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Abseradt: In existng edecarkeal buldings, spatial lpout ower Ciene is alered 1o meet Ponclional gl resnmenis.
Howaewid, thide can adversely affect the themal combort of Socupents. Spatial snd arucherl retrofit can

iy thisnmal perommance of bulldings. This ressarch puts forth the results of & realife rerolit project o
iergrove bullding emeelope and intiFiors for better thermal performance of an exiting educational Space
wanr and Fumid dimate of Mumbal, The aimn of the resesnch i 1o analyze the e fec of retrodil measures on
Biilding thermnal perdormancs. Measuremints of air temparatone, rdathe Buosnidity and surfeds BEMEEraTuRE
of the doping roof-the largest edposed eivelops suflsoe - Wit undemalen pre and podt-retrofit wEing
appropriate insirumentation. Key faciors analyesd incude chanpe in nodd under-Sed surfaece Tempaiiune,
wrface area 1o volume raths, change in U-dsctor and Evelope Performance Factor of bulding elements pre
and post-retrofit. Riwults show o gignificest drop @ inbemal sefaecs temperatune of the rood post retralit,
wihich has a positive efect on the MRT and suisequintly the operadve temperatung and thermal cosdort of
oofupants. The retrofil medsure med s ool and have potential for sciling-up sonds educaticnal
Eaildings in India, where low-oodt selutions for thermal comlor & enirgy eMicenoy, ane much requined.

Eeywenrds: ihermal pirformance, retrolit, rodl, envelope performance facor, wamn humid dimate,
e thonal bl ding

Introduction

As per the Central Regulatory Authority [CEA) 2013 Report, building sector in India
accounts for 37% of total electricity consumption. Energy consumplion due to space
coaling and lighting has been found to account for one third of total energy consumption in
residential buildings and two-thirds of total energy corsumption in commercial buildings in
Imdia [Bhatt, Rajkumar, lothibasy, Sudirkumear, Pandian, & Nair, 2005).

The building envelope acts as a mediator between the external environment and
the occupants. It forms a significant element in total energy consumption and has &
cascading effect on air conditioning and lighting. Hence, designing the building envelope
for improved thermal performance is important for occupant comfort and energy
consumption. Retrafit of existing buildings far energy efficiency can be costly and limited.

Retrofit Strotegies for improved Thermal Performance in Worm Humid Cimate

Warm-humid climates pose a peculiar problem for thermal comfort of human beings.
While the air temperature may be in the early 30s of degree Celsius, the high relative
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hurmidity results in greast thermal discombort. Retrofit stratégies for warm-humid climate
predominantly require increased sir movement and redoced esposures to solar heat

|Digyay, 1963).

Indicartors of Thermol Performence

Mean Radiant Termperature (MRT] is an important indicator of thermal comfort and
performance, It is a measure of the sverage radiant temperature of surfaces within 2
space. It i suggested to maintain the MRT of a space below body/skin termperature [37°C
of 98.4"F) to avoid net inflow of heat of the occupant's bady through  radiation  heat
transfer (Sehgal, 2010).

Surface ternperature of wallks and roofs are important indicators as they affect MRT
and in turm the Opeérative temperature and thermal comiort. In this project, the roof area
witd G6.4% of total envelope srea [excluding floor being on the sisth floor) and hence
surface temperature of roof was considered an important indicator of thermal
performance,

The Envelope Performance Factor (EPF), the trade-off value for the building
ervelope compliance option in ECBC 2007 has been used as an indicator as it considers the
surface area of specific building envelope element, the U-facter or rate of heat transmission
through the component, the Solar Heat Gain Component [SHGC) and a multiplier to sccount
for shading of fenestrations.

Objective, scope and limitations

The main objective of the paper is to analyze the effect of retrofit measures for an existing
naturally ventilated daytime space in a college building for thermal performance in warm-
hurmid climate of BMumbai.

