
Climate Smart Buildings (CSB)

Cluster cell Indore, Madhya Pradesh  under Global Housing Technology  Challenge - India  (GHTC -India)

THERMAL COMFORT IN AFFORDABLE HOUSING



ΨIƻǳǎƛƴƎfor!ƭƭΩby 2022.
Under the Mission,Ministry of Housingand Urban Affairs (MoHUA), providesCentralAssistanceto
implementing agenciesthrough States and Union Territories for providing houses to all eligible
families/beneficiariesby 2022.
Addressingthe affordablehousingrequirementin urbanareasthrough:

INTRODUCTION - MoHUA 
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construction/ 
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ÅGIZis an internationalcooperationenterprise
for sustainabledevelopmentwhich operates
worldwide,on a publicbenefit basis.

ÅGIZ is fully owned by the German Federal
Government, GIZ implement development
programsin partner country on behalf of the
German Government in achieving its
developmentpolicyobjectives.

ÅFor over 60 years, the GIZhasbeen working
jointly with partners in India for sustainable
economic, ecological, and social
development.

INTRODUCTION - GIZ 
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TASKS PLANNED WITH MoHUA

The Climate Smart Buildings (CSB)programme is
alignedwith the commitmentsmadeby the Indian
Governmentto meet its objectivessubmittedunder
SDG11.

LD9bΩǎprogramme, Climate Smart Buildings (CSB)
proposes to extend technical assistance and
cooperationfor the following:

ÅTechnicalassistancein developingthermal comfort
action plan for climate resiliencebuilding for mass
scaleapplication in selectedstates for Affordable
Housing

ÅTechnical support in implementation of Global
HousingTechnologyChallenge-India(GHTC-India)

CLIMATE SMART BUILDING 

{ǘŀǘŜǎ ŀƴŘ ¦¢Ωǎ ǳƴŘŜǊ ŎŜƴǘǊŀƭ ŎƭǳǎǘŜǊ ŎŜƭƭ ŜǎǘŀōƭƛǎƘŜŘ ŀǘ LƴŘƻǊŜ 
ÅMadhya Pradesh

ÅMaharashtra

ÅGoa

ÅTelangana

ÅChhattisgarh

Map showing states under central cluster cell



9.INDUSTRY, INNOVATION  AND 
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Build resilient infrastructure, promote 
inclusive and sustainable industrialization, and 
foster innovation
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11.SUSTAINABLE CITIES AND COMMUNITIES 
Make cities and human settlements
inclusive, safe, resilient, and sustainable

13. PROTECT THE PLANET
Take urgent action to combat climate
change and its impacts

7 AFFORDABLE AND CLEAN ENERGY 
Ensure access to affordable, reliable, 
sustainable, and modern energy for all
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LHP INTRODUCTION

[ItΩǎshallserveasLIVELaboratoriesfor different aspectsof Transferof technologies

Map showing six different LHP Locations

с [ItΩǎ !/wh{{ Lb5L!



6 LHPs

ωPrefabricated Sandwich Panel System

1. Indore, Madhya Pradesh

ωMonolithic Concrete Construction using Tunnel Formwork

2. Rajkot, Gujarat

ωPrecast Concrete Construction System ςPrecast Components Assembled at Site

3. Chennai, Tamil Nadu

ωPrecast Concrete Construction System ς3D Volumetric

4. Ranchi, Jharkhand

ωLight Gauge Steel Structural System & Pre-engineered Steel Structural System

5. Agartala, Tripura

ωPVC Stay In Place Formwork System

6. Lucknow, Uttar Pradesh
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6 LHPS ςVia Video



DEMONSTRATION HOUSING PROJECTS

DHP- Showcasing the field 
level application  of new and 
alternate technologies



DHP Location Technology Used
Usage  & Number of 
Houses

Bhubaneswar, 
Odisha

PREFABRICATED SANDWICH PANEL SYSTEM ς
Reinforced Expanded Polystyrene sheet core with sprayed concrete as wall & slab

