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GIZ
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GIZ is an international cooperation enterprise for

sustainable development which operates worldwide, on

a public benefit basis. GIZ is fully owned by the

German Federal Government, GIZ implement

development programs in partner country on behalf of

the German Government in achieving its development

policy objectives.

The focal areas of Indo-German cooperation currently 

are:

Ç Energy

Ç Environment, Preservation, and Sustainable Use 

of Natural Resources

Ç Sustainable Urban & Industrial Development

Ç Sustainable Economic Development



GIZ

4



MoHUA + GIZ 
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MoHUA
(Ministry of Housing & Urban Affairs)

GIZ
(Deutsche Gesellschaft für 

Internationale Zusammenarbeit)

Government of India Government of Germany

IGEN Program: Climate Smart Buildings

Å Implementationof GHTCIndia
Å Establishmentof ClusterCells

Indo-German Energy Program (IGEN)

Å ThermalComfortAction Plan
Å Standard/ Guidelines



Introduction - GHTC
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Global Housing Technology Challenge - India

MoHUA has initiated the
Global Housing Technology
Challenge-India (GHTC-India)
which aims to identify and
mainstream a basket of
innovative construction
technologiesfrom acrossthe
globe for housing
construction sector that are
sustainable,eco-friendly and
disaster-resilient.

Theyare to be cost effective
and speedier while enabling
the quality construction of
houses,meeting diversegeo-
climatic conditions and
desiredfunctionalneeds.

MoHUA, through a TechnicalEvaluationCommittee (TEC),
shortlisted 54 innovative proven technologies suiting
different geo-climatic conditions that could be considered
for demonstrationthroughactualgroundimplementationof
six Light HouseProjects(LHP)in six different States/UTsof
PMAY(U)regionsacrossthe country.

IƻƴΩōƭŜPrime Minister Shri Narendra Modi laid the
foundationstoneof theseLHPson January1, 2021



Light House Project

ÅModel housing projects with approximately 1,000 houses 
built with shortlisted alternate technology suitable to the 
geo-climatic and hazard conditions of the region.

ÅDemonstrate and deliver ready to live houses with speed, 
economy and with better quality of construction in a 
sustainable manner.

ÅPeriod of construction is maximum 12 months from the 
date of handing over of sites to the construction agency 
after all statutory approvals.

ÅLHPs shall serve as LIVE Laboratories for planning, design, 
production of components, construction practices, testing 
etc.

ÅSite infrastructure development such as internal roads, 
pathways, common green area, boundary wall, water 
supply, sewerage, drainage, rain water harvesting, solar 
lighting, external electrification, etc.

ÅCluster design may include innovative systems of water 
supply, drainage and rainwater harvesting, renewable 
energy sources with special focus on solar energy.

Å Incentives for early completion.



Light House Project

Six Technology providers have been selected through a rigorous online bidding 
process for construction of Light House Projects (LHPs) at six different locations in 
six states.



Introduction ðClimate Smart Buildings Cell
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GIZ Climate Smart Buildings Cell (CSB cell) 
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Technical Assistance to 
DHPs & AHRCs

Inclusion of Thermal 
Comfort requirements in 

Bye-laws

Light House Project ς
Implementation  

Monitoring & Evaluation

Capacity Building of 
Stakeholders

South Cluster Cell covers

Ç Tamilnadu

Ç Karnataka

Ç Kerala

Ç Andhra Pradesh

Ç Telangana

Ç Puducherry

Ç Andaman & Nicobar

Ç Lakshadweep

GIZ Climate Smart Building Cell (CSB) 



Light House Project : CHENNAI
TECHNOLOGY SELECTED:

Precast Concrete Construction System ςPrecast Components Assembled at Site

AGENCY:M/s B.G. Shirke Construction Technology Pvt. Ltd.

No. of Towers:12 No. of Houses:1128 No. of Floors:6



Light House Project : CHENNAI
ProjectBrief

Locationof Project: NukkampalayamRoad,Chennai,TamilNadu

No. of DUs: 1,128(G+5) Plot area: 29,222sq.mt.

Carpetareaof eachDU: 26.78sq.mt. Totalbuilt up area: 43439.76sq.mt.

