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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 german
development programs in partner country on behalf of cooperation
the German Government in achieving its development PReIRLCACETTE A

policy objectives.

The focal areas of Indo-German cooperation currently

are. @{9 ==

W Energy e
W Environment, Preservation, and Sustainable Use ,
30+ ongoing Successful
. of Natural Resources projects across contribution to
W Sustainable Urban & Industrial Development 28 states and 60 years of Indo-
W Sustainable Economic Development union territories, German development
23 cities. cooperation.
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We support our partners
in developing framework
conditions for the promotion
of renewable energy, improved
energy efficiency and rural
energy access.

b 4

* Indo-German Energy Forum - Support
Office

* Indo-German Energy Programme -
Access to Energy in Rural Areas

» Integration of Renewable Energies
into the Indian Electricity System

* Indo-German Solar Partnership -
PVRT

= Promotion of Solar Water Pumps

* Indo-German Energy Programme -
Green Energy Corridors

» Energy Efficiency in Buildings
Programme

* Indo-German Energy Programme -
Energy Efficiency

Sustainable Urban and
Industrial Development

We support the development of
urban and industrial areas to
become cleaner, more liveable,
inclusive, climate-friendly and
resilient.

. 4

» Land Use Planning and Management

+ Sustainable and Environment-friendly
Industrial Production

« Support to Ganga Rejuvenation

» Integrated and Sustainable Urban
Transport Systems for Smart Cities in
India

» Sustainable Urban Development -
Smart Cities

» Climate Smart Cities

giz
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GIZ Climate Smart Buildings Cell (CSB cell)

i - South Cluster Cell covers
L'?rhnt Teorl:]: tZtricc)er?m Technical Assistance to . _
i . DHPs & AHRCs o el
Monitoring & Evaluation .
W Karnataka
W Kerala
GIZ Climate Smart Building Cell (CSB) W Andhra Pradesh

W Telangana
W Puducherry
W Andaman & Nicobar

W Lakshadweep
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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 & TechnologyPromotion Council (BMTPC)as a part of TechnologySub
Missionunder PMAY (U)

: : Outputs &
Collection of drawings : : :

: Technical Commercial Recommendations
and other inputs at the =) >

: feasibility analysis through ENS and
Design Stage Simulations (softwares)

Acceptance & : L
: TechneEconomic Specifications of
Implementation of <= o - .
: Feasibility Report Proposed strategies
recommendations

\ 4

Monitoring & Verification of Thermal Comfort during & post construction
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ARHCs

A COVIBL9 pandemichasresultedin reversemigration of urban migrants/ poor in the
country. Theyneeddecentrental housingat affordablerate at their work sites

A In order to addressthis need, Ministry of Housing& Urban Affairs has initiated

Affordable RentalHousingComplexe ARHCs)a sub-schemeunder PradhanMantri
AWASYojana Urban(PMAYU).

A Schemewill be implementedin 2 models Model 1 (UtilizingvacantGov houses)

MODEL-2

.....

DPR : Statutory

Application ;' :
Submission Subm [ Approvals {

Issuance d Technical & SLSMC/CSMC

;" Commencement
of ol /B 8 Evaluation approval :

of Work
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Trainings & Workshops on Innovative Construction Technologies &
Thermal Comfort for Affordable Housing

TRAININGS:

The Climate Smart Buildings Project in partnership with Ministry of Housing
& Urban Affairs is hosting 75 trainings under the following cateqories:

IMPACT

A CapacitBuilding 2500stakeholders

A Morethan1000architects& developersrainedo design
& deliveil hermallyomfortabkffordableousing

A Morethan450govtofficialsandpolicymakersrainedor
incorporatirtgermatomforprovisions Byelaws

A Morethan300 contractors,masonsand field workers
trainednworkingvithnewtechnologies

A Students in 8 architectural colleges across the cou
targeted for awareness at ground roots level.

March-August 2022
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Global Housing Technology Challengadia

MoHUA has initiated the
Global Housing Technology
Challengelndia (GHTdAndia)
which aims to identify and
mainstream a basket of
Innovative construction
technologiesfrom acrossthe
globe for housing
construction sector that are
sustainable,ecofriendly and
disasterresilient

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

MoHUA,through a TechnicalEvaluationCommittee (TEQC)

shortlisted 54 innovative proven technologies suiting

different geo-climatic conditionsthat could be considered
for demonstrationthrough actual ground implementation

of six LightHouseProjects(LHP)n six different States/UTs
of PMAY (U)yegionsacrosshe country.

| 2 Yy QBrim& Minister Shri Narendra Modi laid the
foundationstoneof theseLHPn Januaryl, 2021

GHTC-India Components

Ssﬂ -

Construction Identifying and Identifying Potential Future
Technology India: Mainstreaming Proven technologies for Incubation
Expo-cum-Conference Demonstrable Technologies and Acceleration Support

for the construction of Light through ASHA-India
House Projects (Affordable Sustainable

Housing Accelerators)
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Light House Project

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

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

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

A LHPs shall serve as LIVE Laboratories for planning, desigg,
production of components, construction practices, testing.
etc.

