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ENERGY DERRTMENT
Mantralaya, Mahanadi Btan Nava RaipuyrAtal Nagar

Nawa Raipuythe 27th February 2023

No. 505/F-26/04/ECBC/2019/13/2.—WHEREAS, clause (p) of section 14 of thgyE@enserationAct,
2001 (Centralct 52 of 2001) empwers the Central Gernment to prescribe Erggr Conseration Building Code for
efficient use of engry and its conseation in the hilding or huilding comple, by notifcation, in consultation with the

Bureau of Engyy Efficiengy.

AND WHEREAS, Geernment of India issued the EggrConseration Building Code, 2007, under clause
(p) of section 14 of Engy ConserationAct, 2001,

AND WHEREAS, cluase (a) of section 15 of the EyyegConserationAct, 2001 empwers the State Gern-
ment to amend the Erggr Conseration Building Code, in consultation with the Bureau of Bwdffficiency, to suit
regional and local climatic conditions and magecify and notify Engly Conseration Building Code with respect to
use of enggy in the lildings.

Now, THEREFORE, in gercise of the peers conferred by clause (a) section 15 and section 57 of thgyEner
ConserationAct, 2001 (Centraict 52 of 2001), the Garnment of Chhattisgh, herebyamend the Engy Conser
vation Building Code 2007 issued by ¥@onment of India to suit the gmnal and local climatic condition of
Chhattis@ry» h State and notify it as the ChhattidgEnegy Conseration Building Code, 2022 as spéetf in the
schedule hereto.

By order and in the name of the ¥@onor of Chhattisarh,
ANKIT ANAND, Secretary

SCHEDULE

CHHATTISGARH ENERGY CONSERVATION BUILDING CODE 2022
(CGECBC 2022)

1. Purpose

_In accordance with section 14(p) of the Energy Conservation Act 2001 the purpose of the
Chhattisgarh Energy Conservation Building Code (CGECEC) Is to provide minimum
requirements for the energy-efficient design and construction of buildings in Chhattisgarh
falling under climatic zone: composite and warm humid, using CGECBC 2022. The Code also
provides two additional sets of incremental requirements for buildings to achieve enhanced
levels of energy efficiency that go beyond the minimum requirements.

2. Scope

The CGECBC is applicable to buildings or building complexes that have a connected load of 50
kW or greater or a contract demand of 60 kVA or greater or Built-up area greater than 1000
m* {Square Meters} and are intend to be used for commercial purposes.

Buildings intended for private residential purposes cnly are not covered by the Code. This
code would become mandatory as and when it is notified by the Government of
Chhattisgarh in the official Gazette under clause (a) of Section 15 of the Energy
Conservation Act 2001 (57 of 2001)

2.1 Energy Efficiency Performance Levels

The code prescribes the following three levels of energy efficiency:

(a) Chhattisgarh Energy Conservation Building Code Compliant Building [CGECEC Building)
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CGECELC Buildings shall demanstrate compliance by adopting the mandatory and prescriptive
requirements listed under CGECBC Compliant Building reguirements in §4 to §7%, or by
following the provisions of the Whale Building Performance (WEP) Method in §9,

{b) Chhattisgarh Energy Conservation Building Code Plus Building (CGECBC+ Building)

CGECBC+ Buildings shall demonstrate compliance by adopting the mandatory and
prescriptive reguirements listed under CGOGECBC+ Compliant Building requirements in 54 to
§7, or by following the provisions of the Whole Building Performance [WEP) Method in §9.

[¢) Super Chhattisgarh Energy Conservation Building Code Bullding (Super CGECBL Building)

Super CGECBC Buildings shall demonstrate compliance by adopting the mandatory and
prescriptive requirernents lsted under Super CGECBC Compliant Building requirements in §4
to &7, or by following the provisions of the Whole Building Performance (WEFP) Method in §9,

2.2 Building Systems
The provisions of this code apply to:

a) Building envelope;

() Mechanical systems and eguipment, including heating, ventilating, and alr conditioning,
service hot water heating;

(e} Interior and exterior lighting and

[d} Electrical power and motors and renewable energy systems.

The prowvisions of this code do not apply to plug loads and equipment and parts of bulldings
that use energy for manufacturing processes, unless otherwise specified in the CGECBE.

2.3 Precedence

The following codes, programs, and policies will take precedence over the CGECBC in case of
canflict:

[a) Any policy notified as taking precedence over this Code, or any other rules on safety,
security, health, or environment by Cantral, State, or Local Government.

{b} Bureau of Energy Efficiency’s Standards and Labelling for appliances and 5Star Rating
Program for buildings provided both or either are more stringent than the reguirements
of CGECALC,

2.4 Reference Standards

The Mational Building Code of India 2016 (NBC) is the reference standard for lighting levels,
heating, wentilating, and air conditioning [HVAC), thermal comfort conditions, natural

L g spymbol denotes section nurmbers wsed in this Code
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ventilation, and any other building materials and systerm design criteria addressed in this
Code.

Standards and labelling {S&L) Program of BEE® will be applicable for minimum equipment
efficiency standards, wherever specified. In case the schedule of 5&L is revised for any
eqguipment, the year of building permission by the Authority having Jurisdiction * will be
considered as base vear for CGECBC compliance.

2.5 Building Classification

Any one or more building or part of 2 bullding with commerclal use is classified as per the
functional requirements of its design, construction, and use. The key classification is as below:

{al Haospitality: Any building in which sleeping accommodation is provided for commerclal
purposes, except any building classified under Health Care. Buildings and structures
under Hospitality shall include the following:

i, - Mo-star Hotels — like Lodging-houses, dormitories, no-star hotels/motels
li. Resart
iil. Star Hotel

{b) Health Care: Any building or part thereof, which |5 used for purposes such as medical or
other treatment or care of persons suffering from physical or mental iliness, disease, or
Infirmity; care of infants, convalescents, or aged persons, and for penal or correctional
detention in which the liberty of the inmates is restricted. Health Care buildings ordinarily
provide sleeping accommodation for the occupants. Buildings and structures like
hospitals, sanatoria, out-patient healthcare, laboratories, research establishments, and
test houses are included under this type.

(c] Assembly: Any building or part of a building, where number of persons congregate or
gather for amusement, recreation, social, religious, patriotic, civil, travel and similar
purposes, Buildings like theatres or motion picture halls, gathering halls, and transport
buildings like airports, railway stations, bus stations, and wunderground and elevated mass
rapid transit system are Included In this growp.

(d} Business: Any building or part thereof which is used for transaction of business, for
keeping of accounts and records and similar purposes, professional establishments,
and service facilities, There are two subcategories under Business = Daytime
Business and 24-hour Business. Unless otherwise mentioned, Busingss buildings
shall include both Daytime and 24-hour subcategories.

(e} Educational: Any building used for schools, colleges, universities, and other training

institutions for day-care purposes involving assembly for instruction, education, or recreation

for students, If residential accommodation is provided in the schools, colleges, or universities

! Bureou of Energy Efficiency, Ministry of Power, Government of India

! Uirban Administration & Development Department, Town & Country Planming Department and Nove
Raipur Develapment Autharity of Government of Chhattisporfy ore the Auwthorfties boving Jurlsdictlon as
defined In CGECHC Rules 2022
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or coaching/ tralning institution, that portion of ocoupancy shall be classified as a No-star
Hotel. Buildings and structures under Educational shall include following types-

i. Schools
ii. All other types of institutes, e.g. college, university, training institutes atc.

{fi Shopping Complex: Any building or part thereof, which is used as shops, stores, market,
for display and sale of merchandise, either wholesale or retail. Buildings like shopping
malls, stand-alone retails, open gallery malls, super markets, or hyper markets are

included in this type.
(g] Mixed-use Bullding: In a mixed-use building, each commercial part of a building must be

classified separately, and -

i. Ifapart of the mixed-use building has different classification and is less than
10% of the total above grade floor area, the mixed-use building shall show
compliance based omn the building sub-classification having higher
percentage of above grade floor area.

i, If a part of the mixed-use bullding has different classification and one or
meore sub-classification is more than 10% of the total above grade floor area,
the compliance requirements for each sub-classification, having area more
than 10% of above grade floor area of a mixed-use bullding shall be
determined by the reguirements for the respective building classification in
54 to §7.

Any building which does not fall under any of the categories defined above shall be classified
in a category mentioned above that best describes the function of the bullding,
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Mote -1 Buitding Tepodogies for OGECET 2028

Energy efficiency requirements for the Code were derived after analysing 16
different non-residentlal bullding typologles (shown below), that in turn are
broadly based on building classification in the Mational Building Code of India.
Spatial layouts, material spacifications, fagade characteristics, and occupancy
patterns have an impact on energy efficiency of a building and differ for these
typologies. Potentlal for reducing energy use with technology and materials thus

: varies from building typé to type, By analysing this potential, CGECBC energy
efficiency reguirements are now sensithve to bullding typologles and, to the extent possible, only
requirements that are feasible have been included,

1. 5Star Hotel

£, Mo Star Hoted

AR 3. Resort
1. Collage
2. University
3. Institution
Educational 4. School
1. Hespltal

2. Dut-patient Healthcare

1. Shopping Mall

2. Stand-alane Retails

3. OpenGallery Malls

Shopping Complex 4, Super Markets

1. Daytime use
2. 24-hours use

1. Multiplex
2. Thaatre

3. Building used far Transpart Servicas
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3. Compliance and Approach

3.1 General
To comply with the CGECBC, bulldings shall

(a) have an Energy Performance Index Ratio (EPI Ratio) as defined in §3.1.2 that is less
than or equal to 1

and,

(b] Meet all mandatory reguirements mentioned under §4.2, §5.2 , §6.2, and §7.2.

