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ABSTRACT

Green building is one which uses less water, opBmienergy efficiency, conserves natural resouyeesrate
less waste and provides healthier spaces for ootsi@s compared to conventional buildingsS. Environmental
Protection Agency 2008)The present study was designed with an efforetliscover the Indian ethos by studying the
green building rating system of India i.e. GRIHAWET present study was conducted in Haryana statmn8ary data
regarding the number and ratings of green buildiwgse collected and compiled. Four green buildingse selected
purposively from the secondary data collected. iyda of 100 occupants of the four selected greéldibhgs was drawn
randomly to assess occupant’s satisfaction lexgdmding IEQ of building.Study found that green diris are better than
that of conventional buildings on all the paramgtexcept in case of humidity. The satisfaction lefethe respondents
regarding the IEQ aspects i.e. air contaminantspégature, humidity, noise and light of green boid were found to be

highly satisfactory.
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INTRODUCTION

Green building is an outcome of design philosoplmjctv focuses on increasing the efficiency of reseurse —
energy, water and materials- while reducing bugdimpacts on human health and the environment duhe building’s
lifecycle, through better sitting, design, constimt, operation, maintenance and remoidSGBC 2010) .Buildings,
being the largest primary energy consumers, makewbrld's biggest contribution to this growing meaaGlobally,
studies have revealed that, buildings were resptngor 7.85Gt, or 33.0 percent of all energy-rethiCGQ emissions
worldwide (Price et al., 2006).Buildings account for more than 41.0 percent enemnsumption in developed countries.
Energy consumption in building is mainly for buitdi services like, HVAC, lighting, water heating,ngping and fans
amount to 40.0 percent. It is said that 18-20.@erof primary energy and 40.0 percent of totalstcanption takes place
developed countries like US, EU and USA. As regbltg(Harvey 2009).

It is a documented fact that occupant’s wellbeind performance are affected by various aspectseobtildings
exposure to daylight and views, air quality, tenapere, odor, noise, ergonomics, design of the kenlvironment
(Heschong Mohane Group 1999, Kolleeny 2003, Madagahd Unzeitig 2005, Leather et al. 1988 urthermore, since
people spent most of the time indoor and the IE@dor environmental quality) has an impact on oeotp hence, it is

beneficial to get feedback from the users themse{agreus et. al. 2004).This has important implications since
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occupant’s comfort and related behavior can impabutilding’s energy and environmental performanm@ticularly in
green buildings. The primary objective of this stuslas to explore satisfaction level of occupantgyieen building.

Keeping above points in mind the following objeetwvere studied by the researcher.
»  Status profile of green buildings in Haryana state.
» Comparing the IEQ of green and conventional buddin
» Occupant's satisfaction regarding IEQ of greendings.

Methodology

Secondary data pertaining to number, locationt luglarea, year of construction, rating of greeitdings were
collected and compiled. A well prepared scheduls used for the collection of data through telepb@ammunication.
The main source of exploration were GRIHA (GreenimRpfor Integrated Habitat Assessment), IGBC (in@reen
Building Council), (LEED- India) Leadership in eggrefficiency and BEE (Bureau of energy efficienciyyrther, from
the secondary collected datafour green buildingsewselected purposively as they were rated by GRIHAur
conventional corporate buildings having proximitithwthe selected green buildings were also seledteboth green and
conventional buildings all the IEQ parameters ithbseasons’ winter as well as summer were carngaio each floor of
the building and further dividing floors into fines viz. east, west, and north, south and cquaral Observation sheet
was prepared for the recording the data about iffereht parameters of IEQ. The data were analyzedsing different
statistical tools i.e. mean and pairedt-test impare the data related to IEQ of green and coioraitbuildings .
Further, a sample of 100 occupants of the fourcsategreen buildings was drawn randomly. The redeots were
personally interviewed. The data were collectechwiite help of duly prepared schedule and checKlise data were

coded and tabulated by working out frequencies;geages and weighted mean score.