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

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

A Incentives for early completion.
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Light House Projects

As a part of GHT( India, six Ligh Hous¢ Project: (LHP consisting
of about 1,00C house: eact with physica & socia infrastructure
facilities is bein¢ constructec at six place: acros: the country
namely

1. Indore

2. Rajko:
3. Chennei
4. Rancri
5

6

Prime Minister Narendra Modi during the foundation laying ceremony of Light House Projects in six States, via

.
Ag artal C L videoconference, in New Delhi on January 1, 2021. Twitter/@narendramodi

Lucknov

Thest projects will showcas the use of the six distinci shortlistec
innovative technologie: for field leve application learning and |
replicatior. LHP will demonstrate anc delivel ready to live mass;
housin¢ at an expeditec pace as compare( to conventiona brick &
and mortar constructior anc will be more economica sustainable §3
of high quality and durability. Thest projects shal serve as Live
laboratories for all stakeholder includin¢ k & D leadin¢ to the
successfl transfel of technologie: from the lak to the field

o Ministry of Heusing and Urban Affairs }
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Light House Project

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

1. Precast Concrete Construction System - 3D 2.Precast Concrete Construction System - 3.Light Gauge Steel Structural System &
Precast volumetric Precast components assembled at site Pre-engineered Steel Structural System
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LHP Indore

Prefabricatec Sandwict Pane Systeni

Number of Houses : 1024

A Factorymade PrefabricatedSandwichPanelSystem
Is made out of cement or calciumsilicate boards
and cementmortar with EPSyranulesballs,and act
aswall panels

A Thesereplace conventionalbrick & mortar walling
construction practices and can be used as load
bearingand non-load bearingwallingfor residential
andcommerciabuildings

A Underthis LHP housesare beingconstructedusing
Prefabricated Sandwich Panel System with Pre
EngineeredsteelStructuralSystem

A In this system the EPS Cement Panels are
manufacturedat the factoryin controlledcondition,
which are then dispatchedto the site. The panels
having tongue and groove are joint together for
constructionof the building
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LHP Rajkot

Monolithic Concrete Construction using Tunnel
Formwork

A

In WunnelForn@technology, concrete walls and Number of Houses : 1144
slabsare castin one go at site giving monolithic — -
structure using high-precision, re-usable, room- |

sized,Steelformsor moulds

Thesystemintendsto replacethe conventionaRCC
BeamColumn structure which uses steel/plywood
shuttering

WunnelFormsystem uses customizedengineered
steel formwork consistingof two half shellswhich
are placedtogether and then concretingis doneto

form a room size module Severalsuch modules
makean apartment

Construction Process: - 0

Strlpplng of the formwork from the prewous day.
t2aAGA2yAY3 2F GKS T2NNG2 i
phase, with the installation of mechanical, electrical
and plumbing services.

Installation of reinforcement in the walls and slabs.
Concretiny)
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LHP Chennal

Precast Concrete Construction SysterPrecast
Components Assembled at Site

A Precastoncreteconstructionis a systemwherethe Number of Houses : 1152
individual precastcomponentssuchas walls, slabs,
stairs, column, beam etc, of building are
manufacturedin plant or castingyard in controlled
conditions The finished components are then
transportedto site, erected& installed

A The construction process comprises of
manufacturingof precastconcreteColumnsBeams — N e
and Slabsn steelmoulds

A Thereinforcementcagesare placedat the required
position in the moulds Concreteis poured and
compactionof concreteis done by shutter/ needle
vibrator.

rk in Pr

A 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.
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LHP Ranchi

Precast Concrete Construction Syster8D Volumetric

A

3D Volumetricconcreteconstructionis the modern
method of building by which solid precastconcrete
structural modules like room, toilet, kitchen,
bathroom, stairs etc. & any combination of these
are castmonolithicallyin Plantor Castingyardin a
controlledcondition

TheseModulesare transported,erected & installed
usingcranesand pushpull jacksand are integrated
togetherin the form of completebuildingunit.

