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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:

Ẅ Energy

Ẅ Environment, Preservation, and  Sustainable Use 

of Natural Resources

Ẅ Sustainable Urban & Industrial Development

Ẅ Sustainable Economic Development



GIZ
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MoHUA + GIZ 

5

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 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

Ẅ Tamilnadu

Ẅ Karnataka

Ẅ Kerala

Ẅ Andhra Pradesh

Ẅ Telangana

Ẅ Puducherry

Ẅ Andaman & Nicobar

Ẅ Lakshadweep

GIZ Climate Smart Building Cell (CSB) 
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Demonstration Housing Project (DHPs)

To showcasethe field level application of new / alternate technologies,MoHUA has
taken an initiative to constructDemonstrationHousingProject (DHP)through Building
Materials & TechnologyPromotion Council (BMTPC)as a part of TechnologySub-
MissionunderPMAY(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
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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 1.0 & 2.0



Session 1: Innovative Construction Technologies of LHPs, Study 

& Observations
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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 demonstration through actual ground implementation
of six LightHouseProjects(LHP)in six different States/UTs
of 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 hazardconditionsof the
region.

ÅDemonstrateanddeliverreadyto live houseswith speed,
economy and with better quality of construction in a
sustainablemanner.

ÅPeriodof construction is maximum 12 months from the
date of handingover of sites to the constructionagency
after all statutory approvals.

ÅLHPsshallserveasLIVELaboratoriesfor planning,design,
productionof components,constructionpractices,testing
etc.

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

Å Incentivesfor early completion.



Light House Projects

Asa part of GHTC- India, sixLightHouseProjects(LHP)consisting

of about 1,000 houseseachwith physical& social infrastructure

facilities is being constructed at six places across the country

namely

1. Indore

2. Rajkot

3. Chennai

4. Ranchi

5. Agartala

6. Lucknow

Theseprojectswill showcasethe useof the sixdistinct shortlisted

innovative technologiesfor field level application, learning and

replication. LHPswill demonstrateand deliver ready to live mass

housingat an expeditedpaceas comparedto conventionalbrick

andmortar constructionandwill be more economical,sustainable,

of high quality and durability. Theseprojects shall serve as Live

laboratories for all stakeholdersincluding R & D leading to the

successfultransferof technologiesfrom the lab to the field



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.



LHP Indore

PrefabricatedSandwichPanelSystem

Å FactorymadePrefabricatedSandwichPanelSystem

is made out of cement or calcium silicate boards

andcementmortar with EPSgranulesballs,andact

aswall panels.

Å Thesereplaceconventionalbrick & mortar walling

construction practices and can be used as load-

bearingandnon-loadbearingwallingfor residential

andcommercialbuildings.

Å Underthis LHP,housesare beingconstructedusing

Prefabricated Sandwich Panel System with Pre-

EngineeredSteelStructuralSystem.

Å In this system the EPS Cement Panels are

manufacturedat the factory in controlledcondition,

which are then dispatchedto the site. The panels

having tongue and groove are joint together for

constructionof the building.

Number of Houses : 1024



LHP Rajkot

Monolithic Concrete Construction using Tunnel 
Formwork

Å In Ψ¢ǳƴƴŜƭCƻǊƳΩtechnology, concrete walls and

slabsare cast in one go at site giving monolithic

structure using high-precision, re-usable, room-

sized,Steelformsor moulds.

Å Thesystemintendsto replacethe conventionalRCC

Beam-Columnstructure which usessteel/plywood

shuttering.

Å Ψ¢ǳƴƴŜƭCƻǊƳΩsystem uses customizedengineered

steel formwork consistingof two half shellswhich

are placedtogether and then concretingis done to

form a room size module. Severalsuch modules

makeanapartment.

Construction Process:
- Stripping of the formwork from the previous day.
- tƻǎƛǘƛƻƴƛƴƎ ƻŦ ǘƘŜ ŦƻǊƳǿƻǊƪ ŦƻǊ ǘƘŜ ŎǳǊǊŜƴǘ ŘŀȅΩǎ 

phase, with the installation of mechanical, electrical 
and plumbing services.

