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1.1.

1.2.

1.3.

— 1

Chapter

INTRODUCTION

India’s Intended Nationally Determined Contributions (INDCs) aim to reduce the
emissions intensity of its gross domestic product (GDP) by 33 to 35 percent by 2030
from 2005 level.” Any effort to achieve this target is contingent upon the increase
in efficiency of energy use across all sectors, especially in the building sector. The
building sector in India consumes over 30% of the total electricity? consumed in the
country annually and is second only to the industrial sector as the largest emitter of
greenhouse gases (GHGs).

Out of the total electricity consumed in the building sector, about 75% is used in
residential buildings. The gross electricity consumption in residential buildings has
beenrising sharply over the years. For instance, the consumption figure rose to about
260 TWh in 2016-17 from about 55 TWh in 1996-97.2 That is an increase by more
than four times in 20 years. Projections show it rising to anywhere between 630 and
940 TWh by 2032.# Among various reasons, increased use of decentralized room-
based air-conditioning units in homes for thermal comfort is an important reason
contributing to this rapid increase in the electricity use in residential buildings. The
demand for air-conditioning will continue its exponential growth with improvement
in household incomes and will become the dominant contributor of GHG emissions
nation-wide owing to increased electricity consumption. This situation calls for an
immediate energy conservation action plan.

Energy codes for new buildings are an important regulatory measure for ushering
energy efficiency in the building sector. They are particularly relevant for countries
like India where the building stock is growing rapidly. The commercial sector among
buildings has been addressed by the Energy Conservation Building Code (ECBC) for
Commercial Buildings. Given the current and anticipated rapid growth in the resi-
dential building stock across India and the consequent opportunities as well as the
necessity for energy conservation in this sector, the Energy Conservation Code for
Residential Buildings is established by the Ministry of Power.

India’s Intended Nationally Determined Contribution. Available at http://www4.unfccc.int/submissions/INDC/
Published%20Documents/India/1/INDIA%20INDC%20T0%20UNFCCC pdf (accessed on 1 May 2018)

Ministry of Statistics and Programme Implementation (MoSPI). 2018. Energy Statistics 2018. New Delhi: MoSP,
Government of India.

Central Electricity Authority (CEA). 2017. Growth of Electricity Sector in India from 1947-2017. New Delhi: CEA, Govern-
ment of India.

NITI Aayog. India Energy Security Scenario, 2047. New Delhi: NITI Aayog, Government of India. Available at http:/
indiaenergy.gov.in/iess/default.php (accessed on 1 May 2018).
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CHAPTER1

1.4.

1.5.

1.6.

1.7.

1.8.

Building envelope consists of walls, roof, and fenestration (openings including
windows, doors, vents, etc.). Design of building envelope influences heat gain/loss,
natural ventilation, and daylighting,® which, in turn, determines indoor tempera-
tures, thermal comfort, and sensible cooling/heating demand.

Most parts of India have cooling-dominated climates.® Consideration of heat gain is
often not given sufficient importance during residential building design. It is seen
that current practices of residential building design and construction show a large
variation in heat gains and hence in the sensible cooling demand. Depending on
the envelope design and construction adopted for residential buildings located in a
particular climate zone, the minimum and maximum sensible cooling demand can
vary by as much as 1:3.7

Energy Conservation Building Code - Residential (ECBC-R) (Part I: Building Enve-
lope) has been prepared to set minimum building envelope performance stan-
dards to limit heat gains (for cooling dominated climates) and to limit heat loss (for
heating dominated climates?®), as well as for ensuring adequate natural ventilation
and daylighting potential. The code provides design flexibility to innovate and vary
important envelope components such as wall type, window size, type of glazing,
and external shading to windows to meet the compliance.

The code is applicable to all residential buildings and residential parts of ‘mixed
land-use projects’, both built on a plot area of 2500 m? However, states and munic-
ipal bodies may reduce the plot area based on the prevalence in their area of juris-
diction. This provision is kept to take into account the prevalent plot sizes and
housing types in different states, enabling the inclusion of a greater percentage of
new multi-dwelling unit residential buildings within the scope of this code. (Please
refer paragraph 2.4.)

Building envelope has the highest impact on thermal comfort, and consequently on
the energy use in residential buildings. The envelope is also a permanent compo-
nent of the building with the longest life cycle. An early introduction of this code
would improve the design and construction of new residential building stock being
built currently and in the near future, thus significantly curtailing the anticipated

Bureau of Indian Standards (BIS). 1987 and 2016. Handbook on Functional Requirements of Buildings (Other than
Industrial Buildings) SP: 41 (S & T) - 1987, and National Building Code (NBC) of India 2016. New Delhi: BIS.

These are climates where the ambient temperatures are high during major part of the year and mechanical
space cooling is required for thermal comfort.

Bureau of Energy Efficiency (BEE). 2014. Design Guidelines for Energy-Efficient Multi-Storey Residential Buildings
(Warm-Humid Climate). New Delhi: BEE.

These are climates where the ambient temperatures are low during major part of the year and mechanical space
heating is required for thermal comfort.

Eco-Niwas Samhita 2018 Bureau of Energy Efficiency (BEE)



CHAPTER1

energy demand for comfort cooling in times to come. This critical investment in
envelope design and construction made today will reap benefits of reduced GHG
emissions for the lifetime of the buildings.

1.9. Partl-Building Envelope of ECBC-Ris designed in a simple-to-apply format, requiring
only simple calculations based on inputs from the architectural design drawings of
buildings. This can be used by architects and engineers and will not require any
simulation software. This also enables the code to be readily adopted in the building
bye-laws. A compliance tool is also available on BEE website to aid in the calculations
and compliance check.

1.10. Part |- Building Envelope is the first part of ECBC-R. It is envisaged that new parts will
be added to address other aspects, such as energy efficiency in electro-mechanical
equipment for building operation, renewable energy generation, and embodied
energy of building materials and structural systems.

Bureau of Energy Efficiency (BEE) Eco-Niwas Samhita 2018 | 3 |



Chapter

— 2

SCOPE

2.1 The code sets minimum performance standards for building envelope to limit heat
gains (for cooling dominated climates) and limit heat loss (for heating dominated
climates) through it. The code gives the following provisions to this effect:

e Building Envelope (except roof)

o Maximum value of residential envelope transmittance value (RETV) for
building envelope (except roof) applicable for four climate zones®, namely,
Composite Climate, Hot-Dry Climate, Warm-Humid Climate, and Temperate
Climate.

o Maximum value of thermal transmittance of building envelope (except roof)
for Cold Climate zone (U, ... coie)-

e Roof: Maximum value of thermal transmittance of roof (U __) for all climate
zones.

2.2 The code sets minimum building envelope performance standard for adequate
natural ventilation potential by specifying minimum openable window-to-floor area
ratio (WFROP).

2.3 The code sets minimum building envelope performance standard for adequate
daylight potential by specifying minimum visible light transmittance (VLT) for the
non-opaque building envelope components.

24 The code applies to (a) ‘Residential buildings’ built on a plot area =500 m? and
(b) Residential part of ‘Mixed land-use building projects’,’ built on a plot area’ of
>500 m2.

‘Residential building™ includes any building in which sleeping accommodation is
provided for normal residential purposes with or without cooking or dining or both facil-
ities. This definition includes:

= One or two family private dwellings: These shall include any private dwelling, which

is occupied by members of one or two families and has a total sleeping accommo-
dation for not more than 20 persons.

g For climate classification, see Annexure 2.

1 However, residential accommodation in a building, where the carpet area of the residential part is not more than
30 m?for caretakers or persons employed in connection with the building, is exempted.

" States and municipal bodies may reduce the plot area based on the prevalence in their area of jurisdiction.
2 Adapted from Bureau of Indian Standards (BIS). 2016. National Building Code of India 2016. New Delhi: BIS

Eco-Niwas Samhita 2018 Bureau of Energy Efficiency (BEE)



CHAPTER 2

= Apartment houses: These shall include any building or structure in which living
quarters are provided for three or more families, living independently of each other
and with independent cooking facilities. This also includes ‘Group Housing'.

The following are excluded from the definition of ‘residential building’ for the purpose of
this code.

e Lodging and rooming houses: These shall include any building or group
of buildings under the same management in which separate sleeping
accommodation on transient or permanent basis, with or without dining
facilities but without cooking facilities for individuals, is provided. This includes
inns, clubs, motels, and guest houses.

e Dormitories: These shall include any building in which group sleeping
accommodation is provided, with or without dining facilities for persons
who are not members of the same family, in one room or a series of closely
associated rooms under joint occupancy and single management. For example,
school and college dormitories, students, and other hostels and military
barracks.

e Hotels: These shall include any building or group of buildings under single
management, in which sleeping accommodation is provided, with or without
dining facilities.

