain
aspects of buildings and
structures, and contains
the administrative
provisions necessary to
give effect to the
legislation.

Any provision of the BCA
may be overridden by, or
subject to, State or
Territory legislation and
therefore the BCA must be
read in conjunction with
that legislation.
Compliance with the
Performance
Requirements can only be
achieved by:

(a) complying with the
Deemed-to-Satisfy
Provisions; or

(b) formulating an
Alternative Solution which:
(i) complies with the
Performance
Requirements; or

(i) is shown to be at least
equivalent to the Deemed-

The Danish Building
Regulation dated 2008
(BRO8) is a national and
mandatory regulation that
describes the overall
functional requirements
related to erection of all
new buildings, extensions
to buildings, conservation
of and any other
alterations to buildings and
any significant change of
use of buildings and finally
with the demolition of
buildings.

Any building permit
application much include a
calculation of the building
energy consumption or a
calculation of heat loss
depending on building
type and heating level. All
calculations much be done
in accordance to methods
set out in SBI Guideline
213 Energy Demands of
Buildings (energy frames)
or DS 418 Calculation of
heat loss from buildings
(individual constructions).
The energy performance
framework covers the total
needs of the building for
supplied energy for
heating, cooling, domestic
hot water and electricity.

The Passive House concept
isin general a
comprehensive voluntary,
beyound standard
approach to cost-efficient,
high quality, healthy and
sustainable
construction.The definition
of a Passive House is:

“A building in which a
comfortable indoor
climate can be obtained
without a traditional

heating or cooling system”.

A Passive House Certificate
can be obtained for two
different building classes —
Buildings for Residential
Use and Buildings for Non-
Residential use.
Verification of energy
design for a Passive House
must be carried out with
the aid of the 'Passive
House Planning Package'
(PHPP). At the core of the
package are worksheets
for heating energy
balances (annual demand
or monthly method), heat
distribution and supply,
electricity demand and
primary energy demand.

In October 2008 the SANS
204 was published as a
National Standard for
“Energy Efficiency in
Buildings “. The South African
National Standards for
Energy Efficiency is currently
a voluntary standard
including 3 parts, but are
expected to become part of
the SANS 10400 National
Building Code later in 2010,
whereupon it will be
compulsory for all new
buildings to comply with
these minimum standards.
Compliance with the SANS
204 requirement shall be
done through a rational
design prepared by a
competent person (qualified
mechanical or electrical
engineer), by:

e Demonstrating that
requirements for a maximum
energy demand depending
on building classification and
climate zone are met

* Providing a certificate of
compliance to the local
authority as part of the
requirements for obtaining
an occupancy certificate.

e For artificially ventilated or
air-conditioned buildings the
energy rating shall be

A Draft Energy Code for
Buildings in Botswana has
been prepared in 2007.
The code is largely based
on The Building Code of
Australia (BCA) and the
IEEC Energy Code focusing
on large scale buildings
and is under
implementation in the
existing Building
Regulation.

The code apply to all
buildings with a floor area
of more than 500 m2 other
than simgle dwelling
residential buildings.

Each Code section includes
statements of
“Performance
Requirements” consisting
of conceptual qualitative
requirements. In the first
version of the code
guantitative requirements
are avoided since these
may vary due to the
different climate zones in
the country, but can easily
be amended in future.

For each performance
requirement “deemed-to-
satisfy” provision that is
approved as meeting the
requirements are defined.
Alternative solutions in
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to-Satisfy Provisions; or
(c) a combination of (a)
and (b).

Electricity is not included
in dwellings.

Even if the energy
performance framework
has been complied with,
the design transmission
loss (excluding the loss
from windows and doors),
may not exceed certain
values.

displayed through annually
reports on energy usage.
SANS 204 - Part 1 covers the
occupancies of public
buildings, offices and hotels;
other buildings shall comply
with the provisions of SANS
204-2and 3

order to meet the overall
performance requirements
may be proposed, but shall
be supported by an
approved assessment
method (building
simulation programs e.g.).

COMPLIANCE METHODS

Any building permit
application much include a
calculation of the building
energy consumption or a
calculation of heat loss
depending on building
type and heating level. All
calculations much be done
in accordance to methods
set out in SBI Guideline
213 Energy Demands of
Buildings (energy frames)
or DS 418 Calculation of
heat loss from buildings
(individual constructions).

Verification of energy
design for a Passive House
must be carried out with
the aid of the 'Passive
House Planning Package'
(PHPP). At the core of the
package are worksheets
for heating energy
balances (annual demand
or monthly method), heat
distribution and supply,
electricity demand and
primary energy demand.

A comprehensive checklist
defines the minimum
criteria for the content of
calculations. Furthermore
the following
documentations shall be
delivered together with
the application:

e Drawings
e Technical
Specifications and

Compliance with the SANS
204 requirement shall be
done through a rational
design prepared by a
competent person (qualified
mechanical or electrical
engineer), by:

e Demonstrating that
requirements for a
maximum energy
demand depending
on building
classification and
climate zone are
met

e Providing a
certificate of
compliance to the
local authority as
part of the
requirements for
obtaining an
occupancy
certificate.

e  For artificially

Each Code section includes
statements of
“Performance
Requirements” consisting
of conceptual qualitative
requirements. In the first
version of the code
quantitative requirements
are avoided since these
may vary due to the
different climate zones in
the country, but can easily
be amended in future.

For each performance
requirement “deemed-to-
satisfy” provision that is
approved as meeting the
requirements, e.g.
maximum U-values for
specific building
components. Alternative
solutions in order to meet
the overall performance
requirements may be
proposed, but shall be
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data sheet for
energy consuming
appliances

e Verification of air
tightness in the
building envelope

ventilated or air-
conditioned
buildings the
energy rating shall
be displayed
through annually
reports on energy
usage.
The building service systems
should be inspected by a
responsible person (building
owner/person acting on his
behalf) and a certificate
should be provided to the
local authority.

supported by an approved
assessment method
(building simulation
programs e.g.).

BUILDING CLASSIFICATION

Different dwelling types

New buildings

Residential buildings

All new buildings except
government subsidized
housing

All buildings with a floor
area greater than 500 m2
other than single dwelling
residential buildings

Office buildings used for
professional or commercial
purposes

Extensions to buildings

Non-residential buildings

Building which is for
carpark or storage or
display of goods for
wholesale

Conservation of and any
other alterations to
buildings and any
significant change of use of
buildings

Sustainability consultancy services for the bulll snvirenmaent
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Laboratory

Demolition of buildings

Public building

Non-habitable building

CLIMATE DEFINITIONS

8 climatic zones are
defined, ranging from
Northern areas to
Southern "Alpine" areas

One Climatic Zone:
Temperate Climate

Temperate Climate;
Central Europe locations

Six climatic zones defined for
interior/coastal areal; Cold,
temperated, hot, sub-
tropical, arid

No defintion of Climatic
Zones in draft code.

BUILDING ENVELOPE

Envelope

Building envelope
performance requirements
are specified for roofs and
ceilings, walls and floors,
and are generally divided
for various building classes
and climate zones.
Building envelope
performance requirements
are specified through
limiting R-values.

Mandatory requirements
for U-values for all building
enevelope elements and
figures for linear heat loss
shall be complied with.
(Involves buildings heated
to at least 5 oC)

Mandatory requirements
for U-values for external
construction elements and
linear heat loss shall be
complied with.

Mandatory requirements for
R-values spcefied for
buildings envelope elements.

Building fabrics must have
a level of thermal
performance to facilitate
the efficient use of energy
for heating and cooling

Sufficient openings must
be provided and
distributed in a building so
that natural light, when
available, provides a level
of illuminance appropriate
to the function or use of
that part of the building.
Natural lighting must be
provided either through
windows or rooflights.

Mandatory requirements
for design transmission
loss may not exceed
specified values set for
single storey buildings and
multiple storey buildings.
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Air leakage in building
envelope may not exceed
1.51/sm2

Air leakage in building
envelope may not exceed
0.6 time the house volume
per hour, and must be
tested by a "Blower Door
Test"

Builiding envelope and
openings in specific climatic
zones shall be designed to
minimise infiltration. Sealing
or close fitting af ceiling, wall
and floorjunction are
required for some climatic
zones.

Roofs

Different R-values are
provided for roofs and
ceilings based on the
climate zone and the solar
abosrbance value of the
upper surface.

Reflective insulation shall be
installed and supported.

Thermal performance values
(U-values and SHGC) for roof
lights shall be complied with.

Alternative 1: Shall be
deemed to comply with
max. U-values for different
external surface
reflectances

Alternative 2: Annual
energy gain and max. Daily
heat gain shall not be more
than for a building
complying with Alternative
1.
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Opaque walls

R-values are prescribed for
external walls, except for
opaque non-glazed
openings in external walls
such as doors (including
garage doors), vents,
penetrations, shutters and
the like; and an earth
retaining wall or earth-
berm, in other than
climate zone 8.

The prescribed R-values
vary depending on the
climate zones.

There is flexibility on the R-
values prescribed,
whereby they can be
reduced if for example a
wall is south facing or
adequately shaded by an
overhang.

Shall have max. U-value of
2.5 W/m2K

Fenestration

The glazing in each storey,
including any mezzanine,
of a building must be
considered such that the
total U-Values and SHGCs
are assessed for the
combined effect of the
glass and frame, so as to
reduce air-conditioning
energy consumption
attributable to glazing.

Internal glazing need also
be assessed if it is located
between an un-
conditioned and
conditioned space.

Uw-value determination.
Characteristic values of
glazings and frames.
Determination of shading
coefficients and influence
of window orientation

Sustainability consultancy services for the bulll snvirenmaent
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The assessment of the
glazing performance is
done by considering the
“aggregate air-
conditioning energy value”
which is calculated by
adding the air-conditioning
energy value through each
glazing element

Aggregate conductance and
solar heat gain shall not
exceed table values.

Building envelope trade-off

Trade-off options is
allowed for individual
building elements, but
requirements for individual
U-values shall be complied
with

Trade-off options is allowed
for individual building
elements, but requirements
for individual U-values shall
be complied with

Trade-off options is
allowed for individual
building elements

HVAC

Mechanical systems

When the mechanical
ventilation is provided by
means other than an air-
conditioning system and
the air flow rate is more
than 1000 L/s, the system
should have a fan power to
air flow rate ratio of 0.5
W/(L/s) without filters or
0.75 W/(L/s) with filters for
a general mechanical
ventilation system.

Mechanical balanced
ventilation with heat
recovery is mandatory in
shool and day-care
facilities.

No central heating system
is allowed in passive
houses.

Various requirements for
HVAC systems are specified
for the two buildings classes
a) natural environmental
control and b) artificial
environmental control

Deemed-to-sastisfy
solutions shall comply with
sections from IECC.

ventilation system, must
be capable of being
deactivated when the
building or part of the
building served by that
system is not occupied.

Various efficiency and
max. power consumption
requirements for HVAC
systems are specified

Mchanical balanced
ventilation with heat
recovery

Efficiencies for cooling and
heating equipment shall be in
accordance with ASHRAE
90.1, listed in a table.
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For carpark exhaust, when
serving over 40 vehicles,
mechanical ventilation
should be controlled by an
atmospheric contaminant
monitoring system, and
should maintain an
average minimum air-
change rate of 0.5 ACH
other than when the
carpark is not occupied for
a period of more than 2
hours.

Ceiling fans are required as
part of compliance and
must be permanently
installed, have a speed
controller and serve the
whole room, with the floor
area that a single fan
serves not exceeding:

(i) 15 m2 if it has a blade
rotation diameter of not
less than 900 mm; and

(ii) 25 m2 if it has a blade
rotation diameter of not
less than 1200 mm.
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HVAC system construction and
insulation

Requirements for
insulation of piping and
storage tanks for hot water
shall be complied with

Recommendations for
design of piping and ducts.
Distribution losses; DHW
requirement and losses

Requirements for insulation
of piping and storage tanks
for hot water shall be
complied with

Natural ventilation

For adequate natural
ventilation, the building
must consist of permanent
openings, windows, doors
or other devices which can
be opened with an
aggregate opening or
openable size not less than
5% of the floor area of the
room required to be
ventilated.

Buildings with natural
environmental control shall
coply with requirements
defined in SANS 204-2:2008
on all topics regarding
building envelope, HVAC
sytems etc. as for other
buildings.
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Opening should be to a
suitably sized court, or
space open to the sky; or
an open verandah, carport,
or the like; or should
“borrow” natural
ventilation from an
adjoining room.
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HVAC equipment control

When serving more than
one sole-occupancy unit,
air-conditioning zone or
area with different heating
and cooling needs, the
system should:

(a) thermostatically control
the temperature of each
sole-occupancy unit, zone
or area; and

(b) not control the
temperature by mixing
actively heated air and
actively cooled air.

An air-conditioning unit or
system must be capable of
being deactivated when
building is not occupied.

In a Class 3 (communal
residential) building, the
system should not operate
when any external door,
including a door opening
to a balcony, patio,
courtyard or the like is
open for more than 1
minute.

The system should also be
capable of controlling the
temperature of a sole-
occupancy unit at a
different temperature
during sleeping periods
than during other periods

Heating and cooling
systems must be equipped
with automatic regulation
for individual control in
individual rooms. For
mechanical ventilation
VAV regulation shall be
possible.

Ventilation control
equipment

Air-conditioning system shall
be provides with control
systems for comfort puposes,
and systems shall be energy
efficient. Temperature,
humidity and zone control
systems are required in air-
conditioned facilities.
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HVAC prescriptive requirements

Other than where a
packaged air-conditioning
unit is used, the system
should have a variable
speed fan when its supply
air quantity is varied.
Where the air-conditioning
system provides the
required mechanical
ventilation, the system
should have an outdoor air
economy cycle.

Prescriptive requirements
for HVAC systems,
including heating, boilers,
oil fired boliers and small-
scale CHP-plants < 120 KW

Prescriptive requirements
for heat recovery units. Air
flow rates, exhaust
air/supply air balancing,
pressurization test results

Prescriptive requirements for
CAV and VAV Fan Systems;
Fan Motor Power. Pumps for
water side systems shall
comply with efficiency
requirements.

Energy recovery

Energy recovery in
ventilation and cooling
sytems

Energy recovery in ventilation
and cooling sytems

Exhaust hoods energy recovery

Duct and pipe

The HVAC system should
have any supply and return
ductwork adequately
sealed and insulated in
accordance with the
specifications of the code.

Duct, pipes and
adjustment equipment
shall be insulated.

Leakage of duct works shall
comply with SANS 10173.
Friction loss shall not exceed
specific figures.
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Service water heating

A hot water supply system
for food preparation and
sanitary purposes, other
than a solar hot water
supply system in climate
zones 1, 2 and 3, must be
designed and installed in
accordance with Section 8
of Australian Standards
AS/NZS 3500.4 (Plumbing
and drainage - Heated
water services).

Heaters must achieve a
thermal efficiency in
accordance with BS 7190
and use reticulated gas
where it is available at the
allotment boundary.

Calculation of the fraction
of DHW provided by the
solar system

SWH is mandatory in all new
buildings, unless it is not
technically feasible.
Minimum R-values for piping
insulation shall be met. Hot
water usage should be
minimized|,
recommendations are
provided in SANS 10152-1.
SWH shall cover at least 50%
of energy consumption for
Hot Water.

In buildings with a installed
water heating capacity
more than 10 W/m2 floor
area a minimum of 70%
consumption shall be
covered by SWH or process
waste heat recovery

Performance ratio of heat
generator Compact
building services unit.
Performance ratio of heat
generator

Boiler

LIGHTING

In a sole-occupancy unit of
a Class 2 building or a Class
4 part of a building, the
lamp power density or
illumination power density
of artificial lighting must
not exceed:

- within the building: 5
wW/m?2

- on a verandah or balcony
of the building: 4 W/m2.

Specific light levels for
various activities shall be
complied with

Caculations for lightning
are required

Minimum lighting level shall
be determined, and
recommendations for light
level, power and energy
consumption is listed in
table.

Electrical Lighting shall
comply with IECC section
505.
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Where lamps are used that
have a transformer or
ballast, the transformer or
ballast must be of the
electronic type.

Working areas, occupiable
rooms in sinstitutions,
teaching rooms, dining
areas and habitable rooms
must have sufficient
daylight access.

Working areas, occupiable
rooms in sinstitutions,
teaching rooms, dining areas
and habitable rooms must
have sufficient daylight
access.

Halogen lamps must be
separately switched from
fluorescent lamps.

Requirements for sufficient

daylight access shall be
complied with. Calculation
of daylight factors shall be
made.

Designers are encouraged to
use daylighting.

Guidelines and standards
specifies
recommendations for:
Lighting quality, -levels, -
control and -zoning.

Interior lighting power

Exterior lighting power

ELECTRICAL POWER

Electrical power

Various requirements for
minimum motor
efficiencies are specified.

Electricity requirements

Power Factor correction.

Electrical power shall
comply with IECC section
505.

Auxiliary electricity
requirements

Appliances (including
elevators/lifts) fitted in new
buildingsshall have an energy
rating where available and
office equipment as well
where applicable.

Sub-meters shall be
installed in multi-storey
buildings with floorarea
more than 500 m2. Each
floor > 500 m2 shall have
individual sub-meter.

DESIGN GUIDELINES
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Architectural and passive design
strategy

Guidance for building lay-
out, design and design
approached are available.
Guiding standard data and
soloutions are available for
orientation, geometry,
glazing arrangement etc.

Comprehensive design
guideline and checklist for
building lay-out, building
elements and all energy
consuming building
installations.

Guidelines for glazing
assesments and general
information on roof and
ceilings contructions.

Diagrams for building
orientation and energy
consumption for various
locations.

ALTERNATIVE COMPLIANCE
METHODS

Simulated performance alternative

Alternative solutions to the
deemed-to-satisfy solution
may be proposed, and may
include trade-offs between
different building elements
(not building systems). It is
accepted if it can be
documented with
computer simulations that
the alternative
performance matches
results from a deemed-to-
satisfy solution.

Simulated performance alternative

Table 1b. Overview of reviewed documents
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4 ICC International Energy Conservation Code 2009
(IECC)

4.1 Introduction

The International Energy Conservation Code (IECC) 2009 is a model code that regulates minimum
energy conservation requirements for new buildings. The code addresses energy conservation
requirements for all aspects of energy uses in both commercial and residential buildings.

The first edition of the IECC 1998 was based on the 1995 edition of the Model Energy Code
promulgated by the Council of American Building Officials (CABO).

41.1 Climate definitions
Three classes of climate are defined, relating to precipitation/moisture: Marine, Moist and Dry.

The climate zone for any location outside the United States shall be determined by applying Table
2(a) and then Table 2(b).

Table 2(a): International climate zone definitions
_____ MAJOR CLIMATE TYPE DEFINITIONS

Warm-humid Definition—Moist (A) locations where either of the following wet-bulb temperature conditions shall occur during the warmest
six consecutive months of the year:

1. 67°F (19.4°C) or higher for 3,000 or more hours; or
2. 73°F (22.8°C) or higher for 1,500 or more hours

Dry (B) Definition—Locations meeting the following criteria: Not marine and
P,<044 % (TF-195) [P, <20 % (TC+ 7) in SI units)
where:

P,, = Annual precipitation in inches (cm)

T = Annual mean temperature in °F (°C)

Moist (A) Definition—Laocations that are not marine and not dry.
For SI:  *C =[(*F)-32)/1.8; 1 inch = 2.54 cm.

Table 2(b): International climate zone definitions

ZONE THERMAL CRITERIA
NUMBER IP Units Si Units
1 9000 < CDD5A0°F 5000 < CDD10°C
2 6300 < CDD50°F < 9000 3500 < CDDI10°C < 5000
3A and 3B 4500 < CDD50°F < 6300 2500 < CDD10°C < 3500
AND HDD65°F < 5400 AND HDD18°C < 3000
4A and 4B CDD50°F < 4500 AND CDD10°C < 2500 AND
HDD®65°F < 5400 HDDI18°C < 3000
3C HDDB5°F < 3600 HDD18°C < 2000
1C 3600 < HDD65F < 5400 2000 < HDD18°C < 3000
5 5400 < HDD65°F < 7200 3000 < HDD18°C = 4000
6 7200 < HDD65°F < 9000 4000 < HDD18°C < 5000
7 9000 < HDD65°F < 12600 5000 < HDD18°C < 7000
8 12600 < HDDB5°F 7000 < HDD18°C

For SI: °C = [("F)-32]/1.8
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4.2 Administrative Provisions
4.2.1 Scope

The code is intended to provide flexibility to permit the use of innovative approaches and
techniques to achieve the effective use of energy. It is not intended to abridge safety, health or
environmental requirements contained in other applicable codes or ordinances. It is also not
intended to prevent the use of any material, method of construction, design or insulating system not
specifically prescribed herein, provided that such construction, design or insulating system has been
approved by the code official as meeting the intent of this code.

4.2.2 Applicability

The code shall not be used to require the removal, alteration or abandonment of, nor prevent the
continued use and maintenance of an existing building or building system lawfully in existence at
the time of adoption of the code. Historic buildings are also exempt from this code.

However, additions, alterations, renovations or repairs to an existing building, building system or
portion thereof shall conform to the provisions of this code as they relate to new construction
without requiring the unaltered portion(s) of the existing building or building system to comply
with this code.

Spaces undergoing a change in occupancy that would result in an increase in demand for either
fossil fuel or electrical energy shall comply with this code.

Any non-conditioned space that is altered to become conditioned space shall be required to be
brought into full compliance with this code.

Where a building includes both residential and commercial occupancies, each occupancy shall be
separately considered and meet the applicable provisions for residential and commercial buildings.

4.2.3 Enforcement mechanisms

Construction documents and other supporting data should be submitted in one or more sets with
each application for a permit.

The construction or work for which a permit is required shall be subject to inspection by the code
official. The building shall have a final inspection and not be occupied until approved. Moreover,
the building shall be re-inspected when any work or installation does not pass an initial test. The
code official is authorized to, in writing, suspend or revoke a notice of approval issued under the
provisions of this code wherever the certificate is issued in error or where it is determined that the
building is in violation of any ordinance or regulation or any of the provisions of this code.

A fee for each permit shall be paid as required, in accordance with the schedule as established by
the applicable governing authority. No permit will be issued until the fees have been paid nor shall
an amendment to a permit be released until the additional fee, if any, has been paid.
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Whenever the code official finds any work regulated by this code being performed in a manner
either contrary to the provisions of this code or dangerous or unsafe, the code official is authorized
to issue a stop work order. Any person who shall continue any work after having been served with a
stop work order, except such work as that person is directed to perform to remove a violation or
unsafe condition, shall be liable to a fine.

4.3 Code maintenance and development

The TECC is kept up to date through the review of proposed changes submitted by code enforcing
officials, industry representatives, design professionals and other interested parties.

The contents of the code are subject to change both through the Code Development Cycles and the
governmental body that enacts the code into law.

4.4 Building envelope

4.4.1 Residential Energy Efficiency

44.1.1 Building thermal envelope
The building thermal envelope shall meet the requirements of Table 1 based on the climate zone.