Factory finished building units/modules are
installed at the site with the help of tower cranes
Gable end walls are positioned to terminate the
sidesof building

Pre stressedslabs are then installed as flooring
elements Rebameshisfinally placedfor structural
screed thereby connecting all the elements
together. Consecutivefloors are built in similar
mannerto completethe structure.

/ )
7'.',1“3 Deutsche Gesellschaft

i fir Internationale
Azadik, Zusammenarbeit (61Z) GmbH

Amrit Mahotsav

Number of Houses : 1008
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LHP Agartala

Light Gauge Steel Structural System & férggineered
Steel Structural System

A

LightGaugeSteelFrame(LGSFpystemusesfactory
made galvanizedlight gauge steel components
LGSHs used in combination with pre-engineered
steel structural systemfor buildingsabove G+3 for
longevity, speedier construction, strength and
resourceefficiency

The sequence of construction comprises of
foundation laying, fixing of PreEngineeredSteel
Structural System,fixing of tracks, fixing of wall
panels with bracings as required, fixing of floor
panels, decking sheet, fixing of electrical &
plumbing servicesand finally fixing of concrete
wallingpanelswith light weightconcreteasinfill.
The other options of dry walling componentssuch
as sandwich panels with insulation material in
between canalsobe used Similarly,the floors can
either by compositeslab/deckslabs/precasthollow
coreslabsasperthe need& requirements

/:v Z Deutsche Gesellschaft
7?/)-’/ g I u

. fur Internationale
Azadik, Zusammenarbeit (61Z) GmbH
Amrit Mahotsav

Number of Houses : 1000
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PVC Stay In Place Formwork System

A

Plant manufacturedrigid poly-vinyl chloride (PVC)
basedpolymer componentsserve as 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.

Constructionis done in a sequentialmannerwhere
at first, the Prefabricated?VCWall panelsand Pre-
Engineered Steel Structural Sectionsas per the
designare transportedto the Site

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

The pre-fabricatedwalling panelshavingprovisions
of holesfor 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

Ministry of Housing and Urban Affairs
Government of India

LHP Agartala

/: Deutsche G llschaft
7?;‘f' gIZ eutsche Gesellscha

7 fiur Internationale
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Number of Houses : 1040
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Light House Project : CHENNAI
TECHNOLOGY SELECTED:

Precast Concrete Construction SystenPrecast Components Assembled at Site
AGENCWI/s B.G. Shirke Construction Technology Pvt. Ltd.
No. of Towers12 No. of Houses1128 No. of Floors6

s = =

- radh s =
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Light House Project :

ProjectBrief
Locationof Project: NukkampalayanRoad,ChennaiTamilNadu
Plotarea: 29,222 sqgmt.

No. of DUs: 1,128 (G+5)
Total built up area: 4343976 sqm

Carpetareaof eachDU: 26.78 sgmt.
Technologybeingused: PrecastConcreteConstructiorSystem 3SSystem

Other provisions: Anganwadishops,milk booth, libraryandration shop

Broad Specifications

FoundationRCGsolatedfooting
StructuralFrameRC@recastbeam/columns
WallingAACBIlocksFloorSlabs/RoofindqRC(precast

Door Frame/ Shutters
Pressedsteeldoor framewith flushshutters

PVQoor framewith PVCShuttersin toilets.

WindowFrame/Shutter.
uPVQdramewith glazedpanelandwire meshshutters

Flooring
Vitrified tile flooringin Rooms& Kitchen
Anti-skidceramictilesin bath & WC
KotastoneFlooringin the Commonarea

Kotastoneon Staircasesteps

Az adl
Amrit Ma hot sav

CHENNAI

Deutsche Gesellschaft
fur Internationale
Zusammenarbeit (61Z) GmbH
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Light House Project : CHENNAI
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SIAIE LEVEL NOUAL AU THO | *{SLNA]
Tzr | Nacu Slum Clearance Boord (TUSCB)

TYEN 8 FIEAT F AN

Description Unit Length Width Area

Hall Sqmt 3175 3025 960 -
Kitchen Sgmt 1.8 2.8 5.04 L ‘
Bed Room Sgmt  2.725 2528 7.70 o ] ‘ g
Bed Room Sgmt 0.9 02 018 D R N ‘
Offset 2725X0805 HALL
Bath Room  Sqmt 1 14 14 02 SIS |
w.c Sgmt 09 155  1.395 = - w | g o
Passage Sgmt 1 1:2 1.2 — N ===
y b Lod | passage L WO w
Kitchen Sqmt 0.9 0.1 0.09 ; LOFTABOVE  Op 1000X1200 D3 1550
Opening v | 5
Door 1 S RGN — ® .
qmt 1 015 0.15 | |y ST (0 bl .
Door 2 Sqmt 0.9 0.1 0.09 | o el o g "
Door 3 Sgmt 0.75 0.1 0.075 = - 80 V '—
Column Sgmt 0.22 1000K1400 & oo
Deduction | = =
Total Carpet Area 26.78 | f " v . 25
1050 | 4050 1050
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Light House Project : CHENNAI

Precastconcreteconstruction

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

Concreteis pouredand compactionof concrete
isdone by shutter/ needlevibrator.