311 Erergy Performance Index

The Energy Performance Index (EPI} of a bullding Is its annual energy consurmption in
kilowatt-hours per sguare meter of the building. While calculating the EPI of a bullding,
the area of unconditioned basements shall not be included. EPI can be determined by:

annual energy consumption in KWh

EPI' =
total builtup area (excluding unconditioned basemsents)

To comply with the CGECBC, EPI value shall be rounded off to two decimal places in
accordance with 15 2: 1960 'Rules for rounding off numerical values,

312 Determining EPI Ratio

The EPI Ratio of a building is the ratio of the EPI of the Proposed Bullding to the EPI of the
Standard Building:

EPl of Proposed Building
EFPI of Standard Building

EPI Ratio =

Where,

Proposed Building is consistent with the actual design of the bullding, and complies with
all the mandatory reguirements of CGECBC,

Standard Bullding is a standardized building that has the same building floor area, gross
wall area and gross roof area as the Proposed Building, complies with the mandatory
requirements §4.2, §5.2 | §6.2, and §7.2, and minimally complies with prescriptive
requirements of §4.3, §5.3, and §6.3 for CGECEC compliant builldings,
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The EPI ratio of the Proposed Building shall be established through any one of the
following two methods described in §3.2 -

[a) Prescriptive Method (see §3.2.2)

[b) Whaole Building Performance Method (see §3.2.3)

3.1.3 EPI Ratio for Core and Shell Buildings

EPI for core and shell bulldings shall be calculated for the entire building based on the final
design of the common areas and the relevant mandatory undertaking(s) in the tenant
lease agreement for the leased areas, as per §3.2.2.1 or §3.2.3.1,

314 EPI Ratio for Mixed-use Development

I a mixed-use building, each cormmercial part of a building must be classified separately,
and EPI Ratio shall be calculated separately for each sub-classification, as per §3.2.2.1 or
£3.2.3.1. The EP| Ratio of a mixed-use Proposed Building shall be calculated based on area-
weighted average method. To calculate the reference maximum design EPI Ratig, listed in
Table 2-7 and Table 3-E applicable for the mived-use bullding, each commercial part of
mixed-use building shall be classified separately and:

{a] If a part of the mixed-use building has different classification and is less than 10% of
the total above grade area [AGA), the EPI Ratio of the mixed-use Proposed Building
shall be less than or equal to Maximum Allowed EPI ratio listed in Table 9-7 and Table
4-8 for the bullding sub-classification having highest percentage of above grade floor
area.

[b] Ifapart of the mixed-use building has different classification and is rmore than 10% of
the total above grade floor area, the EPI ratio of the mixed-use Proposed Building
shall be less than or equal to Maximum Allowed EPI ratio for compliance calculated
based on area weighted average methad for all building sub-classifications listed in
Table -7 and Table %-8

Exceptions to the above: Any portion of a mixed-use building classified In a category
which does not fall under the scope of CGECBC is exempted from demonstrating
compliance.

3.2 Compliance Approaches

Buildings that fall within the scope of the CGECBC as menticned in 52, shall comply with
the Code by meeting all the mandatory requirements (see §3.2.1) and any of the
compliance paths mentioned in §3.2.2, or §3.2.3.

321 Mandatory Requirements

Buildings shall comply with all mandatory reguirements mentioned under §4.2, §5.2 |
§6.2, and §7.2, irrespedtive of the compliance path,
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3.22 Prescriptive Method

A building complies with the COGECBC using the Prescriptive Method if it meets the
prescribed minimum (or maximum) values for envelope components (§4.3), comfort
systemns and controls (§5.3, §5.3.12, §5.3.13), and lighting and controls (56.3), In addition
to meeting all the mandatory requirements,

3.2.2.1 EPI Ratlo through Prescriptive Method

CGECBEC Buildings that demonstrate compliance through the Prescriptive Method (53.2.2)
shall be desmed to have an EPI equal to the Standard Building EPI, and therefore an EF
Ratio of 1. CGECBC+ Buildings and Super-CGECEC Buildings that dermonstrate compliance
through the Prescriptive Method shall be deemed to have an EPI Ratio egual to the EPI
Ratlos listed in 59.5 under the applicable building type and climate zone.

3.2.2.2 Building Envelope Trade-off Method

To comply with the Prescriptive Method of Section §4, the Building Emvelope Trade-off
Method may be used in place of the prescriptive criteria of §4.3.1, §4.3.2 and §4.3.3. &
building complies with the CGECBC using the Building Envelope Trade-off Method if the
Envelope Performance Factor (EPF] of the Proposed Building is less than or equal to the
EPF of the Standard Bullding, calculated as per §4.3.5.

3.2.2.3 Total System Efficiency Method

For projects using central chilled water plants, the Total System Efficiency approach may
be used to comply with the Prescriptive Method of §5. This approach may be used in place
of the prescriptive criteria of chillers {§5.3.1 and §5.3.6], chilled water pumps (§5.3.2),
condenser water pumps (§5.3.2), and cooling tower fan (§5.3.3). As Per this approach, a
building complies If the Total Systemn Efficlency thresholds are met as per Table 5-1%:
Maximum System Efficiency Threshold for CGECBC, CGECBC+, and Super-CGECEC
Buildings. Compliance with other prescriptive requirements (55.3], as applicable, shall be
met,

3.2.2.4 Low Energy Comfort Systems

Low Energy Comfort Systems (55.3.13) is a simplified approach that provides projects
using Low Energy Comfort Systems an opportunity to achieve improved compliance levels
of CGECBCs and Super-CGECBL. This approach is applicable to Prescriptive Method of
Section §5, In addition to compliance with the applicable prescriptive requirements [§5.3),
the propects must meet the sum of cooling and heating requirement using approved list
of low energy systems as per reguirements in §5.3.13.

323 Whole Building Performance Method

& building complies with the CGECBC using the Whale Building Performance [WEP)
Method when the estimated annual energy use of the Proposed Design is less than that
of the Standard Design, even though it may not comply with the specific provisions of the
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prescriptive requirements in §4 through §7. The mandatory requirements of §4 through
§7 (54.2, §5.2, §6.2, and §7.2) shall be met when using the WBP Method.

3.2.31 EPI Ratio through Whole Building Performance Method

The EPI of buildings that demonstrate compliance through Whale Building Performance
Method [§3.2.3) shall be calculated using the compliance path defined in §3.1.1 and
detailed im §9. The EPI Ratio of a building that uses the Wheole Building Performance
Method to show compliance, should be less than or egual to the EPI Ratio listed in §9.5
for the applicable bullding type and climate zone.

3.3 Compliance Requirements

331 New Building Compliance

3.3.1.1  Full building Compliance

Mew buildings with completed fit-outs shall comply with either the provisions of §3.2.1
and either the provision of §3.2.2 or §3.2.3,

3.3.1.2 Core and Shell building Compliance

Mew core and shell building shall comply with the provisions of §3.2.1 and either the
provision of §3.2.3 or §3.2 3 following base building systems in the commaon areas:

(a] Bullding envelopes

(b} Thermal comfort systems and controls (only those installed by developer/ cwner)
[e] Lightimg systerns and controls (only those installed by developer/ awner)

[d} Electrical systems [installed by developer) owner]

{e) Renewable energy systems

Additionally, the tenant lease agreement shall have a legal undertaking clause to ensure
interior fit-outs made by tenant shall be CGECBL compliant. The legal undertaking shall
mandate the relevant energy efficiency compliance requirements in accordance with the
provisions of §3.2.1 and §3.2.2 for all intericr fit-cuts within the tenant leased area.

3.32 Additions and Alterations to Existing Buildings

If any existing building after additions or alterations changes its connected load to SO kilo-
watt (kW] or above or a contract demand of 60 kilo-Vaolt Ampere (kVA) or above or built-
up area above 1000 m? {sguare meter} shall comply with the provisions of §4 through §7.
Compliance may be demonstrated in either of the fallowing ways:

ia | The addition shall comply with the applicable reguirements, or
(b} The addition, together with the entire existing bailding, shall comply with the
requiremenits of this CGECRL that shall apply to the entire building, as if It were a new

building.



312

AUZaeea»E U UUeAA "z, ¢clUa¢ o v| xzee, iUU wEwOaE» v

Exceptions to §3.3.2: When space conditioning is provided by esisting systems and
equipment, the existing systems and equipment need not comply with this code.
However, any new equipment installed must comply with specific requirements
applicable to that eguipment.

3.4 Approved Compliance Tools

A building following the whole building performance method of 89 or Total System
Efficiency — Alternate compliance approach of §5.3.12 shall show compliance through
online BEP-EMIS or whole building energy simulation software endorsed by BEE.

Compliance to the daylight requirements of §4.2.3 if calculated through software toaols,
shall be shown through online BEP-EMIS or daylighting software approved by BEE.

3.9 Administrative Requirements

Adminlstrative requirements, including but not limited to, permit reguirements,
enforcement, interpretations, claims of exemption, approved calculation methods, and
rights of appeal are specified by the authority having jurisdiction® and included in CGECBL
Rules 2022 In reference with the location of the building.

