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Abstract - Integration of sustainable technologies in
residential buildings aims to conserve natural resources like
water, fossil fuels and soil demonstrating less damage to the
environment. Present manuscript aims at identifying
technically efficient, economically viable, locally available
and environmentally suitable sustainable technologies. An
extensive literature survey, web survey and market survey
carried out enables to identify sustainable technologies
which can be integrated into residential buildings of India.
The Material, water and energy are identified as key
resources for conservation. The costs and specifications of
components enable, to find out technically efficient,
economically viable, locally available technologies along
with the components. It is revealed that among the building
materials of AAC blocks, stabilized mud blocks, fly ash bricks
and clay burnt bricks, use of fly ash bricks requires less
capital cost with less amount of CO; emission. Recycling of
rooftop rainwater using underground R.C.C. tank, PVC pipes
and Rainy filter, is most feasible. Saving in fresh water using
LFDs like showerheads, faucets, and dual flush toilets is
found the best technique of water conservation. Grey water
treatment technology developed by National Environmental
Engineering Research Institute, Nagpur, India, was found
techno-efficient, cost effective and does not require energy
for the treatment. Polycrystalline photovoltaic panels and
passive type of thermosyphon solar water heater with
evacuated tube collector were found technically efficient
and economically viable for Indian climatic condition.
Horizontal axis wind turbine (HAWT) was found a matured
and technically updated technology used for rooftop
application where wind speed is more than 4.0 m/sec.

Key Words: Sustainable technology; technically efficient;
economically viable

1. INTRODUCTION

Developing cities in India are experiencing
remarkable population growth and in turn exerting excess
pressure on natural resources like materials, water,
energy, demand and affecting the environment adversely.
Integration of sustainable technologies in residential
buildings aims to conserve natural resources like water,
fossil fuels and soil demonstrating less damage to the
environment. Sustainable technology emphasizes on
practicing the principles of the 3Rs. Reduce, recycle and
reuse.

Reduced consumption of natural materials can be
achieved using sustainable materials in building
construction. Reduced use of natural resource like water is
possible by practicing water conservation techniques,

which in turn can reduce groundwater, drinking water
consumption and reduce wastewater discharges
contributing to net energy savings. Reduced conventional
energy consumption of a building is possible by using
energy conservation techniques. The annual electricity use
per apartment in residential buildings is predicted to
increase from 650 kWh in 2012 to 2750 kWh by 2050.
They therefore represent the largest opportunity to
reduce buildings’ energy consumption, improve energy
security and reduce CO; emissions [1].

Reuse and recycle of waste material, rainwater
and grey water after proper treatment can reduce
pressure on potable water.

For the integration of sustainable technologies in
residential buildings, there is a need to identify technically
efficient, economically viable, locally available and
environmentally suitable technologies for residential
buildings. There is a lack of literature and research on cost
saving possibilities related economic dimension of
sustainability.

2. METHODOLOGY

A detailed literature review and market survey
was carried out to find out technically efficient,
economically viable, commercially and locally available
sustainable technology models along with their
components suitable for residential buildings of India.

2.1 LITERATURE REVIEW AND MARKET SURVEY
2.1.1 WATER CONSERVATION TECHNOLOGIES

Nzewi E (2010) showed that scarcity of potable
water can be controlled by the implementation of reduce,
reuse and recycle strategy for use of water [2]. Different
researchers have reported that the reuse of greywater
promotes potable water savings in buildings [3]. Friedler E
and Hadari M (2006) reported that the residential built
environment is a major untapped resource that could be
exploited for water conservation [4].

Reduced use of natural resource like water is
possible by rainwater harvesting, which reduces use of
groundwater, drinking water consumption and reduces
wastewater discharges contributing to net energy savings.
Recycling of wastewater or grey water after proper
treatment can reduce pressure on potable water. Nzewi E
(2011) also mentioned that around 75% of total consumed
water can be recycled and reused [5-8]. Nazer D et al.
(2010) showed that the annual environmental impact of
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the in-house water uses can be reduced by 8 % when
using low-flow shower heads, and up to 38 % when using
a rainwater harvesting system. Use of low flow devices like
dual flush toilets, faucets and shower heads using aerators
are economically viable in long term [9].

There are few reports on the saving of water
using a combination of rainwater harvesting, greywater
recycling to promote potable water savings [10].

2.1.1.1 RAINWATER HARVESTING

Rainwater has been acknowledged to promote
potable water savings in different types of buildings and in
different countries.

Bharti R (2016) showed that practicing the
technique of rainwater harvesting; a considerable amount
of potable water can be saved [9]. Li Z et al. (2010)
recommended harvested rainwater from rooftops for
watering, gardening, car washing and toilet flushing after
ensuring the quality of water after giving treatment using
any of the techniques [10]. Tam VWY et al. (2010)
suggested that the biggest consideration in the decision
whether to install a RWH system lies in terms of financial
costs and benefits, remaining the issues about public
acceptability and water quality in the background [11].
For this reason, it is particularly important to determine
the economic feasibility of RWH systems. It was found
essential to identify technically efficient, economically
viable and locally available components of rainwater
harvesting system before integrating in residential
buildings.

The rooftop RWH system consists of components
of catchment, delivery system and a storage tank. Farreny
R et al. (2011) suggested that flat cement roofs are most
suitable and clean for residential apartments which form a
major part of residential townships [12].

