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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 
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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 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

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:



Session 1 : GHTC and LHPs
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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 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 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 ΨTunnelFormΩtechnology, 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 ΨTunnelFormΩsystem 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: 1,128(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.



Session 2: 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 thermalcomfort

conditions:

ǐASHRAE55 (AmericanSocietyof Heating,Refrigerating,and Air Conditioning

Engineers)

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

Engineers)

ǐ IMAC(IndianModel for AdaptiveThermalComfort)



Thermal Comfort ςIndices

30Source: https://www.simscale.com/blog/2019/08/what-is-ashrae-55-thermal-comfort/



Thermal Comfort Indices ςMetabolic Rate 

31Source: https://www.simscale.com/blog/2019/08/what-is-ashrae-55-thermal-comfort/



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

ǐThe unit for measuring the
resistanceofferedby clothesiscalled
as"clo"

0.6 clo 1.0 clo 1.5 clo

Trouser+ Half 
Sleeves

Jeans + Blazer Woollen 
Clothes

ǐ1 clo : 0.155m2K/W
ǐWinter clothing: 1.0 clo
ǐSummerclothing: 0.5 clo

ǐRadiationheat loss/gain
ǐConvectionheat loss/gain
ǐSurfaceareaexposed



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 
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Problems due to High Humid 
Conditions

ẄStuffyair

ẄCondensation on windows
andwalls

ẄMold spotsor water stains

ẄMustysmells

ẄAllergies

ẄSkinproblems

ẄSwollenwoods

ẄMoist fabrics

Problems due to Low Humid 
Conditions

ẄDryair

ẄAllergies

ẄVulnerableto Cold

Ẅ Infections

Ẅ Itchy& DrySkin

ẄDamageto wood furniture &
paints

Ẅ Increasedstaticelectricity

ẄElectronicsdamage



Thermal Discomfort 
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ÅLocalThermalDiscomfort

ÅThelocal thermal discomfortis unwanted coolingor heatingon a particularpart of an
ƻŎŎǳǇŀƴǘΩǎbody

Toowarmor too coldFlooring

Localconvectivecooling(draught)

Asymmetricradiant field (Cold floor,
warmwall, equipment& sunlight)

Vertical Air temperature difference
(Warm air near head & Coldair near
feet)



Thermal Discomfort ςSick Building Syndrome 
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SICKBUILDINGSYNDROME

ǐSickbuildingsyndrome(SBS)isusedto describesituationsin whichbuildingoccupants
experienceacutehealthandcomfort effectsthat appearto be linkedto time spentin
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 Aayog 2015

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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1
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2012 2047

PENETRATION OF AC

AC unit per 100 person

8
%
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4
0
%

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 Aayog 2015

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 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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Session 3: Thermal Comfort Models
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Thermal Comfort Standard ςIMAC R
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Indian Model for Adaptive Thermal Comfort
(IMAC) models for neutral temperature and
acceptability limits for naturally ventilated
residential buildings through an empirical field
study specificto the Indian context. It offers an
energy-efficient pathway for the building sector
without compromisingoccupantcomfort.

Months Description

90% 

Acceptability 

Temperature 

(degC.)

80% 

Acceptability 

Temperature 

(degC.)

Minimum 24.13 22.68

T nuet 26.28 26.28

Maximum 28.43 29.88

Minimum 25.52 24.07

T nuet 27.67 27.67

Maximum 29.82 31.27

Minimum 26.87 25.42

T nuet 29.02 29.02

Maximum 31.17 32.62

Minimum 28.48 27.03

T nuet 30.63 30.63

Maximum 32.78 34.23

Minimum 28.78 27.33

T nuet 30.93 30.93

Maximum 33.08 34.53

Minimum 28.58 27.13

T nuet 30.73 30.73

Maximum 32.88 34.33

Minimum 27.38 25.93

T nuet 29.53 29.53

Maximum 31.68 33.13

Minimum 27.04 25.59

T nuet 29.19 29.19

Maximum 31.34 32.79

Minimum 27.09 25.64

T nuet 29.24 29.24

Maximum 31.39 32.84

Minimum 27.83 26.38

T nuet 29.98 29.98

Maximum 32.13 33.58

Minimum 26.56 25.11

T nuet 28.71 28.71

Maximum 30.86 32.31

Minimum 25.11 23.66

T nuet 27.26 27.26

Maximum 29.41 30.86

Composite

Location: Rajkot

Jan

Feb

Mar

Sep

Oct

Nov

Dec

Apr

May

Jun

Jul

Aug



Thermal Comfort Standard ςASHRAE 55 
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Å The adaptive model is based on the idea that 
outdoor climate influences indoor comfort 
because humans can adapt to different 
temperatures during different times of the year. 