- Installation of reinforcement in the walls and slabs.
- Concreting

Number of Houses : 1144



LHP Chennai

Precast Concrete Construction System ςPrecast 
Components Assembled at Site

Å Precastconcreteconstructionisa systemwherethe

individualprecastcomponentssuchaswalls,slabs,

stairs, column, beam etc, of building are

manufacturedin plant or castingyard in controlled

conditions. The finished components are then

transportedto site,erected& installed.

Å The construction process comprises of

manufacturingof precastconcreteColumns,Beams

andSlabsin steelmoulds.

Å Thereinforcementcagesare placedat the required

position in the moulds. Concrete is poured and

compactionof concreteis done by shutter/ needle

vibrator.

Å Castedcomponents are then moved to stacking

yard where curingis done for requited time. These

precastcomponentsare installed at site by crane

and assembledtogether through in-situ jointing

and/or groutingetc.

Number of Houses : 1152



LHP Ranchi

Precast Concrete Construction System ς3D Volumetric

Å 3D Volumetricconcreteconstructionis the modern

method of buildingby which solidprecastconcrete

structural modules like room, toilet, kitchen,

bathroom, stairs etc. & any combination of these

are castmonolithicallyin Plantor Castingyard in a

controlledcondition.

Å TheseModulesare transported,erected& installed

usingcranesand push-pull jacksand are integrated

together in the form of completebuildingunit.

Å Factory finished building units/modules are

installedat the site with the help of tower cranes.

Gable end walls are positioned to terminate the

sidesof building.

Å Pre stressedslabs are then installed as flooring

elements. Rebarmeshis finally placedfor structural

screed thereby connecting all the elements

together. Consecutivefloors are built in similar

mannerto completethe structure.

Number of Houses : 1008



LHP Agartala

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

Å LightGaugeSteelFrame(LGSF)Systemusesfactory
made galvanized light gauge steel components.
LGSFis used in combination with pre-engineered
steel structural systemfor buildingsaboveG+3 for
longevity, speedier construction, strength and
resourceefficiency.

Å The sequence of construction comprises of
foundation laying, fixing of Pre-EngineeredSteel
Structural System,fixing of tracks, fixing of wall
panels with bracings as required, fixing of floor
panels, decking sheet, fixing of electrical &
plumbing services and finally fixing of concrete
wallingpanelswith light weightconcreteasinfill.

Å Theother options of dry walling componentssuch
as sandwich panels with insulation material in
betweencanalsobe used. Similarly,the floors can
either by compositeslab/deckslabs/precasthollow
coreslabsasper the need& requirements.

Number of Houses : 1000



LHP Agartala

PVC Stay In Place Formwork System

Å Plant manufacturedrigid poly-vinyl chloride (PVC)
basedpolymer componentsserveas a permanent
stay-in-placefinishedform-work for concretewalls.
The formwork System being used acts as pre-
finished walls requiring no plaster and can be
constructedinstantly.

Å Constructionis done in a sequentialmannerwhere
at first, the PrefabricatedPVCWall panelsand Pre-
EngineeredSteel Structural Sections as per the
designaretransportedto the Site.

Å Then, these Sectionsare erected on the prepared
foundation usingcranesand required connections.
Floor is installed using decking sheet. Once the
structural frame and floor is installedand aligned,
wall panelsarefixedon deckingfloor.

Å Thepre-fabricatedwallingpanelshavingprovisions
of holes for servicesconduits,are fixed alongwith
the reinforcement& cavitiesinsidethe wall panels
are filled with concrete. Upon installment of wall
panels, flooring and ceiling, the finishing work is
executed.

Number of Houses : 1040



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: 1,152(G+5) Plot area: 29,222sq.mt.

Carpetareaof eachDU: 26.78sq.mt. Totalbuilt up area: 43439.76 sq.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
stackingyardwherecuringis donefor 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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Efficiency in Construction

LHPChennaiς3SPrecastsystem

ω Timeline - Completed1152 dwelling units & external
infrastructurewithin 12 months amidst covid & heavy
rainsin Chennai

ω Reduceduse of Natural Resources- Concretemixed
with industrial by-product Ground granulated blast
furnace slag (GGBFS)while also conservingnatural
resources. Optimum use of water through recycling&
useof sprinklerfor curingprecastcomponents.

ω Use of Recycled materials - Concrete mixed with
industrial by-product Groundgranulatedblast furnace
slag (GGBFS). Usageof AACblocks. Window glazing
from Saintgobainwith 18%recycledcontents.