3.6 Compliance Documents

36.1 Compliance Documents

Construction drawings and specifications shall show all pertinent data and features of the
building, eguipment, and systems in sufficient detail to permit the authority having
jurisdiction to verify that the building complies with the reguirements of CGECBC. Details
shall include, but are not limited to:

(a) Bullding Envelope: opague construction materials and their thermal properties
including thermal conductivity, specific heat, density along with thickness;
fenestration U-factors, solar heat gain coefficients (SHGC), visible light transmittance
IWLT} and building envelope sealing documentation; overbangs and side fins, building
envelope sealing details;

ib) Heating, Ventilation, and Alr Conditioning: system and eguipment types, sizes,
efficiencies, and controls; economizers; variable speed drives; piping insulation; duct
sealing, Insulation and location; solar water heating system; requirement for balance
report;

4 putharity hoving junsdiction are Lirban Admiéndstration and Development Department (LADDY,
Town & Country Plonming (TECFP) or Nove Rolpur Afal Nagar Vikos Praghikaron [NRANVE)] af
Gavernment of Chhottisgarh
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lc) Lightimg: lighting schedule showing type, number, and wattage of lamps and ballasts;
automatic lighting shutoff, cccupancy sensors, and other lighting controls; lamp
efficacy for exterior lamps;

{d} Electrical Power: electric schedule showing transformer losses, motor efficiencies, and
power factor correction devices; electric check metering and maonitaring system,

[e] Renewable energy systems: system peak installed capacity, technical specifications,
solar zone area,

3.6.2 Supplemental Information

The authorlty having jurlsdiction may require supplemental information necessary to
verify compliance with CGECBC such as calculations, worksheets, compliance forms,
manufacturer's literature, or other data,

4. Building Envelope

4.1 General

The building envelope shall comply with the mandatory provisions of §4.2, and the
prescriptive criterla of §4.3. In case alternative compliance path of Building Envelope
Trade-off Method is used for compliance, requirements of §4.3.5 and relevant criteria of
§4.3 shall be met.

4.2 Mandatory Reguirements

4.2.1 Fenestration
4.2.1.1 U-Factor

L-factors shall be determined for the overall fenestration product (including the sash and
frame) im accordance with 150-15099 by an accredited independent laboratory, and
labelled or certified by the manufacturer, U-factors for sloped glazing and skylights shall
be determined at a slope of 20 degrees above the horizontal. For unrated products, use
the default table in Appendix A

4.2.1.2 Solar Heat Gain Coefficient

SHGC shall be determined for the overall single or mublti glazed fenestration product
{including the sash and frame] in accordance with [50-15099 by an accredited
independent laboratory and labelled or certified by the manufacturer,

Exceptions to §4.2.1.2;
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{a) Shading coefficient |{SC) of the centre of glass alone multiplied by 0.86 is an acceptable
alternate for compliance with the SHGC requirements for the overall fenestration
area.

(b} Solar heat gain coefficient (SHGC) of the glass alone is an acceptable alternate for
compliance with the SHGC requirements for the overall fenestration product.

4.2.1.3 Visible light transmittance

Visible light wansmittance (VLT) shall be determined for the fenestration product in
accordance with 150-15099 by an accredited independent laboratory, and labelled or
certified by the manufacturer. For unrated products, VLT of the glass alone shall be de-
rate by 10% for demonstrating compliance with the VLT requirements for the owverall
fenestration product.

422 Opaque Construction

4.2.2.1 LU-Factor

U-factors shall be calculated for the opague construction in accordance with 150-65946,
Testing shall be done in accordance with approved 150 Standard for respective insulation
tvpe by an accredited independent laboratory, and labelled or certified by the
mmanufacturer. For unrated products, use the default tables in Appendix A,

4.2.2.2 Solar Reflectance

Solar reflectance for the external opague roof construction shall be determined in
accordance with ASTM ES03-96 by an accredited independent laboratory, and labelled or
certified by the manufacturer.

4.2.2.3 Emittance

Emittance for the external opaque roof construction shall be determined in accordance
with ASTM E408-71 (RA 1996) by an accredited independent laboratory, and labelled or
certified by the manufacturer.

423 Daylighting _

Above grade floor areas shall meet or exceed the useful daylight illuminance (UDN) area
requirements listed in Table 4-1 for 90% of the potential day-lit time in & year. Mixed-use
buildings shall show compliance as per the criteria prescribed in §2.5. Compliance shall be
demonstrated either through daylighting simulation method in §4.2.3.1 or the manual
method in §4.2.3.2. Assembly bwildings and other buildings where daylighting will
interfere with the functions or processes of 50% (or more] of the building floor area, are
exermpted from meeting the reguirements listed in Table 4-1,

Exceptions to §4.2.3:

Assembly bulldings and other buildings where day-lighting will interfere with the functions
or processes of 30% (or more) of the bullding floor area, are exempted from meeting the
requirements listed in Table 4-1.
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Table 4-1: Daylight Requirement

Building Cotegary Fercentage of above grode flpor aree meeting the
PSR _ UDi requirement
- CGECRL CGECBC+ Super-CGECBLC
Business, i S0k Bk
Educational
Mo Star Hotel 0% 40% S0%
Star Hotal
_Iﬂ_lulliu::rt
Rt 45% 55% B5%
Shopping Complex . 0% 15 000 0%
Assembly  Exempted R,

4.2.31 Daylighting Simulation Method

Only BEE approved software shall be used to demonstrate compliance through the
daylighting simulation methad, Buildings shall achieve illuminance level betwean 100 lux
and 2,000 lux for the minimum percentage of floor area prescribed in Table 4-1 fior at least
90% of the potential day-lit time, llluminance levels for all spaces enclosed by permanent
internal partitions (opague, translucent, or transparent) with height greater or equal to 2
m from the finished floor, shall be measured as follows:

{a) Measurements shall be taken at a work plane height of 0.8 m above the finished floor.
The period of analysis shall be fized for continuously 8 hours per day, anytime betweean
T:00 AR IST to 5200 PM IST, resulting in 2,920 hours in total for all building types except
for Schools. Schools shall be analysad for continuoushy 7 hours per day, anytime batween
T:00 AM IST to 3:00 PM 15T,

Available useful daylight across a space shall be measured based on point-by-point grid
values. UDI shall be calculated for at least one point for each sguare meter of floor area.
Fenestration shall be modelled with actual visible light transmission [VLT} as per the
details provided in the material specification sheet.

All surrounding natural or man-made daylight obstructions shall be modelled if the
distance between the facade of the building (for which compliance is shown) and
surrounding natural or man-made daylight obstructions is less than or equal to twice the
height of the man-made or natural sunlight obstructers. if the reflectance of the surfaces
is not known, default reflectance of 30% and 0% shall be vsed for all vertical surfaces of
man-made and natural cbstructers respectively,

Interior surface reflectance shall be modelled based on the actual material specification.
If material specification is not available, the default values in Table 4-2 shall be used:
Documentation requirement to demaonstrate compliance are:

i,  Brief description of the project with location, number of stories, space
types, hours of operation and and software used,

ii. Summary describing the results of the analysis and output file from
simulation tool outlining point wise compliance for the analysis grid and
compllance In percentage,
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il. Explanation of any significant modelling assumptions made.

iw. Explanation of any error messages noted in the simulation program
output,

v, Building floor plans, building elevations & sections, and site plan with
surrounding building details [if modeled).

wi, Material reflectance, analysis grid size, total number of grid
size/resolution, total number of grid points,

Table 4-2 ; Default Values for Surface Reflectance

Swrfoce Type Reflactance
‘Wall or Vertical Internal Surfaces S0
Celling BRI TR )
Floor 20%
Furniture (permanent| 50%

4.2.3.2 Manual Daylighting Compliance Method

This method can be wused for demonstrating compliance with daylighting requiremeants
withiout simulation. Daylight extent factors (DEF) mentioned in Table 4-3 shall be used for
manually calculating percentage of above grade floor area meeting the UDH requirement
for 90% of the potential daylit time in a year.

Table 4-3 : Daylight Extent Factors (DEF) for Manually Calculating Daylight Area

Shaaing | Lotiiwde Window | WiT< 03 VLT =03
L Type
Marth Sauth East West Morth Sauth East W sk
e o
shading | ,cey | WM9oW | oo | 2p |07 | o5 | 28 | 22 | 11] o7
of PF = | vpes i
04 ! |
Shading | ANl all |
with PF | latitudes window |
o Typas 28 | 23 | 151 21| 30 | 25 | 18| 15
without
light
SMIf‘ --------- - & o e—
Window |
with 1
light 3.0 25 1B | 1.6 35 3.0 21 1E
shelf* f

" T gualify as light shelf the internal pm,l}ecuun shall meet the reguirements specified undar
Exceptions to SHGEC requirements in Table 2-10 and Tabde 2-11 R e e e
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{a} To calculate the day-lit area:

i. Inadirection perpendicular to the fenestration, multiply daylight extent
facter (DEF) by the head helght of the fenestration or till an opague
partition higher than head height of the fenestration, whichever is lss.

il. In the direction parallel to the fenestration, day-lit area extends a
horizontal dimension egual to the width of the fenestration plus either
1 meter on each side of the aperture, or the distance to an opaque
partition of 2Zm high, or cne-half the distance to an adjacent
fenestration, whichever is least.

lil. Forskylights, calculate the horizontal dimension in each direction equal
to the top aperture dimension in that directlon plus either the floor-to-
ceiling height [H) for skdights, or 1.5 H for monitors, or H or 2H for the
saw tooth configuration, or the distance to the nearest 1 meter or
higher opague partition, or one-half the distance to an adjacent skylight
or vertical glazing, whichever is least,

iv, Glazed fagades, with non-cardinal orientation, shall be categorized
under a particular cardinal direction if its orientation s within + 45
degrees of that cardinal direction.