Table 3. Insulation and fenestration requirement by component

) CRANL
GLAZED WOOoD MASS BASEMENT"® SLAB® SPACE®
CLIMATE | FENESTRATION | SKYLIGHT" { FENESTRATION | CEILING | FRAME WALL WALL : FLOOR WALL RVALUE WALL
ZONE UFACTOR® | UFACTOR |  SHGC™® | RVALUE | RVALUE _|RVALUE' | RVALUE | RVALUE | & DEPTH | R-VALUE
1 12 0.75 0.30 30 13 34 13 0 0 0
2 0.65 0.75 0.30 30 13 4/6 13 0 0 0
3 0.50' 0.65 0.30 30 13 5/8 19 5/13¢ 0 513
4 except 0.35 0.60 NR 38 13 510 | 19 1013 | 10,28 | 1013
Marine
0 and 0.35 0.60 NR 38 | 200r13+5" | 1317 | 300 | 10413 | 10.2fi | 1013
Marine 4
6 0.35 0.60 NR 49 | 200r13+5% | 1519 | 308 1519 10,4t |_10/13
7and 8 035 0.60 NR 49 21 19/21 | 38 1519 | 10,41t | 1013

Three classes of climate are defined, relating to precipitation/moisture: Marine, Moist and Dry
(Figure 4).
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Figure 4. Climate zones
It also includes requirements for air leakage. The building envelope should be durably sealed to
limit infiltration.

An area-weighted average of fenestration products >50% glazed will be permitted to satisfy the
SHGC requirements; 1.4 m2 of glazed fenestration per dwelling unit would be exempt from U-

factor and SHGC requirements.

Windows, skylights and sliding glass doors shall have an air filtration rate of no more than 1.5
L/s/m2 and swinging doors no more than 2.6 L/s/m2.

Curtain wall, storefront glazing and commercial-glazed swinging entrance doors and revolving
doors shall be tested for air leakage at 75 Pa in accordance with ASTM E 283.

4.4.1.2 Mechanical Systems

Mechanical systems are to be sized in accordance with Code M1401.3 International Residential
Code

There should be at least one thermostat for each separate heating and cooling system.
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Specifications are included for insulation of ducts. Supply ducts in attics shall be insulated to a
minimum of R-8 and all other ducts shall be insulated to a minimum of R-6.
All ducts, air handlers, filter boxes and building cavities used as ducts shall be sealed.

Mechanical systems piping should be insulated to a minimum of R-2 for circulating hot water
systems.

Pools shall be provided with energy-conserving measures.
4.4.1.3 Simulated performance alternative

The analysis includes heating, cooling and service water heating energy only. Compliance based on
simulated energy analysis requires that a proposed design should have an annual energy cost that is
less or equal to the annual energy cost of the standard reference design using software that meets
certain standards.

Specifications are given for the characteristics of both the standard reference building and the

proposed building.
4.4.2 Commercial Energy Efficiency

The requirements of ASHRAE/IESNA Standard 90.1, Energy Standard for Buildings except for
Low-Rise Residential Buildings, can be used as an alternative to this code.

American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.

ASHRAE 1791 Tullie Circle, NE
Atlanta, GA 30329-2305

Standard Referenced
reference in code
number Title__ section number
119—88 (RA 2004) Alr Leakage Performance for Detached Single-family Residential Buildings. . ......................... Table 405.5.2(1}
1402007 Standard Method of Test for the Evaluation of Building Energy Analysis Computer Programs . . .................. 506.6.1
146—1998 Testing and Rating Pool Heaters. . .. .. ... ... 0 e e e Table 504.2
ANSI/ASHRAE/ACCA
Standard 183—2007 Peak Cooling and Heating Load Calculations in Buildings Except Low-rise Residential Buildings .. ............... 503.2.1
13256-1 (2005) Water-source Heat Pumps—Testing and Rating for Performance—Part 1: Water-to-air and

Brine-to-air Heat Pumps (ANSVASHRAE/AESNA 90.1-2004) .. .. ......oooit e Table 503.2.3(2)
90.1—2007 Energy Standard for Buildings Except Low-rise Residential Buildings

(ANSI/ASHRAEMESNA 90.1-2007) . . .. oo oottt e e e e 501.1, 501.2, 502.1.1, Table 502.2(2)
ASHRAE—2005 ASHRAE Handbook of Fundamentals . .. .......... ... ieine e, 402.1.4, Table 405.5.2(1)
ASHRAE—2004 ASHRAE HVAC Systems and Equipment Handbook-2004. ... ....... ... .. ... 0 i, 503.2.1

Iluminating Engineering Society of North America

IES N A 120 Wall Street, 17th Floor
New York, N 10005-4001

Standard Referenced
reference in code
number Title : section number
90.1-2004 Energy Standard for Buildings Except Low-rise Residential Buildings . ..............501.1, 501.2, 502.1.1, Table 502.2(2)

Figure 5. Lists of referenced standards applied
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4.4.2.1 Building Envelope

The prescriptive requirements include general insulation and fenestration criteria, U-factors,
specific insulation for roof assembly, walls (above-grade and below-grade walls), floors, slabs and
opaque doors and fenestration.

For vertical fenestration, the maximum U-factor and SHGC shall be as specified in Table xx, based
on the window projection factor.

Table 4. Building envelope requirements: Fenestration

4 5
CLIMATE ZONE 1 2 3 EXCEPT MARINE | AND MARINE 4 6 7 8
Vertical fenestration (40% maximum of above-grade wall)
U-factor
Framing materials other than metal with or without metal reinforcement or cladding
U-factor 1.20 0.75 [ 0.65 ‘ 0.40 0.35 0.35 0.35 0.35
Metal framing with or without thermal break
Curtain wall/storefront [ factor 1.0 0.70 0.60 0.50 0.45 i 045 0.40 0.40
Entrance door U-factor 1.20 1.10 0.90 0.85 0.80 0.80 0.80 0.80
All other U-factor® 1.20 0.75 0.65 0.55 0.55 0.55 0.45 0.45
SHGC-all frame types '
SHGC: PF < 0.25 0.25 0.25 025 0.40 0.40 0.40 0.45 0.45
SHGC: 0.25 <PF < 0.5 0.33 0.33 0.33 NR NR NR NR NR
SHGC: PF 2 0.5 0.40 0.40 0.40 NR NR NR NR NR
Skylights (3% maximum)
U-factor 0.75 0.75 0.65 0.60 0.60 0.60 0.60 0.60
SHGC 0.35 0.35 0.35 0.40 0.40 0.40 NR NR
NR = No requirement.
PF = Projection factor (see Section 502.3.2).
a. All others includes operable windows, fixed windows and nonentrance doors.
Canadian Standards Association
C S A 5060 Spectrum Way
Mississauga, Ontario, Canada L4W 5N6
Standard Referenced
reference in code
number Title section number
101/1.5.2/A440—08 Specifications for Windows, Deors and Unit Skylights. . .. .. ......... ... ... . 0o, 402.4.4, 502.4.1
National Fenestration Rating Council, Inc.
NFRC 6305 Ivy Lane, Suite 140
Greenbelt, MD 20770
Standard Referenced
reference in code
number Title section number
100—04 Procedure for Determining Fenestration Product U-factors—Second Edition. .. .....................c0oeiun... 303.1.3
200—04 Procedure for Determining Fenestration Product Solar Heat Gain Coefficients and
| Visible Transmittance at Normal Incidence—Second Edition ... ............. ... i, 303.1.3
400—04 Procedure for Determining Fenestration Product Air Leakage—Second Editlon. .. .. .................... 402.4.2, 502.4.1
2 BURD-GREEN CONSULTING ® Danish Energy Management \"H cosl
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Window and Door Manufacturers Association

WD M A 1400 East Touhy Avenue, Suite 470
) Des Plaines, 11. 60018

Standard Referenced
reference in (:(J(ic
number Title section number
AAMA/WDMA/CSA

101/1.5.2/A440—08 Specifications for Windows, Doors and Unit Skylights. ... ... ... oo, 402.4.4, 502.4.1

Figure 6. List of referenced standards

4.4.2.2 Mechanical Systems

Design loads shall be determined in accordance with the procedures described in the
ASHRAE/ACCA Standard 183. Alternatively, design loads shall be determined by an approved
equivalent computation procedure.

Heating and cooling equipment and systems capacity shall not exceed the loads calculated in
accordance with the above-mentioned procedures.

HVAC system performance requirements are specified. The efficiency shall be verified through
certification under an approved certification program or if no certification program exists, the
equipment efficiency ratings shall be supported by data furnished by the manufacturer.

Each heating and cooling system shall be provided with thermostatic controls. There is a
requirement for deadband of at least 2.8°C within which the supply of heating and cooling energy to
the zone is capable of being shut off or reduced to a minimum.

Natural or mechanical ventilation shall be provided in accordance with Chapter 4 of the
International Mechanical Code.

Duct and pipe insulation and leakage are controlled.

Ductwork shall be constructed and erected in accordance with the International Mechanical Code.
All supply and return air ducts shall be insulated with a minimum of R-5 insulation when located in
unconditioned spaces and a minimum of R-8 insulation when located outside the building. When
located within a building envelope assembly, the duct or plenum shall be separated from the
building exterior or unconditioned or exempt spaces by a minimum of R-8 insulation.

Service water heating requirements are specified. Service water-heating equipment shall be
provided with controls to allow a set point of 43°C for equipment serving dwelling units and 32°C
for equipment serving other occupancies. Piping shall be insulated for automatic-circulating hot
water systems.

4423 Electrical power and lighting systems

Lighting systems shall be provided with controls (e.g interior/exterior lighting controls, light
reduction controls, daylight zone control, sleeping unit controls).
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Buildings larger than 465 m? shall be equipped with an automatic control device to shut off lighting
in those areas.

Internally illuminated exit signs shall not exceed SW per side.

Lighting power is controlled by specifying maximum installed capacity for various indoor and
outdoor spaces, generally in terms of W/m2. The interior lighting power is the floor area for each

building area type. Table xx shows the interior lighting power allowances.

Table 5. Interior lighting power allowances

LIGHTING POWER DENSITY
Building Area Type® (WiRt%)
Automotive Facility 0.9 T
Convention Center 1.2
Court House 1.2
Dining: Bar Lounge/Leisure 1.3
Dining: Cafeteria/Fast Food 1.4
Dining: Family 1.6
Dormitory 1.0
Exercise Center 1.0
Gymnasium 1.1
Healthcare—clinic 1.0
Hospital 1.2
Hotel 1.0
Library 1.3
Manufacturing Facility 1.3
Matel 1.0
Motion Picture Theater 1.2
Multifamily 0.7
Museum 1.1
Office 1.0
Parking Garage 0.3
Penitentiary 1.0
Performing Arts Theater 1.6
Police/Fire Station 1.0
Post Office 1.1
Religious Building 1.3
Retail® 1.5
School/University 1.2
Sporis Arena 1.1
Town Hall 1.1

All exterior building grounds luminaires that operate at greater than 100 W shall contain lamps
having a minimum efficacy of 60 lumens per watt.
The exterior lighting zones are specified in Table xx.

Table 6.Exterior lighting zones
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LIGHTING ZONE _ DESCRIPTION

1 Developed areas of national parks, state parks,
forest land, and rural areas

Areas predominantly consisting of residential

2 zoning, neighborhood business districts, light
indusirial with limited nighttime use and
residential mixed use areas

3 All other areas

High-activity commercial disiricts in major
4 metropolitan areas as designated by the local
land use planning authority

In buildings having individual dwelling units, the electrical energy consumed by each tenant should
be determined by separately metering the individual dwelling units.

4.4.2.4 Total building performance

The following systems and loads shall be included in determining the total building performance:
heating systems, cooling systems, service water heating, fan systems, lighting power, receptacle
loads and process loads.

The simulated performance alternative applies in the same way as for residential buildings.

Performance analysis tools tested according to ASHRAE Standard 140 shall be permitted.

S ANSI/ASHRAE/IESNA Standard 90.1-2007

5.1 Introduction

The purpose of this standard is to provide minimum requirements for the energy efficient design of
buildings except low-rise residential buildings.

This standard shall not be used to circumvent any safety, health, or environmental requirements.
The provisions of this standard shall not be deemed to nullify any provision of local, state, or
federal law. Where there is a conflict between a requirement of this standard and such other law
affecting construction of the building, precedence shall be determined by the authority having
jurisdiction.

52 Administrative Provisions

5.2.1 Structure and scope

This standard provides:

(a) Minimum energy efficiency requirements for the design and construction of:
TING ® Danish Energy Management \?‘
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(b)
(1) New buildings and their systems
(2) New portions of buildings and their systems
(3) New systems and equipment in existing buildings
(c) Criteria for determining compliance with these requirements

The provisions of this standard apply to:
(a) The envelope of buildings, provided that the enclosed spaces are:

(1) Heated by a heating system whose output capacity is greater than or equal to 3.4
Btu/h.ft2 or

(2) Cooled by a cooling system whose sensible output capacity is greater than or equal
to 5 Btu/h.t2

(b) The following systems and equipment used in conjunction with buildings:

(1) Heating, ventilating, and air conditioning,

(2) Service water heating,

(3) Electric power distribution and metering provisions,
(4) Electric motors and belt drives, and

(5) Lighting

The provisions of this standard do not apply to:

(a) Single-family, multi-family structures of three-stories or fewer above grade, and
manufactures houses (mobile homes and modular)

(b) Buildings that do not use either electricity or fossil fuel

(c) Equipment and portions of building systems that use energy primarily to provide for

industrial, manufacturing or commercial processes
522 Compliance methods and tools

Compliance documents shall show all the pertinent data and features of the building, equipment,
and systems in sufficient detail to permit a determination of compliance by the building official and
to indicate compliance with the requirements of this standard. Supplemental information necessary
to verify compliance with this standard, such as calculations, worksheets, compliance forms, vendor
literature, or other data, shall be made available when required by the building official.

5.3 Code maintenance and development

The original standard 90 was published in 1975 and revised editions were published in 1980 and
1999 using the ANSI and ASHRAE periodic maintenance procedures. Based upon these
procedures, the entire standard was publicly reviewed and published in its entirety each time. As
technology and energy prices began changing more rapidly, however, the ASHRAE board of
Directors voted in 1999 to place the standard on continuous maintenance, permitting the standard to
be updated several times each year through the publication of approved addenda to the standard.
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Starting with the 2001 edition, the standard is now published in its entirety in the fall of every third
year. This schedule allows the standard to be submitted and proposed by the deadline for inclusion
or reference in model building and energy codes. All approved addenda and errata will be included
in the new edition every three years. This procedure allows users to have some certainty about when
new editions will be published.

54 Building envelope

54.1 U-factors and Solar Heat Gain Coefficients (SHGC)
U-factors and SHGC for Vertical fenestration and skylights shall not be greater than that specified
for all orientations in Tables 5.5-1 through 5.5-8, determined in accordance with National

Fenestration Rating Council (NFRC).

Exception for vertical fenestration SHGC values are as below:

(a) For vertical fenestration shaded by opaque permanent projections, the SHGC in the
building shall be reduced by using the multipliers in Table 5.5.4.4.1
(b) partial shading - PF shall be reduced by multiplying it by a factor which shall be

derived from
Os = (Ai - Oi) + (Af - Of) and then SHGC be reduced by using the multipliers in
Table 5.5.4.4.1 for each fenestration product

(©) vertical fenestration that is located on the street side of the street-level story (SLS)
only, provided that - (1) the SLS < 20 ft, (2) fenestration has a continuous overhang
with a weighted average PF > 0.5, (3) fenestration areas for street side of the SLS <75
% of gross wall area.

5.4.2 Air leakage

Important areas of the building envelope shall be sealed, caulked, gasketted, or weather-stripped to
minimize air leakage. Air leakage shall not exceed 1.0 cfm/ft2 for glazed swinging entrance doors
and for revolving doors and 0.4 cmf/ft2 for all other products.

54.3 Roofs and skylights

Total vertical fenestration area shall be less than 40 % of gross wall area and total skylight area
shall be less than 5 % of the gross roof area.

Skylight curbs shall be insulated to the level of roofs with insulation entirely above deck or R-5,
whichever is less.

For roofs, other than roofs over ventilated attics or roofs over semi-heated spaces or roofs over
conditioned spaces that are not cooled spaces, where exterior surface has (a) solar reflectance of
0.70, or (b) solar reflective index of 82. Roof insulation values shall be as specified in Tables 5.5-1
through 5.5-8 of the ASHRAE 90.1-2007.
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55 HVAC and Domestic hot water

55.1 Controls

Controls required for service water-heating equipment, 43 °C for dwelling units and 32 °C for other
occupancies.

Temperature controls shall be provided that allow for storage temperature adjustment from 120°F or
lower to a maximum temperature compatible with the intended use.

5.5.2 Energy recovery

Condenser heat recovery systems shall be installed for heating or preheating of service hot water
provided all of the following are true:

(a) Facility operates 24 hours a day

(b) Total installed heat rejection capacity of the water-cooled systems exceeds 6,000,000
Btu/h of heat rejection

(c) The design service water heating load exceeds 1,000,000 Btu/h

5.6 Lighting conditions

5.6.1 Control requirements include:

(a) Each space enclosed by ceiling-height partitions

(b) Interior/ exterior lighting, light reduction, daylight zone, sleeping unit

(c) Display/ accent lighting, case lighting, hotel and motel guest room lighting, task
lighting, non-visual lighting and demonstrating lighting

(d) All exterior applications not exempted in generals

(e) Lighting not designated for dusk-to-dawn operation (combination of a photosensor

and a time switch or an astronomical time switch)

5.6.2 Interior lighting

The installed interior lighting power for a building shall be calculated in accordance with the
'building area "method' (USA-ASHRAE STD 90.1-2007). An increase in the interior lighting power
allowances is permitted in the following cases:

(a) For spaces in which lighting is specified to be installed in addition to the general lighting for the
purpose of decorative appearance, such as chandelier-type luminaries or sconces or for highlighting
art or exhibits, provided that the additional lighting power shall not exceed 1.0 W/ft2 of such spaces

(b) For lighting equipment installed in sales areas and specifically designed and directed to
highlight merchandise
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5.6.3 Exterior lighting

Lighting for exterior building grounds luminaires which operate at greater than 100W shall contain
lamps having a minimum efficacy of 60 Im/W unless the luminaire is controlled by a motion sensor
or exempt under generals. Internally-illuminated exit signs shall not exceed SW per face.

A minimum of 50% of the lamps in permanently installed lighting fixtures shall be high-efficacy
lamps.

The total exterior lighting power allowance for all exterior building applications is the sum of the
individual lighting power densities permitted in Table 1.1 for these applications plus an additional
unrestricted allowance of 5 % of that sum. Trade-offs are allowed only among exterior lighting
applications listed in the Table 1.1 "Tradable surfaces".

5.7 Energy Cost Budget Method (ECBM)

The building ECBM is an alternative to the prerequisite provisions of this standard. It may be
employed for evaluating the compliance of all proposed designs except designs with no mechanical
system.

5.7.1 Trade-offs limited to Building Permit

When the building permit being sought applies to less than the whole building, only the calculation
parameters related to the systems to which the permit applies shall be allowed to vary. Parameters
relating to unmodified existing conditions or to future components shall be identical to both the
energy cost budget and the design energy cost calculations. Future building components shall meet
the prescriptive requirements detailed in the sections above.

5.7.2 Envelope limitation

Compliance will be achieved if:

(a) The design energy cost, as calculated in Table 7 below, does not exceed the energy
cost budget as calculated by the simulation program described in subsection 5.7.3
(b) The energy efficiency level of components specified in the building design meet or

exceed the efficiency levels used to calculate the design energy cost

Table 7. Modeling requirements for calculating design energy cost and energy cost budget
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No.

Proposed Building Design (Column A)
Design Energy Cost (DEC)

Budget Building Design (Column B)

Energy Cost Budget (ECB)

1. Design Model

a.

The simulation model of the proposed building design shall be consistent with the
design documents, including proper accounting of fenestration and opaque enve-
lope types and area; interior lighting power and controls; HVAC system types,
sizes, and controls; and service water heating systems and controls.

All conditioned spaces in the proposed building design shall be simulated as being
both heated and cooled even if no cooling or heating system is being installed.
When the energy cost budget method is applied to buildings in which energy-
related features have not yet been designed (e.g., a lighting system), those yet-to-
be-designed features shall be described in the proposed building design so that
they minimally comply with applicable mandatory and prescriptive requirements
from Sections 5 through 10. Where the space classification for a building is not
known, the building shall be categorized as an office building,

The budget building design shall be developed by
modifying the proposed design as described in this
table. Except as specifically instructed in this table,
all building systems and equipment shall be modeled
identically in the budget building design and pro-

posed building design.

2.

Additions and Alterations

It is acceptable to demonstrate compliance using building models that exclude parts
of the existing building provided all of the following conditions are met:
a.

b.

Work to be performed under the current permit application in excluded parts of the
building shall meet the requirements of Sections 5 through 10.

Excluded parts of the building are served by HVAC systems that are entirely sepa-
rate from those serving parts of the building that are included in the building
model.

Design space temperature and HVAC system operating setpoints and schedules, on
cither side of the boundary between included and excluded parts of the building,
are identical.

If a declining block or similar utility rate is being used in the analysis and the
excluded and included parts of the building are on the same utility meter, the rate
shall reflect the utility block or rate for the building plus the addition.

Same as proposed building design
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Proposed Building Design (Column A)
Design Energy Cost (DEC)

No.

Budget Building Design (Column B)
Energy Cost Budget (ECB)

3. Space Use Classification

The building type or space type classifications shall be chosen in accordance
with Section 9.5.1 or 9.6.1. The user or designer shall specify the space use
classifications using either the building type or space type categories but shall
not combine the two types of categories within a single permit application.
More than one building type category may be used for a building if it is a
mixed-use facility.

Same as proposed building design

4. Schedules

The schedule types listed in Section 11.2.1.1(b) shall be required input. The
schedules shall be typical of the proposed building type as determined by the
designer and approved by the authority having jurisdiction. Required sched-

ules shall be identical for the proposed building design and budget building
design,

Same as proposed building design

5. Building Envelope

All components of the building envelope in the proposed building design shall be
modeled as shown on architectural drawings or as installed for existing building enve-
lopes.

Exceptions: The following building elements are permitted to differ from architec-
tural drawings.

The budget building design shall have identical con-
ditioned floor area and identical exterior dimensions
and orientations as the proposed building design,
except as noted in (a), (b), and (c) in this clause.

a. Opaque assemblies such as roof, floors, doors,

Sustoinability consultancy sorvices for the bullt snvirenmant

a.  Any envelope assembly that covers less than 5% of the total area of that assembly and walls shall be modeled as having the same
type (e.g., exterior walls) need not be separately described. If not separately heat capacity as the proposed building design
described, the area of an envelope assembly must be added to the area of the adja- but with the minimum U-factor required in Sec-
cent assembly of that same type. tion 5.5 for new buildings or additions and Sec-

b.  Exterior surfaces whose azimuth orientation and tilt differ by no more than 45 tion 5.1.3 for alterations. :
degrees and are otherwise the same may be described as either a single surface or|b.  Roof albedo—All roof surfaces shall be modeled
by using multipliers. with a reflectivity of 0.3.