Bureau of Energy Efficiency (BEE) Eco-Niwas Samhita 2018 | 5 |



Chapter

: CODE PROVISIONS

3.1 Openable Window-to-Floor Area Ratio (WFROP)

3.1.1 Openable window-to-floor area ratio (WFROP) indicates the potential of using external
air for ventilation. Ensuring minimum WFRop helps in ventilation, improvement in
thermal comfort, and reduction in cooling energy.

3.1.2 The openable window-to-floor area ratio (WFROP) is the ratio of openable area to the
carpet area of dwelling units.

where,
WFR

op

openable

carpet

A
WFROP — openable ('I )

carpet

openable window-to-floor area ratio

openable area (m?); it includes the openable area of all windows and
ventilators, opening directly to the external air, an open balcony,
‘verandah’, corridor or shaft; and the openable area of the doors
opening directly into an open balcony.

Exclusions: All doors opening into corridors. External doors on ground floor,
for example, ground-floor entrance doors or back-yard doors.

carpet area of dwelling units (m?); it is the net usable floor area of a
dwelling unit, excluding the area covered by the external walls, areas
under services shafts, exclusive balcony or verandah area and exclusive
open terrace area, but includes the area covered by the internal parti-
tion walls of the dwelling unit.”

3.1.3 The openable window-to-floor area ratio (WFR,) shall not be less than the values™
givenin Table 1.

TABLET Minimum requirement of window-to-floor area ratio (V\/FROD)

Climaticzone

Composite
Hot-Dry
Warm-Humid
Temperate
Cold

Minimum WFRW (%)

12.50
10.00
16.66
12.50

8.33

SOURCE Adapted from Bureau of Indian Standards (BIS). 2016. National Building Code of India 2016.
New Delhi: BIS.

3 The Real Estate (Regulation and Development) Bill, 2016 (as passed by the Rajya Sabha on the 10 March 2016). Avail-
able at http://164.100.474/BillsTexts/RSBil Texts/PassedRajyaSabha/realest-238-RSP-E.pdf (accessed on 1 May 2018)

To comply with the Code, WFR (%) values shall be rounded off to two decimal places in accordance with

IS 2: 1960 ‘Rules for rounding off numerical values'.

Eco-Niwas Samhita 2018
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CHAPTER 3

3.2 Visible Light Transmittance (VLT)

3.2.1 Visible light transmittance (VLT) of non-opaque building envelope components
(transparent/translucent panels in windows, doors, ventilators, etc.), indicates the
potential of using daylight. Ensuring minimum VLT helps in improving daylighting,
thereby reducing the energy required for artificial lighting.

3.2.2The glass used in non-opaque building envelope components (transparent/trans-
lucent panels in windows, doors, etc.) shall comply with the requirements given in
Table 2. The VLT requirement is applicable as per the window-to-wall ratio (WWR) of
the building. WWR is the ratio of the area of non-opaque building envelope compo-
nents of dwelling units to the envelope area (excluding roof) of dwelling units.

A
WWR _ [ _non—opaque (2)

envelope

TABLE2 Minimum visible light transmittance (VLT) requirement™

Window-to-wall ratio (WWR)?® Minimum VLT 7
0-0.30 0.27
0.31-040 0.20
041-0.50 0.16
0.51-0.60 013
0.61-0.70 on

SOURCE Bureau of Indian Standards (BIS). 2016. National Building Code of India 2016. New Delhi: BIS.

3.3 Thermal Transmittance of Roof (U_ )
3.3.1 Thermal transmittance (U_ ) characterizes the thermal performance of the roof of

roof
a building. Limiting the U__ helps in reducing heat gains or losses from the roof,
thereby improving the thermal comfort and reducing the energy required for

cooling or heating.

3.3.2Thermal transmittance of roof shall comply with the maximum U_ . value of
1.2 W/m2.K.

5 |tis advised that a) the WWR < 0.15, minimum VLT should be 40% and b) the WWR in residential buildings may
not exceed 0.40.

6 To comply with the Code, VLT values shall be rounded off to two decimal places in accordance with IS 2: 1960
‘Rules for rounding off numerical values'.

7 To comply with the Code, WWR values shall be rounded off to two decimal places in accordance with IS 2: 1960
‘Rules for rounding off numerical values.

Bureau of Energy Efficiency (BEE) Eco-Niwas Samhita 2018
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CHAPTER 3

3.3.3The calculation™ shall be carried out, using Equation 3 as shown below.

1 n
U,y =—| D.(U,x4) ..3)
Araof i=1
where,
U, ;o thermal transmittance of roof (W/m?.K)

: total area of the roof (m?)

roof

U : thermal transmittance values of different roof constructions (W/m?2.K)

A . areas of different roof constructions (m?)

1

34 Residential envelope transmittance value (RETV) for

building envelope (except roof) for four climate zones, namely, Composite
(limate, Hot-Dry Climate, Warm-Humid Climate, and Temperate Climate

3.4.1 Residential envelope heat transmittance (RETV) is the net heat gain rate (over the

cooling period) through the building envelope (excluding roof) of the dwelling units
divided by the area of the building envelope (excluding roof) of the dwelling units.
Its unit is W/m?2,

RETV characterizes the thermal performance of the building envelope (except roof).
Limiting the RETV value helps in reducing heat gains from the building envelope,
thereby improving the thermal comfort and reducing the electricity required for
cooling.

RETV formula takes into account the following:

e Heat conduction through opaque building envelope components (wall, opaque
panels in doors, windows, ventilators, etc.),

e Heat conduction through non-opaque building envelope components (trans-
parent/translucent panels of windows, doors, ventilators, etc.),

e Solar radiation through non-opaque building envelope components (transpar-
ent/translucent panels of windows, doors, ventilators, etc.)

3.4.2The RETV for the building envelope (except roof) for four climate zones, namely,

Composite Climate, Hot-Dry Climate, Warm-Humid Climate, and Temperate Climate,
shall comply with the maximum RETV™ of 15 W/m?2,

To comply with the Code, U value shall be rounded off to one decimal places in accordance with IS 2: 1960 ‘Rules
for rounding off numerical values'

BEE plans to improve the RETV norm to 12 W/m?in the near future and the building industry and regulating
agencies are encouraged to aim for it.

Eco-Niwas Samhita 2018 Bureau of Energy Efficiency (BEE)



CHAPTER 3

3.4.3 The RETV calculation?® of the building envelope (except roof) shall be carried out,
using Equation 4 as shown below.

RETV =

where,

envelope

opaquej
opaquej
non-opaque;

non-opaquej

SHGC,

20

1

n
{a o Z (Aopaquei x Uopaquei x a)i )}
i=1

— x|+ {b X i (Anon—opaque[ X Unonfopaque,‘ X; )} e4)
i=1

envelope

+ {C X Zn: ( Aron-opage,* SHGC.py X 0, )}

i=1

envelope area (excluding roof) of dwelling units (m?). It is the
gross external wall area (includes the area of the walls and the
openings such as windows and doors).

areas of different opaque building envelope components (m?)

thermal transmittance values of different opaque building enve-
lope components
(W/m2.K)

areas of different non-opaque building envelope components
(m?)

thermal transmittance values of different non-opaque building
envelope components (W/m?.K)

equivalent solar heat gain coefficient values of different
non-opaque building envelope components (refer to Annexure 7)

orientation factor of respective opaque and non-opaque
building envelope components; it is a measure of the amount of
direct and diffused solar radiation that is received on the vertical
surface in a specific orientation (values are given in Annexure 6)

To comply with the Code, RETV value shall be rounded off to nearest integar value in accordance with IS 2: 1960

‘Rules for rounding off numerical values.

Bureau of Energy Efficiency (BEE)
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CHAPTER 3

The coefficients of RETV formula, for different climate zones (for classification, refer to
Annexure 2), are given in Table 3.

TABLE 3 Coefficients (a, b, and ¢) for RETV formula

Climate zone a b 4
Composite 6.06 1.85 68.99
Hot-Dry 6.06 1.85 68.99
Warm-Humid 515 131 65.21
Temperate 3.38 0.37 63.69
Cold Not applicable (Refer Section 3.5)

3.5 Thermal transmittance of building envelope (except roof)
for cold climate (Uenvelope,col )

3.5.1 Thermal transmittance U, reiopecord characterizes the thermal performance of the
building envelope (except roof). Limiting the U, pvetopercold helps in reducing heat losses

from the building envelope, thereby improving the thermal comfort and reducing
the energy required for heating.

takes into account the following:

envelope,cold

e Heat conduction through opaque building envelope components (wall, opaque
panels in door, window, ventilators, etc.)

e Heat conduction through non-opaque building envelope components (trans-
parent/translucent panels in windows, doors, ventilators, etc.).