PMAY(U) Beneficiaries
32 (G+3)

Lucknow,
Uttar Pradesh

STAY IN PLACE FORMWORK SYSTEM-
Stay in place EPS based double walled panel system with infill concrete

Rental basis to Hospital 
patients & their attendees
40 (G+1)

Hyderabad,
Telangana

ω [LDI¢ D!¦D9 {¢99[ {¢w¦/¢¦w![ {¸{¢9a ό[D{Cύ - 16 Units
ω {¢!¸ Lb t[!/9 Chwa²hwY {¸{¢9a - Structural Stay In Place Steel Formwork 
System - 16 Units

Training Hostel
32 (G+3)

Bihar Shariff
Bihar

STAY IN PLACE FORMWORK SYSTEM ς
Structural Stay In Place Steel Formwork System

Sports Hostel & other social 
welfare activities
36 (G+2)

Nellore
Andhra Pradesh

STAY IN PLACE FORMWORK SYSTEM ς
Glass Fibre Reinforced Gypsum Panel (GFRG)

Social welfare activities 
36(G+1)

Panchkula
Haryana

Light Gauge Steel Framework System (LGSF) with Cement Fibre board on both 
side of walls and infill of rock wool

Working women hostel (on 
rental basis) 
40(G+3)

Agartala
West Tripura

Structural Stay In Place Steel Formwork System Shelter for Destitute Women 
40(G+1)

Ahmedabad
Gujarat

PRECAST CONCRETE CONSTRUCTION SYSTEM - Integrated Hybrid Solution-One PMAY (U) Beneficiaries 
40(G+3)

Chimbel
Goa

Light Gauge Steel Framed Structure with Precast Concrete Panels on both side of 
Wall and Light Weight Concrete as Infill

Old Age Homes 
28 (G+1)

Bhopal
MP

Insulated concrete formwork Sports Hostel 
40 (G+3)

DEMONSTRATION HOUSING PROJECTS



AFFORDABLE RENTAL HOUSING COMPLEXES

The ARHC scheme will be implemented through two models:
1. Utilizing existing Government funded vacant houses to convert 

into ARHCs through Public Private Partnership or by Public 
Agencies

2. Construction, Operation and Maintenance of ARHCs by Public/ 
Private Entities on their own available vacant land



AFFORDABLE RENTAL HOUSING COMPLEXES

MODEL 1

MODEL 2



AFFORDABLE RENTAL HOUSING COMPLEXES via Video



THERMAL COMFORT & AFFORDABLE HOUSING 



Affordable housing refers to housing units 
that are affordable by that section of 
society whose income is below the 
median household income.

AFFORDABLE HOUSING



Thermalcomfort is the condition of mind
that expresses satisfaction with the
thermal environment and is assessedby
subjective evaluation (ANSI/ASHRAE
Standard55)

Thermal comfort is difficult to measure
becauseit is highly subjective. It depends
on the air temperature, humidity, radiant
temperature, air velocity, metabolic rates,
andclothinglevels.

THERMAL COMFORT



Personalfactor
VClothinginsulation
VMetabolic Rate(met)

Environmentalfactor
VHumidity
VAir Speed
VAir Temperature
VRadiantTemperature

FACTORS AFFECTING THERMAL COMFORT



Thermal comfort refers to the 
perceived feeling on the human body 
as the result of the effect of heat and 
cold sources in the environment.

Heat exchange between the human 
body and its environment via
ÅRadiation
ÅConvection 
ÅEvaporation

FACTORS AFFECTING THERMAL COMFORT - INDOOR ENVIRONMENT



THERMAL COMFORT INDICES

Thermal comfort indices describe how the human body experiences atmospheric conditions, 
specifically air temperature, humidity, wind and radiation.