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

Theseprecastcomponentsare installed at site
by crane and assembledtogether through in-
situ jointing and/or groutingetc.

26
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Light House Project : CHENNAI

SpecialFeatures T Y B

w Nearly all components of building work are
manufacturedin plant/castingyard & the jointing of
componentsis done In-situ leading to reduction in
constructiontime.

optimization,improvedquality, precision& finish.

w Theconcretecanbe designedasindustrialby-products
suchas Fly Ash, Ground granulatedblast furnace slag =
(GGBFS),Micro silica etc. resulting in improved
workability & durability, while also conservingnatural 1

resources
w Helpsin keepinga neat & cleanconstructionsite and
dustfree environment
Optimumuseof water throughrecycling ;
Useof shuttering& scaffoldingmaterialsis minimal !

€ eE¢E€

Allweatherconstruction& better site organization
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Thermal Comfort; Definition

It is defined as "that condition of mind which expressesatisfactionwith the
thermal environmenta This condition is also some times called as "neutral
conditior!, thoughin a strict sensethey are not necessarilgamefor everyone

InternationallyEngineers designerdook up to following standardsfor thermal comfort
conditions
i ASHRABKS (AmericanSocietyof Heating,Refrigerating,and Air Conditioning
Engineers)
1 ISHRAE(Indian Society of Heating, Refrigerating, and Air Conditioning
Engineers)

I IMAC(IndianModel for AdaptiveThermalComfort)
29
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Thermal Comfori Indices

Ywmidig,

-:6‘“5 lnsu/ao .
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HUMAN
COMFORT
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Source: https://www.simscale.com/blog/2019/08/whé&tashrae55-thermalcomfort/ 30
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Thermal Comfort Indiceg Metabolic Rate

METABOLIC Ll
RATES

1 MET = 60 W/m?

Iw

Cleaning

Cooking

Tennis

Source: https://www.simscale.com/blog/2019/08/whé&t-ashrae55-thermalcomfort/ 31
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Thermal Comfort Indiceg Clothing Insulation

Trouser+ Half Jeans + Blazer Woollen

Theclothingfactor usedto represent Sleeves Clothes

the thermalinsulationfrom clothing

The unit for measuring the
resistanceoffered by clothesis called
as"clo"

—

Radiationheatloss/gain
Convectionheatloss/gain
Surfaceareaexposed

—_( =

1 clo: 0.155m?K/W
Winter clothing: 1.0 clo
I Summerclothing: 0.5 clo

—_( =<
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Thermal Comfort Indiceg Environmental Factors
Indices Air Speed Humidity Air Temperature
Average temperature of
Percentage of the _ _
o _ _ air surrounding an
Definitions Rate of Air Movement) amount of moisture the
_ _ occupant
air could possibly hold
Fan Speed o
_ Humidifier Insulated Envelope
Controls Wind speed o
Dehumidifier Heat Ingress/Egress

Window Opening

Heat Influence

Convective

Evaporative

Evaporation

Convective

Evaporative
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Thermal Comfort Indiceg Environmental Factors

Problems due to High Humid Problems due to Low Humid
Conditions Conditions
W Stuffyair W Dryair
W Condensation on windows W Allergies
andwalls

W Vulnerableto Cold

W Mold spotsor water stains W Infections

sty smels W Itchy & Dry Skin

Hlierges W Damageto wood furniture &
W Skinproblems paints
W Swollenwoods W Increasedstatic electricity

W Moist fabrics W Electronicsdamage
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Thermal Discomfort

A LocalThermalDiscomfort

AThelocalthermal discomfortis unwanted cooling or heating on a particular part of an
2 OO dzLHogg (i Qa

Asymmetricradiant field (Cold floor,

warmwall, equipment& sunlight) Radiation

Asymmetry
Draught

Toowarm or too cold Flooring

Localconvectivecooling(draught) Vertical Air Floor
Temperature temperature
Differences.