The heat-gain reducing and heat-loss promoting strategies are based on existing
principles described above but alio governed by fimitstions of budget, limitations of
building byelaws and client requirements. The effect of the strategies is analyzed with
respect to building thermal performance with focus on roof (being the largest surface area
exposed to solar radiation)

Methodology

The study it located in the city of Mumbai, India, which is dlassified wnder wanm-hurmid
dlimate zone by the ECBC 2007. The research design i@ guantitative and indudes
measurements and calculations related to thermal performance of the building and its
elements — pre and post-retrofit.

The retrafit project was undertaken in September 2012 and completed in March
2014. The project included retrofit design and layout, discussions with dient (Director af the
College) and users to meet their functional and spatial requirements and approval of
budget, preparing tender documents, specifications and rate analysis for items not listed in
the District Schedule of Rates [DER)

Pre and post-retrofit anabysis of design was based on calculations of surface-area to
volume, U-value and EPF [Envelope Performance Factor), and measurements taken using
Digital Hygro-thermometer, Electronic  Infrared non-contact Thermometer,  K-type
(thermacouple) and RTD-PT-100 sensor snd B channel data logger.
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Analysis of existing building

The space under consideration admeasures B93E sq. ft. (643 9. m) located on the sixth
(top-mast] Nioor of ane of three wings of a college building in South Mumbai. A past-
independence construction, the design has a distinctive art-deco style reflected in the
rounded columns, balcomies and timber framed windows and doors. While the college
management intended to renovate and redesign the sith floor W mest its changing
educational and spatial reguirements, it also intended the renovation to address the
problem of thermal discormfart of sccupants.

Anglysis of existing buiiding emvelope

The space is situated on top of 5 floors of the northern wing that is one of three rectangular
blocks that comprise the C-shaped college campus building. The rectangular black is 33 3m
in length and 19.2m wide. The longer axis is parallel to north and south. Bath sides are
flanked by a buffer space in the form of a long balcony corridor, which is 2.25m wide in the
north shaded with a 06 m chajie snd 1LESm wverondah on the ssuth fully shaded by a
concrete shading device. The Windaw Wall Ratic (WWR] is 23.5 and 21.09% on south and
nieth facades, and 14. 7% an eastenn fﬂ;ﬂﬂL The weitarn part of the black i conmected bo
the rest of the building by a staircase and toilet block and passage.

The gable rool admeasuring 7296.630 sq. fr. (677.88 sq. m.) is made of asbestos
coment shests nailed to & stesl bruss I'J'I.I!l!.l"E.ﬂll‘.'rp the brick walls ah:mg the El.lllil'%
envelope. It includes translucent polycarbonate sheets provided for daydighting along the
central corridor. The skylight-ta-roof ratia (SAR) was 5.6% prior ta retrofit.,

It is a daytime use building as classes and affices dese by Spen. Prosimity to Arsbisn
Sea brings in coal winds from the northwest and west [prevailing and secondary wind
direction far Mumbai). Peripheral walls are of brick masenry with cement plaster about
450 mm thick.

The existing building has ideal form [length to width ratio is 1:7) and orientation
along east-west axs 1o reduce heat gain [Olgyay, 1963). Further, windows are provided with
horizantal Shﬂﬂllﬂ an marth and south to reduce solar haat !ﬂ'l"l in summer and I'.'I-|'.'|I'Jrl'|i:J:E
day-lighting. WWHR is also below 25% on north and sauth and 14% on East. The building is
afiented to face sea bresse from NW-W. However, doubly banked corridars with two layers
of clasrooms, bocked wind movement and reduced window I:‘!-Eﬂh‘!!..

Anglysisafexisting buildinginteriors

By way of volurme, 19% of interior space prier to retrolit was enclosed within a false ceiling.
A phywood false ceiling framework supported a Plaster of Paris (POP) false ceiling for all
classroom and ofMfice spaces except the 18 m long central corridor.