Direct Indices
Å Dry Bulb Temperature
Å Dew Point Temperature
Å Wet Bulb Temperature
Å Relative Humidity 
Å Air Movement 

Rationally Derived Indices 
Å Mean Radiant temp
Å Operative Temperature
Å Heat Stress 
Å Thermal Stress



Operative temperature is defined as a uniform temperature of an
imaginary black enclosure in which an occupant would exchangethe
sameamount of heat by radiation plus convectionas in the actual non
uniform environment

THERMAL COMFORT INDICES

Naturally Ventilated Buildings
Indoor Operative Temperature = (0.54 x outdoor temperature) + 12.83



THERMAL COMFORT INDICES



THERMAL COMFORT INDICES

ÅPMVrefers to a thermal scale that runs from Cold (-3) to Hot (+3). 
ÅPMV range for thermal comfort = -0.5 and +0.5for an interior space.(ASHARE 55)

THE PREDICTED MEAN VOTE (PMV)



THERMAL COMFORT INDICES

PPD,or index that establishesa quantitativepredictionof the percentage
of thermallydissatisfiedoccupants(i.e. too warmor too cold)

PREDICTED PERCENTAGE OF DISCOMFORT 



NEED FOR THERMAL COMFORT AND HOW IT IMPACT US ςQUALITATIVE AND QUANTITATIVE

India could lose the equivalent of 34 million jobs in 2030 due to global warming, says ILO

Source Biannialupdate report India 

A lack of thermal comfort makes us feelstressed, annoyed, distracted, feel sleepy, tired and lacking 
concentration. 
In turn, thermal comfort inevitably has an impact on well-being, productivity



NEED FOR THERMAL COMFORT AND HOW IT IMPACT US ςQUALITATIVE AND QUANTITATIVE

Å https://www.mckinsey.com/business-functions/sustainability/our-insights/climate-risk-and-
response-physical-hazards-and-socioeconomic-impacts



PassiveDesign
Designthat leverages climatologicallyresponsivedesignto encouragenatural
heating/cooling,ventilation,andlighting.

ActiveDesign

Designthat relieslargelyon mechanical/ electricalsourcesof heating/ cooling,

ventilation,andlighting.

MEASURES TO IMPROVE THERMAL COMFORT VIA DESIGN 

Passivedesignneedsactiveusers.

Activedesignneedspassiveusers.



MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 

ÅFORM & ORIENTATION OF BUILDING BLOCKS
ÅFENESTRATION 
ÅSHADING OF OPENING /WINDOWS
ÅDAYLIGHTING 
ÅNATURAL VENTILATION
ÅVEGETATION



MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 

ORIENTATION OF BUILDING BLOCKS: 

Source: NZEB



MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 

Source: NZEB

ORIENTATION OF BUILDING BLOCKS



MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 

FORM OF BUILDING BLOCKS: 



ÅMaximumdaylight
ÅProperventilation

UDAAN, low cost mass housing project at Mumbai

MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 

ORIENTATION OF BUILDING BLOCKS: 

Source: NZEB

TheOrientationcanalter the thermalcomfort up toς9 %asthe areaof the wind facingwall
varieswith the orientation



MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 

Orientation and form 

ÅIn  extreme climatic condition compact planning is more preferable
ÅMinimising the perimeter to area ratio of building form, building performs better in terms of thermal comfort
ÅCompact forms gain less heat at day time and loss heat during night time 

Minimizing the surfaceareato volumeratio minimizesheat transfer.



MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 

Fenestration A fenestrationsystemwith low U-valueand
low effective SHGCcan result in reduction
of heating and cooling demand by 6-11%
in moderateclimateandbetween8-16%in
hot humid, hot dry, and composite
climates.

Source: NZEB
Fenestration type



MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 

SHADING OF OPENING /WINDOWS



Use of shading device at Palace of Assembly, Chandigarh

MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 
SHADING OF OPENING /WINDOWS

Source: NZEB

Solarshadingdeviceshelps
ÅDiffusinglight
ÅControlheat
Å Improvingdaylight
ÅComfortableliving



DAYLIGHTING

ÅDesigneddaylightingfeaturesenhance
1. Indoorenvironmentalquality,
2. Buildingoccupantperformance

Daylighting andShadingat AranyaHousing,Indore

MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 

Source: NZEB

Daylighting can impact the energy use by
reducingthe lightingenergydemandup to 20-
30%.