¥, Day-lit area overlap: For overlapping day-Iit areas such as windows on
different orientations or in case of skylights the overlapping day-lit area
shall be subtracted from the sum of day-lit area.

(b} Documentation requirement:

i. A separate architectural plan shall be prepared with all daylit areas
marked on the floor plans,
ii. A summary shall be provided showing compliance as per Table 4-1.

424 Building Envelope Sealing

Following areas of the building envelope, of all except naturally ventilated buwildings or
spaces, shall be sealed, caulked, gasketed, or weather-stripped:

{a] Joints around fenestration, skylights, and door frames

ib) Openings between walls and foundations, and between walls and roof, and wall
panels

ic] Openings at penetrations of utility services through roofs, walls, and floors

[d] Site-built fenestration and doars

(e ] Building assemblies used as ducts or plenums

{fi Al other openings in the building envelope

(g} Exhaust fans shall be fitted with a sealing device such as a self-closing damper

[h] Operable fenestration should be constructed to eliminate air leakages from
fenestration frame and shutter frame
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Lisaful Daylight lluminance (LD} i defined as the annual occurrence of daylight betwean 100 lux to 2,000
¥ on a work plane. This daylight is mast useful to occupants, glane free and when available, eliminates the
nead for artificial lighting. Daylight extent factor provides a ratio of window sizes to fleor area receiving UDI

im acocordance to window crientation.

Calculating Useful Daylight Hluminance (LD

An office building located in Raipur, India is pursulng CGECBC compliance, Table 4-1 lists the minismum
daylight area reguirements for compliance, The table specifies that for office buildings, minimum 0% of its floor area shall recelve
daylight In range of 100 = 2,000 lux for at least 90% of the year.

This typical floor has a rectangular layeut (33 m x 38 m) of 1,254 m? . Visible light transmission (VLT) of glazing in all arientations Is
.29, Windows have light shelves and external shading devices with Projection Factor (PF) 2 0.4. Head height of fenestrations is 3.0
.

For compliance af least 502 m? (40% of 1,254 m? ) of floor area shall fulfil the UDI reguirements. Day-iit area should be indicated in
fieor plans submitted to code enforcement authorities. Design guidelines on daylighting stated in NBC (Part B: Building Services,

Section 1: Lighting and Matural Ventilation, Subsection 4.2: Daylighting) should also be referred to achieve the CGECBC, CGECBCH, or
Super CGECAC requirement, Compliance with 4.2.3 Daylight Regquirements can be checked for through two appraaches,

() Analysis through software

If the whale building performance approach is used, compliance for daylighting reguirements can be checked by analysing the fagade
and floor plate design in an analytical software approved by BEE [3.4), The image belfow, developed through an approved software,
specifies the |ux bevels and time-paricd of a year during which lighting levels would be avallable. With this information, designers can

check if the reguired minimum area as per 4.2.3 has the required daylight levels
UDI Analysis with o Doplighting Anofysis Softwane

&
El
4] |
j
i
f
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(b} Manual caloulation method
For projects adopting the preseriptive comgliance approach, manual calculation method can be used for LD compliance,

1. From Table 4.3 determine the daylight extent factor (DEF) for each orientation, For a building located in Raipuer (latitude =
15 degrees), with glazing of VLT = (L33, shading PF 0.4 and light shelves in windows, DEFs for windows in North = 3.5, in
Sputh = 3.0, in East = 2.1, and In West = 1.8, Head height is 3.0 m,

2. Forfenestration clear of any cpaque chstructions calculate daylit flaor area [AxB).

Adn  the direction perpendicular to  the fenestration, daylit area
extends to head helght of the fenestration B multiplied by the daylight
extent factor (DEF) or distance tll an opague 3 partition higher than head
height of the fenestration, which evar s less,
B:in the direction parallel to the fenestration daylit area extends 3  horlzontal
dimension egual to the width of the fenestration plus either one meter on each
sida of the aperture or the distance to an opague A partition, or one-half the
distance to an adjacent fenestration, whichever ks least,

3. For overlapping day-lit areas swch as comer windows,  Subtract the
everlapping day-lit area from the sum of day-lit area.

L Analysis with manual colculations
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A5 per the caleulations 616.5 m? (sguare meter] of floor area will meet the VDI requirements during 90% of the year.
This is 9.2 % of the total above grade floor area of 1,254 m? (sguare meter). Thus, the building floor will comply with
UDI requirement. Following Tables shows calculated Daylight Area Meeting UDH Requirement,

Table 4-1-1 Manual caleulation for Daylight Area Mesting UIDI Requirement

e a = EETS E——

& pe——

Orientation-NORTH, DEF-3.5, Fenestration Head Helght H - 3m

Window without | Fenestration | A= H x DEF fm) B= Lo+ L2 () Areg meeting  the

OpEgLe . Width W (m) s LN reguirements s

abstruchions AxB fma |

M7 20 105 4.0 420

ME 20 10.5 4.0 410

N2 20 10.5 40 420

Window  with | Fenestration | A= Distance 0 | 8= L +W+ L {m) Area m_e!ﬁia the

ngrﬁn'm i ﬁ;firm fmj ;;;i’;ﬁwm " ﬁ;’;ﬁnﬂ:ﬂrﬂﬂﬂﬁ o

Ohstructions

N1 20 10.5 0.3+240.3=2.6 7.3

M3 2.0, 4.0 0.4+2+0.4=2.8 11.2

MNd 2.0 4.0 0.4+2+0.4=2.8 11.2

NS | 2o 4.0 D4+2e0.4=2.8 112

NE 1.5 105 0+1.5+1.0=2.5 6.3

Cay-lit area meeting LUDI réquirement 213.2

Orientation-S0UTH, DEF-3, fenesération Head Height A - 3m

Window without | Fenestration A= H x DEF (m) 8= LW Ly (m) Area mesting the U7

apegue obstructions Width W {m] P requirements =
fm2

51 1z 6.2 1.0+1.2+1.0=3.3 201

52 1.7 6.2 1.0+1.7+0.3=3.0 1E.6

53 l 1.0 a0 1.0+21.0+1.0=24 216.0

Cay-St area mesting UDI requiremant 254.7
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Orientation-EAST, DEF-2.1, Fenestrotion Heod Height H - 3m

Window without apogue | Fenestration A= H x DEF [m) O= [+ W+ Ly () Areg mesting the UDi
abstructions Wigth W {m} T requirements = Axg |
Ly=L=Im m)
El 15 6.3 1.0+1.5+1.0=3.5 2.1
ES 5.5 6.3 1.045.5#1.0=7.5 47.3
Adjseent fenestration | Femestration A= H x DEF {m) B= L+l Ly (m) Areg meeting the LI
Width W irements = Axd
6 D0 v Wiy o one ot or| 8
distance o odjacent
fenestration
E2 2 6.3 1.0+2.0+0.2=3.2 0.2
_E3 2 6.3 0.2+2+0,3=2 4 151
Ed 2 6.3 0.2+2+1=3.2 0.2
Diay-lit area meeting UDI requirement 124.9
Orientation-WEST, DEF-1.8, Fenestrotion Heed Height H - 3m
Window withowt | Feaestration A= H x DEF im) B= [grid's Ly [m) Areo meeting the DDV
apogue ahstructions Width W [m) S| reguirements = AxB
Ly=Ly=1m {mi]
W3 2.0 5.4 L0+ 0+1.0=4.0 21.6
Wig 1.4 5.4 1.0+1.2+1.0u3.2 ir3
Windaw with opogue | Femestration A= H x DEF fm) B= LW L (m) Area meeting the LDV
=lit | Width W i frements
ﬂmﬁm in doy fm) b o | 9 =Ax8| mi
perpendiculor
Obstructions
Wi 1.0 5.4 0.3+1+0.3=1.6 8.6
W2 1.0 54 0.3+1+0.3=16 26
56.1

Dary-lit area mesting UDI requirement
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Owerlapping area calculstions

Window with overiop areos Width [m) Depth {m) Areg [ m?)
N4 and 51 i3 33 10.9
53 and ES 33 B.5 215
werlapping daylight area [b) 324
Total Day-lit area i
ORIEMTATION Doy-fit aree

m? )
MORTH 2132
S0UTH 2547
EAST 124.9
WEST 55.1
Total daylight area (a) 6489
Total Cuerlapping day-lit area (&) 32.4
Total day-lit area meeting UWDI requiremaent during 90% of the | 616.5

yaar {a-b)
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4.3 Prescriptive Requirements

431 Roof

Roofs shall comply with the maximum assembly U-factors in Table 4-4 through Table 4-6.
The roof insulation shall be applied externally as part of the roof assembly and not as a

part of false ceiling.