Vertical Air temperature difference
(Warm air near head & Coldair near
feet)
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Thermal Discomfort; Sick Building Syndrome

SICKBUILDINGGYNDROME

1 Sickbuildingsyndrome(SBSis usedto describesituationsin which buildingoccupants
experienceacute health and comfort effectsthat appearto be linkedto time spentin
a building

THE CAUSE OF SICK BUILDING SYNDROME

SICK BUILDING
SYNDROME

shutterstock.com + 1813988624
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Affordable Housing Demand

6_— ENERGY DEMAND (TWH)
m2012 m2030 =2047

double its energy
demand and have

)]
o &
< 9\
=
the largest increase
in energy % I E‘ g
consumption L0 o0
worldwide between — I o o I I
| —

2020 and 2040.

(Q\
—i
|'| 5
il
India is projected to

RESIDENTIAL COMMERCIAL OVERALL

Source: India 2020 _
Energy Review Policy Source: NITI Aayog 2015
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Increase in AC demand in the Residential Sector

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

PENETRATION OF AC
®m AC unit per 100 person

7o)
—
—i
2012 2047

m2018 m2027 037

2
=
)
#

=
=
N
=
3

HOUSEHOLDS WITH AC

Source: Ministry of Environment, Forest & Climate Change. (2019). India Cooling Action Plan & NITI Aayog 2

-

1.2 ACs (Average) for all households that have £

National Sample Survey Office,2011
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Impetus of Thermal Comfort in Affordable Housing

11.2 Million housesunder the LIGand EWSsegmentwill
PMAYschemewith alifespanof not have accessto active
50to 60years air-conditioning

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

Passivestrategiesto achievethermal comfort in Affordablehousing
A EcoNiwasSamhita(ENSY; Part1 (BuildingEnvelope)

Activestrategiesto achievethermal comfort in Affordablehousing

A Coolroof programs
A Off-grid micro-systemsfor cooling
A Localizecheat-actionplanscouldbe provided

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

capacitybuildingandfosteringmarketawareness 40
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Thermal Comfort Improvement through Design

Passive Strategies N °  Active Strategies
1. Orientation . X 1. Renewable
2. Thermal Mass i Energy
3. Roof and Wall Materials « 2. Direct/ Indirect
4. Non Opaque material properties = Evaporative
5. Appropriate Shading Design G H Cooling
= | / i
6. Minimize Infiltration losses 3. Cool roofs

7. Climate specific design interventions

8. Mutual / Tree Shading
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Thermal Comfort Improvement through Passive Measures

Minimum Building Envelope design standards are developed to improve Energy Efficiency in
Residential Buildings

2. For adequate day light
for visual comfort

1. For Adequate natural
ventilation potential
for thermal comfort 3

3. Limit heat gains / heat loss for
energy efficiency

alls
15% 0 25%

tw A
Alr leakage Floors Alr leakage Floors

10%to 20% 15% 1o 25% 5% 0 25% 10% 10 20% 4 2
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Thermal Comfort Improvement through Passive Measures

1. Orientation

2. Thermal Mass

3. Roof and Wall Materials

radiation 1826 kWh/m?

Radiation,
kWh/m?

4. Non Opaque material properties

5. Appropriate Shading Design oo

453 kWhim?

6. Minimize Infiltration losses

7. Climate specific design interventions

8. Mutual / Tree Shading
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Passive MeasuresQOrientation

-— S
N, Summer

\21 st Jun
North facade 1
receives very
little direct ! Winter
radiation. More [ 21st Dec
windows here. = T
—_— 5 ,,/‘ E
- .

South facade is

highly exposed in
winter, but less in
summer.
Windows can be
easily shaded here.

East and West facades
receive high amount of
radiation. Difficult to
shade. Hence less
windows here.

S

W
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Passive MeasuresShading

Summer

iy

S
I Winter

1

‘i
.