NATURAL VENTILATION

Types of opening and their
location

Crossventilation
to allow maximum air flow
insidethe space

MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 

Source: NZEB

Natural ventilation helps in 
reducing mechanical cooling 
load of the building



Horizontal placing of openings and internal partitions can alter the direction and spread of air stream

MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 

NATURAL VENTILATION



An increase in
urban vegetation to reduce
urban heat and improve
outdoor thermal comfort.

VEGETATION

Community,Gary Horton,Landscape Development

MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 

Source: NZEB

Trees also reduce ambient air 
temperature due to evapo-
transpiration.

Study shows that ambient air under a 
tree adjacent to the wall is about 2 ς
2.5°C lower than that for unshaded areas.



Trees and shrubs create different air flow
patterns, provide shading and keep the
surroundings cooler in warm weather.
Vegetation can be used for energy
conservationin buildingsin the followingways:

ÅShadingof buildingsandopenspacesthrough
landscaping
ÅRoofgardens(or greenroofs)
ÅShadingof vertical and horizontal surfaces
(greenwalls)
ÅBufferagainstcoldandhot winds
ÅChangingdirectionof wind

MEASURES TO IMPROVE THERMAL COMFORT
passive design strategies for affordable housing 



EFFECT OF MATERIALS ON THERMAL COMFORT

Roof

Fenestrationfloor

Wall

Building consist of wall, roof, fenestration,
floor, skylight, columns,beams,doors

For the samewe do require different materials
to fulfil the user requirements such as
aesthetics,safety,visibility,etc.

CONDUCTION

Transfer of heat through a 
medium, in case of buildings it is 
mostly air

Energy that is radiated in form 
of rays/ waves

Transfer of heat from one 
material to another, through 

direct contact

CONVECTION

RADIATION

Above image is only for illustration



EFFECT OF MATERIALS ON THERMAL COMFORT

Thermal transmittance U-value

ÅHeat transfer due to temperature 
difference, inside & outside

ÅHeat transmission in unit time through 
unit area of a material or construction 
and the boundary air films, induced by 
unit temperature difference between the 
environments on each side

ÅUnit of U value is W/m²k.

Indoor Space

High U-Value

Indoor Space

Low U-Value

For External Wall

Å Increase wall thickness 

Å Insulations over walls

Å Cavity

For Roof

ÅReflective paints
ÅRoof garden
Å Insulation
ÅReflective tiles- China Mosaic



EFFECT OF MATERIALS ON THERMAL COMFORT
Before selecting insulation material for a building, the following factors need to be considered:
V The climatic conditions of the region
V The material flammability in case of an accident
V Material toxicity
V Ease of replacement of the material
V Material affordability
V Material durability
V Ease of installation

Comparison of commonly used insulation material  



Thus, the lower the U-value, the lower the rate of heat transfer, and the better the insulating property 
of the element

Glass fibre
reinforced

Gypsum panel
with RCC & non..

Rattrap bond
wall

Brick wall

Glass fibre
reinforced

Gypsum panel -
Unfilled

Light Gauge
framed steel

structure with
EPS

Reinforced EPS
core Panel

system

U-Value (W/m²K.) 1.715 1.673 1.67 1.559 1.188 0.907

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Decrease in U value 
Enhance Thermal Comfort 

@source :CRDF Document of CEPT

MATERIAL CHARACTERISTICS FOR BETTER THERMAL COMFORT



EXISTING STANDARDS FOR IMPROVING THERMAL COMFORT 

Standard 55-2020, Thermal Environmental Conditions for Human Occupancy (ANSI Approved)
Standard 62.1-2019, Ventilation for Acceptable Indoor Air Quality
Standard 62.2-2019, Ventilation and Acceptable Indoor Air Quality in Residential Buildings
Standard 90.1-2019, Energy Standard for Buildings Except Low-Rise Residential Buildings
Standard 90.2-2018, Energy Efficient Design of Low-Rise Residential Buildings
Standard 100-2018, Energy Efficiency in Existing Buildings



EXISTING STANDARDS FOR IMPROVING THERMAL COMFORT 

ASHRAE-55



National Building Code of India (NBC 2016)
National Building Code (NBC) of India is a standard which unifies  the building regulations all over the 
country. 