3.5.2 The thermal transmittance of the building envelope (except roof) for cold climate
shall comply with the maximum?’ of 1.8 W/m2K.

3.5.3 The calculation?? of the building envelope (except roof) shall be carried out, using
Equation 5 as shown below.

1 n
Uenvelope,cold = A—|:Z(Uz X A[ ):| (5)

envelope L i=1
where,

thermal transmittance of building envelope (except roof) for cold
climate (W/m2.K)

envelope,cold

2 BEE plans to improve the Uenvolope,cora NOTM 10 1.2 W/m2K in the near future and the building industry and requ-

lating agencies are encouraged to aim for it.

2 To comply with the Code, value shall be rounded off to one decimal places in accordance with IS 2: 1960 ‘Rules

for rounding off numerical values'

| 10 | Eco-Niwas Samhita 2018 Bureau of Energy Efficiency (BEE)



CHAPTER 3

envelope area (excluding roof) of dwelling units (m?). It is the gross
external wall area (includes the area of the walls and the openings such
as windows and doors)

envelope*

U : thermal transmittance of different opaque and non-opaque building
envelope components (W/m?2.K)

A : area of different opaque and non-opaque opaque building envelope
components (m?)

Bureau of Energy Efficiency (BEE) Eco-Niwas Samhita 2018 | 11 |
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@j Chapter
> CODE COMPLIANCE

41 The codeis designed in a simple-to-apply format, requiring only simple calculations
based on inputs from the architectural design drawings of residential buildings.
This can be used by architects and engineers and will not require any simulation
software.

4.2 If a building project has more than one building block, each building block is
required to comply with the code. However, for identical building blocks with the
same orientation,? the compliance has to be shown for one building block.

4.3 The steps for checking compliance for Composite Climate, Hot-Dry Climate, Warm-
Humid Climate, and Temperate Climate are as follows:

Step 1: Openable window-to-floor area ratio shall comply with the minimum WFR,, values
as given in Table 1 of paragraph 3.1.3. For calculation of WFR,, refer Annexure 3.

Step 2: Visible light transmittance (VLT) of non-opaque building envelope components
shall comply with the minimum VLT values as given in Table 2 of paragraph 3.2.2.

a) For calculation of WWR, refer Annexure 4.

b) Refer product specifications to know the VLT of transparent/translucent panels in
windows, doors, and ventilators.

Step 3: Thermal transmittance of roof shall comply with the maximum U_  value of
1.2 W/m2.K (refer paragraph 3.3). To calculate the U values of roof, refer Annexure 5.

Step 4: Residential envelope transmittance value (RETV) for building envelope (except
roof) shall comply with the maximum RETV of 15 W/m? (refer paragraph 3.4)

a) Equation 4 is to be used for the calculation of RETV, with coefficients selected
from Table 3 as per the climate zone.

b) For calculation of WWR, refer Annexure 4.

c) For calculation of U values, refer Annexure 5.

d) For orientation factor, refer Annexure 6.

e) For calculation of Equivalent SHGC, refer Annexure 7.

An example of code compliance is given in Annexure 8 (Example 1).

2 For details of orientation, refer Annexure 6.

Eco-Niwas Samhita 2018 Bureau of Energy Efficiency (BEE)
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4.4 The steps for checking compliance for cold climate are as follows:

Step 1: Openable window-to-floor area ratio shall comply with the minimum WFROP values
as given in Table 1 of paragraph 3.1.3. For calculation of WFR,, refer Annexure 3.

Step 2: Visible light transmittance (VLT) of non-opaque building envelope components
shall comply with the minimum VLT values as given in Table 2 of paragraph 3.2.2.
a) For calculation of WWR, refer Annexure 4.

b) Refer product specifications to know the VLT of transparent/translucent panels in
windows, doors, and ventilators.

Step 3: Thermal transmittance of roof shall comply with the maximum U value of 1.2 W/
m?.K (refer paragraph 3.3). To calculate the U values of roof, refer Annexure 5.

Step 4: Thermal transmittance of building envelope (except roof) for cold climate shall
comply with the maximum value of 1.8 W/m?2 K (refer paragraph 3.5).

a) Equation 5 is to be used for the calculation of U ppvetope,cold

b) For calculation of U values, refer Annexure 5.

An example of code compliance is given in Annexure 8 (Example 2).

Bureau of Energy Efficiency (BEE) Eco-Niwas Samhita 2018
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ANNEXURES
ANNEXURE 1 Terminology and Definitions

Building Envelope: The elements of a building that separate the habitable spaces of
dwelling units from the exterior and are exposed to the ambient (i.e., exposed directly to
external air and opening into balconies). It does not include walls facing open corridors
and enclosed shafts, as well as walls of common services such as lifts and staircase. (See
Figure 1. Dotted lines show the walls included in the definition of building envelope in
this code.)

IJ_I""LL'_I""LL J"-_-"LF'---"L'
L _—
i

R NS e NI o i

FIGURET Walls included in the definition of building envelope

Carpet Area?*; Carpet area is the net usable floor area of a dwelling unit, excluding the area
covered by the external walls, areas under services shafts, exclusive balcony or verandah
area and exclusive open terrace area, but includes the area covered by the internal parti-
tion walls of the dwelling unit.

Envelope Area: Envelope area (excluding roof) of dwelling units is the overall area of
the building envelope (see definition ‘Building Envelope’). It is the gross external wall
area (includes the area of the walls and the openings such as windows and doors), with
measurement taken horizontally from outside surface to outside surface and measured
vertically from the top of the floor to the top of the roof.

Non-opaque Building Envelope Components: Non-opaque building envelope compo-
nents include transparent/translucent panels in windows, doors, ventilators, etc.

Opaque Building Envelope Components: Opaque building envelope components
include walls, opaque panels in doors, windows, ventilators, etc.

24 Source: The Real Estate (Regulation and Development) Bill, 2016 as passed by the Rajya Sabha on the 10 March
2016. Available at http://164.100.474/BillsTexts/RSBill Texts/PassedRajyaSabha/realest-238-RSP-E.pdf (accessed on
1 May 2018)
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ANNEXURE 1

Openable Window-to-Floor Ratio (WFR_): The openable window-to-floor ratio (WFR,)
is the ratio of the total openable area to the total carpet area of dwelling units. The total
openable area of a dwelling unit is the addition of openable area of all windows and venti-
lators, opening directly to the external air, an open balcony, ‘verandah’, corridor or shaft;
and the openable area of the doors opening directly into an open balcony.

Exclusions: Doors opening into corridors and external doors on ground floor (for e.g. ground
floor entrance doors or back-yard doors).

Orientation Factor (w): It is a measure of the amount of direct and diffused solar radiation
that is received on the vertical surface in a specific orientation. This factor accounts for
and gives weightage to the fact that the solar radiation falling on different orientations of
walls is not same.

Projection Factor, Overhang: Projection factor (overhang) is the ratio of the horizontal
depth of the external shading projection to the sum of the height of a non-opaque
component and the distance from the top of the same component to the bottom of the
farthest point of the external shading projection, in consistent units (Figure 2).

V' N

Transparent/
translucent panel

Projection Factor = H/V

SECTION

FIGURE2 Projection factor, overhang
Projection Factor, Side Fin: Project factor (side fin) is the ratio of the horizontal depth of

the external shading projection to the distance from a non-opaque component to the
farthest point of the external shading projection, in consistent units (Figure 3).

Bureau of Energy Efficiency (BEE) Eco-Niwas Samhita 2018 | 15 |
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Projection Factor=H/V

Transparent/
translucent panel

PLAN

Figure 3 Projection factor, side fin

Residential Envelope Heat Transmittance (RETV): RETV is the net heat gain rate (over the
cooling period) through the building envelope of dwelling units (excluding roof) divided
by the area of the building envelope (excluding roof) of dwelling units. Its unit is W/m?.

Solar Heat Gain Coefficient (SHGC)?: SHGC is the fraction of incident solar radiation
admitted through non-opaque components, both directly transmitted, and absorbed
and subsequently released inward through conduction, convection, and radiation
(Figure 4).