Table 44 : Roof Assembly U-factor (WJ m® .K) Requirements for CGECBC Compllant

Building
Coampasite Warrm and humid
Al building types, except below 0.33 0.33
School 10,000 m? (sguare meter] AGA 047 0.47
Hospitality = 10,000 m® [sqguare mater) AGA i el ] 020

Table 45 : Roof Assembly U-factor (W) m® .K) Regquirements for CGECBC+ Compliant
Building

Composite Warm ong Funmid
Hasgpitality, 0.20 0.20

Healthcare
Assembhy
Businass 0.26 .26
Educational

Shopping Cormplex

Table 4-6 : Roof Assembly U-factor (W/m* .K) Requirements for Super-CGECBC Building

Lompotite Warm and humid
020 0.0

Al buildings types

4.3.1.1 Vegetated and Cool Roof

All roofs that are not covered by solar photovoltaics, or solar hot water, or any other
renewable energy systemn, or utilities and services that render it unsuitable for the
purpose, shall be either cool roofs or vegetated roofs.

{a) For qualifying as a cool roof, roofs with slopes less than 20° shall have an initial solar
reflectance of no less than 0.70 and an initial emittance no less than 0.75, Solar
reflectance shall be determined in accordance with ASTM ES03-%6 and emittance
shall be determined in accordance with ASTM E403-71 (RA 1996).

ib) For qualifying as a vegetated roof, roof areas shall be covered by living vegetation of
=50 mm high.

432 Opaque External Wall

Opague above grade external walls shall comply with the maximurn assembly U-factors in
Table 4-7 through Table 4-9,
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Table 4.7 : Opague Assembly Maximum U-factor (W) m* .K) Requirements for a CGECBC

compliant Building
Composite Warm and hurmid
All hulhd'mE types, except below 0.40 0.40
Mo Star Hotel < 10,000 m? [square meter] AGA 063 053
Business < 10,000 md {sguare meter] AGA .63 0.63
School 10,000 m? [square meter) AGA 0.B5 .85

Table 4-8 : Opague Assembly Maximum U-factor (W) m® .K) Requirements for CGECBC+

Complignt Building
Camposife Warm and umid
All bsilding by pes, except below .34 .34
Ko Star Hotel < 100000 m?* AGA 44 044
Business < 10,000 miaGA .44 .44
School <10,000 m? AGA 063 .63

Table 4-9 : Opague Assembly Maximum U-factor (W) m* (square meter).K) Requirements
for Super-CGECBC Building
Composte _Worm and hurmid
All bullding types 0.2 .22
Exceptlons to §4.3.2: Opaque external walls of an unconditioned building of No Star Hotel,
Healthcare, and School categories in all climatic zones, except for cold climatic zone, shall
have a maximum assembly U-factor of 0.8 W/m? [square meter).K.

433 Vertical Fenestration

For all climatic zones, vertical fenestration compliance requirements for all three energy
efficiency levels, i.e. CGECBC, CGECBC+, and Super CGECBC, shall comply with the
following:

fa) Maximum allowable Window Wall Ratio (WWR) is 40% (applicable to buildings
showing compliance using the Prescriptive Method, including Building Envelope
Trade-off Method)
{b) Minimum allowable Visible light transmittance (VLT) is 0.27
{e] Assembly U-factor shall be determined for the overall fenestration product (including
the sash and frame)

Vertical fenestration shall comply with the maximum Solar Heat Gain Coefficient (SHGC)
and U-factor requiremnents of Table 4-10 for CGECBC buildings and Table 4-11 for CGECBCH
buildings and Super-CGECBC buildings. Vertical fenestration on non-cardinal direction,
shall be categorized under a particular cardinal direction if its orientation i within + 45°
of that cardinal direction.
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Table 4-10: Vertical Fenestration Assembly U-factor and SHGC Requirements for CGECBC
Buildings

Composite  Hotonddry Worm and  Tempergfe  Cold

humid
Maximum U-factor  3.00 31.00 3.00 300 3.00
(W/m.x) il
Maxirmwem SHGC Mon- 027 027 0.27 0.27 0.6
Marth
Maximum SHGC Morth 050 0.50 0.50 050 0LB2
fior latitude = 15'W ]
Maximum SHGC Marth 0,27 0.7 027 0.27 0.62

for latitude < 15N
see Appendix A for default values of unrated fenastration.

Table 4-11: Vertlcal Fenestration U-factor and SHGC Requirements for CGECBC+ buildings
and Super CGECBC buildings

Compasite  Hotonddry Warm ond  Tempergte Cold

humid

banirmem U-factar 220 220 2.0 3.00 1.80
(W K

Maximurm SHGC Mon-  0.25 0.25 0,25 0.25 LE2
Marth

Maximium SHGC North 0.50 0.50 0.50 0.50 .62

_far latitude = 15°N g
Maximum 5HGC Marth 0.25 0.25 025 0.25 0.62

for latitude < 15N

Exceptions to SHGC requirements in Table 4-10 and Table 4-11:

{a} For fenestration with a permanent external projection, incleding but not limited to
overhangs, side fins, box frame, verandah, balcony, and fixed canopies that provide
permanent shading to the fenestration, the equivalent SHGC for the proposed shaded
fenestration may be determined as less than or equal to the SHGC requirements of
Table 4-10 and Table 4-11. Equivalent SHGC shall be calculated by following the steps
listed below:

i, Projection factor (PF) for the external permanent projection, shall be calculated
as per the applicable shading type listed in §8.2. The range of projection factor
for using the SEF is 0.25 < PF < 1.0. The SEF is applicable for both side fins
shading only other than overhangs. The projection factor shall be calculated for
both side fins and the lower projection factor of each fin shall be considered.
Other shading devices shall be modelled through the Whole Building
Performance Method in §9.

li. A shaded vertical fenestration on a non-cardinal direction, shall be categorized
either under a particular cardinal direction or a primary inter-cardinal direction if
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its

grientation is within the range of +22.5 degrees of the cardinal or primary

inter-cardinal direction,
iii. Any surrounding man-made or natural sunlight obstructers shall be

I,

consldered as a permanent shading of PF equal to 0.4 if;

3. the distance between the vertical fenestration of the building,
for which compliance is shown, and surrounding man-made or
natural sunlight obstructers is less than or equal to twice the
height of the surrounding man-made or natural sunlight
obstructers; and

b. The surrounding man-made or natural sunlight obstructers
shade the fagade for at least 80% of the total time that the
facade Is exposad to direct sun light on a summer solstice.
Compliance shall be shown using a sun path analysis for
summer salstice for the vertical fenestration.

An equivalent SHGC is calculated by dividing the SHGC of the unshaded
fenestration product with a Shading Equivalent Factor (SEF). SEF shall be
determined for each orientation and shading device type from Table 4-10
and Table 4-11.

The maximum allowable SHGC is calculated by multiplying the prescriptive
SHGC reguirement for respective compliance level from Table 4-10 and
Table 4-11 with the S5EF.

Table 4-12: Shoding Equivalent Factors for Liatitudes greater than or equal to 15N

Shadirg Equivalent Factors (SEF] for Iatitudes greater than or equal to 15'N _-j
£ - : - = | £

e w = " E a g & .g T E ] E E

# B 2| S| &| =| 28 A& A3 ==

Overhang # Fins

0.25 1.25 1.3y 1.58 1.38 147 1.47 1.42 1.53

4

0.3 129 1.43 1.72 1.43 1.54 1.65 1.57 1

0.35 1.34 1.53 158 151~ | 162 181 1.73 1.65

0.4 1.39 167 2.06 1.61 1.70 1.97 1.B9 1.75

0.45 1.43 1.7% 2.26 1.71 1.78 | 211 2.06 1.E7

0.5 147 1.85 247 133 188 | 225 2.23 2.00

0.55 151 1.94 .60 1.98 1.94 2.38 2.40 2.13

0.6 1.55 2.03 2.52 2.08 2.02 251 2.58 2.27

0.65 1.59 2.13 31.15 2.24 210 | 264 276 2.40

0.7 1.63 224 | 318 2.39 218 | 277 2.94 2.53

0.75 1.66 237 | 318 2.58 2.25 290 | 312 2.64

0.8 1.70 2.52 3.20 2.72 2.33 3.04 3.18 2.73

0.BS 1.73 2.69 3.21 2.90 240 | 311 3.23 2.E0

0.9 1.78 289 |[3.24 .07 246 | 3.15 3.25 2.64

0.95 1.79 3.11 .28 3.25 2.52 317 | 337 2.85
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21 1.80 3.30 3.33 3.33 2.57 3.23 3.30 .82
0.25 1.09 1.21 1.28 1.20 1.17 1.26 1.23 1.20
0.3 1.11 1.26 1.34 1.27 1.22 1.32 1.27 1.24
0.35 1.13 1.30 1.39 1.33 1.26 1.39 1.32 1.28
0.4 1.15 1.35 1.46 1.38 130 1.46 1.38 1.32
0.45 1.16 1.40 152 1.43 1.33 1.53 1.46 1.36
0.5 1.18 1.45 1.59 1.48 135 1.60 1.54 1.40
0.55 1.20 1.51 1.66 1.52 1.38 1.67 1.62 1.44

an
% [06 |121 |15 |173 |157 |140 |174 |170 | 147
¢ |o065 (122 [162 181 |[161 [142 [181 [179 |151
e T 124 [168 [1.88 |1.66 |145 188 |[187 |[155
075 [125 [174 [195 [172 [148 [194 [194 |158
08 |126 [180 202 .[17 [151 200 |20 |[161
085 [127 [18 209 [184 [156 |206 |206 |1.64
09 (128 [192 |215 [191 [161 [211 |210 |67
095 [129 [199 [221 [198 [167 [215 [213 |170
>1 130 [206 |226 [207 [175 [219 |214 [172
k25 Ju1y Jiad |13s [aay i [aaw 16 39S
n3 f[115 fi133 |12z [113 j122 (137 i |3137
035 [117 [115 [126 115 [124 [120 [126 |132
04 [119 [117 [129 (117 [127 [123 |129 |136
085 171 f118 [13 [479 Ji130 (135 [i131 | 141
05 [122 [120 [135 [220 [234 127 [133 |146
w |055 [124 [1235 [138 [120 [138 [129 [134 |1s0
£ |06 [125 [123 [140 [123 142 131 [135 |155
% (065 127 (124 |14 [125 |147 |132 [136 |158
vl