¢.  For exterior roofs other than roofs with ventilated attics, the roof surface may be|c.  Fenestration—No shading projections are to be
modeled with a reflectance of 0.45 if the reflectance of the proposed design roof is modeled; fenestration shall be assumed to be
greater than (.70 and its emiftance is greater than 0.75. The reflectance and emit- flush with the exterior wall or roof. If the fenes-
tance shall be tested in accordance with the Exception to Section 5.5.3.1. All other tration area for new buildings or additions
roof surfaces shall be modeled with a reflectance of 0.3. exceeds the maximum allowed by Section

d.  Manually operated fenestration shading devices such as blinds or shades shall not 5.5.4.2, the area shall be reduced proportionally
be madeled. Permanent shading devices such as fins, overhangs, and lightshelves along each exposure until the limit set in Section
shall be modeled. 5.5.4.2 is met. Fenestration U-factor shall be the

minimum required for the climate, and the
SHGC shall be the maximum allowed for the cli-
mate and orientation. The fenestration model for
envelope alterations shall reflect the limitations
on area, U-factor, and SHGC as described in
Section 5.1.3.

Exception: When trade-offs are made between an

addition and an existing building as described in the

Exception to Section 4.2.1.2, the envelope assump-

tions for the existing building in the budget building

design shall reflect existing conditions prior to any

revisions that are part of this permit.
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No Proposed Building Design (Column A)
’ Design Energy Cost (DEC)

Budget Building Design (Column B)
Energy Cost Budget (ECB)

6. Lighting

Lighting power in the proposed building design shall be determined as follows:

a.  Where a complete lighting system exists, the actual lighting power for each ther-
mal block shall be used in the model.

b.  Where a lighting system has been designed, lighting power shall be determined in
accordance with Sections 9.1.3 and 9.1 4.

c.  Where no lighting exists or is specified, lighting power shall be determined in
accordance with the Building Area Method for the appropriate building type.

d.  Lighting system power shall include all lighting system components shown or pro-
vided for on plans (including lamps, ballasts, task fixtures, and furniture-mounted
fixtures).

Lighting power in the budget building design shall
be determined using the same categorization proce-
dure (building area or space function) and categories
as the proposed building design with lighting power
set equal to the maximum allowed for the corre-
sponding method and category in either Section 9.5
or 9.6. Power for fixtures not included in the LPD
calculation shall be modeled identically in the pro-
posed building design and budget building design.
Lighting controls shall be the minimum required.

7. Thermal Blocks—HVAC Zones Designed

Where HVAC zonces are defined on HVAC design drawings, each HVAC zone shall be

modeled as a separate thermal block.

Exception: Different HVAC zones may be combined to create a single thermal block

or identical thermal blocks to which multipliers are applied provided all of the follow-

ing conditions are met:

a.  The space use classification is the same thronghout the thermal block.

b.  All HVAC zones in the thermal block that are adjacent to glazed exterior walls face
the same orientation or their orientations are within 45 degrees of each other.

¢ All of the zones are served by the same HVAC system or by the same kind of|
HVAC system.

Same as proposed building design

8. Thermal Blocks-—HVAC Zones Not Designed

Where the HVAC zones and systems have not yet been designed, thermal blocks shall
be defined based on similar internal load densities, occupancy, lighting, thermal and
space temperature schedules, and in combination with the following guidelines:

a.  Separate thermal blocks shall be assumed for interior and perimeter spaces. Inte-
rior spaces shall be those located more than 15 ft from an exterior wall. Perimeter
spaces shall be those located closer than 15 ft from an exterior wall.

b.  Separate thermal blocks shall be assumed for spaces adjacent to glazed exterior
walls; a separate zone shall be provided for each orientation, except orientations
that differ by no more than 45 degrees may be considered to be the same orienta-
tion. Each zone shall include all floor area that is 15 ft or less from a glazed perim-
eter wall, except that floor area within 15 ft of glazed perimeter walls having more
than one orientation shall be divided proportionately between zones.

c.  Separate thermal blocks shall be assumed for spaces having floors that are in con-
tact with the ground or exposed to ambient conditions from zones that do not share
these features.

d.  Separate thermal blocks shall be assumed for spaces having exterior ceiling or roof]
assemblies from zones that do not share these features.

Same as proposed building design

9. Thermal Blocks—Multifamily Residential Buildings

Residential spaces shall be modeled using one thermal block per space except that
those facing the same orientations may be combined into one thermal block. Corner
units and units with roof or floor loads shall only be combined with units sharing
these features.

Same as Proposed Design
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Proposed Building Design (Column A)
Design Energy Cost (DEC)

No.

Budget Building Design (Column B)
Energy Cost Budget (ECB)

10. HVAC Systems

The HVAC system type and all related performance parameters, such as equipment
capacities and efficiencies, in the proposed building design shall be determined as fol-
lows:

a. Where a complete HVAC system exists, the model shall reflect the actual system
type using actual component capacities and efficiencies.

Where an HVAC system has been designed, the HVAC model shall be consistent
with design documents. Mechanical equipment efficiencies shall be adjusted from
actual design conditions to the standard rating conditions specified in Section
6.4.1, if required by the simulation model.

Where no heating system exists or no heating system has been specified, the heat-
ing system shall be modeled as fossil fuel. The system characteristics shall be iden-
tical to the system modeled in the budget building design.

Where no cooling system exists or no cooling system has been specified, the cool-
ing system shall be modeled as an air-cooled single-zone system, one unit per ther-
mal block. The system characteristics shall be identical to the system modeled in
the budget building design.

b.

The HVAC system type and related performance
parameters for the budget building design shall be
determined from Figure 11.3.2, the system descrip-
tions in Table 11.3.2A and accompanying notes, and
in accord with rules specified in Section 11.3.2 (a)—(j)

11. Service Hot-Water Systems

The service hot-water system type and all related performance parameters, such as
equipment capacities and efficiencies, in the proposed building design shall be deter-
mined as follows:

a.  Where a complete service hot-water system exists, the model shall reflect the
actual system type using actual component capacities and efficiencies.

b.  Where a service hot-water system has been designed, the service hot-water model
shall be consistent with design documents.

¢ Where no service hot-water system exists or is specified, no service hot-water

heating shall be modeled.

The service hot-water system type and related per-
formance in the budget building design shall be iden-
tical to the proposed building design.

Exceptions:

a.  Where Section 7.5 applies, the boiler shall be
split into a separate space heating boiler and hot
water heater with efficiency requirements set fc
the least efficient allowed.

b.  For 24-hour-per-day facilities that meet the pre-

scriptive criteria for use of condenser heat recov-
ery systems described in Section 6.5.6.2, ¢
system meeting the requirements of that sectior
shall be included in the baseline building design
regardless of the exceptions to Section 6.5.6.2. Ii
a condenser heat recovery system meeting the
requirements described in Section 6.5.6.2 cannol
be modeled, the requirement for including such s
system in the actual building shall be met as ¢
prescriptive requirement in accordance with Sec-
tion 6.5.6.2 and no heat-recovery system shall be
included in the proposed or budget building
design.

12. Miscellaneous Loads

Receptacle, motor, and process loads shall be modeled and estimated based on the
building type or space type category and shall be assumed to be identical in the pro-
posed and budget building designs. These loads shall be included in simulations of the
building and shall be included when calculating the energy cost budget and design
energy cost. All end-use load components within and associated with the building
shall be modeled, unless specifically excluded by Sections 13 and 14 of Table 11.3.1:
including, but not limited to, exhaust fans, parking garage ventilation fans, exterior
building lighting, swimming pool heaters and pumps, elevators and escalators, refrig-
eration equipment, and cooking equipment.

Receptacle, motor, and process loads shall be mod-
eled and estimated based on the building type or
space type category and shall be assumed to be iden-
tical in the proposed and budget building designs.
These loads shall be included in simulations of the
building and shall be included when calculating the
energy cost budget and design energy cost. All end-
use load components within and associated with the
building shall be modeled, unless specifically
excluded by Sections 13 and 14 of Table 11.3.1:
including, but not limited to, exhaust fans, parking
garage ventilation fans, exterior building lighting,
swimming pool heaters and pumps, elevators and
escalators, refrigeration equipment, and cooking
equipment.
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No. Proposed Building Design (Column A) Budget Building Design (Column B)
Design Energy Cost (DEC) Energy Cost Budget (ECB)

13. Modeling Exceptions

All elements of the propesed building design envelope, HVAC, service water heating, |None

lighting, and electrical systems shall be modeled in the proposed building design in

accordance with the requirements of Sections 1 through 12 of Table 11.3.1.

Exception: Components and systems in the proposed building design may be

excluded from the simulation model provided:

a.  component energy usage does not affect the energy usage of systems and compo-
nents that are being considered for trade-off;

b.  the applicable prescriptive requirements of Sections 5.5, 6.5, 7.5, and either 9.5 or
9.6 applying to the excluded components are met.

14. Modeling Limitations to the Simulation Program

[f the simulation program cannot model a component or system included in the pro- |Same as proposed building design
posed building design, one of the following methods shall be used with the approval
of the authority having jurisdiction:
a.  Ignore the component if the energy impact on the trade-offs being considered is
not significant.
Model the component substituting a thermodynamically similar component model.
¢.  Model the HVAC system components or systems using the budget building
design’s HVAC system in accordance with Section 10 of Table 11.3.1. Whichever
method is selected, the component shall be modeled identically for both the pro-
posed building design and budget building design models.

5.7.3 Simulation general requirements
The simulation program shall be a computer-based program for the analysis of energy consumption
in buildings (a program such as, but not limited to DOE-2 or BLAST). The simulation program

shall include calculation methodologies for the building components being modeled.

The simulation program shall at a minimum have the ability to explicitly model all of the following:

(a) A minimum of 1400 hours per year

(b) Hourly variations in occupancy, lighting power, miscellaneous equipment power,
thermostat setpoints, and HVAC system operation, defined separately for each day of
the week and holidays

() Thermal mass effects

(d) Ten or more thermal zones

(e) Part-load performance curves for mechanical equipment

() Capacity and efficiency correction curves for mechanical heating and cooling
equipment

(2) Air-side and water-side economizers with integrated control

(h) The budget building design characteristics specified in subsection 5.7.6

The simulation program shall have the ability to either:

(a) Directly determine the design energy cost and energy cost budget, or
(b) Product hourly reports of energy use by energy source suitable for determining the
design energy cost and energy cost budget using a separate calculation engine
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In addition the program shall be capable of performing design load calculations to determine
required HVAC equipment capacities and, air and water flow rates.

5.7.4 Climatic data

The simulation program shall perform the simulation using hourly values of climatic data, such as
temperature and humidity from representative climatic data, for the city in which the proposed
design is to be located.

5.7.5 Purchased Energy Rates

Annual energy costs shall be determined using rates for purchased energy, such as electricity, gas,
oil, propane, steam, and chilled water.

5.7.6 Exceptional calculation methods

Where no simulation program is available that adequately models a design, material or device, the
authority having jurisdiction may approve an exceptional calculation method to be used.
Applications for approval of an exceptional method to include theoretical and empirical information
verifying the method’s accuracy shall include the following documentation to demonstrate that the
exceptional calculation method and results,

(a) Make no change in any input parameter values specified by this standard and the
adopting authority

(b) Provide input and output documentation that facilitates the enforcement agency’s
review and meets the formatting and content required by the adopting authority

(©) Are supported with instructions for using the method to demonstrate that the energy

cost budget and design energy cost requirements are met
5.7.7 HVAC systems

The HVAC system type and related performance parameters for the budget building design shall be
determined from Figure 7, the system descriptions, and the following rules:

(a) All HVAC and service water heating equipment in the budget building shall be
modeled at the minimum efficiency levels, both part load and full load

(b) Where efficiency ratings such as EER and COP include fan energy, the descriptor
shall be broken down into its components so that supply fan energy can be modeled
separately

(c) Minimum outdoor air ventilation rates shall be the same for both the budget building

design and proposed building design.

Figure 7. HVAC systems map
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[ Budget System Type |
Condenser Heating System Single Zone Single Zone Non- All Other
Cooling Source Classification Residential System Residential System
T Blectric Res. System 5 System 5 System |
Water/Ground  L—f—»f  Heat Pump System 6 System 6 System 6
R Fossil Fuel System 7 System 7 System 2
. ™ Lleetric Res. System 8 System 9 System 3
Air/None »  Hcal Pump System 8 System 9 System3
L) FFossil Fucl System 10 System 11 System 4
6 United Kingdom Building Regulations — Approved

Documents “Part L”

6.1 Introduction

The main way to demonstrate compliance with Building Regulations in England is to follow the
guidance set out in the Approved Documents (ADs). These are issued by the Department of
Communities and Local Government (CLG) and accompany the UK Building Regulations. “Part L”
of the regulations covers energy efficiency. Part L documentation is split into four categories, in
four separate documents:

o ADLITA (also referred to as Part L1A) — new dwellings.

o ADLIB (also referred to as Part L1B) — existing dwellings.

o ADL2A (also referred to as Part L2A) — new non-domestic buildings.

o ADL2B (also referred to as Part L2B) — existing non-domestic buildings.
6.2 Administrative Provisions

Being a member of the European Union, the United Kingdom was required to comply with the
European Energy Performance of Buildings Directive (EPBD) which was passed in December
2002. The UK implemented the directive in 2005, by requiring all new and existing buildings to
meet energy efficiency and CO, emissions standards.

Part L was added to the UK National Building Code in 2006, which set goals for reducing carbon
energy, and set a goal for all new developments to have zero carbon by 2011.

Every new building is required to have an Energy Performance Certificate (EPC), which provides a
diagnostic of the building's general information, energy performance and recommendations for
improvement. Energy Performance Certificates are required on construction, sale or lease of all
buildings since October 2008. EPC to be displayed in all commercial buildings with a total floor
area larger than 250m?, that are frequently visited by the public and where an EPC has previously
been produced on the sale, rent or construction of that building.

A Display Energy Certificate (DEC) is required for public buildings larger than 1000m* which are
occupied or part occupied by public authorities or by institutions providing public services and
therefore frequently visited by the public.
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6.3 Code Development and Maintenance

The UK Building Regulations are attached to the Building Act 1984, and apply in England and
Wales. The “Approved Documents” (ADs) accompany the Building Regulations, and consist of 14
‘parts’. The “Part L” document deals with the energy efficiency requirements in the Building
Regulations.

The Part L document first emerged in 1990, as part of building regulations and was subsequently
reviewed and updated in 1995, 2002 and 2006.

The current edition of the Part L regulations is the Approved Document L2, 2006 edition. It came
into effect in April 2006.

An updated version of the Part L regulations (edition 2010) will be officially published in October
2010.

6.4 Regulation Method

The energy efficiency requirements are conveyed in Part L of Schedule 1 to the UK Building
Regulations (2006) as described below:

Requirement Limits on application

Part L Conservation of fuel and power

L1. Reasonable provision shall be made for the conservation
of fuel and power in buildings by:

a. limiting heat gains and losses:

i. through thermal elements and other parts of the
building fabric; and

ii. from pipes, ducts and vessels used for space heating,
space cooling and hot water services;

b. providing and commissioning energy efficient fixed
building services with effective controls; and

¢. providing to the owner sufTicient information about the
building, the fixed building services and their maintenance
requirements so that the building can be operated in such a
manner as to use no more fuel and power than is reasonable in
the circumstances.

Figure 8. Extract from UK Building Regulations (2006)

In order to meet the requirements of the Part L of the UK Building Regulations, buildings are to
meet the minimum energy performance requirement specified in the regulations. This minimum
energy performance requirement is referred to as the Target CO, Emission Rate (TER). It is the
mass of CO,, emitted per year per m” of the total useful floor area of the building (kg/m*/year).

For domestic buildings, the actual emission rate is referred to as the Dwelling Emission Rate (DER)
and, for non-domestic buildings, it is referred to as the Building Emission Rate (BER).

The BER or DER of a building must be less than TER in order to comply with the Part L
requirements.

As per the regulations, the methodology of calculation of the energy performance of buildings shall
be approved by the Secretary of State.
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In the Secretary of State’s view, compliance with Part L and building regulations would be
demonstrated by meeting the five separate criteria, as follows:

Criterion 1: the calculated CO, emission rate for the building as-constructed (the building emission
rate, BER) must not be greater than the target rate (the target emission rate, TER). The TER can be
determined by following calculation procedures set out in the Part L document.

Criterion 2: the performance of the building fabric and the heating, hot water and fixed lighting
systems should be no worse than the design limits set out in the Part L document; and

Criterion 3: Those parts of the building that are not provided with comfort cooling systems need to
have appropriate passive control measures to limit solar gains. Guidance is provided in the Part L
document to demonstrate that suitable provisions have been made to control solar gains.

Criterion 4: the performance of the building, as built, should be consistent with the prediction
made in the BER. Procedures are described in the Part L document as to show that this criterion has
been met.

Criterion 5: The necessary provisions for enabling energy efficient operation of the building need
to be put in place. Procedures are described in the Part L document as to show that this criterion has
been met.

6.5 Building Lay-out and Design

In new buildings which are not served by air conditioning is not present, the Part L. documents state
that provision should be made to limit internal temperature rise due to solar gains. This can be
achieved through an appropriate combination of window size and orientation, solar protection
through shading and other solar control measures, and by using thermal capacity coupled with night
ventilation.

For non-domestic buildings, reasonable provision would be to show for every occupied space which
is not air conditioned that:

a. when the building is subject to the solar irradiances for July as given in the table of design
irradiancies in CIBSE Design Guide A, the combined solar and internal casual gains (people,
lighting and equipment) per unit floor area averaged over the period 0630 to 1630 Solar Time
(GMT) is not greater than 35W/m? ; or

b. the operative temperature (the temperature index for thermal comfort as used in CIBSE Guide
A) in the conditioned space does not exceed a threshold for more than a reasonable number of
occupied hours per year when the building is tested against the “CIBSE Design Summer Year”
weather data appropriate to the building location; or

c. For school buildings, Building Bulletin 101 specifies overheating criteria and provides
guidance on methods to demonstrate that reasonable provision has been made to control
excessive solar gains. The performance standards for summertime overheating in compliance
with Approved document L2 for teaching and learning areas are:

a) There should be no more than 120 hours when the air temperature in the classroom rises
above 28°C

b) The average internal to external temperature difference should not exceed 5°C.

c¢) The internal air temperature when the space is occupied should not exceed 32°C.
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In order to show that the proposed school will not suffer overheating, two of these three criteria
must be met.

6.6 Building Envelope

6.6.1 General building envelope design and construction
The building fabric should be constructed to a reasonable quality so that:
a. The insulation is reasonably continuous over the whole building envelope; and
b. the air permeability is within reasonable limits.

The building fabric should be constructed so that there are no reasonably avoidable thermal bridges
in the insulation layers caused by gaps within the various elements, at the joints between elements
and at the edges of elements such as those around window and door openings.

In addition, the builder should have an appropriate system of site inspection in place to give
confidence that the construction procedures achieve the required standards of consistency.

6.6.2 U-values

The Part L documents set out the design limits for the building fabric. The limiting U-values for new and existing
domestic and non-domestic buildings are as follows:

(i) New non-domestic buildings

Table 4 Limiting U-value standards (W/m#K)

Element (a) Area-weighted average (b) For any individual element
Wall 0.35 0.70
Floor 0.25 0.70
Roof 0.25 0.35
Windows', roof windows, rooflights? 2.2 3.3
and curtain walling

Pedestrian doors 2.2 3.0
Vehicle access and similar large doors 1.5 4.0
High usage entrance doors 6.0 6.0
Roof ventilators (inc. smoke vents) 6.0 6.0
Notes:

1 Excluding display windows and similar glazing. There iz ne limit on design flexibility for thess exclusions but their impact on CO, emissions must
be taken into account in calculations.

2 The U-valuas for rocf windows and rocoflights in this table are based on the U-value having been assessed with the roof window or rooflight in the
vertical position. If a particular unit has been assessed in a plane other than the vertical, the standards given in this Approved Document should be
maodified by making an adjustment that is dependent on the slope of the unit following the guidance given in BR 443,

Limiting U-values for new non-domestic buildings

(i) New domestic buildings
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Table 2 Limiting U-value standards (W/m?-K)

Element a. Area-weighted average U-value b. Limiting U-value
Wall 0.35 0.70
Floor 0.25 0.70
Roof 0.25 0.35
Windows, roof windows, rooflights and doors? 2.2 33
Motes:

1. See paragraph 34.

Limiting U-values for new domestic buildings
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(iii)

~
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Exiting non-domestic buildings

Table 6 Standards for thermal elements (W/m?2K)

Element' Standard for new thermal Standard for replacement
elements thermal elements

Wall 0.30 0.35°

Pitched roof - insulation at ceiling level 0.16 0.16

Pitched roof - insulation at rafter level 0.20 0.20

Flat roof or roof with integral insulation 0.20 0.25

Floors® 0.22* 0.25*

Notes:

1 ‘Roof includes the roof parts of domer windows and ‘wall’ includes the wall parts of dormer wind ows.

2 Alesser provision may be appropriate where meating such a standard would result in a reduction of mere than 5% in the internal floor area of the
room bounded by thawall.

3 The U-valus of the floor of an extension can be calculated using the exposad perimater and floor araa of the whole enlargad building.
4 Alesser provision may be appropriate where meeting such a standard would craate significant problems in relation to adjoining floor levels.

Limiting U-values for newly constructed thermal elements (e.g. in extensions) and new
thermal elements to replace thermal elements in existing building

Table 7 Upgrading retained thermal elements

Element’ (a) Threshold U-value W/m2K (b) Improved U-value W/mK
Cavity Wall 0.70 0.35°

Other Wall type 0.70 0.35°

Pitched roof - insulation at celling level 0.35 0.16

Pitched roof - Insulation at rafter level 035 0.20

Flat roof or roof with integral insulation 0.35 025

Floors* 0.35 0.25°

Notes:

1 'Roof includes tha roof parts of domer windows and “wall' includas thawall parts (chesks) of domer windows.
2  This only applies in the case of a cavity wall capable of accepting insulation., Where this is not the case it should be treated as for ‘other wall type.’
3 A lesser provision may be appropriate where ing such a standard would result in a reduction of mere than 5% in the internal floor area of the
room bounded by the wall.
The U-value of the floor of an extension can be calculated using the exposed perimeter and floor area of the whole enlarged building
5 A lesser provision may be appropriate whera mesting such a standard would create significant problems in relation to adjoining floor levels.

Limiting U-values for retained thermal elements in existing buildings
(Reasonable provision would be to upgrade those thermal elements whose U-value is worse than
the threshold value in column (a) of Table 7 to achieve the U-value given in column (b))
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Table 5 Standards for controlled fittings (W/m?K)

Fitting (a) Standard for new fittings (b) Standard for replacement
in extensions fittings in an existing building

Windows, roof windows and glazed rooflights** 1.8 for the whole unit OR 2.2 for the whole unit OR
1.2 centre pane 1.2 centre pane

Alternative option for windows in buildings Band D Band E

that are essentially domestic in character?,

a window energy rating® of

Pedestrian doors where the door 2.2 22

has more than 50% of its internal face

area glazed

High usage entrance doors for people 6.0 6.0

Vehicle access and similar large doors 15 15

Roof ventilators (including smoke 6.0 6.0

extract ventilators)

Notes:

1. Display windows are not required to meat the standard given in this table.

2. For studont , caro homee and eimilar uece whoro tho cocupancy levals and intornal gaine aro cesantially domeetic in charactor.