SUN Z:i:z

Glass

A/Transmission

] Overall Solar
Heat Gain

Reflection

Absorption

Secondary Heat Gain

SECTION

FIGURE 4 Solar heat gain through a non-opaque component

% Bureau of Indian Standards (BIS). 2016. National Building Code of India 2016. New Delhi: BIS.

| 16 | Eco-Niwas Samhita 2018 Bureau of Energy Efficiency (BEE)



ANNEXURE 1

SHGC Equivalent?s: SHGC Equivalent is the SHGC for a non-opagque component with
a permanent external shading projection. It is calculated by multiplying the External
Shading Factor (ESF) with the SHGC of unshaded non-opaque component.

U Value: Thermal transmittance (U value) is the heat transmission in unit time through unit
area of a material or construction and the boundary air films, induced by unit tempera-
ture difference between the environments on either side. Unit of U value is W/m2K. The
U value for a wall/roof/glazing indicates its ability to transfer heat through conduction.

Visible Light Transmittance (VLT): VLT is the ratio of the total transmitted light to the
total incident light. It is a measure of the transmitted light in the visible portion of the
spectrum through a material.

Window-to-Wall Ratio (WWR): WWR is the ratio of the non-opaque building envelope
components area to the envelope area (excluding roof) of dwelling units.

26 Bureau of Energy Efficiency (BEE). 2017. Energy Conservation Building Code 2017. New Delhi: BEE.

Bureau of Energy Efficiency (BEE) Eco-Niwas Samhita 2018
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ANNEXURE 2 ANNEXURES

ANNEXURE 2 Climatic zone and classification of cities

LEGENDS

I HoToRY
- ] wARM-HUMID .
® "
% ] COMPOSITE 0
#
L]
[ TEMPERATE )
B cowo Y

FIGURE5 Climate zone map of India
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TABLE4 Climate zone for major Indian cities

City
Ahmedabad
Allahabad
Amritsar
Aurangabad
Bengaluru
Barmer
Belgaum
Bhagalpur
Bhopal
Bhubaneshwar
Bikaner
Chandigarh
Chitradurga
Dehradun
Dibrugarh
Guwahati
Gorakhpur
Gwalior
Hissar
Hyderabad
Imphal
Indore
Jabalpur
Jagdelpur
Jaipur
Jaisalmer
Jalandhar
Jamnagar
Jodhpur
Jorhat
Kochi
Kolkata
Kota

Kullu

Bureau of Energy Efficiency (BEE)

Climate Type
Hot-Dry
Composite
Composite
Hot-Dry
Temperate
Hot-Dry
Warm-Humid
Warm-Humid
Composite
Warm-Humid
Hot-Dry
Composite
Warm-Humid
Composite
Warm-Humid
Warm-Humid
Composite
Composite
Composite
Composite
Warm-Humid
Composite
Composite
Warm-Humid
Composite
Hot-Dry
Composite
Warm-Humid
Hot-Dry
Warm-Humid
Warm-Humid
Warm-Humid
Hot-Dry

Cold

City

Kurnool

Leh
Lucknow
Ludhiana
Chennai
Manali
Mangaluru
Mumbai
Nagpur
Nellore

New Delhi
Panjim

Patna

Pune

Raipur
Rajkot
Ramagundam
Ranchi
Ratnagiri
Raxaul
Saharanpur
Shillong
Sholapur
Srinagar
Sundernagar
Surat

Tezpur
Tiruchirappalli
Trivandrum

Tuticorin

Udhagamandalam

Vadodara

Veraval

Vishakhapatnam

Climate Type
Warm-Humid
Cold
Composite
Composite
Warm-Humid
Cold
Warm-Humid
Warm-Humid
Composite
Warm-Humid
Composite
Warm-Humid
Composite
Warm-Humid
Composite
Composite
Warm-Humid
Composite
Warm-Humid
Warm-Humid
Composite
Cold

Hot-Dry

Cold

Cold

Hot-Dry
Warm-Humid
Warm-Humid
Warm-Humid
Warm-Humid
Cold

Hot-Dry
Warm-Humid

Warm-Humid

Eco-Niwas Samhita 2018
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ANNEXURE 3

ANNEXURE 3 Calculation of openable window-to-floor area ratio
(WFR )
op

a) Calculate the openable area of each dwelling unit (DU) by adding the openable area
of all windows and ventilators, opening directly to the external air, an open balcony,
‘verandah’, corridor or shaft; and the openable area of the doors opening directly
into an open balcony (doors opening into the corridors and ground-floor external
doors are not included).

OpenableDU - A0penablewindow + AOPenab[evemilawr + A0penab[edaur ""(6)

In case exact openable area is not known, the following default values can be used:

TABLE5 Default openable area to opening area ratio

Type of window/door/ventilator Percentage openable area
Casement 90%
Sliding (2 panes) 50%
Sliding (3 panes) 67%

Add openable areas of all dwelling units to get the total openable area.

openable = AopenableDUl + AopenableDU2 + /‘lopenableDU3 ... (7)

b) Calculate the total carpet area by adding the carpet areas of all the dwelling units
(DU). It excludes the areas covered by external walls, areas under services shafts,
exclusive balcony or verandah area and exclusive open terrace area, but includes the
areas covered by the internal partition walls of the dwelling unit.

A =4 + 4 + 4 +... ..(8)

carpet carpet carpetpy;, carpet ;s

¢) Calculate the openable window-to-floor area ratio (WFR,) by calculating the ratio of
openable area to the carpet area.

A
WF Rop — openable (9)

carpet
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ANNEXURE 4 Calculation of window-to-wall ratio (WWR)

a) Calculate the total non-opaque (transparent/translucent panels of windows, doors,
ventilators, etc.) area of the building envelope for each dwelling unit.

non—opaquep, - non—opaque,,., iy + non—opaque,,,. + non—opaque,,,,,. ""(1 0)

Add non-opaque areas of all dwelling units to get the total non-opaque area of the
building block. Non-opaque components facing open corridors and enclosed shafts, as
well as walls of common services such as lifts and staircase are to be excluded.

non—opaque = non—opaquep;;, + non—opaquep; , + non—opaquep;3 +... (”)

b)  Calculate the total envelope area (excluding roof) of dwelling units of the building
block. For each wall of the building envelope, calculate the gross wall area (i.e.,
overall area of a wall including openings such as windows, ventilators, and doors,
with measurement taken horizontally from outside surface to outside surface and
measured vertically from the top of the floor to the top of the roof). Add the gross
wall area of all walls to get the total envelope area (excluding roof) for the building.
Walls facing open corridors and enclosed shafts, as well as walls of common services
such as lifts and staircase are to be excluded.

= ..(12)

envelope ‘élgross—walll + Iélgross—wall2 + Agross—wa/l3 ..

¢ Calculate the window-to-wall ratio (WWR) by calculating the ratio of the total
non-opaque area to the total envelope area.

A
WWR = /< «(13)

envelope

Bureau of Energy Efficiency (BEE) Eco-Niwas Samhita 2018
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ANNEXURE 5 ANNEXURES

ANNEXURE 5 Calculation of thermal transmittance (U value) of roof
and wall

a) Calculate the thermal resistance of each uniform material layer, which constitutes
the building component, as follows:

R =1L ...(14)

where,
R is the thermal resistance of material layer i, m*.K/W

t.is the thickness of material layer i, m

k_ is the thermal conductivity of material layer i, W/(m.K)

b) Find the total thermal resistance, R, as follows:

R, =R,+R,+R +R, +R, +..... -(15)

where,
R_is the total thermal resistance, m2.K/W

R is the interior surface film thermal resistance, m*.K/W
R_ is the exterior surface film thermal resistance, m>.K/W
R is the thermal resistance of material layer 1, m?.K/W
R, is the thermal resistance of material layer 2, m>.K/W

R, is the thermal resistance of material layer 3, m*>.K/W

Use these default values for calculation,

TABLE 6 Values of surface film thermal resistance for U-value calculation

R, (M’K/W) 013 0.17 0.10
R (M2K/W) 004 0.04 0.04
SOURCE Adapted from Bureau of Energy Efficiency (BEE), 2009. Energy Conservation Building Code User Guide,
New Delhi

The thermal conductivity of commonly used building materials is given in Table 7, which
can be used to calculate the thermal resistance (R value).

Eco-Niwas Samhita 2018 Bureau of Energy Efficiency (BEE)
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o)

Calculate the thermal transmittance (or the overall heat transfer coefficient or U
value) of a wall or roof assembly, as follows:

vl ...{16)

where,

U'is the overall heat transfer coefficient, W/(m?2.K)

Table 7 gives typical thermal properties of commonly used building and insulating mate-
rials. This is not an all-inclusive list. In case, thermal conductivity values, measured using
the appropriate IS codes, are available; those can also be used for calculations.