0.7 1.28 1.26 1.44 1.26 1.51 1.34 1.36 1.61
0.75 1.30 1.27 1.46 1.27 1.55 1.35 1.37 1.64
0.8 1.31 1.28 1.48 1.29 159 1.37 1.38 1.65
0.85 1.32 1.30 1.49 1.30 1.62 1.38 1.39 1.65
0.9 1.34 1.31 151 1.31 1.65 1.40 1.40 1.64
0.95 1.35 1.32 1.53 1.32 1.67 1.42 1.42 1.61
21 1.36 1.33 1.55 133 1.69 1.44 1.45 1.57

Vertical fenestration, located such that its bottom is more than 2.2 m above the level of
the floor, is exempt from the SHGC requirements in Table 4-10 and Table 4-11, if the
following conditions are complied with:

i. The Total Effective Aperture [WWR X VLT) for the elevation is less than
0.25, including all fenestration areas more than 1.0 meter above the
floor level; and,

i, Aninterior light shelf is provided at the bottom of this fenestration area,
with a projection factor on interior side not less than:

a. 1.0for E-W, SE, SW, NE, and NW orientations
b. 0.50 for 5 orientation,
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Mote d-2 Equivalent SHGC and Prgfection Factor

45,400 m? (sguare meter] twa story office building in Raipur, Chhattisgarh
is trying to achieve CGECBL level compliance, It has & rectangular Fyout
{20 m x 30 m) with floor to floer height of 4.0 m and floor area is evenly
distributed over the two floors. Windows are ither east or west facing and
equally distributed on the two floors. The windows are all 1.85 m in length
and 2.165 m in height with an overhang of 0.85 m, sill level s 1.385 m
above floor beval, The overall glazing area is 384 m [square meter). SHEC
of the glazing in the East/West Fenestration ks 0.30; area weighted U-Factor is 3.0 W/ m (square
meter).K, VLT af the glazing in all orientation is 0.5. Will the vertical fenestration comply with the
CGECEC through prescriptive approach?

Solution:

Table 4-10 and 54.3.3 lists the U-factor, SHGC and VLT requirements for vertical fenestration for
CGECBEC compliant buildings, The building Is located in Raipur [Latitude: 21715° N, Longitude:
81937 E}, which falls under the composite climate, as per Appendi; B, Table 12.1. To fulfil
prescriptive requirements, Window to Wall ratio £ 40%, SHGC = 0.27, U-factor £ 3.0 W/ m?
{sguare meter).k, and VLT = 0.27.

Tatal Floor area = 5400 m# (square meter]

Total wall area = 2 x (2 ({S0m x 4m] + (30m x 4m))) = 1,920 m? (square meter)
Total Fenestration area = 384 m? {sguare meter]

Window to Wall Ratio (WAWR) = 384,/1,930 = 20%

fa peer the calculations, the building has 8 WWR of 20%, thus complying with the requirement for
WANE, The U-factar is also equal to 3.0WY m? (square meter). K. Similarly, the VLT is 0.5, which is
greater than the minimum specified value of 0.27, thus complying with the U-factor and VLT

nequirerment.
Eguivalent SHGC Calculation

The window SHGC is 0.3 which is not meet the prescriptive requirement of Table 4-10. Howaver,
the windows have an overhang of [LES m. A3 the windows have an overhang, this case will fall
under the exceplion, and the eguivalent SHGC value will be caloulated by dividing fenestration
SHGE by Shading Equivalent Factor [SEF].

For projection factor (PF) 0.34, the SEF for east, and west are taken from Table 4-12, as the
latitude Is greater than 15°M.

SEF for east for PF = 0.3 (as worst case) = 1.26

Therefore, equivalent SHGC e = 0.3 # 1.26 = 0.24 Hence the vertical fenestration on the east
facade will comply a5 per prescriptive approach, as the eguivalent SHGC is bess than maximum
allewad.

Similarly, for the west fagade:
SEF for west for PF = 0.3 (as worst case) = 1.27

Tharefore, squivalent SHE e = 0.3 + 12T = 0,24, hence the vertical fenestration on the west
fagade will comply using the prescriptive approach, as the equivalent SHGC is less than maimum

allowed,
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0.075 m '
B Battom of
Owerhang
=2 165+0.375m Vertical 4m
Fenastration
PF=H/V SR S Window sl
Lewel
FF=0.34 +

Exceptions to U-factor requirements in Table 4-10 and Table 4-11:

Vertical fenestration on all unconditioned buildings or unconditioned spaces may have a
maximum U-factor of 5 W/ m?® (square meter).K provided they comply with all conditions
rmentioned in Table 4-13.

Table 413 Ufactor (W/ m* (square meter).K) Exemption Requirements for Shaded

Building
Building Tppe  Cllmate  Onienmhation Maximum Minimuem PF
rong Effective SHGC VLT
Unconditioned  Both Non-Morth  for  all 027 0327 040

buildings or climate latitudes and

unconditioned  zones of B
Spaces G Morth for latitude =2 027 027 20,0
15°N )

434 Skylights

Skylights shall comply with the maximum U-facter and maximum SHGC requirements of
Table 4-14_ Skylight roof ratio (SRR), defined as the ratio of the total skylight area of the
roof, measured to the outside of the frame, to the gross exterior roof area, Is limited to a
maximum of 5% for CGECBC Building, CGECBC+ Bullding, and Super CGECBC Building,
when using the Prescriptive Methoad for compliance.

Table g-14: Skylight U-factor (W} m? (square meter).K)} and 5HGC Requirements

Climate Maximum LJ-,furrEr MMaximum SHGE
All elimatic zones 4,15 0,35

Exception to §4.3.4 Skylights in temporary roof coverings or awnings over unconditioned
SpacEs.
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435 Building Envelope Trade-Off Method

The bulding envelope complies with the CGECBC if the Envelope Performance Factor (EPF) of the
Proposed Building i hess than the EPF of the Standard Building, where the Standard Building exactly
complies with the prescriptive requirements of building envelope. This method shall not be wsed for
buildings with WWR>40%. Trade-off is not permitted for skylights. Skylights shall meet
requirements of 4.3.4. The envelope performance factor shall be calculated using the following

equations.

Equation 4.1 EPF porar = EPFgagy + EPFyan + EPF penect

EPFrpet = Choof Z U,A,

"
EPFyan = Cwat E

= SHGC,,

'EPFFEHESI- = Cipgnasi North Z ”u'-"tw + CafamasNorth —_— Ay
SEE,

EPFac

fenestration.

Ao, P

SHGC
SEFw

L
o
owcal

1 e

T3 Fenm

] ]

i
SHGL
+ CyFenest South E Uw-"‘-u- *  Copemest South Tﬁ:ﬂw

“'-"! h'-
EHGC,
+ Cyrenasr.Fas Z Uiy *  CiFemest Fast Z SEF,

w=1
SHGC,
+ € renasr) w;-.;:zu A+ CiFemest w:.rtz SEF, —y

w=1 wal

Ervelope performance factor for roafs, Other subsipts include walls and

The area of a specific envelope component referenced by the subsaript "s” or for
windows the subscript "w",

The solar heat gain coefficent for windows (w).

A multiplier for the window SHGC that depends on the projection factor of an
overhang or side fin,

The Li-factor for the envelope component referenced by the subsoript "s™
A coefficient for the "Roof” class of construction.

A coefficient for the "Wall®

A coefficient for the “Fenestration U-factor”

& eoefficient fior the "Fenastration SHEC"

Walues of *c” ane taken from Table 4-15 and Table 4-16 for each class of construction.
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Table 4-15; Envelope Performance Factor Coefficients - Compasite Climate
Doytime Business, Educationol,  24-hour Business, Hospitality, Health

Lhapping Camplex Care, Aszembly
C Factor utene Cfactorssac € factor uecr C factor sasc
- Walls 24.3 i 48.1
Roofs 40.9 - 710 e
T ok N . :
] 41, 7.

o el i S i
South

15.1 425 41.0 S46.3
Windows
East

18.E 295.6 ig.4 4422
Mnmm = - o = - —
hod 19.2 295.4 383 486.1
WIndnws — - - - - e ———

Table 4-16: Envelope Performance Factor Coefficients - Warm and Humld Climate

e s

Doytime Business, Educotional,  24-hour Business, Hospitalty, Health

Shopping Complex Core, Assemibly
C Factor urater C fachor swec C factor uacior C factor suec
Walls 24.5 . 51.2
Roofs 40.1 . 76.1 =
Marth
2.7 230.7 43.6 401.5
South
20.1 347.1 439 S46.4
East
. i ! 440,
_"-f'{j"'_f['?_"_'ﬁ 159.0 I01.B 41.1 20.6
West
7 ! A5 483.5
Windows 11, 3031 40

4.3.5.1.1 Standard Building EPF Calculation
EFF of the Standard Building shall be calculated as follows:

{a] The %tandard Building shall have the same building floor area, gross wall area and
gross roof area as the Proposed Building, For mixed-use building the space
distribution between different typologies shall be the same as the Proposed Design.

ib} The U-factor of each envelope component shall be equal to the criteria from 54 for
each class of construction.