ω Useof Low CarbontechnologyςReducedtimeline &
laboraidsto lesscarbonfootprint duringconstruction

ω Manpower managementςWith lessdependencyon
labors, construction works carried out during covid
timeswith helpof machineries.
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Mainstreaming & replication of Technology

LHPChennaiς3SPrecastsystem

ω Costof technology- LHPtechnologyof Chennaiis 20%
costlier than conventional technology. The cost of
settingup a factory for castingelementswill be null by
the factor of scalabilityof the project or repetitive use
of the precastmouldsused.

ω Quality of construction - LHPChennaihas25% better
quality than conventionalconstructiondue to factory
made components reducing man made errors &
unskilledlabors.

ω Speed of construction ς 3 units per day was
constructedat LHP.

ω Designflexibility ςTypicaldesigncanbe completedat
ease but flexibility of design is difficult as all
componentsareprecast.

ω Skilled labor requirement ςAlmost 75% additionally
skilled labors are required than the conventional
constructiontechnology.



ENS Part 1 & Thermal Comfort analysis for the LHP Chennai
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External Wall Assembly

Layer 
no.

Material
Density

Specific 
Heat

Thickness
Conducti

vity
R value Source Wall section

(kg/m3)
(kJ/kg.K)

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

1
Interior surface 
film resisitance

- - - 7.700 0.130 ENS 2018

2
Internal cement 

Plaster
1762 0.840 0.012 0.721 0.017 ENS 2018

3 AAC Block 642 1.240 0.150 0.184 0.815 ENS 2018

4
External cement 

Plaster
1762 0.840 0.020 0.721 0.028 ENS 2018

5
Exterior surface 
film resisitance

- - - 25.000 0.040 ENS 2018

U value of assembly (W/m2K) 0.97

LHP Site - Thermal Features
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150mm AAC block is used for Masonry work & 100mm AAC block is used for 

internal partitions

20mm Plaster + 150mm AAC block + 12mm Plaster



LHP Site Thermal Features
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305mm RCC wall is used for Roof. Brick bat koba is used as weathering course.

Roof Assembly

Layer no. Material
Density

Specific 
Heat

Thickness
Conductiv

ity
R value Source Roof section

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

1
Interior Surface 
film resisitance

- - - 5.900 0.169 ENS 2018

2 Precast slab (RCC)2288 NA 0.075 1.580 0.047 ENS 2018

3 Screeding (RCC) 2288 0.920 0.055 1.580 0.035 ENS 2018

4 BrickBat 1440 NA 0.100 0.620 0.161 ENS 2018

5
External cement 

mortar
1648 0.840 0.075 0.719 0.104 ENS 2018

6
Exterior Surface 
film resisitance

- - - 25.000 0.040 ENS 2018

U value of assembly (W/m2K) 1.79

According to ENS code, U value of roof should be within 1.2 W/sqmK

Inclusion of 25 mm EPS overdeck insulation would make the roof comply with 

ENS codes



LHP Site Analysis 

ENS Compliance 

Parameters

Achieved ENS 

Requirement

Compliance 

Status

Building 1 Building 5

Openable Window to Floor 

Area Ratio (WFRop)
26.59 26.59 җ мсΦсс ҈Complied

Visible Light Transmittance 

(VLT)
0.89 0.89 җ лΦнт Complied

Thermal Transmittance of 

Roof (Uroof)
1.8 1.8 Җ мΦн ²κƳ2. K Not Complied

Residential Envelope 

Transmittance Value (RETV)
11.8 14.1 Җ мр ²κƳ2.K Complied



LHP Site Analysis 



Light House Project (LHP), Chennai 

Discomfort Hour Percentage 

LHP Project Building 1 ( North - South)



Light House Project (LHP), Chennai 

LHP Project Building 5 ( East - West)

Discomfort Hour Percentage 



Light House Project (LHP), Chennai 

Percentage of occupied hours that meets IMAC Adaptive thermal comfort Range



Case Study : Light House Project (LHP), Chennai 

LHP Project Building 1 ( North - South)



Case Study : Light House Project (LHP), Chennai 

LHP Project Building 5 ( East - West)