Å These results were incorporated in the ASHRAE 
55-2004 standard as the adaptive comfort model. 
The adaptive chart relates indoor comfort 
temperature to prevailing outdoor temperature 
and defines zones of 80% and 90% satisfaction.

Å This model applies especially to occupant-
controlled, natural-conditioned spaces, where 
the outdoor climate can actually affect the indoor 
conditions and so the comfort zone. 

Å Adaptive models of thermal comfort are 
implemented in other standards, such as 
European EN 15251 and ISO 7730 standard. 

Å There are basically three categories of thermal 
adaptation, namely: behavioral, physiological, 
and psychological.



Thermal Comfort Standard ςASHRAE 55 
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ÅThe comfort zone is considered to be

sufficiently comfortable if at least 80% of its

occupants can be expected to not object to

the ambient condition, meaning that the

majority are between -0.5 and 0.5 on the

PMV scale.

Summer design conditions: 22.5 to 26.1 0C RH 60%

Winter design conditions: 20.0 to 23.9 0C RH 60%



Thermal Comfort Standard ςASHRAE 55 
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Thermal Comfort Standard ςASHRAE 55 
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ÁPredicted mean vote (PMV) is an index that predicts the mean value of the

thermal sensation votes (self-reported perceptions) of a large group of

persons on a sensation scale expressed from ï3 to +3 corresponding to the

categories

ÁPredicted percentage of dissatisfied (PPD) is an index that establishes a

quantitative prediction of the percentage of thermally dissatisfied people

determined from PMV



Effects of Materials on Thermal comfort
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Thermal Comfort Improvement through Materials
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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??

Glazing Selection



Case Study

57
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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
Saswati Chetia, Sameer Maithel, Pierre Jaboyedoff, Ashok Lall, Prashant Bhanware, Akshat Gupta

Å ProjectType - PMAYHousing

Å Location - Rajkot

Å DwellingUnits - 1176

Å DUArea - 33.6 m2

Å ExtWallς200mm AAC(E&N)& CavityWall (200mm
AAC+ 40mm air gap+200mm AAC)(W&SSide)

Å Casementwindowsςfor ventilationimprovement

Å WindowshadingςOverhang& Sidefins

Å Glazedwindow
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Case Study : Smart Ghar, Rajkot 

Validationby Software

Å Simulatedperiod- May12, 2019to

May22, 2019

Å Softwareused - DesignBuilder4.7

(EnergyPlus8.3 simulationengine)

Results

Å Indoor temperaturefor the bedroomgoesup to a maximumaverageof 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.
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Green Building 

A ΨgreenΩbuilding is a building that, in its design, construction or operation,

reducesor eliminatesnegativeimpacts,and can create positive impacts,on our

climate and natural environment. Green buildings preserve precious natural

resourcesandimproveour qualityof life.

Therearea numberof featureswhichcanmakea buildingΨƎǊŜŜƴΩ. Theseinclude:

ÅEfficientuseof energy,water andother resources

ÅUseof renewableenergy,suchassolarenergy

ÅPollutionandwastereductionmeasures,andthe enablingof re-useandrecycling

ÅGoodindoorenvironmentalair quality

ÅUseof materialsthat arenon-toxic,ethicalandsustainable

ÅConsiderationof the environmentin design,constructionandoperation

ÅConsiderationof the quality of life of occupantsin design, construction and

operation

ÅAdesignthat enablesadaptationto a changingenvironment
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Green Building Rating Systems 
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Green Measures ςLHP Chennai 

Solar PV Panels

STP ςRecycled water for flushing

Recharge Pits

Landscaping ςSprinkler irrigation

AAC Blocks



DAY 2 
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Session 1: 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 Niwas Samhita Part 1 Launch of Eco Niwas Samhita in December 2018 
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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) 



69

Eco Niwas Samhita (ENS) Benefits  

Improve Thermal Comforts Reduce Electricity Bills

Estimated Impact Of Implementing Eco Niwas Samhita

Minimum 20% energy savingas compared to a typical Building 
125 billion KWH of electricity Saving 

100 million tonnes of 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)
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ENS ςPart 1 ςBuilding Envelope 

3.2 Window to Wall Area Ratio (WWR)