TABLE7 Thermal properties of building and insulating materials

. Building materials

1

O 00 N O U M W N

Solid burnt clay brick 1920 0980 080 (1)
Solid burnt clay brick 1760 0.850 NA (1)
Solid burnt clay brick 1600 0.740 NA (1)
Solid burnt clay brick 1440 0.620 NA (1)
Resource efficient (hollow) brick 1520 0.631 065 @
Fly ash brick 1650 0.856 093 (@
Solid concrete block 25/50 2427 1.396 020 @
Solid concrete block 30/60 2349 1411 030 @)
Aerated autoclaved concrete (AAC) block 642 0.184 124 (4)
Cement stabilized soil block (CSEB) 1700 1.026 103 (5
Cement stabilized soil block (CSEB) 1800 1.201 107 (5)
Cement stabilized soil block (CSEB) 1900 1.303 107 (5)
Dense concrete 2410 1.740 088 ()
Reinforced concrete cement (RCC) 2288 1.580 088 (3
Brick tile 1892 0.798 088 (3
Lime concrete 1646 0.730 088 (3
Mud Phuska 1622 0.519 088 (3
Cement mortar 1648 0.719 092 (3
Cement plaster 1762 0.721 084 (3)
Gypsum plaster 1120 0.512 096 (3
Cellular concrete 704 0.188 105 (3)
AC sheet 1520 0.245 084 (3
Table 7 contd...

Bureau of Energy Efficiency (BEE) Fco-Niwas Samhita 2018
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Table 7 contd...
23 Gl sheet
24 Timber
25 Timber
26 Plywood
27 Glass
28 Tar felt (2.3 kg/m?)

II. Insulating materials

1

O 00 N O U A W N

10

Expanded polystyrene
Expanded polystyrene
Expanded polystyrene
Foam glass

Foam glass

Foam concrete

Foam concrete

Foam concrete

Cork slab

Cork slab

Corkslab

Rock wool (unbonded)
Rock wool (unbonded)
Mineral wool (unbonded)
Glass wool (unbonded)
Glass wool (unbonded)
Resin bonded mineral wool
Resin bonded mineral wool
Resin bonded mineral wool
Resin bonded mineral wool
Resin bonded mineral wool
Exfoliated vermiculite (loose)
Asbestos mill board

Hard board

Straw board

Soft board

Soft board

7520
480
720
640

2350

16.0
240
34.0
1270
160.0
3200
400.0
704.0
164.0
192.0
304.0
92.0
150.0
73.5
69.0
189.0
48.0
64.0
99.0
16.0
24.0
264.0
1397.0
979.0
310.0
3200
249.0

61.060
0.072
0.144
0.174
0.814
0479

0.038
0.035
0.035
0.056
0.055
0.070
0.084
0.149
0.043
0.044
0.055
0.047
0.043
0.030
0.043
0.040
0.042
0.038
0.036
0.040
0.036
0.069
0.249
0.279
0.057
0.066
0.047

ANNEXURES
050 ()
168 (3
168 (3
176 (3)
088 (3
088 ()
134 (3
134 (3
134 (3
075 (3
075 (3
092 0
092 (3
092 0
096 ()
096 ()
096 (3)
084 ()
084 ()
092 ()
092 ()
092 ()
100 (3
100 (3
100 (3
100 (3
100 (3
088 ()
084 ()
14 @)
130 (3
130 (3
130 (3
Table 7 contd...
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Table 7 contd...
28 Wall board 262.0 0.047 126 (3)
29 Chip board 432.0 0.067 126 (3)
30 Chip board (perforated) 3520 0.066 126 (3)
31 Particle board 750.0 0.098 130  (3)
32 Coconut pith insulation board 520.0 0.060 109 (3
33 Jute fibre 3290 0.067 109 (3
34 Wood wool board (bonded with cement) 398.0 0.081 113 (3)
35 Wood wool board (bonded with cement) 674.0 0.108 113 (3
36 Coir board 970 0.038 100 (3)
37 Saw dust 188.0 0.051 100 (3)
38 Rice husk 120.0 0.051 100  (3)
39 Jute felt 291.0 0.042 088 (3
40 Closed cell flexible elastomeric foam - NBR ~ 40-55 0.043 120 (3)

NA: Not available

SOURCES
(1) American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE). 2009.
2009 ASHRAE Handbook (Fundamentals). Atlanta, United States: ASHRAE

(2)  Gourav K, et al. 2017. Studies into structural and thermal properties of building envelope mate-
rials. Energy Procedia 122: 104-108

(3)  Bureau of Indian Standards (BIS). 1987. Handbook on Functional Requirements of Buildings
(Other than Industrial Buildings) SP: 41 (S & T) -1987. New Delhi: BIS.

(4)  Thermo-Physical-Optical Property Database of Construction Materials, U.S.- India Joint Center
for Building Energy Research and Development (CBERD) and Ministry of New and Renew-
able Energy (MNRE). Available at http://www.carbse.org/wp-content/uploads/2017/10/Data-
base-of-Construction-Materials_Oct17.pdf (accessed on 1 May 2018).

(5)  Balaji N C, etal. 2015. Influence of varying mix proportions on thermal performance of soil-ce-
ment blocks. Building Simulation Applications (BSA). 2" IBPSA Italy Conference, Building
Simulation Application - 2015 (BSA 2015). Available at http://www.ibpsa.org/proceedings/
BSA2015/9788860460745_10.pdf (accessed on 1 May 2018).

In case, the construction has air layer, use values of thermal resistance of air layer given in
Table 8 for U value calculation.
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TABLE8 Values of unventilated air layer thermal resistance for U-value calculation

5 0.12 0.10 0.10
7 0.12 0.12 0.12
10 0.14 0.14 0.14
15 0.16 0.16 0.16
25 0.18 0.18 0.17
50 0.18 0.20 0.17
100 0.18 0.20 0.17
300 0.18 0.21 0.17

SOURCE Adapted from Bureau of Energy Efficiency (BEE), 2009. Energy Conservation Building Code
User Guide, New Delhi
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ANNEXURE 6 Orientation Factor

The orientation factor (w) is a measure of the amount of direct and diffused solar radiation
that is received on the vertical surface in a specific orientation. This factor accounts for
and gives weightage to the fact that the solar radiation falling on different orientations
of walls is not same. It has been defined for the latitudes >23.5°N and latitudes <23.5°N
(Table 9). Table 9 should be read in conjunction with Figure 6.

TABLE9 Orientation factor (w) for different orientations

North (337.6°-22.5%) 0.550 0.659
North-east (22.6™-67.57) 0.829 0906
East (67.6™-112.5°) 1.155 1.155
South-east (112.6°-157.5%) 1.21 1125
South (157.6°-202.5%) 1.089 0.966
South-west (202.6°-247.5%) 1.202 1124
West (247.6°-292.5%) 1143 1156
North-west (292.6°-337.57) 0.821 0908
North
33750 22.50

North West North East

67.5°

Angle measurement in
clockwise direction from North

292.50

East

West

South Wesf "South East

202.5¢ 157.50
South

FIGURE6 Primary orientations for determining the orientation factor w
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ANNEXURE 7 Calculation of Equivalent SHGC

SHGC Equivalent is the SHGC for a non-opaque component with a permanent external
shading projection (overhang and side fins). It is calculated by multiplying the External
Shading Factor (ESF) with the SHGC of unshaded non-opaque component. ESF values
are defined based on the projection factor (PF). The procedure for calculation is given
below:

a) Calculate the projection factor (PF) for permanent external projection, including but
not limited to overhangs, side fins, box frame, verandah, balcony, and fixed cano-
pies, using the formula:

i. Projection factor, overhang: the ratio of the horizontal depth of the external
shading projection (Hovemgng) to the sum of the height of a non-opaque compo-
nent and the distance from the top of the same component to the bottom of the
farthest point of the external shading projection (V ), in consistent units.

overhang

_ overhang
F;verl1ang - (17)

overhang

4 overhang

N

A4

overhang

v

Transparent/
translucent panel

overhang overhang/voverhang

SECTION

ii. Projection factor, side/vertical fin: the ratio of the horizontal depth of the external
shading projection to the distance from a non-opaque component to the farthest
point of the external shading projection, in consistent units. In case of single side/
vertical fin, it could be on the ‘Right’ or ‘Left’ or there could be side/vertical fins
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on both the sides. A ‘Right’ side/vertical fin would be located on the right side
of the window while looking out from the building and similarly, a ‘Left’ side/
vertical fin would be located on the left side of the window while looking out
from the building.