The space comprised & mix of classrooms, offices, computer labs and HOD office
separated by plywood partitions and 150 mm thick brick walk. The interior layout of
dlatsraams rendered several windows uﬂ-ﬁpﬂ'ﬂﬂt. The 5-|'.'|3I.':H distribution al the Space
with two rooms Flbl'.‘tﬂ oné after the other between the external hﬂl-ﬂ'.'lr'ﬂ'l corridor amd the
coentral inner corridor, prl'.'l'l.ﬂllbﬂ little cross ventilation. |nner L ‘hot  and
suMfocating’ according to the occupants prior to retrofit.

Retrofit for improving thermal comfort — measunes and materials

The retrofit design of the space included reorganizing the space to mest the new funcional
requirements of the college. The functional requirements of the space required a layout
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with clairooms for BD, 40 and 20 students respectively. Figures 1 - 3 provide a surmimany
and photas of the retrefits on the Gth floor. Retrofit for thermal comfort was done by spatial
and structuralf material measures which are summarized in Table 1.

Anahyiis of measurements and calculations pre and post-retrofit

The meamurements were taken pré-retrofit (September 20A2), at various stages of
disrmantling and construction (May 2013 and December 2004) and post-retrafit (May and
iDctober 2015). The Ermvelope Performance Factor (EPF] wad calculated pre and post retradit
based on the farmula provided in Appendix E of the ECBC 2041 [Buresu of Enengy Efficiency
and USAID ECO I Project, 2009).

Tabke 1: Reorofit sredasuned g e pungsods

Structural Retrofit

5.Mo. | Strategy Furpose

100 mn thick dry wall imtenal patiions suppoiticd by Gabanized | Ao betier hist  and
Fen (G0 chamrels, and wertical shoeds at 600 sam Cenire o cemtre | Sound  insulaciom,  and
1 dad with a double laver of gypdum plaaterboand sonewed and taped, | Taster oordiruciion.

s Bilbed in wiith glass wool issulstion materdal - n phace of 150 &
brich wals and phpscod partiions.

3 High sl paint huving sodar réflective imndes > 05 of asbestos Fosr réd g, Conseli il
CimminT ool shedt Ioad of buldEngs
Rafant Barrier under-deck insulation smade of polethydens air | To reduce emdssion ol
biibdde Ml (ABF] lamimatisd with alumiscsn ol om bobth sidid | radistion  froen  rool
underneath the AT theet oofing sipended wing a &0 Wiee mith | surlace. ThE B a
3 with an air gap of 100mim. The composie thickness of the materdal | radiant heat rellsctse
B Amimy, s embadty B in the ragge of 0014008 and s thismal | low-& ity
rardeniTrance B IO e Koraedd e Fiuail o1 2 i=ane i
iffectvely block e
Rotatigd hisad Aot Turbs wntiliters = 12 nod. = of cthroat Sameter | To induce stel efect
S00men inreduced on che rool to Tedlitane stach vendlation im cthe | wwd  provice  Dheermnal
2 dassrooms Mads of duminum with stesd shal, they e Teed onbo | comfort 0 GCupants
thie AL ket of thed roal. AT wind spedd of & ke, It B projedted 1o | by mesrd of indiuoid
hase an exhaus capacity of 572cm. e RN H FTa
Trardlucent unilommn Mot polycarborate shietls feisd on Mild Steel | They prosdde Booustc
|WEGE) deats prowided omio edsting MS o rool truss at 00enen | eculition while
K e o-cenire gas weldind 1o maich the ewel of dny wall. A chin | allosing caykght
Laper o EPDAA Naa sarips o rubber flas are pasted on 1o the ceals | | pefstration inits

of e M3 flar alorg s inner sidie using., nobEer adheshes and curisd | claddroosms.

todo

15 noee. 1 5men thick 10 x 2.0 e Jeffective opning] corrugatied | To prowite sdejuate
rardducent AC prolikd polycarbonate dheels were Tiosd onie AC | daylight in che

5 shidts 1 provise day-lghting. The shests are placed in & sienlar | | ClaSsnooms

Torm and oriemtation 1o a regular AC shiset and Rippsd on the Tog
aind boittom by 1S5S0

Spatial Retrofit
5.Mo. | Strategy Furpose
Imzrease dixe of cagirooms @md provide singhe row of classrooms in T srdrance hiemmal
7 placy of Shoulbde rows on s dide of thie Coimicor comifort chinough oross
Rirvezradl ol dadse oeilirg T sl Por 41mck
Increasi WOW R by malking all window s ofstnabibe T @nFanoe ofodd
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Results and Discussions
Effect of Solar Rodiction on roof

Roof-bottom temperature surface temperatures post-retrofit lie below 32° (well below
skin temperature) except slong the ridge where the higher tempersture can be attributed to
the bitumen covered ridge sheet (Fig. 4).