Technologybeingused: PrecastConcreteConstructionSystem- 3SSystem

Other provisions: Anganwadi, shops,milk booth, libraryandration shop.

BroadSpecifications:

FoundationRCCisolatedfooting
StructuralFrameRCCprecastbeam/columns
WallingAACBlocksFloorSlabs/RoofingRCCprecast

DoorFrame/Shutters:

Pressedsteeldoor framewith flushshutters

PVCdoor framewith PVCShuttersin toilets.

WindowFrame/Shutter:

uPVCframewith glazedpanelandwire meshshutters.

Flooring:

Vitrified tile flooringin Rooms& Kitchen

Anti-skidceramictiles in bath& WC

KotastoneFlooringin the Commonarea.

Kotastoneon Staircasesteps.
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Light House Project : CHENNAI
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Light House Project : CHENNAI

Precastconcreteconstruction

Å The construction process comprises
manufacturing precast concrete Columns,
Beams and Slabs in steel moulds. The
reinforcementcagesare placedat the required
positionin the moulds.

Å Concreteis pouredandcompactionof concrete
isdoneby shutter/ needlevibrator.

Å Casted components are then moved to the
stackingyard where curingis done for requited
time and then thesecomponentsare readyfor
transportationanderectionat site.

Å Theseprecastcomponentsare installedat site
by crane and assembledtogether through in-
situ jointingand/or groutingetc.
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Light House Project : CHENNAI

SpecialFeatures

ω Nearly all components of building work are
manufacturedin plant/casting yard & the jointing of
components is done In-situ leading to reduction in
constructiontime.

ω The controlled factory environment brings resource
optimization,improvedquality,precision& finish.

ω Theconcretecanbe designedasindustrialby-products
suchas Fly Ash,Groundgranulatedblast furnaceslag
(GGBFS),Micro silica etc. resulting in improved
workability & durability, while also conservingnatural
resources.

ω Helpsin keepinga neat & cleanconstructionsite and
dust free environment.

ω Optimumuseof water throughrecycling.
ω Useof shuttering& scaffoldingmaterialsisminimal.
ω All weatherconstruction& better siteorganization.
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Demonstration Housing Project (DHPs)

To showcasethe field level application of new / alternate technologies,MoHUA has
taken an initiative to construct DemonstrationHousingProject (DHP)through Building
Materials& TechnologyPromotionCouncil(BMTPC)asa part of TechnologySub-Mission
underPMAY(U).

Collection of drawings 
and other inputs at the 

Design Stage 

Technical Commercial 
feasibility analysis

Outputs & 
Recommendations 
through ENS and 

Simulations (softwares)

Acceptance & 
Implementation of 
recommendations

Techno-Economic 
Feasibility Report 

Specifications of 
Proposed strategies

Monitoring & Verification of Thermal Comfort during & post construction



18

ARHCs

ÅCOVID-19 pandemichasresultedin reversemigration of urban migrants/ poor in the
country. Theyneeddecentrental housingat affordablerate at their work sites.

ÅIn order to addressthis need, Ministry of Housing & Urban Affairs has initiated
Affordable RentalHousingComplexes(ARHCs),a sub-schemeunder PradhanMantri
AWASYojana- Urban(PMAY-U).

ÅSchemewill be implementedin 2 models: Model 1 (UtilizingvacantGov. houses)
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RACHNA

IMPACT:

ÅCapacityBuildingï2500stakeholders

ÅMorethan1000architects& developerstrainedto design
&deliverThermallycomfortableaffordablehousing

ÅMorethan450govtofficialsandpolicymakerstrainedfor
incorporatingthermalcomfortprovisionsinByelaws

ÅMorethan300contractors,masonsand field workers
trainedinworkingwithnewtechnologies

ÅStudents in 8 architectural colleges across the country 
targeted for awareness at ground roots level.

TRAININGS:



Thermal comfort
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Thermal Comfort ςDefinition 
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It is defined as "that condition of mind which expressessatisfactionwith the
thermal environment.άThis condition is also some times called as "neutral
condition", thoughin a strict sense,theyarenot necessarilysamefor everyone.