3. Asdefined in ‘Windows for new and existing housing', CEG6, EST. Controlled fittings.
Limiting U-values for windows and doors in existing non-domestic buildings

(iv) Exiting domestic buildings

Table 4 Standards for thermal elements W/m2K

Element’ {a) Standard for new thermal (b) Standard for replacement

elements In an extension thermal elements In an existing
dwelling

Wall 0.30 0.35%

Pitched roof -insulation at ceiling level 0.16 0.16

Pitched roof - insulation at rafter level 0.20 0.20

Flat roof or roof with Integral insulation 0.20 0.25

Floors 0.222 0.25°

Notes:

1. Roof includes the roof parts of dormer windows and wall refers to the wall parts (cheeks) of dormer windows,

2. Alesser provision may be ap propriate where mesting such a standard would result in a reduction of more than 5% in the intemal floor area of
the room bounded by the wall.

3. A lesser provision may be appropriate where meeting such a standard would create significant problems in relation to adjoining floor levels. The
U-value of the floor of an axtension can ba calculated using the exposaed parimater and floor area of the whole anlarged dwelling.

Limiting U-values for newly constructed thermal elements (e.g. in extensions) and new thermal elements to replace
thermal elements in existing building

Table 5 Upgrading retained thermal elements

Element (a) Threshold value W/m*-K (b) Improved value W/m*K
Cavity wall* 0.70 0.55
Other wall type 0.70 0.35
Floor 0.70 0.25
Pitched roof - insulation at celling level 0.35 0.16
Pitched roof - insulation between rafters 0.35 0.20
Flat roof or roof with Integral insulation 0.35 0.25

* This only applies in the case of a wall suitable for the installation of cavity insulation. Where this is not the cass it should be treated as for ‘other wall type.’

Limiting U-values for retained thermal elements in existing buildings
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Table 2 Reasonable provision when working on controlled fittings

Fitting (a) Standard for new fittings (b) Standard for replacement
in extensions fittings in an existing dwelling
Window, roof window and rooflight U-value = 1.8W/m?-K or U-value = 2.0W/m>K or
Window energy rating' = Window energy rating =
Band D; or Band E; or
Centre-pane U-value = Centre-pane U-value =
12Wim*K 1.2W/maK
Doors with more than 50% of 2.2W/m>K or 2.2W/m*K or
their internal face area glazed centre-pane U-value = 1.2W/m*K centre-pane U-value = 1.2W/m*K
Other doors 3.0W/m=K 3.0W/m=-K

Limiting U-values for windows and doors in existing non-domestic buildings

6.6.3 Air Permeability

For new domestic and non-domestic buildings, the Part L documents state that a reasonable limit
for the design air permeability is 10m3/(h.m2) @ 50 Pa.

6.7 HVAC and Domestic Hot Water

6.7.1 Heating and Hot Water

Reasonable provision for the performance of heating and hot water system(s) would be to follow
the guidance in the Non-domestic Heating, Cooling and Ventilation Compliance Guide (NBS, 2006)
and Domestic Heating Compliance Guide (NBS, 2006), in:

a. the use of an appliance with an efficiency not less than that recommended for its type
and;
b. the provision of controls that meet the minimum control requirements for the

particular type of appliance and heat distribution system.

Reasonable provision would be demonstrated by insulating pipes, ducts and vessels to standards
that are not worse than those set out in the Non-domestic Heating, Cooling and Ventilation
Compliance Guide (NBS, 2006) and Domestic Heating Compliance Guide (NBS, 2006).

6.7.2 Mechanical ventilation
For non-domestic buildings, the performance of air handling plant would need to consist of:

a. suitably efficient air handling plant; and

b. effective control systems.

Table 35 of the Non-domestic Heating, Cooling and Ventilation Compliance Guide (NBS, 2006)
specifies the following limits to (Specific Fan Power) SFP of mechanical ventilation systems in new
buildings:
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Table 35 Limiting specific fan powers, W/(litre/s) in new buildings

System type SFFP, W/(litre/s)
Central mechanical ventilation including heating, cooling and heat recovery 26

Central mechanical ventilation with heating and coocling 2.0

All other central systems 1.8

Lc:c:lil ventilation only units within the local area, such as window/wall/roof units, 0.6

SErving one room or area

Local ventilation only units remote from the area such as ceiling void or roof 1.2

mounted units, serving one room or area”

Other local unite, e.g. fan coil units (rating weighted average™) 0.8

Motes:

*This alao includes fan assisted terminal VAV units where the primary air and cooling is provided by central plant.

**The rating weighted average is calculated by the following formula
Pmm .SFF‘1 + F'm.ml2 .S.FF"2 + Pm;.a .SH:"=3I + ...

F AP ot P+

maina, 1 !

For domestic buildings, where the work involves the provision of a mechanical ventilation system
or part thereof, reasonable provision would be to install systems which also have specific fan
powers and heat recovery efficiency not worse than those in the table below:

Table 3 Limits on design flexibility for mechanical ventilation systems

System type Performance
Specific Fan Power (SFP) for continuous supply only and continuous extract only 0.8 litre/s.W
SFP for balanced systems 2.0 Iitre/s.W
Heat recovery efficiency 66%

6.7.3 Air-conditioning

For non-domestic buildings, the performance of the cooling plant would need to consist of:

a. suitably efficient cooling plant; and

b. effective control systems.

Tables 31 and 32 of the Non-domestic Heating, Cooling and Ventilation Compliance Guide (NBS,
2006) specity the following energy efficiency ratios and controls for cooling plants in new
buildings:
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Table 31 Minimum Energy Efficiency Ratio (EER) for comfort cooling

Type Minimum cooling plant full load EER
Packaged air conditioners Single duct types 18
Other types 22
Split and multi-split air conditioners including variable refrigerant 24
flow systemns
Vapour compression cycle chillers, water codled 34
Vapour compression cycle chillers, air cooled 225
Water loop heat pump a2
Absorption cycle chillers 05
Gas engine driven variable refrigerant flow 1.0

Table 32 Minimum controls for comfort cooling in new and existing buildings

Minimum controls

Cooling plant * Multiple cooling modules should be provided with controls to provide the most
efficient operating moades for the combinad plant
Cooling systom * Each terminal unit capable of providing cooling must be capable of time and

temparature control either by its own, or remote, controls

* In any given zone simultaneous heating and cooling shall be preventad by a
suitable interock

For domestic buildings, fixed air conditioners are required to have an energy efficiency
classification equal to or better than class C in Schedule 3 of the labelling scheme adopted under the
Energy Information (Household Air Conditioners) (No. 2) Regulations 2005. The Energy
Information (Household Air Conditioners) contains energy efficiency classifications for various
types of air-conditioning systems (split units, water-cooled, air-cooled, etc.).

6.8 Lighting

Minimum lighting efficacies are required to be met for domestic and non-domestic buildings. For
office, industrial and storage areas in all building types, the average initial efficacy should be no
less than 45 luminaire-lumens/circuit-Watt. For any other non-domestic buildings, an average
initial (100 hour) lamp plus ballast efficacy of not less than 50 lamp lumens per circuit-Watt is
required.

For domestic buildings, the requirement is to provide lighting fittings (including lamp, control gear
and an appropriate housing, reflector, shade or diffuser or other device for controlling the output
light) that only take lamps having a luminous efficacy greater than 40 lumens per circuit-Watt.

Other requirements include the inclusion of lighting controls so as to avoid unnecessary lighting
during the times when daylight levels are adequate or when spaces are unoccupied.

For domestic buildings, if the lighting efficacy cannot be met for external lit spaces, it is required
that Lamp capacity does not exceed 150W per light fitting and the lighting automatically switches
off when there is enough daylight and when it is not required at night.
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6.9 Elevators and Conveyors

The UK Part L Approved Documents do not specify requirements for the energy efficiency of
elevators and conveyors. However, the contribution of elevators and conveyors is taken into
consideration when calculating the overall energy consumption.

6.10 Renewable Energy

There is a requirement in Article 5 of the Energy Performance of Buildings Directive (EPBD) to
give consideration to the incorporation of low and zero carbon energy supply systems before
construction starts.

The contribution of low and zero carbon (LZC) energy systems is taken into account in the
calculation of the energy performance of the building.

LZC energy supply systems such as solar hot water, photovoltaic power, bio-fuels (e.g. wood fuels
and oil blends), combined heat and power, and heat pumps can make substantial and cost effective
contributions to achieving the minimum energy performance.

6.11 Other requirements

Energy metering systems should be installed to enable at least 90% of the estimated annual energy
consumption of each fuel used in the building to be assigned to the various end-use categories
(heating, lighting etc.). The performance of any LZC system should to be separately monitored; and
in buildings with a total useful floor area greater than 1000m?, automatic meter reading and data
collection facilities should be made available.

7 Danish Building Regulation (BR08)

7.1 Introduction

The Danish Building Regulation dated 2008 (BR08) is a national and mandatory regulation that
describes the overall functional requirements related to erection of all new buildings, extensions to
buildings, conservation of and any other alterations to buildings and any significant change of use
of buildings and finally with the demolition of buildings.

The first Building Regulation is dated back to 1961 taken the traditional ways of building houses as
its starting point and has since then developed towards more functional requirements based on a
higher level of abstraction.

Part 7 in BROS8 deals with requirement for energy consumption in buildings in BRO8 Part 7 and
contains provisions from Directive 2002/91/EC of the European Parliament on the Energy
Performance of Buildings.
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7.2 Administrative Provisions

7.2.1 Structure and Scope

Requirements for energy consumption are handled and formulated as shown in the figure below,
with the specific requirements and compliance method described in BROS supported by a number of
Standards and Guidelines useful for designers and local authorities.

Building Act LBK 452. 1995

“The Building Regulation should define
measures to discourage the unnecessary
energy consumption, both in existing as at
new building”

Building Regulation 2008.

Part 7. Energy Consumption
“Buildings must be constructed so as to
avoid for heating, hot water, cooling,
ventilation and lighting wile at the same
time achieving healthy conditions.

SBI Guideline 213. Energy Demands SBI Guideline 216. Guidelines on
of Buildings (BR08) Building Regulation 2008 (BR08)
Specific guideline to Energy Demands and General guideline to BR0O8

design criteria

Danish and European Standards EN/CEN/DS (non _exhaustive list):
Calculation of heat loss from buildings,

Heating System with water as the heating medium,

Installations for Signaling and Communication,

Code for practice of Mechanical Ventilation Installations,
Resource-saving plumbing system in dwellings,

Fire Safety Guideline,

Figure 9. Danish Energy Legislation and Guideline Structure

All buildings heated to above 5°C must comply with the provisions in BR08, part 7 and different
requirements are defined for different buildings types. The building types are grouped in:

e New buildings
0 Dwellings, student accommodation, hotels etc
0 Offices, schools, institutions etc
e Changes of use and extensions heated to a minimum 15 °C
e Conversion and other significant alterations to the building and replacement of boilers etc
e Holiday homes
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7.2.2 Enforcement Mechanisms

Any building owner has its own responsibility to meet the legislative requirement set in the Danish
Building Act, and any offences will be punished with fine.

7.2.3 Compliance Methods and Tools

Any building permit application much include a calculation of the building energy consumption or a
calculation of heat loss depending on building type and heating level. All calculations much be done
in accordance to methods set out in SBI Guideline 213 Energy Demands of Buildings (energy
frames) or DS 418 Calculation of heat loss from buildings (individual constructions).

If calculations of the overall energy frame is needed it is mandatory to use the software program
BEO06 in order to prove that requirements in BRO8 part 7 is complied. The software calculates the
overall energy balance, total energy requirement and the total energy frame for a specific building.
The tool is a compliance tool used by designers to meet requirements, but is normally used by
architects and engineers in early stage to indicate if the building design can possible meet energy
requirements. The energy performance framework enables large flexibility in the individual
building design even though the energy requirements should be met.

Eksempel_v4_Administrationsbygning.cml - Ea06

Fle Edt Vew Mep
[l =] u e 0= % S8 Decton 213: Energy demand of buldngs

i Frarmpek Adminitraticnsl
S i Buldng en

Tatsl entrgy requremant

ko year
9.2

Energy frame

kikjm? year Fuiiled

51,7 Loy bk claws 1
ns Low-anergy buldng dass 2

98,4 Total erergy frame
Tat o Frame
w84 Energy frame in BRL, without apglement

0.0 Supgiement for hegh ar change
0,0 Suppiement for special terms

-
[%) Heatrg requeement

Figure 10. Screen dump - Danish Energy Compliance Tool Be06.

For new buildings compulsory air tightness tests must be carried out and a unique building energy
label must be prepared by an independent authority, in order to control that the building meets the
energy design. Finally a completion notice and occupancy permit can be issued for the building.

e “
L 71/126

il Sustainability consubtancy services for the built snvironment



Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings.
Preparation of Building Control Bill, Building Regulations and Code for Energy Efficiency and Compliance Mechanisms.

Energimserkning

m Energimaerkning for felgende ejendom:

Adresse: Egholmyej 17

Postnr./by: 2655 Vallensb=k Strand

BBR-nr.: 187-002834

Enargimaerkning nr.: 200013293

Gyldigt 5 &r fra: 05-05-200% :
Energikonsulent: Jesper Hau Firma:  Leif Hansen R2dgivende Ingeniorer A/S

rer ing oplyser om bygningens energiforbrug og om muligheder for at reducere forbruget.
Merkningen er lovpligtig og skal udfores af et certificerst firma eller en beskikket energikensulant, som har
godkendalsa il at energimzerke bygninger 6l handsl og service samt offenlige bygninger.

Oplyst varmeforbrug Energim=rke
* Udgift inkl.
moms og afgifter: 2050239 kr./3r %
+ Forbrug: 1999 Mwh flemvarme L
- Oplyst for perieden:  01/01/08 - 31/12/08
Ejendommens oplyste forbrug og udgifter ar
Hmaiorgerecs oF neraienmemei, 2 det. T3
udtrykker forbrug og udgifter for et gennemsnitigr
r rent temperatumsigt o 4

Heit forbrug

Figure 11. Energy Label example.

According to the Danish Building Act the local Municipal Council may charge for permits,
temporary permissions and notices pursuant to the Building Regulation. The Method for calculating
and charging fees is determined by the municipal council and varies a lot from one to municipality
to another. The building permit lapses, if construction work has not begun within 1 year from the
permit date.

7.3 Code Maintenance and Development

Revisions of BRO8 occurs regularly, almost every second year a new and updated version is
launched, often due to increased energy requirements. Another BR10 is currently in its hearing
phase and contains a 25% reduction of existing energy consumption requirement. Further 25%
reduction in energy consumption requirements is forecasted for 2012.

7.4 Regulation Method

Buildings heated to a minimum of 15 °C must be designed such that the energy demand does not
exceed the following energy performance frameworks:

Basis:
Dwellings, students accommodations, hotels etc (70 + 2200/A) kWh/m?**yr
Offices, schools, institutions etc (95+2200/A) kWh/m**yr
Low Energy Class 1:
Low Energy Dwellings, students accommodation, hotels etc (35 + 1100/A) kWh/m?**yr
Low Energy Offices, schools, institutions etc (50 + 1100/A) kWh/m**yr
- ® Danish Energy Management S,
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Low Energy Class 2:
Low Energy Dwellings, students accommodation, hotels etc (50 + 1600/A) kWh/m**yr
Low Energy Offices, schools, institutions etc (70 + 1100/A) kWh/m**yr

(A is the heated floor area).

The energy performance framework covers the total needs of the building for supplied energy for
heating, cooling, domestic hot water and electricity. Electricity is not included in dwellings.

Even if the energy performance framework has been complied with, the design transmission loss
(excluding the loss from windows and doors), may not exceed:

- Single storey buildings 6 W/m® of the building envelope
- Two-storey buildings 7 W/m® of the building envelope
- Three or more storey’s 8 W/m” of the building envelope

In Denmark most buildings are provided with at least 2 different types of energy supply. The
Danish Energy Authority has decided that when assessing the energy performance framework of
buildings a factor of 2.5 applies in respect of combining electricity with gas, oil or district heating
as appropriate. This encourages to reduce electricity consumption as much as possible. The 2.5
factor also reflects the price difference between electricity and heating.

7.5 Building Lay-out and Design

Impact on annually cooling and heating demand from building lay-out and design shall be
calculated. Data is needs to be feed into the energy performance framework calculation for:

¢ Orientation, building envelope areas, overhangs, shading from surrounded buildings, heat
capacity
¢ Glazing (type, orientation, internal/external shading) — access of daylight/solar gain

Guiding standard data are available for e.g. shading factors and heat capacity and general
recommendations are given:

Windows must be made, located and, where appropriate, screened such that sunlight through
them does not cause overheating in the rooms, and such that nuisance from direct solar heat gain is
avoided. In working areas, the daylight can usually be taken to be sufficient if the glazed area of
side lights corresponds to a minimum of 10% of the floor area or, in the case of roof lights, no less
than 7% of the floor area, assuming that the light transmittance of the glazing is no less than 0.75.”

And for mechanical ventilation:

’Where special constructional allowances are in place, for example greater room volumes per
person, the use of several extraction options, including cross ventilation options, the requirement
for mechanical ventilation may be waived provided that a comfortable, healthy indoor climate is
maintained.”
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7.6 Building Envelope

Insulation of individual building elements in the building envelope must, however, be at least on a
par with the values in the table below. To avoid thermal bridges values a set for linear heat loss as
well. The minimum insulation requirement is also a means of providing comfort and avoiding risk
of condensation.

U-value
Table of U-values Wim? K
External walls and basement walls in contact with the soil. 0.20

Partition walls adjoining rooms that are unheated or heated
to a temperature more than 8 K lower than the temperature 0.40
in the room concerned.

Ground slabs, basement floors in contact with the soil and
suspended upper floors above open air or a ventilated crawl 0.15
space.

Ground slabs, basement floors in contact with the soil and
suspended upper floors above open air or a ventilated crawl 0.12
space, if underfloor heating is used.

Ceiling and roof constructions, including jamb walls, flat
roofs and sloping walls directly adjoining the roof.

Windows and external doors, including glass walls and
hatches to the outside or to rooms that are unheated or
heated to a temperature more than 8 K below the tempera- 1.50
ture in the rooms concerned (does not apply to ventilation
openings below 500 cm?).

Skylights and rooflights. 1.80

Linear loss
Wi/m K

Foundations. 0.15

Foundations around floors with underfloor heating. 0.12

Joint between external wall, windows or external doors 0.03

and hatches. o

Joint between roof construction and windows in the roof 0.10

or rooflights.

Figure 12. Table of U-values (K-values) to individual building elements..

Building elements around rooms that are heated to more than 5°C and up to 15 °C must have
thermal insulation which corresponds to higher U-values as shown in the table above.

7.7 HVAC and Domestic Hot Water

Ventilation systems and distribution systems for heating, cooling and domestic hot water must be
appropriately designed and installed in terms of safety, energy and indoor climate considerations.

Heating and cooling systems must be designed and built for energy-efficient operation, and must be
equipped with automatic regulation and temperature control of heat/cooling transfer in individual
rooms.
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It must be possible to restrict the supply of fresh air during periods when the need for ventilation of
the building is reduced, and to adjust the supply of fresh air to suit the loads in rooms with highly
variable ventilation needs.

Various requirements for HVAC systems are specified including:

O Ventilation installations must incorporate heat recovery with a temperature efficiency of no
less than 65%.

0 Power consumption for air movement may not exceed 2,100 J/m? fresh air (CAV), 2,500
J/m? fresh air (VAV), 1,000 J/m? (systems without mechanical fresh air supply), 1,200 J/m?
(CAV in dwellings) for the mode of operation with the maximum pressure drop.

0 COP for various equipment types

0 Thermal insulation levels for boilers and piping systems (heat losses from technical
installation inside and outside building envelope is included in the energy performance
framework)

0 Efficiency coefficient for boilers (> 91%) and heat recovery in ventilation systems (> 65%)
and heating systems ( >75%)

The regulation refers to specific standards and code of practice for HVAC systems.

7.8 Light conditions

General recommendations for daylight: The requirement for daylight must be viewed in the context
of the general health aspects of daylight. The quantity of daylight also affects the artificial lighting
requirements.”

Additional guidelines and standards specify recommendations for:

e Lighting quality, - levels, - control and -zoning
e Daylight accessibility, internal surface colors. In some cases daylight access shall be
complied with calculations of daylight factor.

7.9 Elevators and Conveyors

No specific energy requirements are set for elevators, lifts, conveyors and minor energy consuming
equipment like small pumps and low voltage equipment.

7.10 Renewable Energy

Renewable energy as solar water heating systems, photovoltaic and heat pumps is taken into
account when calculating the energy performance framework. The energy demand is decreased
accordingly to the energy supply from the RE system. For photovoltaic the energy contribution is
multiplied by 2.5 whereas solar water heating and heat pump is multiplies by 1.
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8 Passive House Standard

8.1 Introduction

The Passive House is one of the world’s leading standard in energy efficient construction with
energy saved on heating up to 80% compared to conventional standards of new buildings.

The Passive House concept is in general a comprehensive approach to cost-efficient, high quality,
healthy and sustainable construction. Most Passive Houses are located in Germany and Austria,
with others in various countries worldwide and the requirements in the standard are mainly set for
central European location, but can of course be used in other countries with similar weather
conditions. In other words, the standard can not directly be adopted to hot tropical climate
conditions; but the standards gives an example on how energy efficiency standards can go even
further in order to achieve a close to zero energy demand in buildings.

8.2 Administrative Provisions

8.2.1 Structure and Scope

A Passive House Certificate can be obtained for two different building classes — Buildings for
Residential Use and Buildings for Non-Residential use.

8.2.2 Enforcement Mechanisms

Enforcement mechanisms are not relevant as the standard is voluntary, although a Passive House
Certificate can be obtained.

8.2.3 Compliance Methods and Tool

It is possible to apply for a Quality-Assured Passive House certificate from the Passive House
Institute or other accredited representatives.

Verification of energy design for a Passive House must be carried out with the aid of the 'Passive
House Planning Package' (PHPP). At the core of the package are worksheets for heating energy
balances (annual demand or monthly method), heat distribution and supply, electricity demand and
primary energy demand.

A comprehensive checklist defines the minimum criteria for the content of calculations.
Furthermore the following documentations shall be delivered together with the application:

e Drawings
e Technical Specifications and data sheet for energy consuming appliances
e Verification of air tightness in the building envelope

8.3 Code Maintenance and Development

PHPP was presented for the first time in 1998 and has since been continuously developed further.
New design modules have been added successively, e.g. calculation of window parameters,
shading, heating load and summer performance. The PHPP is continuously validated and refined
based on measurements and new research results.

® Danish Energy Management

W
kit ece: 76/126

14

Sustainability consultancy services for the bullt environment




Removal of Barriers to Energy Efficiency and Energy Conservation in Buildings.
Preparation of Building Control Bill, Building Regulations and Code for Energy Efficiency and Compliance Mechanisms.

8.4 Regulation Method

The definition of a Passive House is:

“A building in which a comfortable indoor climate can be obtained without a traditional heating or
cooling system™.