‘f“!‘

Figwre 2 Photo of Classrooms before and after retrofit
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Figure 3: Pre and Postretrofit section
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Figure &: Roof bottom temperatures post retrofit are below 32°C
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Analysis of retrofit measures baved on caloulations
Envelope Performonce Fochor

The retrofit has major impact on nood U-value (@ measore of thermal transmittance aof &
building element such as wall, reaf or apening] which reduced from 4,68 W/m2K w 0.07
WK due to the we of under-deck radiant barrier with & low emitsivity of 004% and
thermal resistance of 13.7K m2 W along with 100mm air gap. The low emiskivity of the
radiant barrier material, which is & major surface area in each dasreom, mesns low MET
and henoe enhanced comfort conditions for oocupants (Sehgal, 2000). Calculated Envelape
Performance Factar (EPF) of the retrofitted rool is reduced by 9E% and af the retrafitted
space by B4% (Table 2).

Anclysi of retrofft measures based on measurements of roof surfoce tempenmiure:

Based on ambient air Emperature and hormidity data collected fram the Indian
Meteorological Deparbment (IMD) pre and post-retrofit, the surface temperastures of roof
under-deck were compared. The post retrofit temperature for similar climate factor shows &
difference of about 10°C (Fig. 5.

Tadde 1. Anabgsis of retrofit measuris baed on caliulations

|Buraing Compenent rty of Mateslal
RETROFIT 2 It RETROOFIT 2.5 pr ECBLC
Fueod Ll B Wi K 0. 07 W o), P W T
Extenal Wall U-value B0 W K 0w ol 44 W I
[tdinclory L wia b 7.1 W K 7.1 Wi E 2 Wim'K
Rl SRR 5 6%, 5.5 5 I
[/ R jrarth) b, e e B | Lotal]
R (uouth| EE 3175 B potal)
R (east) 14,.79% 19.71% B potal)
SHGC [nomh) 0,73 .72 0. 5 okl
SHGC [south) ES .35 . P ot
SHGL (] EH .87 . P o)
Mot Mo chanpe in Useslue of wall [2 Wis2E ), sindow (7.1 Wis2E] and dodight (B52 Wimltl Doors
and wentilaton e cordidentd i cakculathon Tor WWR MWindow-Wall Ratiol;, SHGC is cormected to includi
Mt of shadieg

Conclusions and Future Work

In & developing nation such as India, where it is estimated that 86% of building stock i yet
o be constructed, enengy consumption due to space cooling and lighting has been found ta
account for Dea-thirds of total enengy consumplion in commercial buildings (Bhatt,
Rajkurmar, Jothibasu, Sudirkbwmar, Pandian, & Nair, 2005).

Educational buildimgs in India are, by and large, naturally ventilsted asnd used during
the daytime. Docupants mainky remain in a stationary position for perieds of up W0 45
minutes 3t a time either listening W lectures or performing some other activity such as
drafting, drawing, laboratory experiments or even disousing. The study indicates that
redrofit messures intduding roof insulation, and enhancement of @ack and crass ventilation,
can be achieved at a cost of less than R, 200 per £q. L. (GBP 2.5) with reduction in indoor
surface termperature of roof of up to 100C in peak sumrmer. Such cost-effective meatures
can be applied on a large wcale in schools and oollege buildings te imprave thermal comfort
and reduce snergy consumplion.
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Figure 5: Analysis of retrofit measures - before and after retrofit shows nearly 10°C posteetrofit
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