V' N

Vright

/ OUTSIDE

right = Hright Vright

PF

Transparent/
translucent panel

INSIDE
PLAN
H .
pp o Hrign ....(18)
right vV
right
14
Vleh
OUTSIDE PE o = e Vi
Transparent/
translucent panel
INSIDE
PLAN
H
PEeft = (19)
v

b) Select the ESF value for each shading element as:
i. Overhang (ESFoverhang): Refer Table 10 and Table 11
ii. Side fin-right (ESanm): Refer Table 12 and Table 13
iii. Side fin-left (ESF_,): Refer Table 14 and Table 15
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¢)  Calculate the total external shading factor (ESF,_ ) using the formula:
ESF,,., = ESF,, g * ESF 0 ....(20)
where,
ESFy, =1=[ (1~ ESF,,, )+ (1- ESF,, )| .21)

d) Calculate the equivalent SHGC of the fenestration (SHGC,) by multiplying the SHGC
of the unshaded fenestration product (SHGC with the total external shading
factor (ESF. ), using the formula:

Unshaded)

total

SHGCeq = SHGCUnshaded x ESF;otal (22)
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ANNEXURE 8 Examples of Code Compliance

Example 1: A 7-storey housing project in Rajkot is trying to comply with the residen-
tial code. There are 11 identical residential towers in this project. The carpet area of each
dwelling unit (DU) is 26.6 m2.

There are three windows (W1, W2, W3) and one door (D) in each DU exposed to ambient.
The windows are either fully glazed or partially glazed (glass and PVC panels) and are
casement windows. The door is opaque with PVC panel. Each DU has two ventilators (V)
in the bath and toilet, which face a ventilation shaft. The details of the exposed door,
windows, and ventilators are given below.

7 =‘ g ,‘.WM\ ShI°
. // ////////‘ NN\

= » ,/, o ?{,:~ /
N § " g" ,"
T

FIGURE7 Layout plan of the project (Example 1)
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// .

.-

DRG. ROOM

——— 11 o
w2

KITCHEN

BED ROOM

UTILITY
DUCT

FIGURE8 Plan of a typical DU (Example 1)

TABLE 16 Details of exposed doors, windows, and ventilators (Example 1)

W1
W2
W3

V(2 nos)

1.20
0.80
0.80
0.75
0.65

1.60
1.30
1.60
250
040

192
1.04
1.28
1.87
0.26

1.20
0.80
0.80
0.00
0.65

0.53
043
1.60
0.00
040

0.64 1.28
0.35 0.69
1.28 0.00
0.00 1.87
0.26 0.00

Eco-Niwas Samhita 2018
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Material details are as follows:

TABLE 17 Details of construction material (Example 1)

Wall 200 mm AAC blocks with plaster on both sides. U-value 0.78 W/m?K
Roof 150 mm RCC with 40 mm polyurethane foam (PUF) insulation

Glass in windows Single clear glass with SHGC 0.80, VLT 85%, and U-value 5.80 W/m?2K
PVC panel 4 mm thick PVC panel used in doors and windows. U-value 5.23 W/m2K

Does this project comply with the code?

Compliance check:

Each of the 11 residential towers will need to comply with the code for the building project
to be compliant. Though the towers are identical, their orientations differ.

The longer walls of Towers A-E face north-south, i.e., 0° and 180°. Towers F-I face 345° and
165°. Towers J and K face east-west, i.e., 90° and 270°. As per Table 8 in Annexure 6, Towers
A-E and F-I can be considered having the same orientation. Thus, for this project, compli-
ance may be shown for one of Towers A-l and one of Towers J and K.

In this example, compliance of Tower C, as marked in Figure 9, is being shown.

1200 MT TP ROAD

N
LAYOUT PLAN @

FIGURE9 Building for compliance check on the layout of project (Example 1)

Bureau of Energy Efficiency (BEE) Fco-Niwas Samhita 2018
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The longer sides of this tower face north-south. It has 112 dwelling units (DUs), 16 DUs on
each floor. Half of the DUs face north and the rest face south.

TABLE 18 Envelope areas of the building (Example 1)

North 51.58 21.06 1086.27
South 51.58 21.06 1086.27
East 31.00 21.06 652.86
West 31.00 21.06 652.86
Envelope area (m?), excluding roof 3478.26

Step 1: Openable window-to-floor area ratio (WFROP)

1.1: Calculation of total openable area (Aopm W,

Each flat consists of three windows, one door opening to the balcony, and two ventilators.
As all of them are casement openings, 90% of the opening area is considered openable.

TABLE 19 Openable area calculation (Example 1)

W1 192 1.73

W2 1.04 094 000 |
W3 128 115 (Taf)’lgg)e“ab €
D (opening into balcony) 1.87 1.69

V (2 nos) 0.52 047

Openable area for each flat 597

Openable area for 112 flats (A 668.81

openab/e)

1.2: Calculation of total carpet area (Amme )
A =no. of DUs x carpet area of 1 DU = 112 x 26.6 = 2979.20 m’

carpet

1.3: Calculate the openable window-to-floor area ratio (WFR p)

Aopenable — 66881
A 2979.20

carpet

WFR,, = =22.45%

Rajkot is in the composite climate. As per Table 1, the minimum WFR,, for this climate is
12.5%. Thus, this project complies with this requirement.
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Step 2: Visible Light Transmittance (VLT)
2.1: Calculation of window-to-wall ratio (WWR)

There are three windows and one door in each DU exposed to ambient. The windows are
either fully glazed or partially glazed (glass and PVC panels). The door is opaque with PVC
panel.

TABLE 20 Calculation of window-to-wall ratio (Example 1)

North W1 192 064 56 107.52 35.62
North W2 1.04 035 56 58.24 19.26
North W3 1.28 128 56 71.68 71.68
North D 1.88 000 56 105.00 0.00
South W1 192 064 56 107.52 35.62
South W2 1.04 035 56 58.24 19.26
South W3 1.28 128 56 71.68 71.68
South D 1.88 0.00 56 105.00 0.00
Total 684.88 253.16
IR = e _ 25312 1o
Apope 3478.26

As per Table 2, for WWR of 0.073 (range 0-0.30), the minimum required VLT is 27%. The
glass used in this project has a VLT of 85% (as per certified specification for the product).
Thus, this project complies with this requirement. Also, it complies with the recom-
mended value.

Step 3: Thermal transmittance of roof (U )

roo
3.1: Calculation of thermal transmittance of roof | Um )

The roof of this building comprises the following material layers.
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TABLE 21 Roof construction details (Example 1)

China mosaic tile 0.007 1.500 0.005
Concrete (laid to slope) 0.050 1.740 0.029
Polyurethane foam (PUF) 0.040 0.023 1.739
Cement screed 0.020 0.720 0.028
RCC slab 0.150 1.580 0.095
Internal plaster 0.015 0.720 0.021
Sum of all material thermal resistance 1917

Total thermal resistance,
R, =R, +R,+R +R,+R, +...
=0.17+0.04+1.917=2.127 m* K/ W

Thermal transmittance of roof,

L:O.47 W/m*.K

T

Uroof =

This is less than the maximum U_ . value of 1.2 W/m?.K. Hence it complies with this
requirement.
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Step 4: RETV of the building envelope (except roof)

4.1: Calculation of envelope area, in every orientation

TABLE 22 Calculation of envelope area for each orientation (Example 1)

Non-opaque (glass) area

North Opaque area 1 (AAC wall)
Opaque area 2 (PVC panel in doors and windows)
Non-opaque (glass) area

South Opaque area 1 (AAC wall)
Opaque area 2 (PVC panel in doors and windows)
Non-opaque (glass) area

East Opaque area 1 (AAC wall)
Opaque area 2 (PVC panel in doors and windows)
Non-opaque (glass) area

West Opaque area 1 (AAC wall)
Opaque area 2 (PVC panel in doors and windows)

Total Envelope Area, A

envelepe

126.56
743.83
215.88
126.56
743.83
215.88
0.00
652.86
0.00
0.00
652.86
0.00

3478.26

ANNEXURE 8

5.80
0.78
523
5.80
0.78
5.23

0.78

0.78

(The U values of AAC block and PVC sheet are calculated the same way as that

shown for the roof. The thermal conductivity of AAC block is 0.184 W/m.K and that of

PVCis 0.19 W/m.K.)