This can be done, if a number of conditions for building fabric and installations are fulfilled:

e The building must be designed to have an annual heating demand as calculated with the
Passive House Planning Package of not more than 15 kWh/m? per year in heating and 15
kWh/m? per year cooling energy OR to be designed with a peak heat load of 10W/m?

e Total primary energy (source energy for electricity and etc.) consumption (primary energy
for heating, hot water and electricity) must not be more than 120 kWh/m? per year

e The building must not leak more air than 0.6 times the house volume per hour (nso < 0.6 /
hour) at 50 Pa (N/m?) as tested by a blower door

A checklist is prepared to make it easier to reach certified passive house standard by listing the most
important steps in the process and particularly draw the attention to the quality control process that
must accompany the passive house construction process. Extracts from the checklist is listed in the
following.

8.5 Building Lay-out and Design

Consider:
e How suitable is the site for a passive house?
o Orientation and shading factors preventing the use of solar gains - any trees with
conservation orders?
e Compact buildings
e Orientation of glazing for solar gains and daylight access
e Simple envelope shapes
o Carry out the first iterations of PHPP to see if the ideas add up in passive house terms.

8.6 Building Envelope

Consider:
e Plan wall/foundation/roof construction and insulation thickness.
e Avoid cold bridges: A construction of a passive house is set to be “Thermal Bridge Free” if
the maximum bridges are under 0.01 W/mK.
e Ultra-insulated construction elements: External elements - U < 0.15 W/(m?K)
o Design connection details to eliminate cold bridging - if in doubt calculate and verify.
e Design connection details to assure air tightness.
o Calculate the specific space heating demand using PHPP
e Position of air inlets and exhausts - do not place above heating elements (if present).
o Dimension overflow openings for a pressure drop A, < 1 Pa.
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8.7 HVAC

Consider:
e Short pipe lengths for cold, hot and waste water, short ventilation ducts - cold air ducts
outside the heated envelope, warm ducts inside
o Central ventilation/heat recovery unit, overall efficiency > 75%
o Leakage to surrounding air < 3% of the rated flow volume
o High electrical efficiency, power consumption < 0.45 Wh/m? air
e Ventilation user controls
e Optionally, consider installing a ground heat exchanger to keep intake air frost free.

8.8 Domestic Hot Water

Consider:

e Short pipes, very well insulated - routed inside the thermal envelope.
o Insulate warm water and heating fittings.

o Use water-saving taps, etc.

e Connect washing machines and dish washers to the hot water supply.

8.9 Passive Houses in Practice

Passive Houses around the world are characterised by having an extreme degree of insulation —
which vary with the local climate conditions — very efficient windows and efficient HVAC systems
with natural pre-cooling of air. A typical design for a Passive House could cover:

e Highly insulated. All the building parts for walls, roofs and floors are insulated with U-
values within 0.10 — 0.15 W/m?K.

e No thermal bridges.

e With comfort windows. Three layers of glass, coating on multiple sides and are filled with
gas. They will also have warm edges and special energy efficient frames. Overall, U-values
for these windows are 0.70 — 0.85 W/m?K.

e Very air tight.

e Supplied with efficient mechanical ventilation. To ensure sufficient ventilation passive
houses are supplied with mechanical ventilation which will secure a controlled air exchange.

e Using innovative heating technology. The heating and cooling of these buildings are
typically supplied by innovative systems which include a heat exchanger. Typically this will
be combined with a heat pump or a highly efficient small heating system.

9 South African National Standard, Energy Efficiency in
Buildings (SANS 204 -1/204-2/204-3:2008)

9.1 Introduction

South Africa's current National Building Code SANS 10400 refers to the National Building
Regulations and Building Standards Act, 1977 (Act No. 103 of 1977).
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The SABS Technical Committee has yet released amendment to SANS 10400. The document
SANS 10400 PART XA: ENERGY USAGE was under review until 20th August 2010.

In October 2008 the SANS 204 was published as a National Standard for “Energy Efficiency in
Buildings “. The South African National Standards for Energy Efficiency is currently a voluntary
standard including 3 parts, but are expected to become part of the SANS 10400 National Building
Code later in 2010, whereupon it will be compulsory for all new buildings to comply with these
minimum standards.

In general provisions for building site operations, building design and construction in regulations
are deemed-to-satisfy rules, which might be seen as straightforward means of ensuring that the
Regulations have been applied. However, deemed-to-satisfy rules are not Regulations and therefore
not mandatory.

The coming SANS 10400 XA reads:

1. Buildings shall be designed and constructed so that buildings:

a. are capable of using energy efficiently while fulfilling the user needs in relation to vertical
transport, if any, thermal comfort, lighting and hot water; or

b. have features and services which facilitate the efficient use of energy appropriate to their
function and use, internal environment and geographical location

2. At least 50% by volume of the annual average hot water heating requirement shall be provided
by means other than electrical resistance heating including but not limited to solar heating, pumps,
heat recovery from other systems or processes and renewable combustible fuel.

The requirements of sub-regulation 1 shall be deemed to be satisfied when such building is
designed and constructed in accordance with the following requirements:

a. Has an orientation, shading, services and building envelope in accordance with SANS 10400
Part XA; or

b. Is the subject of a rational design by a competent person, which demonstrates that the energy
usage of such building is equivalent to or better than which would have been achieved by
compliance with the requirements of SANS10400 XA, or

c. Has a theoretical energy usage performance determined using certified thermal calculation
software, less than or equal to that of a reference building in accordance with SANS 10400 XA.

9.2 Administrative Provisions

9.2.1 Structure and Scope

The SANS 204 specifies the requirements for all new buildings except government subsidized
housing.

The SANS 204 includes:

- SANS 204-1 for energy efficiency in buildings with artificial or natural environmental control part
1, general provisions;
- SANS 204-2 for energy efficiency in buildings with artificial or natural environmental control part
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2: the application of the general provisions for energy efficiency in buildings with natural
environmental control;

- SANS 204-3 for energy efficiency in buildings with artificial or natural environmental control part
2: the application of the general provisions for energy efficiency in buildings with artificial
environmental control

9.2.2 Enforcement Mechanisms

Any person who fails to comply with any notice contemplated in the SANS 10400 shall be guilty of
an offence.

Failure to comply with requirements in SANS 204 may result in fines or penalties (private sector) or
referral to the Auditor-General (public sector).

9.2.3 Compliance Methods and Tools
Part 1 of the SANS 204 is includes compliance methods.

Compliance with the SANS 204 requirement shall be done through a rational design prepared by a
competent person (qualified mechanical or electrical engineer), by:

e Demonstrating that requirements for a maximum energy demand depending on building
classification and climate zone are met

e Providing a certificate of compliance to the local authority as part of the requirements for
obtaining an occupancy certificate.

e For artificially ventilated or air-conditioned buildings the energy rating shall be displayed
through annually reports on energy usage.
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SANS 204-1:2008
Edition 1

Annex B
{informative)

Pro forma compliance certificate

To (appropriate local authority):

Flan submi 1 ref

Name of project:

Street address:

Erf number;

Electricity supply account number:

Table B.2 — Maximum energy demand and maximum energy censumption

1 2 3 4 5 [
Other
Dccupancy in annual Maximum energy
onergy anergy . wnergy o
mcs:::nce Seinand damand consumption scurcss consumpti
SANS 10400-A KA KA KWWhia AWhia KWI(m*a)

- 1

Table B.3 — List of other energy sources and annual kWh equivalent

! e
Energy source | Annual kWh equivalent

Power factor as verified (entire building)

The method used io evaluate the building energy requirement:

[For exampie, program used, detais of methodology, any assumptions)

Climatic zone: reiemesenenenr 588 figure 1 of SANS 204-1)
Stage (pre- or post-occupancy’ )
Table B — Building occupancies and arsas
[ T
Occupancy in accordance Net floor aleT
with
__ SANS 10400-A "
{If pre-occupancy)
-
It is hereby certified that the bullding described above has been Iy {if po (H post l

E or
veiﬁed (i posl-oFcupancy] to comply with the requirements of SANS 204-1 and that Jthe
are (if pre-oc ) or verified (if post-occupancy) as

indicated in table B.2,

Signed at.........ocovieiecennen, cnnenad LT day ol

Signature

The evaluation method used:

{For example, electrical billing records, energy monitoring )

Figure 13. Pro Forma Compliance certificate, SANS 204-1:2008

The building service systems should be inspected by a responsible person (building owner/person
acting on his behalf) and a certificate should be provided to the local authority.

Finally a Building Energy Efficiency Label or Passport should be issued. The standards use the
German ENERGIEPASS as an example of an appropriate Energy Labeling Certificate.

9.3 Code Maintenance and Development

It is expected that the SANS 204 will be adopted in the National Building Code SANS 10400
before the end of 2010, and it is planned to be revised at least every fifth year.

9.4 Regulation Method

SANS 204 - Part 1 covers the occupancies of public buildings, offices and hotels. Maximum energy
demand and maximum annual energy consumption are determined by the occupancy and climatic

zone. See figures below.
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Kimber 79

1 7 il -'r,-\' q i
o] K] 5 s 5
i

Saldanha Bayl 1 | Easi L ol Chimarie conditions
* 2 Cold interior
L Temperate nterior
. I Hot interior
“Hl  Temperate coasial
B Sub-tropical cossta
[ Ardantenar

T

Zone Description Major centre
1 Cold interior ‘Johannesburg, Bleemfontein
2 Tt interior) | Pretoria, P
Hot interior Makhado, Nelspruit
Temperate coastal | Cape Town, Port Elizabeth
5 Stib-tropical coastal | Easi London, Durban, Richards Bay
6 Arid interior Upington, Kimberley

Figure 1 — Climatic zone map

Table 3 — Maxil energy o d per building classification
for each climatic zone

1 2 3 e [ s T8 [ 78
Maximum energy consumption

Classification of
- z N R N A e ton o g e
Maximum energy demand® building Zone
Classification of . o VAm® 1 2 3 4 5 L]
A D of build m’
occupancy of building escription g p— Al i and public assembly | 420 | 400 | 440 | 300 | 400 | 420
T2 73 32135 T Az Theatrical and indoor sparh 420 | 400 | 440 | 390 | 400 | 420
- ey 25 50 o0 T30 a0 | &8 A3 Places of instrugion 420 | 400 | 440 | 320 | 400 | 420
- A4 Worship 120 [ 115 | 125 | 110 [ 115 | 120
A2 Theatrical and indaor sport a5 |eo (oo [a0 [ a0 | = o rpr—
A3 Places of instruction s0 | 75 | as | 75 |75 [ a0 F1 m".f:) % fihyhading shopring 240 | 245 | 200 | 240 | 260 | 355
A4 Warship 80 | 75 |85 | 75| 75 | 8O &1 Offices 200 | 100 | 210 | 185 | 190 | 200
F1 Large shop (i shopping malls) o0 (85 [ 95 |85 [ 85 90 H1 Hatel 650 | 60D | 585 | BOO | 620 | B30
G1 Offices 80 | 75 | 85 | 75 | 75)| 80 NOTE 1. The, annual consumpfion per meter square shall be based on the sum of 12 months morihly
m Hotel 20 | 85 |85 | es.| 88 | =0 consumption af consecutive months.
5] - .
The maximum demand shall be based on the sum of 12 consecutive monthly masimum demand values NOTE 2 Non-eléctrical consumption. such as fossil fuels. shall be accounted for on a thermal equivalence
per area divided by 12 and m? — refers to the net fioor area basis, Le. by mega joules o Kilowatt hour.

Figure 14. Climatic zone map and Energy Demand and Energy Consumption requirements, SANS 204-
1:2008

Other buildings not stipulated in the above tables shall comply with the provisions of SANS 204-2
and 3.

Requirements for R-values should be met for various parts of building envelope.

9.5 Building Lay-out and Design

Town planners shall take cognizance of orientation requirements for energy efficient design when
planning lay-outs. Site lay-outs should enable buildings to be orientated towards North and
buildings should be oriented to achieve the lowest net energy use in accordance with figures in the
standard depending on geographic location.

Glazing must conform to conductance and solar heat gain requirements. Aggregates are calculated
for the whole building. In case a building is considered to face north and shading is required,
permanent shading features (part of building construction) and external shading devices (blinds,
shutters etc) should be prepared in order to restrict at least 60% of the summer solar radiation.
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For air conditioned buildings an aggregate air-conditioning value shall be calculated and must not
exceed table values.

Data on different glazing types and algorithms for calculating heat transfer though glazing are given
in the standard.

9.6 Building Envelope

Depending on climate zone buildings with floor areas of less than 500 m” with concrete floor shall
have insulation installed around vertical edges of its perimeter, and requirements for insulation
thickness and R-value are defined.

For external walls with mass < 300kg/m?, R—values between 1.9 and 2.2 are required. Walls with
mass > 300 kg/m2, for e.g. Zones 1 & 2: R-values between 0.9 and 1.4 are required.

Roofs and ceilings shall achieve the minimum total R-value specified in tables or have a metal deck
roof with a thermal break ensuring a R-value of not less than 0,2. Insulation of roofs shall comply
with minimum required R-values and reflective insulation shall be installed.

Data on typical insulation products and recommended minimum thickness of products are given in
the table below.

Table 8 — Typical deemed-to-satisfy thicknesses of generic insulation products

1 2 ] 3 a | s [ e | 7] 8] s
Description Climatic zones _.
1 | 2] 3] a] s s
Density Thermal - .
Generic Conductivity Recommel_'ldedl ?lmmtﬂ thickness of
insulation products insufation product
3 of
B kg/m’ Wim-K) mm
| Cellulose fibre loose-fill 275 0,040 140 120 100 140 100 130
Flexible fibre glass blanket 10~18 0,040 140 120 100 140 100 130
Flexible BOQ polyester -
fibre ]_Jlan ket 24 i 0,028 130 110 o0 130 20 125
Flexible polyester blanket 11,5 0,046 160 140 120 160 110 150
Flex_ible mineral/rackwool 60 -120 0,033 115 100 80 115 80 100
Flexible ceramic fibre 84 0,033 115 100 80 115 80 100
Rigid expanded a
polystyrene (EPS)SD 15 0,035 120 100 20 120 80 115
Rigid extruded &
polystyrene (XPS) 32 0,028 100 80 70 100 65 S0
Rigid fibre glass board 47,5 0,033 115 100 80 115 80 100
Rigid B
Rigid BOQ polyesterfibre | 4, 0,034 15 | 100 | 80 | 115 | 80 | 110
Rigid polyurethane board 32 0,025° 85 70 60 85 60 80

NOTE The aforementioned recommended deemed-to-satisfy (DTS) levels of insulation can be achieved by the

use of reflective foils, bulk insulation or rigid board insulation or in combination with one another. Maximum

efficiency may be achieved at reduced thicknesses taking the aforementioned into account. Rational

assessment is always an alternative to DTS provisions.

® Thermal efficiencies are dependant on materials thickness, density, age, operating temperature and
moisture.

Figure 15. Typical deemed to-satisfy insulation thickness, SANS 204-3:2008

Further general explanatory information and guidelines on building construction characteristics is
given in the standard.
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Air leakage shall be controlled to specified standards for each part of the building envelope.

9.6 HVAC and Domestic Hot Water

Air-conditioning system shall be best practice using the most efficient technology and distribution
of air shall be divided into appropriate zones depending on comfort criteria.

Services requirements include:

e Total fan motor power for air movement may not exceed 1,6 W/l/s of supply air quantity

(CAV) and 2,1 1,6 W/l/s of supply air quantity (VAV)

Fan motor power of at least 5 kW should incorporate control devices

Pump efficiency for water distribution with minimum efficiency of 70%

Maximum friction loss of piping systems at 350 Pa/m (noise and erosion control

Built-in temperature controls in heating and cooling appliances

Pipe and duct insulation

Thermostatic controls for set point temperature for thermal comfort

Humidity and thermal control

COP for various equipment types

Ventilation installations must incorporate heat recovery with a temperature efficiency of no

less than 75% or covered by site-solar energy source

e Manual operation means shall be incorporated to allow for the adjustment of the indoor
environment

e Total Power Factor > 0,95

The standard refers to further specific SANS for HVAC systems.

9.7 Light conditions

Designers are encouraged to use day lighting. Recommended table values for light levels, power
and energy usage for artificial lighting can be used when calculating light conditions. General
compliance with relevant national legislation is necessary for safety, and minimum lightning levels
shall be determined in accordance with SANS 10114-1.

9.8 Elevators and Conveyors

Elevators and lifts fitted into new buildings shall have an energy rating. The energy consumption
for these systems shall be calculated and included in the overall energy consumption for the
building.

9.10 Renewable Energy

Usage of renewable energy shall be maximized; and if the building energy consumption exceeds
specific table values, the amount by which the energy exceeds the requirement may be mitigated by
using renewable energy.

All new building shall be fitted with solar water heating systems for domestic hot water, unless it is
not proven technically feasible. The system shall cover at least 50% of the energy consumption for
hot water.
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9.11 Electrical installations and appliances
Appliances fitted into new buildings including office appliances shall have an energy rating.

10 Energy Efficiency Considerations in the Botswana
Building Regulation

10.1 Introduction

As a part of the project “Developing Energy Efficiency and Energy Conversation in the Building
Sector, Botswana” a Draft Energy Code for Buildings in Botswana has been prepared in 2007. The
code is largely based on The Building Code of Australia (BCA) and the IEEC Energy Code
focusing on large scale buildings and is under implementation in the existing Building Regulation.

The code may apply to different building classes, for which reason the following building
classification structure is suggested:

All Buildings

A
Buildings subject to the Building
Regulations and those that are except
due to the nature of the client

B
Other buildings

————

Al
Single dwelling
residential buildings.

I—I_\

A22

A2.1, 2.2.
Less than 500m2. Eqyal te of greater

A2,
Other Buildings

I
[ [ [ [ 1
A221. A222 A.2.2.3 Civic A.2.2.7. more A.22.9. Factory
Residential. Educational e classes and Warehhouse.

Figure 16. Building Classification for Energy Provisions Codes.

10.2 Administrative Provisions

10.2.1 Structure and Scope

The first draft regulation applies to all buildings with a floor area greater than 500 m® other than
single dwelling residential buildings (Building class A.2.2).

10.2.2 Enforcement Mechanisms
Enforcement mechanisms are not included in the draft code.

10.2.3 Compliance Methods and Tools

Each Code section includes statements of “Performance Requirements” consisting of conceptual
qualitative requirements. In the first version of the code quantitative requirements are avoided since
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these may vary due to the different climate zones in the country, but can easily be amended in
future.

For each performance requirement “deemed-to-satisfy” provision that is approved as meeting the
requirements, e.g. maximum U-values for specific building components. Alternative solutions in
order to meet the overall performance requirements may be proposed, but shall be supported by an
approved assessment method (building simulation programs e.g.). It will enable trade-offs between
different elements of the building fabric, e.g. an improved performance of roof insulation will allow
for reduced performance of glazing areas and the overall energy balance requirements can still be
met. The assessment method by which alternative solutions can be shown to comply with the
performance requirements shall be based on computer simulation for both the alternative solutions
and the matching deemed-to-satisfy solution.

The code contains a list of approved simulation software, and it is referred to specifications for the
procedures in IECC.

Energy simulation program TURL

BSim www.bsim.dk

DesignBuilder www.designbuilder.co.uk
EnergyPlus www.energyplus.gov

ESP-r www.esnu.strath.ac.uk/Programs/ESP-r.htm
HAP WWW.commercial.carrier.com
IDA ICE WWW.equa.se/ice

[ES<VE=> WWW.iesve.com

Tas www.edsl.net

TRACE 700 Www.franecds.com

TRNSYS sel. me.wisc.edw/'tmsys
VisualDOE 2 or later versions http://www.archenergy.com/

Figure 17. List of Approved Energy Simulation Programs.

10.3 Code Maintenance and Development
No information available.

10.4 Regulation Method

The overall energy use of the building shall be estimated and indicated with the submission, and the
preferred method of estimating the annual energy consumption is by implementing and energy
simulation using an approved computer programs.

10.5 Building Lay-out and Design

Two alternative requirements for vertical fenestration are defined:

1) Max. fenestration area of 40% of the total wall area

2) Total annual heat grain and maximum daily heat gain through fenestration simulated with
approved computer simulation software shall be less than that for a similar building complying with
Alternative 1.
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No further requirements or recommendations on building orientation, building shape (area/surface
ratio) etc

10.6 Building Envelope

U-values for opaque wall shall be less than 2.5 W/m’K. Recommendation: 220 mm solid brick wall.
Two alternative requirements for roofs are defined:

1) Deemed-to-comply table values for external surface reflectance and U-values
2) Total annual heat gain and maximum daily heat gain shall be less than that for a similar building
complying with Alternative 1.

No U-value requirements for other building fabrics available.

10.7 HVAC

Performance requirements for HVAC are defined as:

A building’s HVAC systems, including any associated distribution system and components must
have features that, to the degree necessary, facilitate the efficient use of energy appropriate to
(a) The building service and its usage; and

(b) The ambient conditions; and

(c) The energy source.

The HVAC systems shall deemed-to-comply with the following sections of IECC:

* Calculation of heating and cooling loads

* Equipment and system sizing

* HVAC equipment performance requirements

* HVAC system controls

* Ventilation

* Duct and plenum insulation and sealing

* Piping insulation

* HVAC system completion

* Simple HVAC systems and equipment (including subsections)
* Complex HVAC systems and equipment

10.8 Light conditions

Performance requirements for HVAC are defined as:

A building’s electrical power and lighting systems must have features that, to the degree necessary,
facilitate the efficient use of energy appropriate to

(a) The building usage; and

(b) The equipment being supplied; and
(c) Effective use of daylight; and

(d) The ambient conditions.
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Electrical power and lighting systems shall comply with IECC Section 505.

In multi-storey buildings with floor area of more than 500 m” for any one storey, sub meters for
electricity shall be installed at each storey larger than 500 m”.

For each electrical appliance with a rated power consumption of over 20 kVA sub meters for shall
be installed.

10.9 Elevators and Conveyors

No requirements available.

10.10 Renewable Energy

In buildings with a installed water heating capacity more than 10 W/m® floor area a minimum of
70% of the water heating capacity shall be provided by solar energy or process waste heat recovery.

11 Energy Code for Reunion — RTAA DOM

11.1 Introduction

As a critical part of this assignment, the new regulations in Reunion - the RTAA DOM
(Réglementation Thermique, Acoustique et Aération - Départements d’Outre Mer) - have been
analysed and it was attempted to find the success and failures related to the new regulations so far.
Reunion is a very relevant candidate in the process of reviewing the regulations and their
outcomes/successes/failures since their implementation, as it is an island state in close proximity to
Mauritius, with fairly similar climatic conditions (especially in the lower and coastal regions), and
exposure to natural hazards such as cyclones and floods.

11.2 Administrative Provisions

The RTAA DOM (Réglementation Thermique, Acoustique et Aération - Départements d’Outre
Mer), the new building regulation for the Overseas Departments and Territories of France, was
officially published on 17™ April 2009. It sets out a number of requirements for new residential
buildings only.

The RTAA DOM only came in force as of the 1st May 2010 and therefore all applications for a
building permit made after this date, need to comply with the requirements of the RTAA DOM.