Horizontal overhangs can effectively cut _|

direct solar radiation on the south facade
in summer
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Thermal Comfort Standard IMAC R
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. . Composite
Indian Model for Adaptive Thermal Comfort Location: Rejo
90% 80%
(IMAC) models for neutral temperature and Jacceptabilty |Acceptabilty
Months |Description
.y . . . Temperature |Temperature
acceptability limits for naturally ventilated (degC) _|(degC)
Minimum 24.13 22.68
residential buildings through an empirical field dan [ Truer 2] 202
Maximum 28.43 29.84
Minimum 25.52 24.07
study specificto the Indian context It offers an [ Minimur 55 2001
=P 1A Maximum 29.87 31.27
energyefficient pathway for the building sector o T ]
. = - Mar T nuet 29.02 29.02
without compromisingoccupantcomfort. T TS T
Minimum 28.48 27.03
Apr T nuet 30.63 30.63
Maximum 32.74 34.23
50°F 59°F 68°F 77°F 86°F 98°F Minimum 28.78 27.33
32 May [ Tnuet 30.93 30.93
J/ Maximum 33.04 34.53
30 86.0°F Minimum 28.59 27.13
Jun T nuet 30.73 30.73
p- 28 82.4°F Mtax.imum 32.89 34.33
—_ Minimum 27.39 25.93
£ - - Jul [ Trnuet 29.53 29.53
= : Maximum 31.64 33.13
i‘.'_ | Minimum 27.04 25.59
g 24 vR Aug | Tnuet 29.10 29.19
2 Maximum 31.34 32.79
S 22 I 71.6°F Minimum 27.09 25.64
I I 90% acceptability limits I Sep T nuet 29.24 29.24
g 20 I I 68.0°F Maximum 31.39 32.84
o x . Minimum 27.83 26.38
g 18 L I 80% acceptablllty limits I_ 64.4°F Oct T nuet 29.04 29.09
= Maximum 32.13 33.5¢
T 16 60.8°F Minimum 26.56 25.11
Nov T nuet 28.71 28.71
14 Maximum 30.86 32.31]
5 10 15 20 25 30 35 Minimum 25.1] 23.64
. | _Dec_| Tnuet 27.24 27.26 47
mean monthly outdoor air temperature (°C) Naximum 29.41 30.84
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Thermal Comfort Standard ASHRAE 55

A The adaptive model is based on the idea that

A Adaptive models of thermal comfort are

A

outdoor climate influences indoor comfort
because humans can adapt to different
temperatures during different times of the year.
These results were incorporated in the ASHRA
55-2004 standard as the adaptive comfort mod * i
The adaptive chart relates indoor comfort 3° E
temperature to prevailing outdoor temperature
and defines zones of 80% and 90% satisfactiol
This model applies especially to occupant
controlled, naturalconditioned spaces, where
the outdoor climate can actually affect the indo
conditions and so the comfort zone.

34

28

26

o4

22

erative Temperature [°C]

o 20

O

18f == -

implemented in other standards, such as U R R T T
European EN 15251 and ISO 7730 standard.

There are basically three categories of thermal

adaptation, namely: behavioral, physiological,

and psychological. 48
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Thermal Comfort Standard ASHRAE 55

Summer design conditions: 22.5 to 26.1 °C RH 60%
Winter design conditions: 20.0 to 23.9 °C RH 60%

A The 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
PMV scale.

E1. THERMAL ENVIRONMENT
POINT-IN-TIME SURVEY

1. Record the approximate outside-air temperature
and seasonal conditions:

[] Winter[ ] Spring[ | Summer[ | Fall

2. Whatis vour general thermal sensation? (Check the one
that is most appropriate)

(Note to survey designer: This scale must be used as-is to keep
the survey consistent with ASHRAE Standard 55.)

[] Hot

] Warm

[] Slightly Warm
[] Neutral

[] Slightly Cool
[] Cool

] Cold

-0.5 and 0.5 on the

5. Are you near an exterior wall (within 15 ft)?
[] Yes
] No

6.  Are you near a window (within 15 ft)?

[ Yes

[ No

7. Using the list below, please check each item of clothing
that you are wearing right now. (Check all that apply):

(Note te survey designer: This list can be modified at your
discretion.)

[] Short-Sleeve [] Dress ] Nylons
Shirt
[] Long-Sleeve [] Shorts [] Socks
Shirt
] T-shirt ] Athletic ] Boots
Sweatpants

ANSI/ASHRAE Standard 55-2020
(Supersedes ANSI/ASHRAE Standard 55-2017)
Includes ANSI/ASHRAE addenda listed in Appendix N

Thermal
Environmental
Conditions for

Human Occupancy
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Thermal Comfort Standard ASHRAE 55

60
- 026
A \Z\ p-
/ I
\
// 022
. +—
| 020
— > ©
/ v 018
‘ o6 ¥
~~— 1 B
A TS :
: i | ~—1 014 3
5.3.2 is required for humidity ratios ! g
ﬁ % |above 0,012, ng
| | é
|s< ' =
e >< \ 010 2
ikl | - {1 » =
10 ! // l [ P i 008
<_ ‘ / / ‘ | - ‘
Comfort zone moves left with: ™ | ) T Comfort zone moves right with: =]
| — «Higher clothing ‘ | « Lower clothing =1 oag
«Higher metabolic rate + Lower metabolic rate
«Higher radiant temperature >< —— 1 ++ Lower radiant temperature
[ See Section 5.3.2 Section 53.2 s
—— |
\ | —— T\\_ \ 002
’___,_.,—si‘ ‘
No lower humidity limit. —~_| [ 1
i \ - 000