Thermal Comfort Improvement through Passive Measures 

39

1. Large Window opening size

2. Cross ventilation

3. Shading for windows

4. Ventilator above Main door

5. EPS insulation ςUnder deck (At least 25 mm Thick) 



LHP Site Thermal Improvements
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Dwelling units have two panel 

sliding window system for Living, 

Bedroom & kitchen openings

Sliding windows open up only to 

50% of Openable area

Instead of using Sliding windows, Casement windows canprovide opening up 

to 90% of Openable area

This increase the quantity of fresh natural air comes into the space & aids to 

thermal comfort of occupants 



DHP Dubrayapet, Puducherry 
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Introduction to Dubrayapet Project

Location of Dubrayapet Site

Å Theproject proposalinvolvesdevelopmentof 80 low-incomehousingunits in a plot areaof 1950Sqmadheringto

the variousnormsof the government.

Å Themainroadisaround450metersfrom the site.

Å In the proposedsite the buildingcoversthe plinth area/plot coverageof 31.4%. TheFAR(floor AreaRatio)achieved

for the said80 dwellingunits project is 1.56 which is within the permissiblelimit of PuducherryPlanningAuthority

bye- law.

Å The said dwelling units fulfill all present bye laws of the line departments such Electricity, fire, Public Works

department,municipality,traffic etc

Å Thepetty shopswithin the premisesare accomplishedfor the benefitsof the occupantsand nearbycommunities.

Effectivedisposalof greywaterto the Sewagetreatment plant presentin closeproximity.

Å Theaccumulatedhouseholdwisewasteissegregatedwith separatecollectingunitsat source.



Project Needs

Å Necessitate low-income housing for 80-90

familiesto havea safeall weatherwithstanding

dwelling unit. With the possibilitiesto harness

renewableenergythroughsolarrooftop for the

high-risestructure.

Å Providea Puccadwellingunit for the habitants

with below poverty level without need to

spend for retrofitting pre and post monsoon

seasons.

Å To provide individual toilets to all dwelling

units to improve sanitation levels by routing

grey water to the nearby SewageTreatment

Plant.

Å Preciseday to day segregationand disposalof

garbageandsolidwastesof all dwellingunitsat

the proposedsite.
43

Key Stakeholders in the Dubrayapet project



Eco Niwas Samhita (ENS) - Part 1
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ENS compliance for Dubrayapet project

EcoNiwasSamhita(ENS)(Part I: BuildingEnvelope)is a residentialenergycodethat hasbeenpreparedto set

minimumbuildingenvelopeperformancestandardsto limit heat gains(for coolingdominatedclimates)andto

limit heat loss (for heating-dominated climates),as well as for ensuringadequatenatural ventilation and

daylightingpotential.



Climate Analysis - Puducherry
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Temperature and Relative Humidity Monthly Dry Bulb Temperature (DBT) distribution

Wind Wheel

Å Puducherryisplacedat analtitude of 3 m.

Å TheWind Wheelfigure showsthe wind direction is

predominantin East-West at a maximumspeedof

8-10 m/s, so adequateopeningsin this direction

building should be proposed for good natural

ventilation.



Building Description & Floor Plan
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Floor Plan of Dubrayapet project

ϊ Thisproject has2 Buildings. Eachbuildinghastypical 1 BHKunit. Each1 BHKunit has1 bedroom,1 toilet, Hall,

Bath,kitchenanda Utility. Eachtower hasa total of G+4 floors. Oneachfloor, there are8 units.

ϊ The building is constructed Conventional construction with Brick wall and 18mm claY tiles for roof and Lime 

concrete for roof RCC roof, Single glazed units with wooden frames for building is constructed Conventional 

construction with Brick wall and 18mm clay tiles for roof and Lime concrete for roof RCC roof, Single glazed units 

with wooden frames for windows. 



Cases selected for Simulation 
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ϊ The project was analysed for 4 cases (Case 1, Case 2, Case 3 and Case 4) apart from the proposed construction as 

mentioned in the Detailed Project Report (DPR). This case is considered as the Base case. 