The RTAA DOM sets requirements for new residential buildings in the Overseas Departments and
Territories of France, which include the departments of Guadeloupe, Guyana, Martinique and
Reunion Island. The climate and lifestyle of these Overseas Departments make the current French
metropolitan regulations unsuitable for thermal, acoustic and ventilation aspects. The regulations in
France is mainly applicable for heavy constructions, that are tightly sealed and closed, which make
them incompatible with the weather and the local lifestyle in Reunion.
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11.3 Code Development and Maintenance

Prior to the RTAA DOM, there were no regulations on the technical aspects of energy efficient
design and construction of new domestic buildings in Reunion. This has led to the construction of
buildings with diverse levels of performance. The RTAA DOM was created as it was deemed
important that there are building regulations in the Overseas Departments, which are adapted to the
climatic conditions and which provide a shared set of requirements for the performance of buildings
in those countries.

Since the RTAA DOM only came in force recently, it is not yet known when the next update will
take place and how frequently updates will be made.

11.4 Regulation Method

The RTAA DOM is in the form of a decree, which amends the “Code de la construction et de
I’habitation” (Code of construction and housing) on specific provisions for French Overseas
Departments. The RTAA DOM consists of three sets of regulations: thermal regulations,
regulations for acoustics and regulations for ventilation. The regulations set out requirements for the
minimum level of performance that needs to be achieved for those aspects.

The main objectives of the regulations are:

e To improve the energy performance of buildings.

e To limit the use of air conditioning.

e To ensuring the quality of air inside the housing.

e To protecting the health of occupants.

e To ensuring that minimum comfort levels are maintained (thermal, acoustic and humidity).

11.5 Building Lay-out and Design

Much importance is placed on the protection of the building from solar gains and the location of
openings in different orientations to allow for natural cross ventilation.

The requirements for protection of solar gains will be covered in the next section, “Building
Envelope”. The main aspect which refers to building layout is natural ventilation.

(1) For the purpose of natural ventilation, it is required that there is an uninterrupted flow of air
through the living spaces of the building via external openings, by designing the building such
that there are openings on different orientations of the building and in internal walls, as shown
in the illustration below.

Image source: « RTAA DOM, les nouvelles réglementations » by the
Ministry of Ecology, Energy and Sustainable Development, Republic of France
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(i1) It is required to have openings in at least two facades in different orientations, and the
minimum area of window openings depends on the location of the building. Buildings at an
altitude of less than 400m are required to have at least 20% opening area on one fagade.
Buildings at an altitude between 400m and 800m are required to have at least 15% opening on
one fagade. Buildings at an altitude greater than 800m do not have a minimum requirement
with regards to window-to-wall ratio.

(ii1) Openings are required in interior walls adjacent to any living space and can be parallel or
perpendicular. In the case of perpendicular walls, there is a minimum distance which is to be
kept between the opening and the angle at which the walls meet. This distance is set to at least
half the length of the wall (as shown below) to allow for adequate natural ventilation.

dntérieur ©

Luo=L72

min~

Image source: « RTAA DOM, les nouvelles réglementations » by the
Ministry of Ecology, Energy and Sustainable Development, Republic of France

11.6 Building Envelope

Requirements for the performance of the building envelope are specified to reduce the solar gains.

(1) A “solar factor” S is specified for opaque structures, as follows:

Horizontal opaque structure (roofs): S <0.03
Vertical opaque structure (walls): S <0.09

where a structure is defined as ‘horizontal’ if its angle to the horizontal plane as seen from inside
the building is less than 60 degrees, and a structure is defined as ‘vertical’ if its angle to the
horizontal plane as seen from inside the building is greater than 60 degrees.

(i1) The solar factor requirement for windows has been set as follows:
Windows adjacent to an air-conditioned space: S <0.25
Windows adjacent to an un-conditioned space: S <0.65

(ii1) Horizontal structures (roofs) should not to contain any windows or transparent/translucent
material, except for buildings which are located at an altitude greater than 800m.

In addition, in the higher zones of Reunion (> 800m), a minimum insulation is required for
building, and is defined by the U-value (coefficient of heat transmission). The limiting U-values
required for buildings at altitudes greater than 800m are as follows:

Horizontal opaque structure (roofs): U-value < 0.5 W/m?.K
Vertical opaque structure (walls): U-value <2 W/m?.K
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11.7 HVAC and Hot Water

11.7.1 Heating

With regards to the rare cases where the house is equipped with combustion appliances for heating,
it should be ensured that the ventilation system will allow the smooth operation of equipment.

Mechanical ventilation should be sized so as not to reverse the circulation of the flue.

Air intakes should be easily cleanable and the easy maintenance and testing of mechanical systems
should be possible.

11.7.2 Domestic Hot Water
According to the RTAA DOM requirements, all new homes must be fitted with a solar hot water
system, which should amount to at least 50% of the hot water demand.

11.7.3 Mechanical ventilation

In cases where mechanical ventilation is required due to high external noise levels, the following
minimum air extraction rates are specified for different types of houses and for utility spaces
(kitchen, toilets, and bathrooms):

House with 1 bedroom House with 2 bedrooms House with 3 or more bedrooms
Kitchen Air change rate >20 m’/h | Air change rate > 30 m’/h Air change rate > 45 m’/h
Bathroom Air change rate > 15 m’/h Air change rate > 30 m’/h
Toilet Air change rate > 15 m’/h

Table 9. Mechanical ventilation

For living spaces, the following minimum outdoor air exchange rates are required :
e Bedrooms: >20 m’h
e  Living room/dining room/lounge: > 40 m*/h

In addition, all living spaces should make provision for the later connection of a ceiling fan or
have a ceiling fan installed as from the construction of the building.

11.7.4 Air-conditioning

For air-conditioned buildings or rooms with air conditioning, adequate ventilation within these
areas is to be provided as per the provisions in section 11.7.2 above.

With the exception of buildings which are insulated and sealed for acoustic reasons, the mechanical
ventilation systems mentioned in section 11.7.2 should have the option to be switched off by means
of control equipment when air conditioning is not in use.

11.8 Lighting
RTAA DOM does not provide requirements for lighting.

11.9 Elevators and Conveyors
RTAA DOM does not provide requirements for elevators and conveyors.
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11.10 Renewable Energy

Except for the requirement of solar hot water for all new residential buildings, the RTAA DOM
does not specify any other requirements for renewable energy.

12 Building Code of Australia (BCA)

12.1 Introduction

The Building Code of Australia (BCA) is produced and maintained by the Australian Building
Codes Board (ABCB) on behalf of the Australian Government and each State and Territory
Government.

The BCA is a uniform set of technical provisions for the design and construction of buildings and
other structures throughout Australia, whilst allowing for variations in climate and geological or
geographic conditions.

The “Building Codes of Australia 1990” (BCA-90) were the country's original building codes,
which set out the technical requirements for different building types. The Codes have since
evolved, and have been developed to become performance-based. The codes were separated into
two volumes: volume 1 applies to commercial buildings, and volume 2 applies to domestic
buildings. The current version of the Codes is the Building Codes of Australia 2010, which came
into effect in all states as from 1*' May 2010.

12.2 Administrative Provisions

The development of the first performance-based codes was completed in 1996 (BCA-96), and is
essentially a list of mandated, nationwide codes. The system gave builders the option to follow
"deemed-to-satisfy provisions", which outlined materials and designs guaranteed to meet designated
standards; or use "alternate solutions", which enabled builders to create their own designs, as long
as builder's could prove designs met performance requirements set forth by the Australian Building
Codes Board (ABCB). The ABCB recommended the latter option, as it allows for greater
innovation and technological advances in building and energy efficiency. Since then, greater energy
efficient practices in buildings have been incorporated into building codes in Australia.

12.3 Code Development and Maintenance

The Australian Building Codes were periodically updated, and are currently known as the “Building
Codes of Australia 2010” (BCA 2010). The latest updates to the Building Codes were carried out in
order to meet standards set forth by the Kyoto Protocol. The Council of Australian Governments
(COAG) has requested the ABCB to increase the BCA energy efficiency provisions through the
creation of the BCA 2009 and subsequently BCA 2010. The provisions of the BCA 2010 require a
6-star energy rating under the Nation House Energy Rating Scheme (or equivalent) for new
residential buildings, as well as a significant increase in energy efficiency requirements for
commercial buildings. The annual energy consumption calculation method must comply with the
ABCB Protocol for Building Energy Analysis Software.
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12.4 Regulation Method
Regulatory Legislation

The BCA is given legal effect by building regulatory legislation in each State and Territory. This
legislation consists of an Act of Parliament and subordinate legislation which empowers the
regulation of certain aspects of buildings and structures, and contains the administrative provisions
necessary to give effect to the legislation.

Any provision of the BCA may be overridden by, or subject to, State or Territory legislation and
therefore the BCA must be read in conjunction with that legislation.

The goal of the BCA is to enable the achievement of nationally consistent, minimum necessary
standards of relevant health, safety (including structural safety and safety from fire), amenity and
sustainability objectives efficiently.

This goal is applied so that:

(a) there is a rigorously tested rationale for the regulation; and

(b) the regulation generates benefits to society greater than the costs (that is, net benefits); and

(c) the competitive effects of the regulation have been considered and the regulation is no
more restrictive than necessary in the public interest; and

(d) there is no regulatory or non-regulatory alternative that would generate higher net benefits.

A building will comply with the BCA if it satisfies the “Performance Requirements” set out in the
Building Code of Australia.

Compliance with the Performance Requirements can only be achieved by:
(a) complying with the Deemed-to-Satisfy Provisions; or
(b) formulating an Alternative Solution which:
(1) complies with the Performance Requirements; or
(i1) is shown to be at least equivalent to the Deemed-to-Satisfy Provisions; or

(c) acombination of (a) and (b).

Categorisation of Code sections
The BCA is divided into different sections, as follows:

Section A:  General Provisions
Section B:  Structure

Section C:  Fire Resistance

Section D:  Access and Egress
Section E:  Services and Equipment
Section F:  Health and Amenity
Section G:  Ancillary Provisions
Section H:  Special Use Buildings
Section I: ~ Maintenance

Section J:  Energy Efficiency
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As a result of the Commonwealth Government’s initiative, the Australian Greenhouse Office
(AGO) and the Australian Building Codes Board (ABCB) entered into an agreement on sty anuary
2001 to develop energy efficiency measures for inclusion in the BCA. In 2003, energy efficiency
provisions were introduced into the BCA for housing; in 2005, for other residential buildings and
in 2006, the provisions were expanded to include all other “classes” of buildings, as well as
enhancing the stringency for houses to a target of 5 stars. In the 2010 version, all energy efficiency
measures were further strengthened, and are as specified in Section J (Energy Efficiency) of the
BCA 2010.

Classification of buildings in the BCA

The BCA covers a large number of building types. These building types are defined in terms of
“classes” in the BCA. The Building Code of Australia addresses building “classes” as follows:

Class 1: one or more buildings which in association constitute of:

- asingle dwelling;

- aboarding house, guest house, hostel or the like, which is not located above or below
another dwelling or another Class of building other than a private garage, where the
total area of all floors does not exceed 300 m” and in which not more than 12 persons
would ordinarily be resident.

Class 2: a building containing two or more sole-occupancy units, each being a separate dwelling.

Class 3: a residential building, other than a building of Class 1 or 2, which is a common place of
long term or transient living for a number of unrelated persons.

Class 4: a dwelling in a building that is Class 5, 6, 7, 8 or 9 if it is the only dwelling in the
building.

Class 5: an office building used for professional or commercial purposes, excluding buildings of
Class 6, 7, 8 or 9.

Class 6: a shop or other building for the sale of goods by retail or the supply of services direct to
the public.

Class 7: a building which is a carpark or for storage, or display of goods or produce for sale by
wholesale.

Class 8: a laboratory, or a building in which a handicraft or process for the production, assembling,
altering, repairing, packing, finishing, or cleaning of goods or produce is carried on for
trade, sale, or gain.

Class 9: a building of a public nature (e.g. healthcare building, aged-care building, place of
assembly).

Class 10:a non-habitable building or structure (such as a private garage, carport, shed, or the like)
or a structure being a fence, mast, antenna, retaining or free-standing wall, swimming
pool, or the like.

12.5 Building Lay-out and Design

The BCA set out requirements for natural daylight and ventilation, which may affect the building’s
layout and design. The performance requirements with respect to daylight and ventilation entail the
following:
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e Sufficient openings must be provided and distributed in a building so that natural light, when
available, provides a level of illuminance appropriate to the function or use of that part of the
building. Natural lighting must be provided either through windows or rooflights.

- Windows should have an aggregate light transmitting area (measured exclusive of
framing members, glazing bars or other obstructions) of not less than 10% of the floor
area of the room; and should be open to the sky or face a court or other space open to
the sky or an open verandah, carport or the like.

- Rooflights should have an aggregate light transmitting area (measured exclusive of
framing members, glazing bars or other obstructions) of not less than 3% of the floor
area of the room.

e A space in a building used by occupants must be provided with means of ventilation with
outdoor air which will maintain adequate air quality. For adequate natural ventilation, the
building must consist of permanent openings, windows, doors or other devices which can be
opened with an aggregate opening or openable size not less than 5% of the floor area of the
room required to be ventilated; and should be open to a suitably sized court, or space open to
the sky; or an open verandah, carport, or the like; or should “borrow” natural ventilation from
an adjoining room.

12.6 Building Envelope

Under the Energy Efficiency section of the Codes (Section J), performance requirements are
specified for roofs and ceilings, walls and floors, as follows:

12.6.1 Roof and ceiling construction

A roof or ceiling that is part of the envelope, (other than of a sole-occupancy unit of a Class 2
building or a Class 4 part of a building — as defined under “Classification of buildings” above),
must achieve the total R-Value specified in the table below for the direction of heat flow.

Climate 1, 2 and |4, 5 and 7 8
- 3 6
Direction of heat flow Downwards Upwards
Minimum Tota! R-Valiue for a roof or ceiling with a roof upper surface solar absorptance value of not 29 99 27 |ag
more than 0.5 i i i )
Minimum JTots! R-Value for a roof or ceiling with a roof upper surface solar absorptance value of more 57 52 37 |as
than 0.5 but not more than 0.6 i i )
Minimum Total -Valve for a roof or ceiling with a roof upper surface solar absorptance value of more 42 59 27 |ag
than 0.6 i i i )

Table 10: Minimum R-values for roof and ceiling constructions
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Chimale Zones
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Figure 18. Climate zones defined in BCA

12.6.2 Walls

Each part of an external wall that is part of the building envelope, (other than of a sole-occupancy unit of a
Class 2 building or a Class 4 part of a building), must satisfy one of the options in Table xx below, except for:

() opaque non-glazed openings in external walls such as doors (including garage doors), vents,
penetrations, shutters and the like; and
(i) glazing; and

(iv) an earth retaining wall or earth-berm, in other than climate zone 8.

| Climate zone Options

EF Achieve a minimum Total R-Value of 3.3.
(i) |The minimum Total R-Value in (i) is reduced—
(A) [for a wall with a surface density of not less than 220 kg/m?, by 0.5; and
(B) |for a wall that is—
(aa) [facing the south orientation, by 0.5; or
1,2and 3
(AA) |15 degrees to not more than 45 degrees, by 0.5; or
(BB) |more than 45 degrees, by 1.0; and
(C) |if the outer surface solar absorbance value is not more than 0.6, by 0.5.
(b) |Where the only space for insulation is provided by a furring channel, top hat section, batten or the like—

|
|
|
|
|
(bb) |shaded with a projection shade angle in accordance with Figure xx below of— |
|
|
|
|
(i) |achieve a minimum Total R-Value of 1.4; and |

|

(i) |satisfy glazing energy index Option B a set out in BCA.
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(i) |The minimum Total R-Value in (i) is reduced—
(A) |for a wall with a surface density of not less than 220 kg/mz, by 0.5; and
(B) |for a wall that is—
(aa) [facing the south orientation, by 0.5; or
(bb) |shaded with a projection shade angle in accordance with Figure xx below of—
(AA) |30 degrees to not more than 60 degrees, by 0.5; or
(BB) |more than 60 degrees, by 1.0.

(i) |achieve a minimum Total R-Value of 1.4; and

(ii) |satisfy glazing energy index Option B a set out in BCA.

(&) |Achieve a minimum Total R-Value of 2.8.
(b) |Where the only space for insulation is provided by a furring channel, top hat section, batten or the like—

(i) |achieve a minimum Total R-Value of 1.4; and

(i) |satisfy glazing energy index Option B a set out in BCA.

(a) |Achieve a minimum Total R-Value of 3.8.

Table 11. Minimum R-values for walls

Shading projection
!

5
!

S Required
angle
\ e |

|
|
|
|
|
|
|
(b) |Where the only space for insulation is provided by a furring channel, top hat section, batten or the like— |
|
|
|
|
|
|
|

Y

Y
A

Irternal floor

Figure 19. Measurement of projection for wall shading

12.6.3 Floors

(a) A floor that is part of the envelope of a building, other than a sole-occupancy unit of a Class 2
building or a Class 4 part of a building, including a floor above or below a carpark or a plant
room -

(1) must achieve the Total R-Value specified in Table XX below; and

(i1) with an in-slab heating or cooling system, must be insulated around the vertical edge of
its perimeter with insulation having an R-Value of not less than 1.0.

(b) In climate zones 1 to 6, the minimum Total R-Value required in (a) may be reduced by R0.5
provided R0.75 is added to the Total R-Value required for the roof and ceiling construction.

(c) A concrete slab-on-ground with an in-slab heating or cooling system; or located in climate zone
8, must have insulation installed around the vertical edge of its perimeter.

(d) Insulation required by (c) must have an R-Value of not less than 1.0; and be water resistant; and
be continuous from the adjacent finished ground level—
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(A) to a depth of not less than 300 mm; or
(B) for the full depth of the vertical edge of the concrete slab-on-ground.

(e) A floor construction is deemed to have the thermal properties listed in the Specifications
section of the BCA.

Climate zone

Location
1 /2 |3 |4 /5|6 7 8
(a) |/A slab on ground:
(i) |without an in-slab heating or cooling system Nil | Nil | Nil | Nil | Nil | Nil |1.0 |2.0
(ii) |With an in-slab heating or cooling system 1.25|1.25(1.251.25|1.25 |1.25 |1.25 |2.25

(b) |/A suspended floor without an in-slab heating or cooling
system where the non- conditioned space is—

(i) |enclosed; and 1.0 /1.0 ' Nil | Nil /1.0 |1.0 |15 |25

(ii) \where mechanically ventilated by not more than 1.5
air changes per hour.

(c) |A suspended floor with an in-slab heating or cooling
system where the non- conditioned space is—

(i) |enclosed; and 1.25|1.25|1.25 |1.25|1.25 |1.25 |1.75 |2.75

(i) |where mechanically ventilated by not more than 1.5
air changes per hour

(d) |[For other than (a), (b) or (c) 20 /20 /20|20 20 20 |20 35

Note:
A sub-floor space with not more than 150% of the required sub-floor ventilation is considered enclosed.

Table 12. Minimum R-values for floors

12.6.4 Glazing

The glazing in each storey, including any mezzanine, of a building must be considered such that the
total U-Values and solar heat gain coefficients (SHGCs) are assessed for the combined effect of the
glass and frame, with the aim of reducing air-conditioning energy consumption attributable to
glazing.

Internal glazing need also be assessed if it is located between an unconditioned and conditioned
space.

The assessment of the glazing performance is done by considering the “aggregate air-conditioning
energy value” which is calculated by adding the air-conditioning energy value through each glazing
element in accordance with the following formula:

A1[ SHGC1(CaxSnH1+CgXSc1)+CcxU1] + Az SHGC2(CaXSha+CsXSc2)+CcXxUs] + ...

where

A2, etc = the area of each glazing element

Ca. B and c = the energy constants A, B and C for the specific orientation (obtainable from the BCA)
SHGC,, 2, e = the SHGC of each glazing element
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St1. 2, et = the heating shading multiplier for each glazing element (obtainable from the BCA)
Sci,2, ete = the cooling shading multiplier for each glazing element (obtainable from the BCA)

Ui, 2, ete = the Total U-Value of each glazing element

Note: Where the air-conditioning energy value of a glazing element is calculated to be negative, it must be
taken to be zero.

12.7 Heating Ventilation and Air Conditioning (HVAC)

12.7.1 Heating
Heating such as for a conditioned space must, to the degree necessary, obtain energy from

(a) asource that has a greenhouse gas intensity that does not exceed 100 g CO,-¢/MJ of
thermal energy load; or

(b) asource that is renewable on-site such as solar, geothermal or wind; or

(c) another process as reclaimed energy.

A heater for heating a space via water, such as a boiler, that is part of an air-conditioning system,
must achieve a thermal efficiency complying with Table xx below when tested in accordance with
BS 7190; and use reticulated gas where it is available at the allotment boundary.

|Fue| type Rated capacity [kwr.._-.u..!).Minimum gross thermal efficiency (%)

Mot more than 750 80

Gas .
More than 750 83
| oil All capacities 80

Table 13. Minimum thermal efficiency of water heater
For heating a space other than via water, the heating system must be:

(a) a solar heater; or

(b) a gas heater; or

(c) an oil heater if reticulated gas is not available at the allotment boundary; or

(d) aheat pump heater; or

(e) a solid-fuel burning heater; or

(f) a heater using reclaimed heat from another process such as reject heat from refrigeration plant;
(g) or a combination of 2 or more of (a) to (f).

A fixed space heating appliance installed outdoors must be controlled to automatically turn off
when not needed by an outdoor air temperature sensor, timer, motion detector, or the like.

A time switch must be provided to control any heating system of more than 10 kW eating)-

Heating for a swimming pool or a spa pool must be by:

(1) a solar heater not boosted by electric resistance heating; or
(ii) a heater using reclaimed energy; or

(ili)  a gas heater; or

(iv)  a heat pump; or

v) a combination of 2 or more of (i), (i1), (iii) and (iv).
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Where some or all of the heating required by the swimming pool or spa pool is by a gas heater or a
heat pump, the pool must have:

(1) a cover (other than when a swimming pool is located in a conditioned space); and

(i)  atime switch, in accordance with specifications stated in the BCA, to control the
operation of the heater.

(c) A time switch must be provided, in accordance with specifications in the BCA, to
control the operation of a circulation pump.

12.7.2 Mechanical ventilation

A system that provides mechanical ventilation to other than a sole-occupancy unit in a Class 2
building or a Class 4 part of a building, either as part of an air-conditioning system or as a separate
ventilation system, must be capable of being deactivated when the building or part of the building
served by that system is not occupied.

When the mechanical ventilation is provided by means other than an air-conditioning system and
the air flow rate is more than 1000 L/s, the system should have a fan power to air flow rate ratio of
0.5 W/(L/s) without filters or 0.75 W/(L/s) with filters for a general mechanical ventilation system.

For carpark exhaust, when serving over 40 vehicles, mechanical ventilation should be controlled by
an atmospheric contaminant monitoring system, and should maintain an average minimum air-
change rate of 0.5 air changes per hour other than when the carpark is not occupied for a period of
more than 2 hours.

The requirements above must not inhibit the smoke hazard management operation of air-
conditioning and mechanical ventilation systems and essential ventilation such as for a garbage
room, lift motor room, gas meter enclosure or gas regulator enclosure or the like.