Bureau of Energy Efficiency (BEE)
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4.3: Calculation of RETV
Rajkot is in the composite climate zone. Thus, the RETV equation, with applicable coeffi-

cients, is:

RETV =

{606 x Zn: ( Aopaque,« 2 Uopaque,- X a)l
i=1

envelope i=1

i=1

Calculation for the 3 terms are shown in table below:

Table 24 Calculation of 3 terms of RETV formula

)

o x| + {1 .85x zn: (Anan—opaque,. XU - opague, X @, )}

+ {68.99 X Z (Arr-pogue, X SHGC,,, x @,

}

ANNEXURE 8

Term-1

Term-11

Term-111

North
North

South
South

East
West

Opaque area 1 (AAC wall) 743.83
Opaque area 2 (PVC panel in 215.88
doors and windows)

Opaque area 1 (AAC wall) 743.83
Opaque area 2 (PVC panel in 215.88
doors and windows)

Opaque area 1 (AAC wall) 652.86
Opaque area 1 (AAC wall) 652.86

0.78
523

0.78
523

0.78
0.78

0.659 382.34
0.659 74405
0.966 56046
0.966 1090.66
1.155 588.16

1.156 588.67
Term-I Total 3954.35

North
South

126.56
126.56

Non-opaque (glass) area

Non-opaque (glass) area

5.80
5.80

0.659 483.74
0.966 709.09
Term-Il Total 1192.83

North
North
North

W1 35.62
W2-1 9.63
W2-2 9.63

0.523
0450
0450

0.659 12.28

0.659 2.86

0.659 2.86
Table 24 contd...

Bureau of Energy Efficiency (BEE)
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Table 24 contd...
North W3-1
North W3-2
South W1
South W2-1
South W2-2
South W3-1
South W3-2

35.84
35.84
35.62

9.63

9.63
35.84
35.84

0.527
0.527
0420
0.363
0.363
0486
0486

0.659
0.659
0966
0966
0966
0966
0966

Term-ll Total

ANNEXURES

12.45
12.45
14.45

338

338
16.83
16.83
97.74

* Orientation factor is taken from Annexure 6; For Latitude < 23.5°N and the specific orientation. E.g. for

North orientation it is 0.659
# Refer to step 4.2 for details.

Substitute the values of 3 terms and envelope area in the RETV formula:

RETV =— L

3478.26

RETV =9.46
m

x[{6.06%3954.35} +{1.85x1192.83} +{68.99x97.74} |

This is less than the maximum RETV of 15 W/m?. Hence it complies with this requirement.

The building complies with all four requirements and hence complies with the code.

Example 2: The same project given in Example 1 is built in Shimla. All specifications of the
project remain the same except that all windows (W1, W2, W3) are fully glazed and sliding.
The details of the exposed door, windows, and ventilators for this project are given below.

TABLE 25 Details of exposed door, windows, and ventilators (Example 2)

W1
W2
W3

V(2 nos)

1.20
0.80
0.80
0.75
0.65

1.60

1.60
2.50
0.40

192
1.04
1.28

0.26

0.80
0.80
0.00
0.65

1.60

1.60
0.00
0.40

1.04
1.28
0.00
0.26

0.00
0.00
0.00
1.87
0.00

Eco-Niwas Samhita 2018

Bureau of Energy Efficiency (BEE)



ANNEXURE 8

Material details are as follows:

TABLE 26 Details of construction material (Example 2)

Wall 200 mm AAC blocks with plaster on both sides. U-value 0.78 W/m?2K

Roof 150 mm RCC with 40 mm polyurethane foam (PUF) insulation. U-value 0.47 W/m?.K
Glass in windows  Single clear glass with SHGC 0.80, VLT 85%, and U-value 5.80 W/m?2K

PVC panel 4 mm thick PVC panel used in doors. U-value 5.23 W/m?K

Does this project comply with the code?
Compliance check:

Each of the 11 residential towers will need to comply with the code for the building project
to be compliant. The compliance of one of the towers is being shown.

The longer sides of this tower face north-south. It has 112 dwelling units (DUs), 16 DUs on
each floor. Half of the DUs face north and the rest face south.

TABLE 27 Envelope areas of the building (Example 2)

Total wall length (m), Total wall height (m), Gross wall area
Orientation exposed to ambient exposed to ambient (m?)
North 51.58 21.06 1086.27
South 51.58 21.06 1086.27
East 31.00 21.06 652.86
West 31.00 21.06 652.86
Envelope area (m?), excluding roof 3478.26

Step 1: Openable window-to-floor area ratio (WFROP)

1.1: Calculation of total openable area (Aopenab Y,

Each flat consists of three windows, one door opening to the balcony, and two ventilators.
As all the windows are sliding windows, 50% of the window opening area is considered
openable. The door and ventilators are 90% openable.

Bureau of Energy Efficiency (BEE) Eco-Niwas Samhita 2018
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TABLE 28 Calculation of openable areas (Example 2)

W1 192 096
W2 1.04 0.52 50% openable (Table 5)
W3 1.28 0.64
D 1.87 1.69

90% openable (Table 5)
V(2 nos) 0.52 047
Openable area for each flat 428

Openable area for 112 flats (A ) 478.86

openable

1.2: Calculation of total carpet area (Am’pe )
A = no. of DUs x built-up area of 1 DU = 112 x 26.6 = 2979.20 m’

carpet
1.3: Calculate the openable window to floor area ratio ( WER, ,,)

Aopenable — 47886 —
A 2979.20

carpet

WFR,, = 16.1%

Shimla is in the cold climate zone. As per Table 1, the minimum WER | for this climate is
8.33%. Thus, this project complies with this requirement.

Step 2: Visible Light Transmittance (VLT)

2.1: Calculation of window-to-wall ratio (WWR)

There are three windows and one door in each DU exposed to ambient. The windows are
fully glazed. The door is opaque with PVC panel.
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TABLE29 Calculation of window-to-wall ratio (Example 2)

Opening  Opening  Non-opaque area No.of Total opening Total non-opaque
Orientation ~ name area(m?)  inopening (m?) openings area (m?) area (m?)
North W1 192 192 56 107.52 107.52
North W2 1.04 1.04 56 58.24 58.24
North W3 1.28 1.28 56 71.68 71.68
North D 1.88 0.00 56 105.00 0.00
South W1 192 192 56 107.52 107.52
South W2 1.04 1.04 56 58.24 58.24
South W3 1.28 1.28 56 71.68 71.68
South D 1.88 0.00 56 105.00 0.00
Total 684.88 474.88

R < Anor-onne _ 47488 o
Aenvelape 3478.26

As per Table 2, for WWR of 0.136 (range 0-0.30), the minimum required VLT is 27%. The
glass used in this project has a VLT of 85% (as per certified specification for the product).
Thus, this project complies with this requirement. Also, it complies with the recom-
mended value.

Step 3: Thermal transmittance of roof (U )

3.1: Calculation of thermal transmittance of roof ./

The roof of this building is the same as that of Example 1, i.e., U_ . is 0.47 W/m>K. This is

less than the maximum U_ . value of 1.2 W/m? K. Hence it complies with this requirement.

Step 4: Thermal transmittance of building envelope (except roof) for
cold climatic zone (U )

envelope,cold
Shimla is in the cold climate zone. Hence, the thermal transmittance of the building enve-

lope (except roof) will be calculated.

)

In this case, the U values of the wall (i.e., AAC block with 15 mm plaster on both sides), the
opaque door component (i.e., PVC sheet), and the non-opaque components (glass used
in windows) need to be combined as per the relative areas of each.

4.1: Calculation of thermal transmittance of building envelope (U

envelope,cold

envelope,cold

(AAC block wall areaxU value of AAC)+(Opaque door areaxU value of PVC)+(Non—opaque areaxU value of glass)

AAC block wall area+ Opaque door area+ Non —opaque area
B (2793.38x0.78)+(210.00x5.23) +(474.88 % 5.80)
B 2793.38+210.00+474.88

=173 W/m>.K

Bureau of Energy Efficiency (BEE) Eco-Niwas Samhita 2018

149]



ANNEXURE 8

Note:
e Net AAC block area = Envelope area - Total opening area

e Opaque door area= Total opening area - Total non-opaque area

e U values of the AAC block and the PVC sheet are calculated the same way as that
shown for the roof. The thermal conductivity of AAC block is 0.184 W/m.K and that
of PVCis 0.19 W/m.K

e U value of the glass used is given as 5.80 W/m2.K (as per certified specification for
the product)

This is less than the maximum Uenvelope g Value of 1.8 W/m? K. Hence it complies with this
requirement.