InternationallyEngineers& designerslook up to followingstandardsfor thermal comfort

conditions:

ÁASHRAE55 (AmericanSocietyof Heating,Refrigerating,and Air Conditioning

Engineers)

Á ISHRAE(Indian Society of Heating, Refrigerating, and Air Conditioning

Engineers)

Á IMAC(IndianModel for AdaptiveThermalComfort)



Thermal Comfort ςIndices

22Source: https://www.simscale.com/blog/2019/08/what-is-ashrae-55-thermal-comfort/



Thermal Comfort Indices ςMetabolic Rate 

23Source: https://www.simscale.com/blog/2019/08/what-is-ashrae-55-thermal-comfort/



Thermal Comfort Indices ςClothing Insulation
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ÁTheclothingfactor usedto represent
the thermal insulationfrom clothing

ÁTheunit for measuringthe resistance
offeredby clothesiscalledas"clo"

0.6 clo 1.0 clo 1.5 clo

Trouser+ Half 
Sleeves

Jeans + Blazer Woollen 
Clothes

Á1 clo : 0.155m2K/W
ÁWinter clothing: 1.0 clo
ÁSummerclothing: 0.5 clo



Thermal Comfort Indices ςEnvironmental Factors 
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Indices Air Speed Humidity Air Temperature

Definitions Rate of Air Movement

Percentage of the 

amount of moisture the 

air could possibly hold

Average temperature of air 

surrounding an occupant

Controls

Fan Speed

Wind speed

Window Opening

Humidifier 

Dehumidifier

Insulated Envelope

Heat Ingress/Egress

Heat Influence
Convective

Evaporative
Evaporation

Convective

Evaporative



Thermal Comfort Indices ςEnvironmental Factors 

26

Problems due to High Humid 
Conditions

ÇStuffyair

ÇCondensation on windows
andwalls

ÇMold spotsor water stains

ÇMustysmells

ÇAllergies

ÇSkinproblems

ÇSwollenwoods

ÇMoist fabrics

Problems due to Low Humid 
Conditions

ÇDryair

ÇAllergies

ÇVulnerableto Cold

Ç Infections

Ç Itchy& DrySkin

ÇDamageto wood furniture &
paints

Ç Increasedstaticelectricity

ÇElectronicsdamage



Thermal Discomfort ςSick Building Syndrome 
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SICKBUILDINGSYNDROME

ÁSickbuildingsyndrome(SBS)isusedto describesituationsin whichbuildingoccupants
experienceacutehealth andcomfort effectsthat appearto be linked to time spent in
a building



Necessity of  Thermal comfort in Affordable Housing
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Affordable Housing Demand

Source: India 2020 
Energy Review Policy
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Source: NITI Aayog2015

India is projected to 
double its energy 
demand and have 
the largest increase 
in energy 
consumption 
worldwide between 
2020 and 2040. 
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Increase in AC demand in the Residential Sector 
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PENETRATION OF AC

AC unit per 100 person
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%
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%

HOUSEHOLDS WITH AC

2018 2027 2037

In 2017, approximately 272 million households were estimated in India which will increase 
to 328 and 386 million in 2027 and 2037 respectively.

National Sample Survey Office,2011

Source: Ministry of Environment, Forest & Climate Change. (2019). India Cooling Action Plan & NITI Aayog2015

1.2 ACs (Average) for all households that have AC



Impetus of Thermal Comfort in Affordable Housing
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11.2 Million houses under the
PMAYscheme,with a lifespanof
50 to 60years

LIGand EWSsegmentwill
not have accessto active
air-conditioning.

Climate appropriate and energy efficient building design for EWS and LIG segments.
Climate Smart Buildings (CSB)

Passivestrategiesto achievethermalcomfort in Affordablehousing
Å EcoNiwasSamhita(ENS)ςPart1 (BuildingEnvelope)

Activestrategiesto achievethermalcomfort in Affordablehousing

Å Cool-roof programs
Å Off-gridmicro-systemsfor cooling
Å Localizedheat-actionplanscouldbe provided.