Ceiling fans are required as part of compliance and must be permanently installed, have a speed
controller and serve the whole room, with the floor area that a single fan serves not exceeding:

(i) 15 m? if it has a blade rotation diameter of not less than 900 mm; and

(i) 25 m?if it has a blade rotation diameter of not less than 1200 mm.

12.7.3 Air-conditioning

An air-conditioning unit or system must be capable of being deactivated when the sole-occupancy
unit, building or part of the building served is not occupied.

Where the air-conditioning unit or system has motorised outside air and return dampers, the system
should be able to close the dampers when the air-conditioning unit or system is deactivated.

When serving a sole-occupancy unit of a Class 3 building, the system should not operate when any
external door, including a door opening to a balcony, patio, courtyard or the like is open for more
than 1 minute; and should have any supply and return ductwork adequately sealed and insulated in
accordance with the specifications of the code.

When serving more than one sole-occupancy unit, air-conditioning zone or area with different
heating and cooling needs, the system should:

(a) thermostatically control the temperature of each sole-occupancy unit, zone or area; and

(b) not control the temperature by mixing actively heated air and actively cooled air.
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Other than where a packaged air-conditioning unit is used, the system should have a variable speed
fan when its supply air quantity is varied.

Where the air-conditioning system provides the required mechanical ventilation, the system should
have an outdoor air economy cycle:

(a) in climate zones 2 and 3, when the air-conditioning unit capacity is over 50 kWr; and
(b) in climate zones 4, 5, 6, 7 and 8 when the air-conditioning unit capacity is over 35 kWr;

In a Class 3 building, the system should be capable of controlling the temperature of a sole-
occupancy unit at a different temperature during sleeping periods than during other periods.

In general, when the air flow rate is greater than 1000 L/s, the system should be designed so that the
total fan power of the fans in the system is in accordance with Table xx below:

Maximum fan power (W/m2 of the ffoor area of the conditioned
Space)

Air-conditioning sensible heat load (W/m2
of the fioor area of the conditioned space)

For an agir-conditioning system For an gir-conditioning system

serving not more than 500 m2 serving more than 500 m2
[ Up to 100 [ 41 | 6.4
| 101 to 150 | 7.3 | 10.4
| 151 to 200 | 105 | 14.1
| 201 to 300 | 17.1 | 215
[ 301 to 400 | 23.6 | 28.4
MNotes For more than 400 W/m?2 intermnal load—

in a building of not more than 500 m2 floor sres use 0.07 W of fan power for
each Watt of intemal load, and

(@)

in a building of more than 500 m2 foor sres, use 0.09 W of fan power for
each Watt of internal load.

(b)

Table 14. Maximum Fan Power

12.8 Lighting

In a sole-occupancy unit of a Class 2 building or a Class 4 part of a building, the lamp power
density or illumination power density of artificial lighting must not exceed:

(A) within the building, 5 W/m?; and
(B) on a verandah or balcony of the building 4 W/m”.

When designing the lamp power density, the power of the proposed installation must be used rather
than nominal allowances for exposed batten holders or luminaires.

Where lamps are used that have a transformer or ballast, the transformer or ballast must be of the
electronic type.

Halogen lamps must be separately switched from fluorescent lamps.

In any other building than a sole-occupancy unit of a Class 2 building or a Class 4 part of a
building, for artificial lighting, the aggregate design illumination power load must not exceed the
sum of the allowances obtained by multiplying the area of each space by the maximum illumination
power density in Table J6.2a of the BCA.

The requirements above do not apply to the following:
- Emergency lighting in accordance with Part E4 of the BCA.
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- Signage and display lighting within cabinets and display cases that are fixed in place.
- Lighting for accommodation within the residential part of a detention centre.
- A heater where the heater also emits light, such as in bathrooms.

- Lighting of a specialist process nature such as in an operating theatre, fume cupboard or clean
workstation.

- Lighting of performances such as theatrical or sporting.

- Lighting for the permanent display and preservation of works of art or objects in a museum or
gallery other than for retail sale, purchase or auction.

12.9 Domestic Hot Water

The BCA requires that a hot water supply system for food preparation and sanitary purposes, other
than a solar hot water supply system in climate zones 1, 2 and 3, must be designed and installed in
accordance with Section 8 of Australian Standards AS/NZS 3500.4 (Plumbing and drainage -
Heated water services).

12.10 Elevators and Conveyors

The BCA does not specify requirements for the energy efficiency of elevators and conveyors.

12.11 Renewable Energy

The BCA states that, in order to reduce greenhouse gas emissions, to the degree necessary:
(a) abuilding, including its services, is to be capable of efficiently using energy; and

(b) abuilding's services for heating are to obtain their energy from:
(1)  asource that has a greenhouse gas intensity that does not exceed 100 g CO;-e¢/MJ of
thermal energy load; or
(i1) asource that is renewable on-site such as solar, geothermal or wind; or
(i) another process as reclaimed energy.

13 Malaysia Guidelines for Energy Efficiency in Buildings

13.1 Introduction

The Malaysian Standard, MS 1525:2007, is the first revision of MS 1525:2001,Code of Practice on
Energy Efficiency and use of Renewable Energy for Non-residential Building.

The purposes of this standard are to:
a) encourage the design, construction, operation and maintenance of new and existing buildings in a

manner that reduces the use of energy without constraining creativity in design, building function
and the comfort or productivity of the occupants; and appropriately dealing with cost considerations
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b) provide the criteria and minimum standards for energy efficiency in the design of new buildings,
retrofit of existing buildings and methods for determining compliance with these criteria and
minimum standards

¢) provide guidance for energy efficiency designs that demonstrate good professional judgement to
comply with minimum standards

d) encourage the application of renewable energy in new and existing buildings to minimize

reliance on non-renewable energy sources, pollution and energy consumption whilst maintaining
comfort, health and safety of the occupants.

13.2 Administrative Provisions

13.2.1 Scope

This code of practice gives guidance on the effective use of energy including the application of
renewable energy in new and existing non-residential buildings. Buildings or portions thereof,
whose peak design rate of electrical energy usage for all purposes is less than 10 W/m? (installed) of
gross floor area are excluded from this standard.

The recommendations for renewable energy applications are classified under the following areas:

a) maximising the availability of renewable energy resources such as solar heating, solar electricity,
solar lighting and solar assisted technologies

b) optimising passive cooling strategies

¢) optimising environmental cooling through natural means such as vegetation, site planning,
landscaping and shading

d) maximising passive solar design.

The requirements for energy efficiency are classified under the following areas:
a) designing an efficient lighting system (Clause 6)

b) minimising losses in electrical power distribution equipment (Clause 7)

c¢) designing an efficient air-conditioning and mechanical ventilation system (Clause 8)

d) designing a good energy management system (Clause 9)

13.2.2 Enforcement
The following normative references are indispensable for the application of this standard:

e ASHRAE Handbook: 2000 - HVAC systems and equipment.
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13.3

ANSI/SMACNA 006 HVAC Duct Construction Standards Metal and Flexible, SMACNA,
second edition, 1995

HVAC Air Duct Leakage Test Manual, SMACNA, first edition, 1985

MS IEC 60929: 1995, Specification for a.c. supplied electronic ballasts for tubular
fluorescent lamps — Performance requirements.

MS IEC 60364 : Electrical installations of buildings Uniform Building By Laws, 1984.

ARI 210-240 Performance Rating of Unitary Air-Conditioning & Air-Source Heat Pump
Equipment

ANSI/ARI 340/360: Commercial and Industrial Unitary Air-Conditioning and Heat Pump
Equipment

ARI 550/590 Performance Rating of Water Chilling Packages Using the Vapor
Compression Cycle

ARI 480-2001: Refrigerant-Cooled Liquid Coolers, Remote Type

ANSI/ASHRAE 140-2004: Standard Method of Test for the Evaluation of Building Energy
Analysis Computer Programs

Building layout and design

The Code includes a section on design strategies for achieving energy efficiency including the
following aspects:

building orientation and configuration (geometry and layout)
effective room depth
floor to ceiling height
location of cores
building facade

internal layout
fenestrations

building materials
natural ventilation

roof design and colour
landscaping and shading.

For climatic zones near the equator, the best orientation for buildings is with the long directional
axis of buildings facing North-South, minimising the East-West orientation.

Designing with emphasis on natural daylighting should begin at the preliminary design stage. The
daylight distribution is as shown in Table xx.

Table 15. Daylight factors and distribution
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Zone DF (%) Distribution
Very Bright =6 Very large with thermal and glare
problems
Bright 3-6 Good
Average 1-3 Fair
Dark 0-1 Poor
MOTE. The figures are average daylight factors for windows without glazing

Correct choice of building materials for fagade design can help minimise solar heat gain.
Creating cooler microclimate around the building may involve strategic landscaping techniques

through maximising softscape and implementation of aquascape.

13.4 Building envelope

1341 Overall Thermal Transfer Value (OTTV)

A design criterion for building envelope known as the overall thermal transfer value (OTTV) has
been adopted. It has units of Watts per metre square (W/m2).

The OTTV aims at achieving the design of building envelope to cut down external heat gain and
hence reduce the cooling load of the air-conditioning system.

The OTTYV requirement applies only to air-conditioned buildings.

The OTTV of the building envelope for a building, having a total air-conditioned area exceeding
4000 m* and above should not exceed 50 W/m”.

13.4.2 Roofs and skylights
The roof of a conditioned space shall not have a U-value greater than that tabulated in Table xx.

Table 16. Maximum U-value for roof (W/m2K)

Roof Weight Maximum U-Value (W/m?°K)
Group
Light 04

(Under 50 kg/m®)

Heavy 06
(Above 50 kgim?®)
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For roofs that do have skylights, a Roof Thermal Transfer Value (RTTV) is defined that combines
the various thermal transfer values for the roof surfaces and skylights into one value. It has units of
Watts per metre square (W/m?). For roofs with skylight, the maximum recommended RTTV is 25
W/m?.

Skylights for which daylight credit is taken may be excluded both from the U-value calculation and
the calculation of the RTTV provided certain conditions are met.

All electric lighting fixtures within the skylight areas shall be controlled by automatic daylighting
controls.

13.4.3 Air leakage
Air leakage should be controlled.

Any duct providing a connection between conditioned space to outside air should have a damper in
between to prevent air leakages into conditioned space when the duct is not in operation.

It is recommended that a door that separates conditioned space from the exterior is protected by an

enclosed vestibule, with all doors opening into and out of the vestibule equipped with self-closing
devices.

13.5 HVAC

Cooling system design loads for the purpose of sizing systems and equipment should be determined
in accordance with the procedures described in ASHRAE Handbook.

Room comfort condition should consider the following 3 main factors:
o dry bulb temperature

o relative humidity
air movement (air velocity)

The indoor design conditions of an air-conditioned space for comfort cooling should be as follows:

a) Recommended design dry bulb temperature : 23 °© C —26 °C
b) Minimum dry bulb temperature: 22 ° C

c) Recommended design relative humidity: 55 % — 70 %

d) Recommended air movement: 0.15 m/s — 0.50 m/s

e) Maximum air movement: 0.7 m/s

In addition, the recommended outdoor design conditions should be as follows:

a) Dry bulb temperature 33.3 °C
b) Wet bulb temperature 27.2 °C
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Outdoor air-ventilation rates should comply with Third Schedule (By Law 41) Article 12(1) of
Uniform Building by Laws, 1984.

Zones which are expected to operate non-simultaneously for more than 750 hours per year and
zones with special process temperature and/or humidity requirements should be served by separate
air distribution systems.

Each system should be provided with at least one thermostat for the regulation of temperature. Each
system should be equipped with automatic controls capable of accomplishing a reduction of energy
use.

Each mechanical ventilation system (supply and/or exhaust) should be equipped with a readily
accessible switch or other means for shut-off or volume reduction when ventilation is not required.
Examples of such devices would include timer switch control, thermostat control, duty cycle
programming and CO/CO; sensor control.

All piping installed to serve buildings and within buildings should be adequately insulated to
prevent excessive energy losses. Similarly, all ducts, plenums and enclosures installed in or on

buildings should be insulated.

Requirements for the coefficient of performance (COP) for various equipment types are specified.
13.6 Lighting
Recommended average illuminance levels for various activities are specified in Table xx.

Table 17. Recommended average illuminance levels
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Task Numinance Example of Applications
[Lunx)
Lighting for infrequently used area i Minimum service ileminance
100 Intenor walkway and car-park
100 Huoitel bedroom
100 Lift imterior
100 Corridor, passageways, stairs
150 Escalator, travellator
100 Entrance and axit
100 Staff changing room, locker and cleaner room, choak
rocm, lavatones, stores.
100 Entrance hall, lobbies, waiting room
300 Imquiry desk
200 Gate house
Lighting for working interiors 200 Infrequent reading and writing
300 — 400 General offices, shops and stores, reading and writing
300 — 400 Drawing office
150 Restroom
200 Restaurant, Canteen, Cafeteria
150 — 300 Kitchen
150 Lounge
150 Bathroom
100 Toilet
100 Bedroom
300 - 500 Class room, Library
200 -750 Shop / SupermmarketDepartment store
300 Musewmn and gallery
Localised ghting for exacting task 500 Proof reading
1000 Exacting drawing
2000 Detaded and precise waork

The maximum allowable power for illumination systems are also specified (Table xx).

Table 18. Unit lighting power (including ballast loss) allowance

Type of Usage

Max_ lighting power
Wim?*

Restaurants

Ciffices

Auditoriums! Concert Halls

Hotel! Motel Guest Rooms

Car Parks

Classrooms/! Lecture Theatres

Lobbies/ Atriums! Concourse

Supermarkets/ Department Stores/ Shops

Stores! Warehouses/ Stairs! Comidors! Lavatories

1
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All lighting systems except those required for emergency or exit lighting should be provided with
manual, automatic or programmable controls. For lighting loads exceeding 100 kW automatic
control should be provided.

The minimum number of lighting control for daylight energy savings scheme are also taken into
consideration. All lighting controls should be located at an accessible place.

13.7 Electric power and distribution

The energy efficiency requirements of electric motors, transformers and distribution systems of
buildings except those required for emergency purposes are described. These include limits to the
sizing of motors, minimum motor and transformer efficiencies and power factor correction.

Electrical energy meters should be installed at strategic load centres to identify consumption by
functional use.

13.8 Energy management control system (EMS)

It should be considered for buildings having area greater than 4 000 m2 of air-conditioned space.

The building EMS has 3 functions:
e control of equipment
e monitoring of equipment
e integration of equipment sub-systems

The EMS should placed special emphasis on the air conditioning and mechanical ventilation system
and lighting systems.

Buildings provided with EMS should be equipped with data logging facilities for the collation of

data for energy auditing.

13.9 Building Energy Simulation Method

The building energy simulation should be performed twice. The first simulation should be for a
building as per the architectural design, referred to as the design building. The second stimulation is
for a reference building referred to as the base building.

The simulation program used should be a computer-based program for the analysis of energy
consumption in buildings
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14 India Energy Conservation Building Code

14.1 Introduction

The Energy Conservation Building Code &ECBC) 2007, revised in May 2008 has been developed
by the Energy Efficiency Bureau to be used as a national standard of which some measures are
mandatory and others only prescriptive. The purpose of this code is to provide minimum
requirements for the energy-efficient design and construction of buildings.

Where this code is found to conflict with safety, health, or environmental codes, the safety, health,
or environmental codes shall take precedence.

National Building Code 2005 is the reference document/ standard for lighting levels, HVAC,
comfort levels, natural ventilation, pump and motor efficiencies, transformer efficiencies and any
other building materials and system performance criteria.

14.2 Administrative Provisions

14.2.1 Structure and scope

The code is applicable to buildings or building complexes that have a connected load of 500 kW or
greater or a contract demand of 600 kVA or greater. Generally buildings or complexes having

conditioned area of 1,000 m2 or more will fall under this category.

The provisions of this code apply to:

(a) Building envelopes, except for unconditioned storage spaces or warechouses

(b) Mechanical systems and equipment, including heating, ventilating, and air
conditioning

(c) Service hot water heating

(d) Interior and exterior lighting

(e) Electrical power and motors,

With exemptions to:
(a) Buildings that do not use either electricity or fossil fuel

(b) Equipment and portions of building systems that use energy primarily for
manufacturing processes

14.2.2 Enforcement mechanisms

Administrative requirements relating to permit requirements, enforcement, interpretations, claims of
exemption, approved calculation methods, and rights of appeal are specified by the authority having
jurisdiction.

14.2.3 Compliance methods and tools

The building shall comply with the mandatory provisions and either of the following:
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(a) Prescriptive Method, except the envelope trade-off option may be used in place of the
prescriptive criteria
(b) Whole Building Performance Method (Appendix B §10)

Plans and specifications shall show all pertinent data and features of the building, equipment, and
systems in sufficient detail to permit the authority having jurisdiction to verify that the building
complies with the requirements of this code. Details shall include, but are not limited to:

(a) Building Envelope: insulation materials and their R-values; fenestration U-factors,
solar heat gain coefficients (SHGC), visible light transmittance (if the trade-off
procedure is used), and air leakage; overhangs and sidefins, building envelope sealing
details

(b) Heating, Ventilation, and Air Conditioning: system and equipment types, sizes,
efficiencies, and controls; economizers; variable speed drives; piping insulation; duct
sealing, insulation and location; requirement for balance report

(©) Service Hot Water and Pumping: solar water heating system

(d) Lighting: lighting schedule showing type, number, and wattage of lamps and ballasts;
automatic lighting shutoff, occupancy sensors, and other lighting controls; lamp
efficacy for exterior lamps

(e) Electrical Power: electric schedule showing transformer losses, motor efficiencies,
and power factor correction devices; electric check metering and monitoring system

14.3 Building envelope

14.3.1 U-factors and Solar Heat Gain Coefficients (SHGC)

U-factors and Solar Heat Gain Coefficient shall in general be in accordance with ISO-15099 as in
Appendix C §11 or determined from ASHRAE fundamentals 2005. For roofs either the maximum
assembly U-factor or the minimum insulation R-value in Table 19 should be complied with. Roofs
with slopes less than 20 degrees shall have an initial solar reflectance (ASTM E903-96) of no less
than 0.70 and an initial emittance (ASTM E408-71: RA 1996) no less than 0.75.

Table 19. Roof assembly U-factor and Insulation R-value
Requirements
Climate 24-Hour use buildings Hospitals, Daytime use buildings Other
Zone Hotels, Call Centers etc. Building Types
Maximum U- Minimum R- Maximum U- Minimum R-
factor of the
value of factor of the value of
overall . ) . A
assembly |nsulat|?n alone | overall assoembly |nsu|at|§)n alone
(W/me=°C) (m2-°C/W) (W/m2-°C) (m2-°C/W)
Composite U-0.261 R-3.5 U-0.409 R-2.1
Hot and U-0.261 R-3.5 U-0.409 R-2.1
Dry
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Warm and U-0.261 R-3.5 U-0.409 R-2.1
Humid

Moderate U-0.409 R-2.1 U-0.409 R-2.1
Cold U-0.261 R-3.5 U-0.409 R-2.1

Opaque doors shall comply with either the maximum assembly U-factor or the minimum insulation

R-value in Table 20.
Table 20. Opaque Wall Assembly U-factor and Insulation R-value
Requirements
i Hospitals, Hotels, Call Centers (24Hour)
Climate Other Building Types (Daytime)
Zone
Maximum U- Minimum R-value Maximum U- Minimum R-value
factor of the . ) factor of the ) .
overall assembly of insulation overall assembly of insulation
(W/m2-°C) alone (m2-"C/W) (W/ms-C) alone (m2-°C/W)
Composite U-0.440 R-2.10 U-0.440 R-2.10
Hot and U-0.440 R-2.10 U-0.440 R-2.10
Dry
Warm ?nd U-0.440 R-2.10 U-0.440 R-2.10
Humid
Moderate U-0.440 R-2.10 U-0.440 R-2.10
Cold U-0.369 R-2.20 U-0.352 R-2.35

14.3.2 Fenestration and skylight

Vertical fenestration shall comply with the maximum area weighted U-factor and maximum area
weighted SHGC requirements of Table 21.

Table 21. Vertical Fenestration U-factor and SHGC Requirements (U-
factor in W/m2-°C)
40%
<40
WWR<40% <WWR<60%

Climate Maximum U- Maximum Maximum
factor SHGC SHGC
Composite 3.30 0.25 0.20
Hot and Dry 3.30 0.25 0.20
Warm and Humid 3.30 0.25 0.20
Moderate 6.90 0.40 0.30
Cold 3.30 0.51 0.51

See Appendix C §11.2.1 for Defaults values of Unrated Fenestration

Vertical Fenestration areas located more than 2.2 m (7 ft) above the level of the floor are exempt
from the SHGC requirement in Table 21 if the following conditions are complied with:
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(a) Total Effective Aperture: The total Effective Aperture for the elevation is less than
0.25, including all fenestration areas greater than 1.0 m (3 ft) above the floor level
(b) An interior light shelf is provided at the bottom of this fenestration area, with an

interior projection factor not less than:

(1) 1.0 for E-W, SE, SW, NE, and NW orientations
(i1) 0.5 for S orientation, and
(1i1) 0.35 for N orientation when latitude is < 23 degrees

Vertical fenestration area and skylight area are limited to a maximum of 60% of the gross wall area
and 5% of the gross roof area respectively, in the prescriptive requirement.

Vertical fenestration product shall have the minimum Visual Light Transmittance (VLT), defined as
function of Window Wall Ratio (WWR), where Effective Aperture > 0.1, equal to or greater than
the Minimum VLT requirements of Table 22.

Table 22. Minimum VLT
Requirements
Window Wall Minimum
Ratio VLT
0-0.3 0.27
0.31-0.4 0.20
0.41-0.5 0.16
0.51-0.6 0.13

Provisions for skylight area have been made in the standard in accordance with Table 23 below.

Table 23. Skylight U-factor and SHGC
Requirements (U-factor in W/m2-°C)

Maximum U-factor Maximum SHGC
Climate With w/o 0-2% 2.1-5%

Curb Curb SRR SRR
Composite 11.24 7.71 0.40 0.25
Hot and Dry 11.24 7.71 0.40 0.25
Warm and Humid 11.24 7.71 0.40 0.25
Moderate 11.24 7.71 0.61 0.4
Cold 11.24 7.71 0.61 0.4

SRR = Skylight roof ratio which is the ratio of the total skylight area of
the roof, measured to the outside of the frame, to the gross exterior
roof. See §11.2.2 for typical complying skylight constructions.

14.3.3 Air leakage

Air leakage for glazed swinging entrance doors and revolving doors shall not exceed 5.0 I/sm2. Air
leakage for other fenestration and doors shall not exceed 2.0 1/s-m2.
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14.4 HVAC

14.4.1 Natural ventilation

Natural ventilation should comply with the design guidelines provided for natural ventilation in the
National Building Code of India 2005.

14.4.2 Heating and cooling equipment

Cooling equipment shall meet or exceed the minimum efficiency requirements presented in Table
1.0. Heating and cooling equipment not listed here shall comply with ASHRAE 90.1- 2004 §6.4.1.

All heating and cooling equipment shall be temperature controlled. Where a unit provides both
heating and cooling, controls shall be capable of providing a temperature dead band of 3°C. All
mechanical cooling and heating systems shall be controlled by a timeclock that can start and stop
the system under different schedules for 3 different day-types per week.