EXISTING STANDARDS FOR IMPROVING THERMAL COMFORT 

Adaptive Thermal Comfort Equation for determining acceptable indoor conditions as per NBC 2016

According to the IMAC model,neutral temperature in naturally ventilated buildings 
varies from 19.6 to 28.5 °C for 30-day outdoor running mean air temperatures 
ranging from 12.5 to 31 °C.



EXISTING STANDARDS FOR IMPROVING THERMAL COMFORT 

Eco-Niwas Samhita 2018 (BEE,2018) is the new Energy ConservationBuilding Code for
ResidentialBuildings(ECBC-R)whichhasfollowingprovisions:

1. To minimizethe heat gain in coolingdominatedclimate or heat lossin heatingdominated
climate,

a. Throughthe buildingenvelope(excludingroof):
i. Maximum RETVfor cooling dominated climate (Composite Climate, Hot-Dry
Climate, Warm-HumidClimate,andTemperateClimate)
ii. MaximumU-valuefor the coldclimate

b. Throughthe Roof: MaximumU-valuefor Roof

2. Fornaturalventilationpotential
a. Minimumopenablewindow-to-floor arearatio with respectto the climaticzone

3. Fordaylightpotential
a. Minimumvisiblelight transmittancewith respectto window-to-wall ratio

Thiscode focuseson buildingenvelopeand aimsto improve the thermal comfort and reduce
the energyrequiredfor coolingandlightingin Residentialbuildings.

Eco-NiwasSamhita(Energy Conservation Building Code for Residential Buildings)



ENS CODE ANALYSIS WITH LHP,INDORE



ECO NIWAS SAMHITA TOOL Via Video



ECO NIWAS SAMHITA 2018 -Energy Conservation Building Code for Residential Buildings

CODE PROVISIONS
ÅOpenable Window-to-Floor Area Ratio 

(WFRop) - it indicates the potential of using 
external air for ventilation.

ÅEnsuring minimum WFRophelps in 
ventilation, improvement in thermal comfort, 
and reduction in cooling energy

Å It is the ratio of openable area to the carpet 
area of dwelling units.

WFROP =  Aopenable / Acarpet



LHP INDORE

ECO NIWAS SAMHITA 2018 -Energy Conservation Building Code for Residential Buildings

Opening 
Name

Opening 
Area, 
m2

Openable Area, 
m2

No
Effective 
Openable area 
m2

W1 2.40 1.20 1.00 1.20

W2 1.20 0.60 1.00 0.60

W3 0.90 0.81 1.00 0.81

V1 0.27 0.24 1.00 0.24

GD 1.58 1.42 2.00 2.84

openable area for 1 flat 5.69

openable area for 128 flat 728.06

Aunit carpet area 128 29.92 3829.76

WFR Aopenable / Acarpet 19.01

For Composite minimum 12.5%



Visible Light Transmittance (VLT)

VLT of non-opaque building 
envelope indicates the potential of 
using daylight. Ensuring minimum 
VLT helps in improving day lighting, 
thereby reducing the energy 
required for artificial lighting

WWR = A(Non - Opaque) / A(envelope)

ECO NIWAS SAMHITA 2018 -Energy Conservation Building Code for Residential Buildings



As per Table 2, for WWR of 0.21 (range 0ς0.30), the 
minimum required VLT is 27%. The glass used in this 
project has a VLT of 90% (as per certified 
specification for the product). Thus, this project 
complies with this requirement. Also, it complies 
with the recommended value.