ϊ Case 1: Wall ςAAC blocks; Window ςCasement; Roof ςSame as Base case 

ϊ Case 2: Wall ςAAC blocks; Window ςCasement window-sized modified to suit WFR requirements; Roof ςAddition of 

25mm EPS insulation

ϊ Case 3: Wall ςAAC blocks; Window ςCasement + ventilators on top of windows, Glass ςSingle Glazed Unit with 

lower SHGC, Shading ςAddition of vertical fins on E & W windows; Roof ςAddition of 25mm EPS insulation 

ϊ Case 4: Wall ςAAC blocks + double layer external plaster; Window ςCasement + ventilators on top of windows, Glass 

ςSingle Glazed Unit with lower SHGC, Shading ςAddition of vertical fins on E & W windows; Roof ςAddition of 

25mm EPS insulation 



Building Envelope Construction Details
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Envelope 

Type

Base Case (As per 

existing DPR) 

Case 1 Case 2 Case 3 Case 4 

Wall

Internal Cement Mortar

(12 mm) + Brick wall

(230mm) + External

Cement Mortar (15 mm)

Internal Cement Mortar

(12 mm) + AAC wall

(200mm) + External

Cement Mortar (15 mm)

Internal Cement Mortar (12

mm) + AAC wall (200mm) +

External Cement Mortar (15

mm)

Internal Cement Mortar (12

mm) + AAC wall (200mm) +

External Cement Mortar (15

mm)

Internal Cement Mortar (12

mm) + AAC wall (200mm) +

External Cement Mortar (15

mm) + External Cement

Mortar (10 mm)

Roof

18mm Clay tile + 25

mm Lime concrete

mortar + 150mm RCC

slab + 12 mm plaster

thickness

18mm Clay tile + 25 mm

Lime concrete mortar +

150mm RCC slab + 12

mm plaster thickness

18mm Clay tile + 25 mm Lime

concrete mortar + 25 mm EPS

insulation+ 150mm RCC slab

+ 12 mm plaster thickness

18mm Clay tile + 25 mm

Lime concrete mortar + 25

mm EPS insulation+ 150mm

RCC slab + 12 mm plaster

thickness

18mm Clay tile + 25 mm

Lime concrete mortar + 25

mm EPS insulation+ 150mm

RCC slab + 12 mm plaster

thickness

Fenestration 

& Glazing

Wood Frame SGU with

6mm glass thickness,

SHGC = 0.84, VLT =

0.89; Sliding Windows

Wood Frame SGU with

6mm glass thickness,

SHGC = 0.84, VLT =

0.89; Casement

Windows

Wood Frame SGU with 6mm

glass thickness, SHGC = 0.84,

VLT = 0.89; Casement

Windows size changed,

bedroom window

(1.65m*1.3m)

Wood Frame SGU with 6mm

glass thickness, SHGC =

0.43, VLT = 0.37; Casement

Windows with Base case

windows added with

ventilators above window

Wood Frame SGU with 6mm

glass thickness, SHGC =

0.43, VLT = 0.37; Casement

Windows with Base case

windows added with

ventilators above window

Shading 

600 mm horizontal

shading device on all

windows.

600 mm horizontal

shading device on all

windows

600 mm horizontal shading

device on all windows.

600 mm horizontal shading

device on all windows +

vertical fins on East and

West windows

600 mm horizontal shading

device on all windows +

vertical fins on East and West

windows



Project evaluation as per ENS compliance requirements 
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Window to Floor Area Ratio (WFR)

minimum requirement of WFRop as per ENS code

Openable Window to Floor Area Ratio (WFRop)

Openablewindow-to-floor area ratio (WFRop) indicatesthe potential of usingexternal air for ventilation. Ensuring

minimumWFRop helpsin ventilation,improvementin thermalcomfort,andreductionin coolingenergy.



Project evaluation as per ENS compliance requirements 
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Visible Light Transmittance (VLT)

Window to Wall area Ratio

Minimum visible light transmittance (VLT) requirement

Visiblelight transmittance(VLT)of non-opaquebuildingenvelopecomponents(transparent/translucentpanelsin

windows, doors, ventilators, etc.), indicates the potential of using daylight. Ensuringminimum VLT helps in

improvingdaylighting,therebyreducingthe energyrequiredfor artificial lighting. TheVLTrequirementis applicable

as per the window-to-wall ratio (WWR)of the building. WWRis the ratio of the area of non-opaque building

envelopecomponentsof dwellingunits to the envelopearea(excludingthe roof) of dwellingunits.