10 15 20
OPERATIVE TEMPERATURE Q) 50
(%2 Dry bulb + 5 MRT for still air)
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Thermal Comfort Standard ASHRAE 55

A Predicted 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 i 3 to +3 corresponding to the

categories

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

guantitative prediction of the percentage of thermally dissatisfied people

Inputs for Energy Balance PMV Index 100

90 -

—_ 70 —

Metabolic Rate +2 Warm e 60

Clothing Insulation +1  Slightly Warm E: 50

Air Temperature & 40

= 0 Neutral (Comfort) 30

Air Velocity 20 4

Mean Radiant Temperature -1 Slightly Cool 10

Relative Humidity -2 Cool 0 ' ; . ; . ;

- _ -3.0 2.0 -1.0 0.0 1.0 2.0 3.0

Storage = Production - Loss
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Thermal Comfort Improvement through Materials

Materials without Insulation

Wall materials U Value (W/sgmK)
150 mm RCC (No plaster) 3.77
200 mm Solid Concrete Block with 28
plaster on both sides '
230 mm Brick wlth plaster on both 1722 24
sides
200 mm Autoclaved Aerated
Concrete (AAC) with plaster on both 0.77
side
300 mm Autoclaved Aerated
Concrete (AAC) with plaster on both 0.54
side
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Thermal Comfort Improvement through Materials

Glass Mineral
Wool

EPS Insulation XPS Insulation

energy loss (W/m2K-value)

single pane glass ‘ ﬂ . Uw 5:2

W/m?K

insulating glass 1 w2,7

W/m2K

coated insulating glass l> uw 1 :2

W/m?K

3-pane highly insulating uw 0,8

W/m2K

Glazing Options y
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Thermal Comfort Improvement through Materials

Heat gain due Direct and re-emitted
to direct solar # energy in an enclosed

radiation space
Outside Inside
(a) incident solar
radiation
(b) directly

transmitted heat
(c) reflected heat

(d) absorbed heat

(e) re-emitted heat (f) re-emitted heat
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Thermal Comfort Improvement through Materials
Glazing Selection

U-value / U-factor

A Conductive Heat Transfer

A Thermal conductivity (W/sgmK)
A Glass & Frame

A Lower the better??

SHGC, Solar Heat Gain Coefficient
A Radiation Transmission
A Amount of Heat passes through the glass

A Lower the better??
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Case Study : Smart Ghar, Rajkot

A CASE STUDY ON DESIGN OF THERMALLY COMFORTABLE AFFORDABLE HC
COMPOSITE CLIMATE: SIMULATION RESULTS & MONITORED PERFORMAI

by

ProjectType - PMAYHousing y
Location - Rajkot
DwellingUnits - 1176

DUArea - 33.6 m?

ExtWall ¢ 200mm AAC(E&N)& CavityWall (200mm ;
AAC+40mm air gap + 200mm AACYW&SSide)

Casementvindowsc for ventilationimprovement
Windowshadingg Overhang& Sidefins

Glazedwvindow

12.00 MT TP ROAD

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

Test flat

= 1 ¥
o= o
e ' g

'—_-——
-
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Case Study : Smart Ghar, Rajkot

Validation by Software
A Simulatedperiod- May 12, 2019to
May 22, 2019

S L. S
|l
|l
Ll 1l ol
it
I
 —

[

A Software used - DesignBuilde#.7

]

(EnergyPlu8.3 simulationengine) il 11

Temperature humidity sensor Wind direction sensor @® Anemometer (wind speed) CO, sensor M Dpata logger

Results

A Indoortemperaturefor the bedroomgoesup to a maximum averageof 32.7°Cduring the day
andminimumaverageof 30.6°Cearlymorning Themaximumaverageambienttemperaturewas
39.3°C while the averageminimumambienttemperaturewas27.8 °C.

A Thuscomparedto the diurnal variation of 11.5 °C in the ambient temperatures,the diurnal

variationin indoor temperaturewasonly 2.1 °C
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Case Study : Smart Ghar, Rajkot

Observations
= Temp. Ambient = Temp. Monitored_Bedroom —Temp. Simulated_Bedroom
43.0
40.5
38.0
355
o
<. 33.0
; 305
g
o 28.0
£
K 255
23.0 . l . . . . . . . J
o = o o o o o a o o = o
hd e e - b b < e S e e o
= = = =3 =] = =] (=] o o = =]
(=] = o =4 < (= (= = (=] = = (=]
o @ o o o o > Ea > o o >
wn v w wn wn w v i i wn wn w
o S < S Q S < Q e Q Q S
o~ M - LA D I~ [--] o~ (=] — o [t ]
- — - = — -_— -— _— o4 o~ o o

Monitoring period
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Case Study : Smart Ghar, Rajkot

Results

A 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.