Results:- Results pertaining to Status profile of green bogd in Haryana state, Comparative assessment of

green and conventional buildings, Occupant’s sattgin level regarding IEQ of building and Produityi at work place

are presented and discussed in subsequent tabfdbas: -
Status Profile of Green Buildings in Haryana State

Table 1: Status of Green Buildings

Certification
Slp N Name Level or Rating
GRIHA rated buildings
1 Administration building of GAIL compressor stati0 ¢y vy.e5e
2 AkshayUrjaBhawan HAREDA RO ROAOAOAE
3 S P Infocity DAQAOAY
LEED rated buildings
4 Fortis Memorial Research Institute AR OAOAE
5 ITC Maurya hotel Platinum
6 IIRAD Institute Platinum
7 IOCL- Admin building and learning center Gold
8 Orris spring homes Gold
9 WIPRO Gold
BEE rated buildings
10 | PEDA office complex

Data in Table 1 regarding status of green builgiegaining to number of green buildings in Haryaoaation,
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build up area, year of construction rating of gréerilding according to different organization degliwith the green
building rating system are shown. It was seen finat green buildings were rated by GRIHA, five grdmuildings were
rated by LEED while BEE rated one green building.

Comparative Assessment of Green and Conventional Bdings

Table 2: Overall Comparison in IEQ of Green and Cowentional Buildings in Summer

Sr. Green Buildings Mean Conventional Buildin Mean T-
No. PRI S Values? Mean Values . Differences | Value
GB1 1.50 3.92 32.41*
1 Air GB2 1.43 543 3.99 34.35*
" | Contaminants GB3 1.01 ) 4.41 21.48*
GB4 1.62 3.80 27.75*
GB1 52.88 3.57 2.77
- GB2 75.33 18.87 13.147
2. | Humidity GB3 55.66 56.46 0.79 0.618
GB4 66.23 9.77 89.23*
GB1 1070.00 792.50 12.23*
_ GB2 1096.44 818.94 7.13%
3. | Lighting GB3 1046.22 2117.49 768.72 | 10.83F
GB4 1328.22 1050.72 37.21¢
GB1 42.88 28.24 13.38*
. GB2 42.28 26.84 11.534
4. | Noise GB3 53.55 7112 1757 23.641
GB4 44.67 26.45 47.947
GB1 28.50 15.46 11.88*
GB2 28.46 15.42 28.017
5. | Temperature =57 24.96 13.04 11.92 19.197
GB4 25.21 12.17 18.317
"Significant at 5% level of significance GB: Green building CB: Conventional building

Based on the mean scores and t-values, it waswausé€Fable 1) that there was a significant diffeebetween
the air contaminants of all green buildings 1, 2n8 4 with respect to conventional building (2=8L*, 34.35%, 21.48%,
27.75%). The significant difference was also foundhumidity of green building 2 and 4 with respéatconventional
building (t= 13.14*, 89.23*) respectively but hudity was found to be non-significant in green binigd1 and 3 with
respect to conventional building (t= 2.77 and 0.6&8pectively). Significant difference was foundlighting aspect of
IEQ in all four green buildings with conventionalilding (t= 12.23* 7.13* 10.83* 37.21*). Noiseaws found to be
significant in all green buildings with respectdonventional buildings (t= 13.38*, 11.53*, 11.523.64*). Temperature
was found to be significant in all green buildingish respect to conventional buildings (t=11.888,@1*, 19.19%, 18.31%)

in summer.
Table 3: Overall Comparison in IEQ of Green and Caventional Buildings in Winter

Sr. _ Conventional Mean T-

No. FETEIEIES Cizen Eulings Wsen VElies Building Mean Values | Differences | Value
GB1 0.95 4.47 14.05*

. . GB2 0.94 4.48 21.507

1. | Air Contaminants GB3 0.93 5.43 2.49 13.93+
GB4 1.13 4.30 12.087
GB1 55.74 71 1.72

2. | Humidity GB2 53.02 56.46 3.26 2.25
GB3 46.33 10.12 15.46F
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GB4 52.30 3.44 2.88
GB1 889.83 612.39 | 3L41*