Project evaluation as per ENS compliance requirements 

51

Thermal Transmittance of Roof

Thermaltransmittance(Uroof) characterizesthe thermalperformanceof the roof of a building. Limitingthe Uroof helpsin

reducingheat gainsor lossesfrom the roof, thereby improvingthe thermal comfort and reducingthe energyrequired

for coolingor heating. Thermaltransmittanceof the roof shallcomplywith the maximumUroof valueof 1.2 W/m2. K.

Thermal Transmittance of Roof for Base Case 

Thermal Transmittance of Roof for Proposed Case 



Project evaluation as per ENS compliance requirements 
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Thermal Transmittance of Roof

U roof for all the Cases

Thecurrent project hasits roof configurationcommonto all buildings. Theproject hasattained U-valueof 2.64

W/m2. Kwhichishigherthan the prescribedlimit. HencetheōǳƛƭŘƛƴƎΩǎroof configurationnot complieswith the

ENSrequirement. A roof insulation of 25mm EPSinsulation is proposed to achieve the desired thermal

transmittancevalue. Roof insulationhelps in a greater extent to reducethe heat ingressin a Warm & Humid

Climate.



Project evaluation as per ENS compliance requirements 

53

Residential Envelope Transmittance Value (RETV)

Residentialenvelopeheat transmittance(RETV)is the net heat gain rate (over the coolingperiod) through the building

envelope(excludingthe roof) of the dwellingunitsdividedby the areaof the buildingenvelope(excludingthe roof) of the

dwellingunits.

RETVformulatakesinto accountthe following:

ϊ Heatconductionthroughopaquebuildingenvelopecomponents.

ϊ Heatconductionthroughnon-opaquebuildingenvelopecomponents.

ϊ Solarradiationthroughnon-opaquebuildingenvelopecomponents.

The RETVfor the building envelope(except the roof) for four climate zones,namely, CompositeClimate,Hot-Dry

Climate,Warm-HumidClimate,andTemperateClimate,shallcomplywith the maximumRETVof 15W/m2



Project evaluation as per ENS compliance requirements 
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Residential Envelope Transmittance Value (RETV)

RETV for all Cases

The RETV value attained for the conventional case is 18.48 W/m2K and with AAC masonry wall (12.23 

W/m2K), reduces the thermal transmittance through the envelope to a greater extent. 



Thermal Comfort Analysis
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Theproject is a 1BHKhousewith G+4 floors. Energysimulationis carriedout in DesignBuildersoftwareand detailed

modellingis carriedout in the EnergyPlusengine. Themodellingis carriedout for the GroundFloor,Middle Floorand

Top floor units for NE,NW, SE,SW dwelling units. Detailed inputs in terms of number floors, building geometry,

Envelopedetails,internal loadsandactivesystemsareprovidedin the simulationsoftware. Detailednaturalventilation

modelingiscarriedout in Energyplus.

Themodellingmethodologyis adoptedbasedon IMAC- R(IndianModel for AdaptivethermalComfort- Residential). In

the 1BHKdwellingthe roomsareconsideredto run on 100%naturalventilation. Windowoperationconditionis that the

window openswhen the ZoneOperativeTemperatureis greater than or equal to IMAC- R Neutral Temperature(T

nuet) and Outsideair Temperatureequal to less than Neutral Temperatureor the window opens when the Zone

OperativeTemperatureis lessthan Minimum IMAC(90% Acceptability)and Outsideair temperature is greater than

MinimumIMACTemperatureto facilitatemaximumindoor thermalcomfort in affordablehousing.



Thermal Comfort Analysis

56

Annual Level of Discomfort hours for select Dwelling Units

Annual Percentage of Discomfort hours for select Dwelling Units



Thermal Comfort Analysis
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Summer Months (Apr - Sept) Level of Discomfort Hours for select Dwelling Units

Summer Months (Apr - Sept) Percentage of Discomfort Hours for select Dwelling Units



Thermal Comfort Analysis
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ϊ Envelopewith lower Thermalconductivity, Higher thermal massfor walls,

doubleplastering,HigherWWR

ϊ Higher window openable area (WFR),Ventilators on top of Windows to

facilitatestackventilationandpromote crossventilation

ϊ Roofwith lower thermalconductivityby addingadequateinsulation

From the Discomfort hours and percentage, it is clearly understood that for a Warm & Humid 

climate the following passive design recommendations needs to be considered

Inference



Cost Implication

59

Cost for construction for Base Case: INR 56,24,385 