[c] The SHGC of each window shall be egual to the criteria from §4.3.3,

Shading devices shall not be considered for calculating EPF for Standard Building (ie.
SEF=1).
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Mate 4-3 Building Envelope Trade-off Method

Application of Building Ervelope Trade-off method

& 1,000 m? |sguare meter) single story daytime use office building in
Dantewada, Chhattisgarh Is trying to achieve CGECBL level compliance.
Each side has a band of windows, without shading. The materials for the
ervelope have already been selacted, prior to opting for CGECEC
compliance, Their thermal praperties are: roof assembly U-value= 4
Wi K, external wall assembly Us-value = 0.25 W/mK, glazing SHGE =
0,25, WLT = 0.27, area weighted U-value for glazing = 1.5 W/m™.K, Dimensions of the building
ervelope are as follows:

Table 11-1, Appendix B, Dantewada falls under the Warm and Humid climate zone, To prove
compliance through the prescriptive approach, U-factor, and SHGC must cormply with
reguirements listed in Table 4-4, Tabde 4-7, Table 4-10 and VLT and window to wall ratio with
requirernents in §4.3.3 for 3 daytime use building in the warm and hurmid climate zone, The
table below lists thesmal properties of the bullding envelope companents and the
corresponding prescriptive requirements for CGECBC camplaint bulldings.

Tobie 4-2-1 Prescriphive Reguirements and Proposed Thermal Propertics

Frescriptive L-factor Praposed U-factor Area

Wi (sgquare meter) K] WY m? (squore meter).K) i)
{square
TR L B NI S el s ST
__'l‘.l_'._a!l 1- North, South  =<0.&3 s . ______9.2_5-_ a0
Wall 2- Fast, West  =<0.63 M e Simest At
Poof 0 =033 S 0.4 . I
 ufoctor SHGE _WT  Ufetor  SHSC MT
Window—South  w<3.0 =e027 =027 18 035 027 30
_Window — Nerth =30 well.5 =027 18 025 027 30
Window-East =30 =027 =027 18 035 027 &
Window-West =30 =027 =027 18 025 027 48
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§4.3.3 requires the WWR to ba less than 40%, This condition i fulfilled in the proposed bulldings
as can be seen in the caleulations below.

Total Fenestration Aredusah, ssah ® 2 X (25m x 1.2m] = 60 m? {square meter]
Wall Areausan, soan = 2 % [25mix 3m] = 150 m? (sguare meter)

Met Wall Aredusnh, seeth = 150-60 = 30 m* |square meter)

Total Fenestration Aredee, wer ® 2 x (40m x 1.2m] = 96 m? [square meter)
Total Wall Area gy we = 2 % (40m x 3m] = 240 m? [square meter)

Net Wall Area g, wes = 24006 = 144 m? (sguare meter)
Total Fenestration Area = 156 m?® [square meter], Total Wall Area = 390 m? [sguare meter]

WWR = 156/350= 0.4.

U-value of the reof of the proposed building, at 0.4 'W/m®K does not fulfil prescriptive
requirements,

Hence, this building will nat be compliant if the prescriptive approach |s followed. The compliance
in preseriptive approach can also be demonstrated through building envelope trade-off.

Compllance through Building Envelope Trade-off method

Envelope performance factor (EFF) for the Standard Bulbding and Proposed Building must be
compared. As per the Building Envelope Trade-off method, the ervelope performance factor

(EPF) shall be calculated using the following equations:
Equation 11.1 EPFrows = EPFracr + EPFaan # EPFrens

Where,

EPFpaay = t:]-.:p,rz Uy Ay

r=1

n
EPFyay = cﬂ"ﬂlrz Ug Ay
s=1
% SHGC,
EPFrenese = Eirenese Noroh Z U A + Copenestnoren ﬁ"' w
fro=y]

w=] f

B
SHGG,
+ E:I..Fmr:-!‘juutﬂ.z Up Aw #* Capenestsouth E FEF, A

wel el
. i
SHG
+ I:'jnmﬂ_;u-_-:rz U A + Crpemess Fast SEF, Ay
u-:-l w=l
SHGC,
+ Cyranase wase Z Uy A * Capenestwest SEE, A

wel W=l
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Standard Building EPF will be derived from U-factors, SHGCs and WLTs of walls, roofs and
femestration from Table 4-4, Table 4-7, Table 4-10 and § 4.3.3 for a daytime use building in the
warm and humid climate zone. Values of C are from daytime Office building in warm and humid
elimatic zone for each class of construction from Table 4-16. Since There is no shading for the
windows, SEF. will nat be cansidered.

Step 1; Colowlation af EPF propand Bulising from octuvel envelope properties

b}

fml

=40.1 x 0.40 % 1,000 = 16,040

mn
EPFwaiiactua ™ f:nrm:z Uy Ay

s=1

= (245 x0.25 x 90) + [24.5 x 0,25 x 144) = 1,433.25

EPFpimpss = EPFpgnase, Norih 4+ EPFpop,cr, South + EPFropace, EASt + EPFrpnpqe, West

. o R onuern,
EPFpemest = Cyrenast, Lovai Uoe Auw + fi.rmrt.z i, A
]

Henee,

EPFinase North=207x 1 Ex 30+ 230.7 £ 025 % 30 = L117.5 + 1,730.25 = 2,B48.05
EPFeanase. ¥outh =201 x 1.8 x 30 « 347.1 x 0.25 % 30 = 1,085.4 + 2,603,25 = 3, GER 65
EPFeenese: Eost s 19w 1.8 w48 + 3018 w025 w48 =1,641.6 +3,621.6 = 5,.263.2
EPFrenesey West = 18.7x 1LE® 48 + 303.1 » 0L25 x 48 = 1,615.68 + 3637.2 = 5,252,808

Therafore,
EPFppness = 17,052.78
EPFpraposea = 16,080 + 1,433.25 « 17,052.78 = 34,526.03

Step 2 Colowlating EPF sasdard suilding [rom preseripiive envelope requirements

n
EFFaearactunt = Cnn,rz Uiy Ag

dm]l

= 40,1 %023 x 1000 = 13,233

n
EPFwaiactunt ™ 'Ewmrz Up dg

5=l

=[24.5 x 063 w90} + (24.5 x 0U63 » 144} = 1,388.15 + 2,222.64 = 361175
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EPFP'IMH L EPFquh North + EPFF{M;‘!‘J South + EPFFQWI! East + EPFF'EH.H!‘J West

mr

EPFeanase. North= 107 % 3.0k 30+230.7 x 0.5 % 30 = 1,863 + 3,460.5=53235
EPFrapase. Fouth=20.1% 3.0 30+ 347.1 % 0.27 x 30 = 1,805 + 2,811 51 = 4,620.51
EPFronese, Fost =19.0x 3.0 48 + 3018w 0,27 x 48=2,736.0+3,911.33 = 6,647.33
EPFrenear, West = 18.7 0 3.0x48 = 303,1 x0.27 x 48 = 2,692.8 = 3,528.18 = §,620.93

Therefore, EPFrenes = 23212.32
EPFpgsetine » 13,233 + 3,611.79 + 23,212.32 = 40,057.11

Since EPFpasatine * EPFerapagsd » therefore the building |s compliant with CGECBC bailding
envelope requiremants.



336 AUzzea»E U UUaeAA e, ¢lUzet-a v| xaee, iUU wewae» v

5

5. Comfort Systems and Controls

5.1 General

All heating, ventilation, air conditioning equipment and systems, and their controls shall
comply with the mandatory provisions of §5.2 and the prescriptive criteria of 5.3 for the
respective building energy efficiency level. In case alternative compliance path of Total
System Efficlency or Low Energy Systems is used for compliance, respective requirements
of §5.3.12 or §5.3.13 and relevant criteria of §5.3 shall be met.

5.2 Mandatory Requirements

521 Ventilation

{a] All habitable spaces shall be ventilated with cutdoor air in accordance with the
reguirements of §5.2.1 and guidelines specified in the Mational Building Code 2016
{Part 8: Building Services, Section 1: Lighting and Matural Ventilation, Subsection 3
Ventilation).

[b} Ventilated spaces shall be provided with outdoor air using one of the following:

i. HNatural ventilation
ii. Mechanical ventilation

5.2.1.1 Natural Ventilation Design Requirements
Naturally veatilated buildings shall:

{a} Comply with guidelines provided for natural ventilation in NBC,

{b) Have minimum BEE 3-star rated ceiling fans, if provided with ceiling fans.

{c) Have exhaust fans complying with minimum efficiency requirements of fans in §5.3,
if provided.

5.2.1.2 Mechanical Ventilation Air Quantity Design Requirements

Buildings that are ventilated using a mechanical ventilation system that are ventilated
with a mechanical system, either completely or in conjunction with natural ventilation
systems, shall:

{al Install mechanical systems that provide outdoor air change rate as per NBLC.
ib) Have a ventilation system controlled by CO sensors for basement car park spaces with
total car park space greater than or equal to 600 m? (sguare meter).
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5.2.1.3 Demand Control Ventilation

mechanical ventilation systems shall have demand control ventilation I they provide
outdoor air greater than 1,500 litres per second, to a space greates than 50 m? {square
meter), with occupant density exceeding 40 people per 100 m? {sguare meter} of the
space, and are served by one or more of the following systems:

[a) An air side economizer,
(b} Automatic outdoor modulating control of the outdoor air damper.