LHP INDORE

ECO NIWAS SAMHITA 2018 -Energy Conservation Building Code for Residential Buildings

Calculation of Window to Wall Ratio

Orientation
Opening 
Name

Opening 
Area,

m2

Non -
opaque 
(Glass) 
Area in 

Opening, 
m2

No of 
openin

gs

Total 
Opening 
Are, m2

Total 
Non-

opaque
(Glass) 
Area, 
m2

Total

opaque 
(PVC, 

Frame) 
Area, 
m2

North W2 1.2 0.77 16 19.2 12.29 6.91
South W2 1.2 0.77 16 19.2 12.29 6.91
East W1 2.4 1.54 64 153.6 98.30 55.30
East W3 0.9 0.58 64 57.6 36.86 20.74
West W1 2.4 1.54 64 153.6 98.30 55.30
West W3 0.9 0.58 64 57.6 36.86 20.74
East V1 0.27 0.15 16 4.32 2.42 1.90
West V1 0.27 0.15 16 4.32 2.42 1.90
East GD 1.58 0 128 201.6 0 0
West GD 1.58 0 128 201.6 0 0

872.64 299.75 169.69
WWR 0.11

Window-to-wall ratio 
(WWR) Minimum VLT 
0ς0.30 0.27

MINIMUM IS 27% while IN LHP INDORE IT IS 90%



Thermaltransmittance

(Uroof) characterizesthe
thermal performanceof
the roof of a building.
Thermal transmittance
of roof shallcomplywith
the maximumUroof value
of 1.2 W/m2 .K.

ECO NIWAS SAMHITA 2018 -Energy Conservation Building Code for Residential Buildings



Roof Assembly

Layer 
no.

Material
Thickness Conductivity R value

Source
(m) (W/m-K) m2K/W

1 Rsi 0.003 - 0.170 As per ENS guidelines 2018 (roof section), Composite climate

2 Gypsum Board (False Ceiling) 12.500 0.160 0.078 From Manufacturer (Gyproc) Technical Data Sheet

3 Air Gap, 100 mm 0.100 0.500 0.200 As per ENS guidelines 2018, Composite climate

4 Deck Sheet (GI sheet) 0.001 61.060 0.000 As per ENS guidelines 2018, Composite climate

5 RCC Slab 0.098 1.580 0.062
Density Value - from Site team
Others (Spcheat, R & K Values) - as per ENS guidelines 2018

6
Brick Bat Coba
(Solid Burnt Black Clay Bricks)

0.090 0.620 0.145 As per ENS guidelines 2018, Composite climate

7 Rse 0.003 - 0.04 As per ENS guidelines 2018 (roof section), Composite climate

8 R Total 0.695

U value of assembly 1.439

ECO NIWAS SAMHITA 2018 -Energy Conservation Building Code for Residential Buildings

This is greater than the maximum Uroof value of 1.2 W/m2 .K. Hence it doesn't comply with this requirement. 

LHP INDORE

Roof U value is 1.44, it can be reduced to 0.4 W/m2.k via adding PUF insulation. 



SolarHeatGainCoefficient(SHGC): SHGCis the fraction of incidentsolarradiationadmitted through
non-opaquecomponents,both directly transmitted,andabsorbedandsubsequentlyreleasedinward
throughconduction,convection,andradiation
Projection factor, overhang: the ratio of the horizontal depth of the external shadingprojection
(Hoverhang) to the sumof the height of a non-opaquecomponentand the distancefrom the top of
the same component to the bottom of the farthest point of the external shading projection
(Voverhang), in consistentunits.
PFoverhang= Hoverhang/ Voverhang

ECO NIWAS SAMHITA 2018 -Energy Conservation Building Code for Residential Buildings



ECO NIWAS SAMHITA 2018 -Energy Conservation Building Code for Residential Buildings