Implementation& Enforcementmeasures
Å Regulatoryand policy actions in the adoption of energy efficient building practices Promoting

capacitybuildingandfosteringmarketawareness



Thermal Comfort Improvement through Design 
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Passive Strategies

1. Orientation 

2. Thermal Mass 

3. Roof and Wall Materials 

4. Non Opaque material properties 

5. Appropriate Shading Design 

6. Minimize Infiltration losses 

7. Climate specific design interventions 

8. Mutual / Tree Shading

Active Strategies

1. Renewable 

Energy

2. Direct / Indirect 

Evaporative 

Cooling 

3. Cool roofs



Thermal Comfort Improvement through Passive Measures 
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Thermal Comfort Standard ςIMAC
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Indian Model for AdaptiveThermalComfort (IMAC)models for neutral temperature and
acceptability limits for air conditioned, naturally ventilated and mixed mode buildings
through an empiricalfield studyspecificto the Indiancontext. It offers an energyefficient
pathwayfor the buildingsectorwithout compromisingon occupantcomfort.



BEE ςSTAR LABELLING
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The program would rate
office buildings on a 1-5
Star scale with 5 Star
labeled buildings being
the most efficient. Five
categories of buildings -
office buildings, hotels,
hospitals,retail malls,and
IT Parks in five climate
zonesin the country have
been identified for this
programme.

Those buildings having a
connectedload of 100kW
and above would be
considered for BEE star
ratingscheme.



Eco Niwas Samhita (ENS) 

36

BEE
(BUREAU OF ENERGY EFFICIENCY)

GIZ
(Deutsche Gesellschaft für 

Internationale Zusammenarbeit)

Government of India Government of Germany

Eco NiwasSamhitaPart 1 Launch of Eco NiwasSamhitain December 2018 



Thermal comfort Design for Affordable Housing 
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Thermal Comfort Improvement through Passive Measures 
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1. Orientation 

2. Thermal Mass 

3. Roof and Wall Materials 

4. Non Opaque material properties 

5. Appropriate Shading Design 

6. Minimize Infiltration losses 

7. Climate specific design interventions 

8. Mutual / Tree Shading



Passive Measures - Orientation 
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Passive Measures - Shading 
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Effects of  Materials on Thermal comfort
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Thermal Comfort Improvement through Materials

42

Materials without Insulation 

Wall materials U Value (W/sqmK)

150 mm RCC (No plaster) 3.77
200 mm Solid Concrete Block with

plaster on both sides 2.8

230 mm Brick with plaster on both sides 1.72-2.24

200 mm Autoclaved Aerated Concrete 
(AAC) with plaster on both side

0.77

300 mm Autoclaved Aerated Concrete 
(AAC) with plaster on both side

0.54



Thermal Comfort Improvement through Materials
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EPS Insulation XPS Insulation
Glass Mineral 

Wool

Glazing Options



Thermal Comfort Improvement through Materials
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Thermal Comfort Improvement through Materials
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U-value / U-factor             

Å Conductive Heat Transfer

Å Thermal conductivity (W/sqmK)

Å Glass & Frame

Å Lower the better??

SHGC ςSolar Heat Gain Coefficient                

Å Radiation Transmission

Å Amount of Heat passes through the glass

Å Lower the better??

VLT ςVisual Light Transmission

Å Light passing through the glass

Å Ratio 

Å Useful light vsGlare

Å Higher the better??

Selectivity

Å VLT / Solar Factor

Å Ratio 

Å Higher the better??

Glazing Selection



Case Study
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Case Study : Smart Ghar, Rajkot 

A CASE STUDY ON DESIGN OF THERMALLY COMFORTABLE AFFORDABLE HOUSING IN 
COMPOSITE CLIMATE: SIMULATION RESULTS & MONITORED PERFORMANCE

by
SaswatiChetia, Sameer Maithel, Pierre Jaboyedoff, Ashok Lall, PrashantBhanware, AkshatGupta

Å ProjectType - PMAYHousing

Å Location - Rajkot

Å DwellingUnits - 1176

Å DUArea - 33.6 m2

Å Ext Wall ς200mm AAC (E&N) & Cavity Wall
(200mm AAC+ 40mm air gap + 200mm AAC)(W&S
Side)

Å Casementwindowsςfor ventilationimprovement

Å WindowshadingςOverhang& Sidefins

Å Glazedwindow
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Case Study : Smart Ghar, Rajkot 

Validationby Software

Å Simulatedperiod - May 12, 2019to

May22, 2019

Å Software used - DesignBuilder4.7

(EnergyPlus8.3 simulationengine)

Results

Å Indoor temperaturefor the bedroomgoesup to a maximum averageof 32.7°Cduring the day

andminimumaverageof 30.6°Cearlymorning. Themaximumaverageambienttemperaturewas

39.3°C, while the averageminimumambienttemperaturewas27.8 oC.