- GB2 906.99 62950 | 39.61*

3. | Lighting GB3 832.33 21749 554.83 | 28.50*
GB4 864.11 586.61 | 59.39*

GB1 46.44 2468 | 10.07*

. GB2 44.62 2650 | 6.631

4. | Noise GB3 47.33 7112 2379 | 2461
GB4 4353 2754 | 1052

GB1 20.40 735 | 22.79°

GB2 10.66 662 | 2189

5. | Temperature GB3 51.93 13.04 5.89 931"
GB4 10.58 654 | 2652

"Significant at 5% level of significance GB: Green building CB: Conventional building

Based on the mean scores and t-values, it waswausé€Fable 3) that there was a significant diffeebetween
the air contaminants of green buildings 1, 2, 3 d4ndith conventional buildings (t =14.05*, 21.5Q¢3.93*, 12.08*).
Regarding humidity significant difference was fouadly in green building 3 with respect to convenéb building
(t=15.46*) but humidity was found to be non-sigeaint in green building 1, 2 and 4 with respeatdaventional building
with t=1.72, 2.25, 2.88 respectively. Significaiffatence was found in lighting aspect of IEQ ihfaur green buildings
with conventional building with (t=31.41* 39.6128.50*, 59.39*). Noise was found to be significantall green
buildings with respect to conventional buildings1®.07*, 6.63* 24.61* 10.52*). Temperature warfd to be

significant in all green buildings with respectcmnventional building (t=22.79%, 21.89*, 9.31*,.32*) in winter season.

Occupant’s Satisfaction Level Regarding IEQ of Builing

Table 4: Satisfaction Level of the Occupant’s Regaling Building Interiors (N200)
Frequency

Sr : Mean

No. SIELIUEE Sjtgi’sﬂ‘li)é d Satisfied | Neutral Score GLlLS

1. | Overall Rating of building 92(92.0) 6(6.0) Ap. 0.96 [l

2. | Needs accomplishment 96(96.0) 4(4.0) 0(040) 80.9 Il

3. | Personal safety in building 93(93.0) 2(2.0) 6)5. 0.96 v

4. | Cleanliness facilities 87(87.0) 3(3.0) 10(10.0) 0.92 V

5. | Meeting rooms availability 100(100.0) 0(0.0) [0 8] 1 I

6. | Storage arrangement 94(94.0) 2(2.0) 4(4)0) 096 IV

7. | Furniture 94(94.0) 4(4.0) 2(2.0 0.97 11

8. | Work space 100(100.0) 0(0.0) 0(0.0) 1 I

9. | Privacy 93(93.0) 2(2.0) 5(5.0 0.96 \Y

10 | Air quality 100(100.0) 0(0.0) 0(0.0 1 I

Figures in parentheses indicate percentages

The results regarding satisfaction level of thepoeslents for building interiors are presented irblda4.
The results revealed that meeting room availabi(ityean score=1), work space (mean score=1) andjuslity
(mean score=1) fetched first rank and need accshmgdi (mean score= 0.98) (mean score= 2.95) gohde€arniture
(mean score= 0.97) got third rank respectively.hWitean scores of 0.96, overall rating of buildipgrsonal safety,
storage arrangement and privacy got forth rankeetsgely. Last but not the least cleanliness wihth tmmean score of 0.92
got fifth rank.
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Table 5: Occupant’s Satisfaction Level Regarding IB) Aspects in Green Building NE100)
Frequency

St No. IEQ Aspects Highly Satisfied | Satisfied | Neutral DRI SRS RGN
1. Overall thermal conditions of building | 32(32.0) 68(68.0)] 0(0.0) 0.77 X
2. Temp. in summers 48(48.0) 52(52.0)] 0(0.0) 0.82 VIl
3. Temp. in winters 43(43.0) 57(57.0)] 0(0.0) 0.81 IX
4. Humidity in summers 20(20.0) 62(62.0)] 18(18.0) 0.67 Xl
5. Humidity in winters 54(54.0) 23(23.0)| 23(23.Q) 0.77 X
6. Overall air quality of building 100(100.0) 0(0.0) 0(0.0) 1 I