14.4.3 Piping and ducts

Piping for heating systems with a design operating temperature of 60°C or greater shall have at least
R-0.70 (R-4) insulation. Piping for heating systems with a design operating temperature less than
60°C but greater than 40°C, piping for cooling systems with a design operating temperature less
than 15°C and refrigerant suction piping on split systems shall have at least R-2 insulation.

14.4.4 Hot water
Solar water heaters or heat recovery systems must be provided to supply at least 20% of design
capacity for residential facilities, hotels and hospitals. Heated pools are required to have a cover,

unless solar heated.

14.5 Lighting conditions

14.5.1 Controls

Control requirements include:

(a) Occupancy sensors in buildings >500m?2 for offices <30m2, meeting rooms,
classrooms and storage spaces.

(b) Luminaire in dalighted areas >25sqm

(©) All space enclosed by ceiling-height partitions

(d) Display/accent lighting, case lighting, hotel and motel guest room lighting, task

lighting, non-visual lighting and demonstration lighting

14.5.2 Interior lighting

Two alternative methods are provided for determining the max. interior lighting power:

waish Masagement G
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(a) The Building Area Method is calculated based on maximum lighting power density
for different building area types.
(b) The Space Function Method is similar, but specifieds the maximum lighting power

density for various functions.

14.5.3 Exterior lighting

Lighting for exterior building grounds luminaires which operate at greater than 100W shall contain
lamps having a minimum efficacy of 60 Im/W unless the luminaire is controlled by a motion sensor
or exempt under generals. Internally-illuminated exit signs shall not exceed SW per face.

14.6 Domestic hot water

Residential facilities, hotels and hospitals with a centralized system shall have solar water heating
for at least 1/5 of the design capacity, except systems that use heat recovery for at least 1/5 of the
design capacity.

Service water heating equipment shall meet or exceed the performance and minimum efficiency
requirements presented in available Indian Standards (IS):

(a) Solar water heater shall meet the performance/ minimum efficiency level mentioned in
IS 13129 Part (1&2)

(b) Gas Instantaneous Water heaters shall meet the performance/minimum efficiency level
mentioned in IS 15558 with above 80% thermal efficiency

(c) Electric water heater shall meet the performance / minimum efficiency level
mentioned in IS 2082

Vertical pipe risers serving storage water heaters and storage tanks not having integral heat traps
and serving a non-recirculating system shall have heat traps on both the inlet and outlet piping as
close as practical to the storage tank.

15 Code Relevance to Mauritius

15.1 IEEC

The International Energy Conservation Code (IECC) 2009 is a model code that regulates minimum
energy conservation requirements for new buildings. The code addresses energy conservation
requirements for all aspects of energy uses in both commercial and residential buildings. It is
relevant to the United States but it can be used as a template for energy efficiency internationally
and thus adopted in Mauritius. Its use within a governmental jurisdiction can be accomplished
through adoption by reference in accordance with proceedings establishing the jurisdiction’s laws.
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Energy efficiency in residential and commercial buildings has been addressed separately. There is a
section on climatic zones whereby 3 classes of climate have been defined in relation to
precipitation/moisture and these are Marine, Moist and Dry. The determination of climate zones
outside the United States has been tackled and thus it can be easily applied in Mauritius.

For residential energy efficiency, aspects such as building envelope, mechanical systems and
building energy simulation analysis for heating, cooling and service water heating energy have been
described. Each cooling and heating system should be provided with a control. In addition to the
above-mentioned aspects, electrical power and lighting systems have been covered under the code
for commercial energy efficiency.

Referenced standards such as ASHRAE, ANSI and the International Mechanical Code have been
taken into account for issues such as air leakage, design loads for mechanical systems and
ventilation. Efficiency of an HVAC system should be verified through certification under an
approved certification program or if no certification program exists, the equipment efficiency
ratings shall be supported by data furnished by the manufacturer and there should be provisions for
thermostatic controls for each heating and cooling system.

Lighting systems also shall be provided with controls (e.g. interior/exterior lighting controls, light
reduction controls, daylight zone control, sleeping unit controls). Lighting power is controlled by
specifying maximum installed capacity for various indoor and outdoor spaces.

The following systems and loads shall be included in determining the total building performance:
heating systems, cooling systems, service water heating, fan systems, lighting power, receptacle
loads and process loads. The simulated performance alternative applies in the same way as for
residential buildings. Performance analysis tools tested according to ASHRAE Standard 140 shall
be permitted.

15.2 ASHRAE

This American National Standard (ANS) is a national voluntary consensus standard developed
under the auspices of the American Society of Heating, Refrigerating and Air-conditioning
Engineers (ASHRAE). It provides minimum energy efficiency requirements for the design and
construction of new buildings, additions to buildings and existing buildings. The standard is
structured in terms of building envelope; heating, ventilating, and air conditioning; service water
heating; power; lighting; other equipment; energy cost budget method.

Requirements related to building envelope takes into account insulation, fenestration and doors, and
air leakage, which are applicable to Mauritius although all spaces are considered to be conditioned
in the standard.

Conditions that need to be met with for HVAC requirements in the standard are that building is two
stories or fewer in height, gross floor area is less than 25,000 ft2, and that each HVAC system in the
building complies with some other requirements in the clause.

Service water heating part deals with sizing of systems and equipment, equipment efficiency, piping
insulation, system controls, pools and heat traps. These are all relevant to Mauritius as to any other
country.
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Power, lighting and other equipment requirements all have their importance in the Mauritian
context. The simulation part of the energy cost budget method might however, not be readily
accessible.

Furthermore, the standard does not apply to single-family houses, multi-family structures of three
stories or fewer above grade, manufactured houses (mobile homes and modular), and to equipment
and portion of building systems that use energy primarily to provide for industrial, manufacturing or
commercial processes.

15.3 UK

The UK Approved Documents “Part L™ provide a prescriptive method for compliance with the
Building Regulations with regards to Energy Efficiency. The design standards are clearly set out in
different sections, such as design limits to building envelope and building services, controls, etc.
The standards are divided in either new or existing domestic and non-domestic buildings.
Additionally, there is no “climatic zoning” within the UK Approved Documents.

These aspects can be seen as positive in the context of the development of new codes for Mauritius.
The number of climatic zones usually depends on the balance between accuracy and simplicity.
Mauritius being a small island, the need for climatic zoning will need to be assessed and it may be
found that the use of one climate zone like in the UK is most appropriate and will not considerably
affect accuracy.

Although the UK is predominantly prone to colder climate, there are also standards and criteria to
prevent overheating in buildings which are not air-conditioned and to limit the effect the solar gains
in summer. The design standards which apply are either to show that the sum of solar and internal
gains does not go above a certain limit, or that the internal temperature does not exceed a threshold
for more than a reasonable number of occupied hours per year. This approach could successfully be
applied to Mauritius, where the design needs to be predominantly geared towards minimisation of
overheating.

In the Part L documents, no specifications are given as to minimum daylight factors, due to the
possible contradictory effect on solar heat gains. Daylighting is however an important issue which
needs to be tackled in the design of buildings in Mauritius, due to high natural daylight availability
and long sunshine hours. Increasing access to daylight can result in higher solar heat gains;
therefore the right “balance” should be found, based on the local context.

The use of lighting controls and efficiency of building services equipment is also highly stressed in
the Part L documents. Limits to Specific Fan Power are specified for mechanical ventilation and
Energy Efficiency Ratios for air conditioning systems. Building services account for a large part of
the operative energy of a building, and the energy codes for Mauritius should certainly contain
specifications for controls and equipment efficiency, bearing in mind that the proposed limitations
for equipment should take into account access to highly efficient equipment.

15.4 Danish Building Regulation

The Danish Building Regulation energy provisions relevance to Mauritius is mainly related to the
compliance methods and tools used for verification of energy requirements.
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Functional requirements for overall energy performance enables flexibility for building designers,
but the flexibility can on the other hand cause some uncertainty on how to comply with the
functional requirements. There is a need for comprehensive guidelines and recommendations on
how requirements can be possible complied with. It should be considered if the building sector in
Mauritius is mature enough to adopt functional requirements at the level in the Danish Building
Regulation. The energy provisions in the Danish Building Regulation have a long history and the
implementation in the building sector has been done over decades.

The overall energy performance includes all energy used for building operation (heating, cooling,
electricity and lighting) without compromising safety, noise and indoor climate aspects. This
approach based on the total energy balance elaborated with specific prescriptive requirements is
found suitable for adoption in energy provisions in Mauritius.

BEO06 is very manageable as compliance software for calculating and verifying overall energy
performance in buildings; algorithms and program structure may be useful for the development of
algorithm for the Mauritian energy code.

Finally the content and approach for building energy labeling is a useful reference for the feasibility
study on an energy labeling approach for Mauritius.

15.5 Passive House Standard

The Passive House Standard will need to be modified to be adopted in Mauritius due to fact that in
Mauritius there is a cooling demand rather than a heating demand. However, the standard gives
some useful guidelines on the design approach and what to be considers in different phases of a
building design and construction.

In a tropical climate, it could be helpful for ideal internal conditions to use Energy Recovery
Ventilation instead of Heat Recovery Ventilation to remove the excess humidity into the drains and
excess heat into the hot water tank. Passive cooling, solar air conditioning, and other solutions in
passive solar building design need to be studied to adapt the Passive house concept for use in
tropical and hot regions as Mauritius.

For future development of Energy Efficiency Codes for Mauritius the Passive House Standard and
similar low energy standards can be used as inspiration for tighten up the requirements.

The first certified Passive House in hot and humid climate is actually just completed in Lafayette,
Louisiana, USA. The house is well insulated and the cooling system is based on an air-con split unit
with high efficient (95%) Energy Recovery Ventilator (ERV). A large BIPV (Building Integrated
Photovoltaic System) supplies the house with electricity. The Lafayette home will serve as a cost
effective urban prototype that demonstrates a remarkable 90% reduction in energy usage over
traditional homes built to current codes.

15.6 South African National Standard (SANS 204)

There is some connection between building design in South Africa and in Mauritius which can
make the South African Standard helpful when developing the new Energy Efficiency Codes for
Mauritius.
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It should be considered whether the structure of the South African Standard with one standard for
natural ventilated buildings and one for artificial ventilated buildings is appropriate for Mauritius.

Both countries has huge annual solar radiation and the mandatory usage of solar water heating
systems in South Africa in all new buildings can be found appropriate for Mauritius as well.

The Standard prescribes that a Building Energy Efficiency Label or Passport should be issued
which is very much in line with the strategy in Mauritius.

It is considered that the South African Standard can be helpful in formulating the code for
Mauritius.

15.7 Energy Efficiency Considerations in the Botswana

Building Regulation
The draft code gives an example of how flexible provisions for energy performance and prescriptive
requirements can be combined. Alternative solutions for overall energy performance requirements
may be proposed, but shall be supported by an approved computer simulation of the building energy
balance. Designers can hereby be motivated and encouraged to develop alternative building designs
as long as the overall energy performance is complied.

The list of Approved Energy Simulation Programs is useful for further development of a possible
similar list for the Mauritian Codes.

Requirements for installation of energy sub meters in multi-storey buildings with floor area more
than 500 m2 and for electrical appliances with a rated power consumption of over 20 kVA is a very
suitable initiative for subsequent energy management in larger buildings, and corresponds with the
energy audit concept in Mauritius.

The draft code is essentially and application of the IEEC adopted and elaborated to a specific
country, and it should be considered if this approach is appropriate for Mauritius.

15.8 Reunion

Having come into force only recently, the RTAA DOM is fairly concise as compared to other
energy codes and standards around the world. The regulations are especially important due to the
proximity of Reunion to Mauritius, the similar socio-economic characteristics and fairly climatic
conditions.

During the review of the RTAA DOM, questions were asked to professionals such as architects,
engineers and trainers, regarding the positive and negative aspects of the regulations. It was
generally noted that the responses were fairly critical, however it should be kept in mind that the
RTAA DOM has only recently come into force, and the full extent of the benefits and
disadvantages attained due to its implementation may only be known in the future.

Some of the key points found during the review are highlighted below:
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- The requirement for all new homes to be fitted with a solar hot water system, which should
amount to at least 50% of the hot water demand, can be seen as positive and should be
considered for Mauritius, where solar energy is abundant throughout the year. RTAA DOM
currently covers domestic buildings. However, the new regulations in Mauritius will cover
different building types. Therefore, a distinction should be made between building types, as
some buildings may not require consequent amounts of domestic hot water (e.g. offices,
schools). Instead, for these types of buildings, the opportunity for rainwater recycling or
greywater recycling could be investigated for use in one of the main water usages, toilet
flushing.

- the amount of openings required in the building facades for natural ventilation (at least 20% of
wall areas as openings) is found to be demanding and expensive to implement in residential
buildings. Also, large areas of openings can also increase solar heat loads, therefore prescribing
a lower limit for the area of openings can cause buildings to overheat. Instead, a balance should
be found between the area of openings to allow for adequate natural ventilation and daylight,
whilst limiting overheating risks.

- A Solar Factor is prescribed for walls and windows, regardless of whether they are shaded, i.e.
regardless of which orientation the walls face or if overhangs or other shading features protect
windows adequately. Therefore this can be an unnecessary additional cost for solar protection
where it is not required.

- The RTAA DOM favours natural ventilation over mechanical ventilation, however the
requirements for location of openings seem to consider cross ventilation only. Other methods
of natural ventilation such as stack effect, or night cooling is not considered, and could be
successfully introduced in the Mauritian context, where night-time air temperatures can be
positively used for “free-cooling” buildings.

— It is required that all houses have a ceiling fan or have provision for one to be installed in the
future. This can be seen as positive a positive aspect, which could also be considered for
Mauritius, especially in areas where wind velocities are low. However, the frequency of usage
needs to be discussed, so that it does not highly affect the operational costs of the house. The
fans could be used predominantly at night, to aid in the removal of internal heat gains.

Other general views of the RTAA Dom are that it is fairly simple and easy to understand, and does
not cover as many issues as other energy codes and standards around the world do. As it is the first
regulation introduced in Reunion regarding energy efficiency, it can be seen as positive in that it
does not set very high standards initially, and can give developers a chance to find the best ways to
implement the energy efficiency issues, and the future updates to the regulations can then tighten
and raise the standards and requirements. This strategy could also be used in Mauritius, where
enforcing high standards of energy efficiency in the first energy codes can be daunting to
developers and may not be welcomed favourably.

15.9 Building Code of Australia

The BCA contains a large amount of information, and covers different climatic zones of Australia
(eight zones in total). The types of buildings covered are divided into 10 classes, ranging from
single dwellings, to communal residential buildings, to offices, laboratories and car parks.

One of the negative aspects of the code is that it can be seen as too comprehensive, covering very
detailed information, especially with regards to requirement of controls. Equipment efficiency and
controls should definitely be covered in the Mauritian code, as building services are big energy
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consumers; however the detail to which these requirements are set need to be carefully assessed, so
as not to create requirements which are unlikely to be feasible in practice, due to costs or even
accessibility to certain equipment and controls.

One of the positive aspects of the BCA is the fact that it allows for some level of flexibility. For
instance, the limitation of the roof insulation prescribed can be made more flexible, depending on
what the solar absorbance of the upper surface of the roof is. For walls, flexibility is given by
allowing a less strict insulation requirement for walls which face South and walls which are
adequately shaded by an overhang. This would allow developers to either chose a less costly option
of designing the building to be adequately shaded or to have recourse to more expensive measures
for insulation.

Restrictions are set for the illumination power density of artificial lighting. This can be a useful
strategy in encouraging developers to consider enhancement of daylighting in their building.
Requirements should however be set on the amount of solar gains that enter through windows, by
specifying adequate solar protection for glazing.

Another positive aspect is that the openings required for natural ventilation is given in terms of % of
the floor area of the space to be ventilated. This can be more useful in providing adequate
ventilation than openings based on facade area. A deep room with a small external facade will not
be adequately ventilation with a small opening which is based on the fagcade area.

Overall, the BCA is a very broad and comprehensive code, and contains numerous requirements for
energy efficiency in various building types. However, it also tends to allow some flexibility, such

as in the example for lesser insulation, and also through the compliance methods, which allow both
deemed-to-satisfy provisions to be followed or alternative solutions to be proposed. This flexibility
can be a positive aspect, especially in the early stages of development of energy codes in Mauritius.

15.10 Malaysia Guidelines for Energy Efficiency in Buildings

The Malaysian Standard energy provisions relevance to Mauritius is related to the sustainable
approach towards design and passive design strategies, the contribution of daylight factors and the
implementation of an Energy Management Control System (EMS) and the recommendations for
renewable energy applications.

A sustainable approach towards design and passive design strategies are specified in the standard.
To achieve energy efficiency in a building, some building aspects such as orientation and geometry,
arrangement of windows, sunpath diagram, fagade design, natural ventilation and strategic
landscaping should be considered. Daylighting is an important issue in the building design in
Mauritius and thus designing with emphasis on natural daylighting should begin at the preliminary
design stage.

The use of lighting controls and the energy efficiency requirements of electric motors, transformers
and distribution systems of buildings have been described. Installation of electrical energy meters
has been stated. It is an important aspect that should be considered in building design in Mauritius.

Emphasis should be laid on the implementation of an EMS for air conditioning and mechanical
ventilation system and lighting systems. Buildings provided with EMS should be equipped with
data logging facilities for the collation of data for energy auditing. Building energy simulation
analysis should be encouraged.
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15.11 India Energy Efficiency Conversation Building Code

The Code defines norms and standards of energy consumption expressed in terms of per square
meter of the area wherein energy is used and includes the location of the building. The Bureau of
Energy Efficiency is mandated to take suitable steps to prescribe guidelines for ECBC. In addition,
the Central Government including the State Governments can amend the ECBC to suit regional and
local climatic conditions as well as direct every owner or occupier of the building or building
complex, being designated consumer to comply with the provisions of the ECBC for efficient use of
energy and its conservation

This code covers building aesthetics, building envelope, mechanical systems and equipment,
including heating, ventilating, and air conditioning (HVAC) system, interior and exterior lighting
system, service hot water, electrical power and motors including thermal comfort in non-centrally
air conditioned/heated buildings. The ECBC ensures the construction of energy efficient buildings
with a concomitant reduction in electrical demand.

National Building Code 2005 is the reference document/ standard for lighting levels, HVAC,
comfort levels, natural ventilation, pump and motor efficiencies, transformer efficiencies and any
other building materials and system performance criteria.

Since the climate zones criteria is quite relevant to our country, the code requirements are well
adapted to Mauritian context.

16 Code Implementation Barriers

Many barriers unfortunately hamper energy efficiency in buildings, for which reason there is a
strong request for implementation of Energy Efficiency Codes in Building Regulations. To support
a successful development and implementation of energy aspects in the New Building Control Bill in
Mauritius it is important to be aware of potential barriers.

From meetings with stakeholders and discussions at the inception workshop some very fruitful
inputs on potential barriers are highlighted. Additionally, this current review of Energy Efficiency
Building Codes practices and their strengths and weaknesses has identified possible key barriers
and how they possibly might be overcome:

e Lack of awareness and tools — Very often a lack of awareness among many stakeholders in the
building industry of the opportunities and how to save energy in buildings is seen. Needs for
additional information and training programmes before and when new regulations and codes are
executed.

e Absorptive capacity — Adequate capacity for intake of new material can be a barrier for the
uptake of the regulation and code by stakeholders. This will require an additional support
programme.

e Climatic Conditions — International Energy Efficiency Codes and Methods can be utilized,
but necessary adjustment according to local climate conditions is essential.

e Energy efficient equipment, materials and technologies - Highly energy efficient equipment,
technologies or appropriate building materials is often not available in the local market, and is
mostly imported for larger projects.
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Over and above, the lack of skills, knowledge and support on the use of technologies, it is noted
that there is a learning phase with all new technologies.

Lack of equipment testing/certification for local products — The lack of testing and
certification programs for local products is a serious barrier to effectively enforcing energy
efficiency regulations and codes. This might favour the use of imported products in lieu of
local products.

Lack of Life Cycle Costs Analysis — Life Cycle Costs analysis is needed to illustrate that
increased incremental costs caused by energy efficient building design can lower running
costs and make investments feasible.

Compliance procedures — Improved procedures and new compliance tools imply allocation
of skilled resources for verification and site inspection.

Consumer behaviour — Several factors can lead to a large number of non-compliants, and
eventually lead to market failure. They are:

1. the lack of awareness and information on energy consumption and costs,

2. the low priority of energy efficient investments,

3. the high upfront costs and,

4. the low or volatile energy prices

Furthermore, the effect will be the difficulty for enforcement and there will be a need for
additional resources.

Potential threat of regulatory system abuses — There is a potential threat of abuses of the
regulatory system by officials for economic self-interest.

Recommendations

The recommendation to this report is as follows:
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Climate definition: The UK and Danish model have one climatic zone, compared to
distinctions made for larger countries such as Australia and USA, where they have use
geographical regions as climatic zones. Although Mauritius has micro climates, it is
recommended to determine and define one climatic zone for Mauritius, since this model has
worked successfully for smaller countries.
Categories of buildings: Buildings are categorized differently under different codes. The
recommended categorization of the buildings under review is “Residential” and
“Commercial”. This can be further separated into “Existing” and “New”. This is similar to
most of the codes. It is noted that codes for India and Malaysia only have one category, with
further exemption clauses for buildings in the said category. It is pointed out that Australia
distinguish 10 different classes of buildings
Building systems to be included in code: Generally similar building systems are treated in
the codes. The systems to be included are at a minimum:

O Building Envelope
Heating, Ventilation, Air Conditioning (HVAC)
Service hot water heating
Interior and Exterior lighting
Electrical power and motors

O o0o0oo
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Evaluation criteria in the code: It is recommended to evaluate the different building
elements and systems rather than the overall building energy performance. From the
background of some codes, initially the overall building performance is not included, but
only the prescriptive requirements such as U-values, lighting etc. The logic behind this, is
that there is no sufficient data for creation of baselines. A simple trade-off model is
recommended for some building parts e.g. building envelope. The trade-off provided more
freedom and flexibility for designers. Furthermore such calculation is complex. We
recommend that overall building performance is evaluated, and is included at a later stage as
a revision to the code. It is understood that part of the project within “Removal to Barriers to
Energy Efficiency”, there is a programme for Energy audits. The information gathered will
form the database and will help in the creation of baselines. It is further recommended that
simple tools are developed for verification of the prescriptive requirements.

Inclusion of renewable energy: Mauritius has very high potential with regards to solar
energy. Due to high costs of PVs, it is proposed to consider solar hot water systems, as the
latter are already fairly popular in residential homes in Mauritius, and are available through
various manufacturers or re-sellers already. It is therefore proposed to consider specifying
solar hot water installations as a mandatory requirement, but for certain types of buildings
only. For instance, it should be proposed for buildings which would have the highest usage
of hot water, for example, residential buildings, restaurants, hotels, hospitals, care homes,
etc. Other buildings such as offices and schools, which do not generally require high usage
of hot water, may possible be excluded from this requirement.

Guide to the code: For several codes, there are guidebooks written. It is recommended that a
similar document is developed for Mauritius.
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