Å Thuscomparedto the diurnal variation of 11.5 oC in the ambient temperatures,the diurnal

variationin indoor temperaturewasonly2.1 oC.
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Case Study : Smart Ghar, Rajkot 

Observations
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Case Study : Smart Ghar, Rajkot 

Conclusion

Å Theresultsof the monitoringshowa quantifiable impact of building envelope(both

constructionmaterialandopeningsfor ventilation)on internal temperatures.

Å It shows that with building envelopeinterventions it is possibleto get maximum

average temperature of 32°C in summer when the average maximum ambient

temperatureis 39°C, thus,increasingcomfortablehoursandreducingthe needfor air-

conditioning.

Results
Å Forthe presentstudy,the IndianModel for AdaptiveComfort(IMAC)is chosenasthe

thermal comfort model. It is observedthat all hours of the monitored period falls
within the 80%acceptabilitylimits whereas87%of the monitored period falls within
the 90%acceptabilitylimits.



Eco Niwas Samhita
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Eco Niwas Samhita (ENS) 
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BEE
(BUREAU OF ENERGY EFFICIENCY)

GIZ
(Deutsche Gesellschaft für 

Internationale Zusammenarbeit)

Government of India Government of Germany

Eco NiwasSamhitaPart 1 Launch of Eco NiwasSamhitain December 2018 



53

The code is applicable to
Excluded from the code

(a)Residential Buildings with Ǉƭƻǘ ŀǊŜŀ җ 
500m2

(b) Residential part of άaƛȄŜŘ [ŀƴŘ-use 
ōǳƛƭŘƛƴƎ ǇǊƻƧŜŎǘǎέ ōǳƛƭǘ ƻƴ Ǉƭƻǘ ŀǊŜŀ ƻŦ җ 
500m2.

Dormitories

Hotels

Lodging Rooms

Eco Niwas Samhita (ENS) 
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Eco Niwas Samhita (ENS) Benefits  

Improve Thermal Comforts Reduce Electricity Bills

Estimated Impact Of Implementing Eco Niwas Samhita

üMinimum 20% energy savingas compared to a typical Building 
ü125 billion KWH of electricity Saving 

ü100 million tonnesof CO2 equivalent abatement 
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ENS ςPart 1 ςBuilding Envelope 

Performance Standards for Building Envelope
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ENS ςPart 1 ςBuilding Envelope 

3.1 Openable Window to Floor Area Ratio (WFRop)



57

ENS ςPart 1 ςBuilding Envelope 

3.2 Window to Wall Area Ratio (WWR)
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ENS ςPart 1 ςBuilding Envelope 

3.3 Thermal Transmittance (Uroof)
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ENS ςPart 1 ςBuilding Envelope 

3.4 Residential Envelope Transmittance (RETV)
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ENS ςPart 1 ςBuilding Envelope 

3.4 Thermal Transmittance Value (U-Value) Non Opaque
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ENS ςPart 1 ςBuilding Envelope 

3.4 Solar Heat Gain Coefficient (SHGC) Non Opaque
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ENS ςPart 1 ςBuilding Envelope 