Conclusion

A Theresultsof the monitoring showa quantifiable impact of building envelope(both
constructionmaterialand openinggor ventilation)on internaltemperatures

A It showsthat with building envelopeinterventionsit is possibleto get maximum
average temperature of 32°C in summer when the average maximum ambient
temperatureis 39°C thus,increasingcomfortablehoursand reducingthe needfor air-

conditioning
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Green Building

A YreemQbuilding 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 quality of life.

Thereare a numberof featureswhichcanmakea building® 3 NS egefclude sl T | \
Aefficientuseof energy,water andother resources |
AJseof renewableenergy,suchassolarenergy

Aollutionandwastereductionmeasuresandthe enablingof re-useandrecycling

AGoodindoor environmentalair quality

AJseof materialsthat are non-toxic, ethicaland sustainable

AConsideratiorof the environmentin design,constructionand operation
AConsiderationof the quality of life of occupantsin design, construction and
operation

AA designthat enablesadaptationto a changingenvironment
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Green Building Rating Systems

“GRIHA”

Green building
‘Design evaluation system’
A tool
To design, operate, evaluate and
maintain
resource efficient
‘healthy’
and
‘intelligent’ building

()

s AT

Indian Green Building Council
Greening India since 2001
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For Greater Efficiencies

ge

VAVAVA

Es

63



7 a
GLOBAL o ; @‘f’ Deutsche Gesellschaft
HOUSING . L g fiir Internationale
T HA i
TECHNOLOGY i S Azadiy, Zusammenarbeit (612) GmbH
CHALLENGE INDIA Pratan v e Uen AmritMahotsav

Government of India

Green Measureg LHP Chennal

Wl
10/

o
>3

STR; Recycled water for flushing Landscaping Sprinkler irrigation
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Eco Niwas Samhita (ENS)

/_ 4

7\ D g Deutsche Gesellschaft
{@.’ I Z fiir Internationale

N Zusammenarbeit (G1Z) GmbH
Prechan Mrir Avas Yojena-Uen

Y)

Government of India Government of Germany

g.....n..

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

PART I: BUILDING ENVELOPE

Eco Niwas Samhita Part 1 Launch of Eco Niwas Sambhita in December 2018
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Eco Niwas Samhita (ENS)

The code is applicable to Excluded from the code

(a)Residential Buildings withif 2 1 | NE | %
500n?

I RESIDENTIAL

OFFICE
PARKING
RETAIL

~

(b) Residential part of a A E S Rusd |
0dzA f RAYy 3 LINRP2SOGac¢
500n?.

Ve

dzA £ U

Or ¢
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Eco Niwas Samhita (ENS) Benefits

Improve Thermal Comforts Reduce Electricity Bills

Improve Thermal Comfort
of New Homes

Reduce Electricity Bills'

ELECTRICITY ELECTRICITY
-  —
Bill for month of MAY

Minimum 20% electricity savings

Estimated Impact Of Implementing Eco Niwas Samhita
Minimum 20% energy savings compared to a typical Building

125 billion KW Hof electricity Saving
100 million tonnes of COequivalent abatement
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ENS Part 1¢ Building Envelope

Performance Standards for Building Envelope

3.1 Openable Window to Floor Area Ratio (WFR,,)

3.2 Visible Light Transmittance (VLT)- Derived from
WWR

3.3 Thermal Transmittance of Roof (U,)

3.4 Residential Envelope Transmittance Value (RETV)

[ 3.5 Thermal Transmittance for Cold Climate I
‘ Uenvelope,uold]

\l
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ENS Part 1¢ Building Envelope

3.1 Openable Window to Floor Area Ratio (WER

giz

Deutsche Gesellschaft
fur Internationale
Zusammenarbeit (G1Z) GmbH

IR tnen e v ool

Composite 12.50 Type of Window/Door/ Percentage
Hot-Dry 10.00 Ventilator Gpenable Area

Warm-Humid 16.66 Casement
Temperate 12.50 Sliding (2 Panes)
Cold 8.33 Sliding (3 Panes)

50%
67%
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ENS Part 1¢ Building Envelope

3.2 Window to Wall Area Ratio (WWR)
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