Calculation on equivalent SHGC of Non Opaque Opening for each Orientation

Orientati
on

Name
Width

of Glass,
m

Height of 
Glass,

m

Nos 
of 

Windows

Glas
Area, m2

H,
overhabg

V,
overhang

PF,
overhang

H,
right, 

m

V,
right, 

m

PF,
right

H,
left, 
m

V,
left, 
m

PF, 
left

ESF, 
overhang

ESF, 
right

ESF, 
left

ESFsidefin
ESF, 
total

SHGCunshadedSHGC Eq

North W2 0.64 1.2 16 12.29 0 0 0.00 2.2 0.8 2.75 2.2 0.8 2.75 1 0.86 0.85 0.71 0.71 0.86 0.61
South W2 0.64 1.2 16 12.29 0 0 0.00 2.2 0.8 2.75 2.2 0.8 2.75 1 0.86 0.86 0.72 0.72 0.86 0.62
East W1 1.2 1.28 64 98.30 0.45 1.6 0.28 0 0 0 0 0 0 0.86 1 1 1 0.86 0.86 0.74
East W3 0.48 1.2 64 36.86 1.1 1.6 0.69 1.1 0.6 1.83 1.1 2.1 0.52 0.67 0.88 0.94 0.82 0.55 0.86 0.47
West W1 1.2 1.28 64 98.30 0.45 1.6 0.28 0 0 0 0 0 0 0.85 1 1 1 0.85 0.86 0.73
West W3 0 1.2 64 0 1.1 1.6 0.69 1.1 0.6 1.83 1.1 2.1 0.52 0.67 0.91 0.91 0.83 0.55 0.86 0.48

LHP INDORE



ECO NIWAS SAMHITA 2018 -Energy Conservation Building Code for Residential Buildings

Thermal transmittance of building 
envelope (except roof)

ÅThermal transmittance characterizes 
the thermal performance of the 
building envelope (except roof). 

ÅU value takes into account the 
following:

Å Heat conduction through 
opaque building envelope 
components 

(wall, opaque panels in door, window, 
ventilators, etc.)

Å Heat conduction through non-
opaque building envelope 
components 

(transparent/translucent panels in windows, 
doors, ventilators, etc.).



External Wall Assembly, 120 mm

Layer no. Material
Density

Specific 
Heat

Thickness Conductivity R value Source

(kg/m3) (kJ/kg.K) (m) (W/m-K) m2K/W

1 Rsi - - 0.003 - 0.130 As per ENS guidelines 2018, Composite climate

2
sandwich panel 

120mm
780.0 - 0.120 0.220 0.560

3 Rse - - 0.003 - 0.040 As per ENS guidelines 2018, Composite climate

4 R Total 0.730

U value of assembly 1.370

Internal Wall Assembly, 90 mm

Layer no. Material
Density

Specific 
Heat

Thickness Conductivity R value Source

(kg/m3) (kJ/kg.K) (m) (W/m-K) m2K/W

1 Rsi - - 0.003 - 0.130 As per ENS guidelines 2018, Composite climate

2
sandwich panel 

90mm
780.000 - 0.090 0.220 0.420

Test Certificate - Rising Japan Infra Mumbai 
Rising HONGFA ( R90 value provided by 
Manufacturer)

3 Rse - - 0.003 - 0.040 As per ENS guidelines 2018, Composite climate

4 R Total 0.590

U value of assembly 1.695

Internal Wall Assembly, 60 mm

Layer no. Material
Density

Specific 
Heat

Thickness Conductivity R value Source

(kg/m3) (kJ/kg.K) (m) (W/m-K) m2K/W

1
Rsi - - 0.003 - 0.130 As per ENS guidelines 2018, Composite climate

2

sandwich panel 
60mm

780.0 - 0.060 0.220 0.280

3 Rse - - 0.003 - 0.040 As per ENS guidelines 2018, Composite climate

4 R Total 0.450

U value of assembly 2.222
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Residential Envelope Transmittance Value 
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.
Its unit is W/m2 . 