Exceptions to § 5.2.1.3:

{a) Classrooms in Schools, call centres category under Business;

{b) Spaces that have processes or operations that generate dust, fumes, mists, vapours,
or gases and are provided with exhaust ventilation, such as indoor operation of
internal combustion engines or areas designated for unvented food service
preparation, or beauty salons;

{g) Systems with exhaust air energy recovering system.

52.2 Minimum Space Conditioning Equipment Efficiencies
5.2.2.1 Chillers

{a) Chillers shall meet or exceed the minimum efficiency requirements under BEE
standards and Labelling Program for chillers as and when updated by BEE.

{b) For CGECBC compliance, minimum 1 star rated chiller shall be installed.

ic) The application of alr-cooled chiller is allowed in all buildings with cooling load less
than 530 kW. For buildings with cooling load egual to or greater than 530 kKW, the
capacity of air-cooled chiller shall be restricted to 33% of the total installed chilled
water capacity unless the authority having jurisdiction mandates the application of
air-cooled chillers.

5.2.2.2 Unitary, Split, Packaged Air-Conditioners

Unitary air-conditioners shall meet or exceed the efficiency requirements given in Table
5-1. Window and split air conditioners shall be certified under BEE's Star Labeling
Program. EER shall be as per 15 8148 for all unitary, split, packaged alr conditioners greater
than 10 kWr.

Table 5-1: Minimum Requirements for Unitary, Split, Packaged Air Conditioners in CGECBC

Building
Cooling Capacity (kW) Water Coaled Alr Cooled
£10.5 NA BEE 3 Star
> 10.5 33EER 2.5 EER s

5.2.2.3 Varlable Refrigerant Flow

Variable Refrigerant Flow [VRF) systems shall meet or exceed the efficiency requirements
specified in Table 5-2 as per the ANSI/AHRI Standard 1230 while the Indian Standard on
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VRF is being developed. BEE Standards and Labelling requirements for WRF shall take
precedence over the current minimum requirement.

Table 52 : Minimum Efficiency Requirements for VRF Alr conditioners for CGECBC
Building*

For Heating or cooling or both
Tyoe Size  category EER Lo
(ki) (w/w) W/ W)
VRE Air <40 118 —
Conditioners, = 40 and < 70 1.26 4.34
Air cooled
>= 70 302 e

“* The revised EER and IEER values as per Indian Standard for VRF corresponding te vahses in this
_table will supersede a5 and whan the revised standards are published.

5.2.2.4 Alr Conditioning and Condensing Units Serving Computer Rooms

Alr conditioning and condensing units serving computer rooms shall meet or exceed the
energy efficiency requirements listed in Table 5-3.

Table 5-3 : Minimum Efficiency Requirements for Computer Room Air Conditioners

Equipmant type Met  Sensible Coaling  Minlmum SCOP-127*

Capacity® Down-flow Up-flaw
&l types of computer roarm ACs All capacity 15 2.5
&ird Water! Gheool

a. Met Senslble cooling capacity = Tatal grass cooling capacity - latent cooling capacity = Fan power

b, Sensible Coefficient of Performance (S00P-127): & ratio calculated by dividing the net sensible

cooling capacity in watts by the total power iInput in watts [excheding re-heater and dehumidifier]

at conditions defined in ASHRAE Standard 127-2012 Method of Testing for Rating Computer and
_ Data Processing Room Unitary Air Conditioners)

5.2.2.5 Boilers

Gas and oil-fired boilers shall meet or exceed the minimurm efficlency reguirements
specified in Table 5-4,

Table 5-4 : Minimum Efficiency Requirements for Ol and Gas Fired Boilers for CGECEC

building

Equipment Type  Sub Category  Sire Cotegory Minimurm FLUE
_E:llers, Hot Gas or oil Al capacity BO%

Water fired

EUE - fuel utilization efficiency
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523 Controls

To comply with the Code, buildings shall meet the requirements of §5.2.3.1 through
§5.2.3.5.

5.2.3.1 Time-clock

Mechanical cooling and heating systems in Universities and Training Institutions of all sizes
and all Shopping Complexes with bullt up area greater than 20,000 m? (square meter] shall
be controlled by time-clocks that:

{a) Can start and stop the system under different schedules for at least three different
day-types per week,
(b} re capable of retaining programming and time setting during loss of power for a
period of at least 10 hours, and
() Include an accessible manual override that allows temperary operation of the system
for up to 2 hours. .

Exceptions to §5.2.3.1:

{a} Cooling systems less than 17.5 kWr;
{b) Heating systems less than 5.0 kWr;
{c) Unitary systems of all capacities.

5.2.3.2 Temperature Controls

Mechanical cooling and heating equipment in all buildings shall be installed with controls
to manage the temperature inside the conditioned zones. Each floor or a building block
shall be installed with at least one control to manage the temperature. These controls
should meet the following reguiremeants:

{a) Where a unit provides both heating and cooling, controls shall be capable of providing
a temperature dead band of 3.0°C within which the supply of heating and cooling
energy to the zone is shut off or reduced to a minimum.

ib) Where separate heating and coaling equipment serve the same temperature Ione,
temperature controls shall be interlocked to. prevent simultaneous heating and
coling.

{c] Separate thermostat control shall be installed in each

i. guest room of Resort and Star Hotel,

ii. room less than 30 m? {sguare meter) I Business,

lil. airconditioned class room, lecture room, and computer FOOM of
Educational,

fv. In-patient and out-patient room of Healthcare

5.2.3.3 Occupancy Controls

Ocoupancy controls shall be installed to de-energize or to throttle to minimum the
ventilation andfor alr conditioning $ystems when there are no oCCupants in:
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{a] Each guest room in a Resort and Star Hotel,
ib) Each public toilet in a 5tar Hotel or Business with built up area more than 20,000 m*

(sguara meter)
{c) Each conference and meeting room in a Star Hotel or Business ;
{d) Each room of size more than 30 m {square meter) in Educational buildings ;

5.2.3.4 Fan Controls

Cooling towers in buildings with built up area greater than 20,000 m? (square meter), shall
hawve fan contrals based on wet bulb logic, with either:

(a) Two speed moters, pony motors, or variable speed drives controlling the fans, or
(b} Controls capable of reducing the fan speed to at least two third of installed fan power.

5.2.3.5 Dampers
All air supply and exhaust equipment, having a Variable Frequency Drive (VFD), shall have
dampers that automatically close upan:

{a} Fan shutdown, or;

{b] When spaces served are nat In use,

{c) Backdraft gravity damper Is acceptable in the system with design outdoor air of the
system Is less than 150 litters per second In all dimatic zones except cold climate,
provided backdraft dampers for ventilation air intakes are protected from direct
exposure to wind;

{d) Dampers are not required in ventilation or exhaust systems serving naturally
conditioned spaces;

{e}) Dampers are not required in exhaust systems serving kitchen exhaust hoods.

524 Piping and Ductwork

5.2.4.1 Piping Insulation

Piping for heating, space conditioning, and service hot water systems shall meet the
insulation requirements listed in Table 5-5 through Table 5-7, Insulation exposed to
weather shall be protected by aluminium sheet metal, painted camvas, or plastic cover,
Cellular foam insulation shall be protected as above, or be painted with water retardant
paint.

Exceptions to § 5.2.4.1:

[a) Reduction in insulation R value by 0.2 (compared to values in Table 5-5, Table 5-6
and Table 5-7] to @ minimum insulation level of R-0.4 shall be permitted for any pipe
located in partition within a congitioned space or buried.

{b) Insulation R value shall be increased by 0.2 over and above the requirement stated
irn Tabke 5-5 through Table 5-7 for any pipe located in a partition outside a building
with direct exposure to weather.

Table 55 ; Inswlation Requirements for Pipes in CGECBC Building
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Dperating Temperature [2C) Fipe size {mm]
<40 [ adl)
Insulaticn R value [ m? (sguare meter] KW)
" Heating System
»94°C and €=121°C ' 0g 1.2
»60"C and <=94"C 0.7 0.7
T»A0°C and <=60°C 04 o7
0.4 K
0.9 i 1.2
Refrigerant Piping (Split systems)
»4.5°C and <=15°C 0.4 0.7
45T g | 03 — | 12

Table 5-6 : Insulation Requirements for Pipes in CGECBC+ Building

»4.5°C and <=15"C Flpe size ([mm]

< 4.5°C =40 | =Al "
Insilation R value [ m? (square meter) kW)

Heating System

>84°C and <=121"C i 11 13

»B0°C and «=94°C 3 0.8 06

~40°C and <=60°C 05 0.8

Cooling System g e E

=4.5°C and <=15°C 0.5 0.9

< 4,50 il 1.3

Refrigerant Piping (Split systems)

=4.5°C and <=15°C 0.5 0.8

<45°C R T 13

Table 57 : insulation Requirements for Pipes in Super-CGECBC Buildings
5.2.4.2 Ductwork and Plenum Insulation
Ductwork and plenum shall be insulated in accordance with

Table 5-B.

Table 5-B ; Ductwork Insulation (R value in m2 (square meter). K/W) Requirements
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