3.4 Projection Factor (PF)
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ENS ςPart 1 ςBuilding Envelope 

3.4 Equivalent SHGC
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ENS ςPart 1 ςBuilding Envelope 

3.4 Orientation Factor 
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ENS ςPart 1 ςBuilding Envelope 

3.4 RETV ςCase 1 

Case 1 Externalwall Roof  
Construction

Glazing Window 
to wall 
Ratio

230mm thick 
Solid Burnt 
Clay Brick

150 mm thick 
RCC slab + 
50mm thick 
EPS

50 mm Steel 
Frame; Single 
glazed Unit 

U Value = 5.7 
W/m2k, 
SHGC = 0.56, 
VLT=0.51

22.55%

RETV ς14.92 W/m2.K 



66

ENS ςPart 1 ςBuilding Envelope 

3.4 RETV ςCase 2 

Case 2 Externalwall Roof  
Construction

Glazing Window 
to wall 
Ratio

200mm thick 
AAC Block 
wall

150 mm thick 
RCC slab + 
50mm thick 
EPS

50 mm Steel 
Frame; Single 
glazed Unit 

U Value = 5.7 
W/m2k, 
SHGC = 0.56, 
VLT=0.51

22.55%

RETV ς9.71 W/m2.K 
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ENS ςPart 1 ςBuilding Envelope 

3.4 RETV ςCase 3 

Case 3 Externalwall Roof  
Construction

Glazing Window 
to wall 
Ratio

200mm thick 
AAC Block 
wall

150 mm thick 
RCC slab + 
50mm thick 
EPS

Double 
glazed Unit -
Asahi LC 
54/37 

U Value = 
1.64 W/m2k, 
SHGC = 0.36, 
VLT=0.52

22.55%

RETV ς6.62 W/m2.K 



68

ENS ςPart 1 ςBuilding Envelope 

3.4 RETV ςCase 4 

Case 4 Externalwall Roof  
Construction

Glazing Window 
to wall 
Ratio

200mm thick 
AAC wall, 50 
mm EPS, high 
SRI paint

150 mm thick 
RCC slab + 
50mm thick 
EPS

Double 
glazed Unit -
Asahi LC 
54/37 

U Value = 
1.64 W/m2k, 
SHGC = 0.36, 
VLT=0.52

22.55%

RETV ς5.13 W/m2.K 
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ENS ςPart 1 ςBuilding Envelope 

Building Design Flexibility by ENS



70

ENS ςPart 2 ςBuilding Services 

Lighting (Exterior & Interior)

Elevators

Pumps

Comfort Systems

Electrical Systems

Solar Hot Water

Solar Photo Voltaic
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ENS ςPart 2 ςServices 

Common Area and Exterior Lighting

Corridor Lighting

85 LUMENS/WATT

Common Areas Maximum LPD 
(W/m2)

Minimum Luminous Efficacy 
(lm/W) 

Corridor Lighting & Stilt 
Parking

3.0
All permanently installed lighting 
fixtures shall use lamps with an efficacy 
of at least 85 lumens per Watt  

Basement Lighting 1.0

All permanently installed lighting 
fixtures shall use lamps with efficacy of 
at least 85 lumens per Watt
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ENS ςPart 2 ςServices 

Common Area and Exterior Lighting

Exterior Lighting Areas/Zones Maximum LPD (in W/m2)

Driveways and Parking 1.6

Pedestrian Walkways 2.0

Stairways 10.0

Landscaping 0.5

Outdoor Sales Areas 9.0

Parking (open/external) Stairways
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ENS ςPart 2 ςServices 

Common Area and Exterior Lighting

Areas/Zones Points
95lm/W

Points
105lm/W + Photo 

Corridor Lighting and Stilt Parking 1 2

Basement Lighting 1 2

Exterior Lighting Areas 1 2

Basement Lighting Exterior Lighting

Lighting Power Density 
(LPD)

Luminous Efficacy (LE)
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ENS ςPart 2 ςServices 

Elevators ςMaximum 22 points

Min IE3 
High 

Efficiency 
Motors

Auto Switch off 
for Light & Fan 

when not in use.

High Efficacy lamps  with 
Luminous Efficacy of 

85lm/w

Group Automatic 
with Supervision

13 POINTS
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ENS ςPart 2 ςServices 

Elevators ςMaximum 22 points

Regenerative Drives  
( 3 Points)

Class IE4 
Motors

(2 Points)

Variable
Voltage
&
Variable
Frequency
Drives
(4 Points)
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ENS ςPart 2 ςServices 

Pumps ςMaximum 14 points

HYDRO-PNEUMATIC PUMPS

60% 70%

Mechanical Efficiency Mechanical Efficiency

6 POINTS 8 POINTS

3 POINTS
OR

5 POINTS

Installation of Hydro-Pneumatic Pumps or 
BEE Star rated pumps.