The building complies with all four requirements and hence complies with the code.
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ANNEXURE 9 Guidelines for Design for Natural Ventilation

This annexure provides a simple and illustrative interpretation of provisions for the
location of windows in a room and its impact on natural ventilation. A detailed design
guideline for natural ventilation is available in the NBC 2016 (Volume I, Part 8 Building
Services, Section 1 Lighting and Natural Ventilation).

The code gives the following provision for minimum WFR_, values for natural ventilation
(Table 1, Section 3.1):

TABLE30 Minimum requirement of window-to-floor area ratio, VVFROp

Climatic zone Minimum WER | (%)
Composite 12.50
Hot-Dry 10.00
Warm-Humid 16.66
Temperate 12.50
Cold 833

SOURCE Bureau of Indian Standards (BIS). 2016. National Building Code of India 2016. New Delhi: BIS.

Openable window-to-floor area ratio (WFR,) indicates the potential of using external air
for ventilation. The openable area allows external air, when the ambient temperature is
cooler than the inside air, into the internal spaces, which helps in ventilation, improve-
ment in thermal comfort, and consequent reduction in cooling energy.

This openable area can be distributed on the external wall in a number of ways. Rooms
may have openings on only one external wall or multiple external walls (usually two
external walls). Some guidelines for design of these openings are given below. It is to be
noted that internal doors cannot be relied for enhancing ventilation and are assumed to
be closed.?

1. Distribution of the openable area on the external walls of a dwelling unit must be
done to maximize cross-ventilation, i.e., the air inlet and outlet openings should be
separate and positioned on different walls in a way that optimizes the air flow path
through the space. This can be done by placing openings on adjacent walls or on
opposite walls, where possible (Figure 10).

2 Bureau of Indian Standards (BIS). 2016. National Building Code of India 2016. New Delhi: BIS.

28 Heat exchange during night-time in hot/warm climates has greater value for thermal comfort. At this time, it is
generally seen now that people keep the doors of their private rooms, i.e, the internal doors, closed.
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Figure 10 Openings on adjacent or opposite external walls for cross ventilation (Guideline)

2. In rooms that have openable area on only one external wall, cross ventilation can be
achieved by having an opening at a higher level on one of the internal walls (Figure
11). This will enhance cross ventilation through the habitable space. This principle
can be extended from room to room, for instance, from a bedroom into a living
room which is cross-ventilated, thus enhancing cross ventilation through the entire

dwelling unit.

INSIDE

N
\\\
N\

OUTSIDE

OUTSIDE

- e
ROOM PLAN

SECTION THROUGH OPENING ON
EXTERNAL WALL & OPENING ON ANY
OTHER WALL

Figure 11 Openings on external wall and internal wall for cross ventilation (Guideline)

3. In rooms with only one external wall, and where cross ventilation is not possible (see
point 2, above), provision of multiple windows on the external wall is preferred to
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that of a single window (Figure 12). The farther apart these windows are placed on
the wall, the better is the effect of air movement across the room.

[ ]

77777777777777777777/77777/777777)

\ [ J OUTSIDE { ) /

TYPICAL ROOM PLAN OUTSIDE ELEVATION

Figure 12 Two windows on single external wall (Guideline)

4. Adding a ventilator above the windows on the external wall helps increase the rate
of convective heat exchange (Figure 13). This is especially helpful in cases where
windows are available on only one external wall and there is no means of cross
ventilation.

=[]
o) [

INSIDE OUTSIDE

SECTION THROUGH OPENINGS ‘OUTSIDE ELEVATION OUTSIDE ELEVATION OUTSIDE ELEVATION

ON EXTERNAL WALL

§

Figure 13 Adding ventilators above windows improves ventilation especially when only
single external wall is available for openings (Guideline)
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The following illustrative diagrams recommend good design strategies to help achieve
better air exchange and increase the rate of heat loss through the buildings.

Single-sided ventilation

Case 1: Room with only one opening on the external wall

INSIDE

s e ]

! /\#\
L7 N

OUTSIDE
SECTION THROUGH OPENINGS OUTSIDE ELEVATION

ROOM PLAN ON EXTERNAL WALL

Addition of ventilator at an upper level increases the rate of convective heat exchange
with the outside air.

Case 2: Room with multiple openings on the external wall

A

y

~

OUTSIDE

OUTSIDE V

SECTION THROUGH OPENINGS OUTSIDE ELEVATION OUTSIDE ELEVATION
ON EXTERNAL WALL

TYPICAL ROOM PLAN
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Cross ventilation

Case 1: Room with openings on both the external wall and another internal or
external wall.

INSIDE

ROOM PLAN ROOM PLAN

OUTSIDE

SECTIONS THROUGH OPENING ON EXTERNAL WALL AND OPENING ON ANY OTHER WALL FOR GOOD CROSS VENTILATION

Comparison

g
—0) [0

|| O

]

THERMAL HEAT EXCHANGE

For the same ratio of area of openings to floor area of a room, the thermal heat exchange
increases as the number of openings increases on the wall.? It is thus recommended to
have openable ventilators to aid better ventilation.

2 This conclusion is generally valid for hot-dry, warm-humid climates. For cold regions, this may vary.
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Annexure 10 Cool Roof and Roof Gardens

A cool roof is one that reflects most of the incident solar radiation and efficiently emits
some of the absorbed radiation back into the atmosphere, instead of conducting it to the
building below.*® The term specifically refers to the outer layer or exterior surface of the
roof, which acts as the key reflective surface.” A cool roof minimizes the solar heat gain
of a building by first reflecting a considerable amount of incoming radiation and then
by quickly re-emitting the absorbed portion. Cool roof encompasses an extensive array
of applications including roof coatings, colours, textures, finishes such as broken china
mosaic, tiles, and even metals.

However, cool roofs are not to be seen as an alternative to the thermal transmittance
requirement of the roof (U __) as given in this code. It is encouraged to have any cool roof

application over a roof assembly complying with the maximum thermal transmittance
value given in the code.

Defining a cool roof
The ‘coolness’ of a roof is influenced by its solar reflectance and thermal emittance.

e Solar reflectance: Solar reflectance is the ratio of solar radiation reflected by a
surface to the solar radiation incident upon it. Solar reflectance is measured on
a scale of 0 to 1. A reflectance value of 0 indicates that the surface absorbs all
incident solar radiation, and a value of 1 denotes a surface that reflects all inci-
dent solar radiation. The term ‘albedo’ is often used inter-changeably with solar
reflectance.

e Thermal emittance: Thermal emittance is the relative ability of a material to
reradiate absorbed heat as invisible infrared radiation. Emittance, measured
from 0 to 1, is defined as the ratio of the radiant flux emitted by a body to that
emitted by a black body at the same temperature and under the same condi-
tions.

According to ECBC 2017 cool roof requirement, roofs with slopes less than 20 degrees
shall have an initial solar reflectance of at least 0.6 and an initial emittance of 0.9.

The Solar Reflectance Index (SRI) is a term that incorporates both solar reflectance and
emittance in a single value and quantifies how hot a surface would get relative to stan-
dard black and standard white surfaces. It is the ability of a material to reject solar radia-
tion, as shown by a small temperature rise.?? The SRIs of a standard black surface (having

30 Shakti Foundation. 2017. Cool Roofs for Cool Delhi: Design Manual. Available at http://shaktifoundation.in/
wp-content/uploads/2017/06/cool-roofs-manual.pdf (accessed on 1 May 2018)

31 ibid

32 Bureau of India Standards (BIS). 2016. National Building Code 2016. Part 11. New Delhi: BIS
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reflectance of 0.05 and emittance of 0.9) and a standard white surface (of reflectance 0.8
and emittance 0.9) are taken as 0 and 100, respectively.

IGBC Green Homes requires a minimum SRI value of 78 for roof slopes with gradient <1:6
and 29 for steeper roof.

For more detailed information on cool roof, please refer Cool Roofs for Cool Delhi: Design
Manual.*®

Roof Gardens

In the case of roofs with roof gardens on earth fill for plantation or lawn, the thermal
resistance of the earth fill can be taken into the calculation of the thermal transmittance
(U value) of the roof. Some of the heat absorbed by the earth fill is also released into
the atmosphere due to evapotranspiration of irrigation water from the roof garden, thus
giving additional benefit.

3 Shakti Foundation. 2017. Cool Roofs for Cool Delhi: Design Manual. Available at http://shaktifoundation.in/
wp-content/uploads/2017/06/cool-roofs-manual.pdf (accessed on 01 May 2018)
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