Orientation Description Area, m2 U Value, W/m2.k
Orientation 
Factor, w

TERM-I
a*b*c

TERM-II
a*b*c

NORTH Non-opaque (glass) area 12.29 5.35 0.66 0.00 43.32

NORTH Opaque area 1 (Sandwich Panel) 297.56 1.37 0.66 268.62

NORTH Opaque area 2 (PVC FRAME) 6.91 4.80 0.66 21.86

NORTH Opaque area 3 ( Wooden doors) 0.00 0.17 0.66 0.00

SOUTH Non-opaque (glass) area 12.29 5.35 0.97 0.00 63.51

SOUTH Opaque area 1 (Sandwich Panel) 297.56 1.37 0.97 393.76

SOUTH Opaque area 2 (PVC FRAME) 6.91 4.80 0.97 32.05

SOUTH Opaque area 3 ( Wooden doors) 0.00 0.17 0.97 0.00

EAST Non-opaque (glass) area 137.59 5.35 1.16 0.00 850.19

EAST Opaque area 1 (Sandwich Panel) 676.99 1.37 1.16 1071.13

EAST Opaque area 2 (PVC FRAME) 77.93 4.80 1.16 432.06

EAST Opaque area 3 ( Wooden doors) 201.60 0.17 1.16 40.52

WEST Non-opaque (glass) area 137.59 5.35 1.16 0.00 850.92

WEST Opaque area 1 (Sandwich Panel) 676.99 1.37 1.16 1072.05

WEST Opaque area 2 (PVC FRAME) 77.93 4.80 1.16 432.43

WEST Opaque area 3 ( Wooden doors) 201.60 0.17 1.16 40.55

3805.03 1807.94

ECO NIWAS SAMHITA 2018 -Energy Conservation Building Code for Residential Buildings

LHP INDORE

Orientation Name
Total Opening 

Are, m2
Orientation Factor, w TERM-II

a*b*c
North W2 19.2 0.66 7.71
South W2 19.2 0.97 11.45
East W1 153.6 1.16 130.45
East W3 57.6 1.16 31.40
West W1 153.6 1.16 130.41
West W3 57.6 1.16 31.69

343.11
RETV ς17.75

RETV is >15 W/m2 where clear glass SHGC is 0.86. RETV can be achieved <15,
with Clear Glass of SHGC of 0.55.



The purpose of Eco Niwas Samhita 
2021
The code applies to ς
ÅResidential buildings built on a 
Ǉƭƻǘ ŀǊŜŀ ƻŦ җ рлл Ƴн 

ÅResidential part of Mixed land-
use building projects, built on a 
Ǉƭƻǘ ŀǊŜŀ ƻŦ җ рлл Ƴн Φ

COMPLIANCE 

APPROACH

PRESCRIPTIVE 
POINT BASED 

APPRAOCH

ENS CODE COMPLIANCE 

Compliance Approaches 



ENS Score 80 210 100

Components Minimum  Points Maximum Points
LHP Indore
(Proposed)

Building Envelope 47 87 51

Building Services

Common area & exterior lighting 3 9 6
Elevators 13 22 17
Pumps 6 14 6

Electrical Systems 1 6 0

Indoor Electrical End-Use

Indoor Lighting - 12 9
Comfort Systems - 50 6

Renewable 10 10 5

ENS CODE COMPLIANCE 
LHP INDORE Component wise Distribution of ENS Score

Common Area and exterior Lighting
Å Light installation will be done in a way where W/m2 will meet the criteria
Å Fixture Lm/W, Lumens will se selected in a way where Lm/W will be more than 95
Elevators
Å Proposal from Elevator OEM meeting all the requirement / criteria. It is proposed to go for same proposal / BOQ 

line items
Å Choose VVVF technology based elevator. (part of proposal). This will help in achieving extra points
Pumps
Expected that PMC team will go for BEE 4 star rated pumps as Hydro-Pneumatic is expensive technology. Project can 
achieve 06 points
Renewable Energy Systems
As per drawings provided, Installation of 79 Panels need approx. 132 sqm area which is approx. to 24% of tower roof 
area occupied by Panels. Hence project can achieve 5 points.



BEE Star labelling for Residential Buildings
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