7. Indoor air quality at your work place 100(100.0) 0(0.0) 0(0.0) 1 I

8. Overall acoustic condition of building | 82(82.0) 6(6.0) 12(12.0) 0.90 \i
9. Acoustic conditions at your workplace | 84(84.0) 10(10.0)| 6(6.0) 0.92 v
10. Noise from outside the building 86(86.0) 6(6.0) 8(8.0) 0.92 \Y%
11. Overall lighting conditions of building | 84(84.0) 10(10.0)| 6(6.0) 0.92 v
12. Amount of day lighting 93(93.0) 4(4.00) 3(3.0) 0.86 VII
13. Lighting conditions at your workplace | 84(84.0) 12(12.0)| 4(4.0) 0.93 1
14. Visual comfort 84(84.0) 8(8.0) 8(8.00)| 0.92 [\
15. Glare from sunlight or sky 63(63.0) 26(26.0)] 11(11.0) 0.57 Xl
16. Glare from light in room 79(79.0) 17(17.0)] 4(4.0) 0.91 \%
17. Building overall ventilation facilities 94(94.0) 4(4.0) 2(2.0) 0.97 1]
18. Ventilation at your work place 84(84.0) 10(10.0)| 6(6.0) 0.92 v
19. Outdoor condition of building 76(76.0) 17(17.0)|] 7(7.0) 0.89 Vi
20. Overall IEQ of building 86(86.0) 6(6.0) 8(8.0) 0.92 Y

Figures in parentheses indicate percentages

The results revealed that majority of the respotsl@rere highly satisfied regarding overall air dyaht work
place and air quality of building; similar trendsne observed on all the other five componentsaftial conditions in the
building with variations in percentages (table Fank wise information revealed that ventilation ilfaes
(mean score=0.97) was given rank Il followed byhiigg conditions of the building (mean score= 0.98) the
respondents expressed high satisfaction for a@owstnditions, noise from outside, overall lightingnditions, visual
comfort and ventilation at and overall IEQ wereagiwvank 1V with mean score of 0.92. Maximum occupavere highly
satisfied with all the other aspects given i.ergland light (mean score= 0.91), acoustic conditignean score= 0.90). If

we talk about thermal conditions and humidity there ranked X and Xl respectively.

It was observed that majority of the respondenpsessed high satisfaction in terms of acoustic conif office,

intrusion to acoustic conditions, acoustic condisidor working and acceptability of acoustic corudis.

Don’t know 33
40% 0
30% |
20%  — 18
10% 43
0% | f
Don’t know M Decreased ¥ Increased

Figure 1: Productivity at Work Place

Figure 1 illustrates that a sizeable number of rdspondents (43.0%) reported that working in greeitding

increase their productivity followed by those wheported twenty percent increase in productivity.Q¥8) and thirty
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percent increase in productivity (6.0%). Nearly -oinied of the respondents expressed no idea oisthe of increase in

productivity while working in green building.
CONCLUSIONS AND SUGGESTION

Summarizing, the main sources of exploration obadary data were GRIHA, IGBC, LEED- India and BHEN
buildings were found out to be green buildings @iuthem four were rated by GRIHA. The results reljzg all the green
buildings versus mean value of conventional buddimeveal that green buildings are better than d¢fiatonventional
buildings except in case of level of humidity iregn building 1(t= 2.77) during summer while durimigiter the humidity
was found out be non-significant in case of greeilding 1(t= 1.72) followed by green building 2(t2.25) and
4(t= 2.88).The satisfaction level of the respondeagarding the IEQ aspects i.e. air contaminaetsperature, humidity,
noise and light of green buildings were found tohlighly satisfactory and also the results for colfitrg those aspects
were seen to be satisfactory too. It can be coeduthat an integrated approach to design a buil@ngssential in
providing a productive and comfortable atmosphkneas noticed that the IEQ parameter i.e. Humidigs more in green
buildings so it would be advisable to look into hdity parameter of IEQ. Green buildings are fartéethan that of
conventional buildings in every aspect of IEQ. Graad healthier environment anticipate less illreess therefore reduce
absenteeism. So, more and more institutes shoaldgie green building concept and green model \éaas a result our

earth planet will be healthy planet to live in tieduces global warming.
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