According to the Manual on Rainwater
Harvesting, Texas Water Development Board (2005),
Polyvinyl chloride rainwater pipes are easy to install, have
long life and are more economical compared to other
options of Aluminium, Plastic, Vinyl and Galvalume. Box
washer costs INR20,400 - INR40,800. Post filtering
washer is susceptible to freezing and costs INR7, 650 -
INR25,500 and automatic smart valve costs INR 2,550 per
kit [13]. The diameter of pipe selected for draining out
rainwater is based on rainfall intensity and roof area [14].
Devas and Varun filters are mentioned in literature and
costs INR2,500 and INR3,300 respectively. Varun filter
developed by S. Vishwanath can handle 50 mm per hour
intensity of rainfall from a roof area of 50 square meter. It
consists of three layers of sponge and 150 mm thick layer
of coarse sand. Ferrocement tanks cost INR2.5/liter.
Aboveground eco-friendly bamboo tank having a 1500 lit
capacity, costs INR1,000, is eco-friendly but requires pre-
treatment. Bamboo tanks cannot be used below ground
and occupy land space, poor in impact resistance and
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requires skilled labour. Polypropylene tanks are durable
and lightweight. But black tanks result in warmer water
and clear/translucent tanks foster algae growth. Metal
tanks are light weight, can be easily transported, but show
rusting and leaching of zinc, costs INR.6.73 - INR20 per
litre. Welded steel tanks cost INR10.8 - INR53.83 per liter.
Aesthetically pleasing, durable tanks madeout of red
wood, Fir, Cypress are comparatively costlier costing
INR27/litre. Disinfection using cartridge filter and R.O.
filter costs INR 1, 020 - INR3, 060. Ultraviolet light
disinfection costs INR 17,850. Ozone disinfection requires
INR35,700 - 1INR1,32,600. Chlorination disinfection,
manual dose requires INR55 per month [13].
Pasteurisation though is low cost method it is effective
only when it reaches temperature of 50° C. Rainwater
harvesting system with underground storage tank of size
1,500 lit to 10,000 lit are provided in Ireland for domestic
application. Chlorination should meet the level of 0.2 - 0.3
mg/1 free chlorine [17].

2.1.1.2 USE OF LOW FLOW DEVICES

toilets (saving 16 lit/flush). Use of dual flush toilet having
the maximum water saving capability includes separate
water fill tanks in a toilet tank, selectively pivoted to
deposit different quantities of water for flushing. Shower
heads, faucets with aerators (saving 50% water) can be
installed in residences for conservation of water. Aerators
generally provide a low-cost and effective alternative
which saves the direct energy due to water conservation.
It also saves energy demand at the supplier level. M/S of
Parryware, Hindware and ESS-ESS Gurgaon, in India, has
brought out aerators for faucets and showerheads. These
aerators use aeration technology, mixes water droplets
with air to cover the desired surface area which helps to
deliver a strong spray, saving the consumption of water ].
Nagaraj U (2014) showed that the aerators of M/S
Parryware, having two dissimilar mesh combination can
save comparatively more water [18]. Wills R et al. (2010)
showed that an electronic shower monitor saved 3% of
water and 2.4 % of energy with a payback period of 1.65
years [19].

2.1.1.3 Greywater recycling

Greywater (GW) is generally defined as low
strength polluted wastewater originating from bathtubs,
showers, hand washing basins and washing machines, but
excluding wastewater from the kitchen and the toilet
flushing system. GW contains an easily bio-degradable
organic content and a relatively low pathogen content,
making it much easier to treat and safer to recycle for
water uses that do not need potable water quality, such as
toilet flushing which accounts for around 20-30% of the
total household water usage and urban landscaping or
floor cleaning which comprises about 34% of the total
household water budget [20]. It has been reported by
different researchers that the reuse of greywater also
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promotes potable water savings in buildings [21].
Greywater represents the most profitable source in terms
of its reliability, availability and raw water quality [22].
Highly efficient and reliable conveyance, storage and
treatment systems are required to avoid health risks and
negative aesthetics (i.e., offensive odour and colour) [23].
If the practice of on-site greywater reuse becomes
widespread, the costs of the systems will obviously
decrease, making them more appealing to individual
consumers. In addition, under typical conditions, on-site
greywater reuse is a feasible solution for decreasing
overall urban water demand, not only from an
environmental standpoint, but also in economic terms
[24]. Several greywater treatment (GWT) technologies
have been developed since 1970 which are classified
based on physical unit processes, chemical unit processes,
physico-chemical processes and biological unit processes.
Treatment of grey water can range from simple coarse
filtration to advanced biological treatment [25]. Previous
studies by Jefferson B et al. (2000), Nolde E (1999) and
Dalas et al. (2004) have suggested that biological
processes should be preferred due to the high levels of
organics in the water. Biological greywater treatment
technology options for greywater reuse include membrane
bioreactor, rotating biological contactor or constructed
wetland[26-28]. The major difference  between
technologies has been the level of suspended solids and
micro- organism removal. In comparison, direct physical
processes are common at very small scale and have been
shown to remove solids, but are less effective for organics
removal [29, 30]. Grey water treatment systems target
suspended solids removal to ensure removal of particles
associated Coliforms prior to disinfection.

Lin J et al. (2005) established a compact and
inexpensive electro - coagulation process with a capacity
of 28m3¥day to reclaim domestic greywater for human
noncontact usage , after studying various GW treatment
systems like biological oxidation, ultra -filtration costing
$1.8/m3, Biological oxidation, microfiltration, UV, costing
$1.05/m3 , Biological oxidation, sand filtration, ozonation,
costing $3.05/m3 The total unit cost of on-site domestic
greywater reuse using electro-coagulation was $0.27/m 3
with the area requirement of 8 m2 [31].

Kim ] et al. (2009) showed that anaerobic - anoxic
- oxic - membrane filtration - oxidation process system is
effective in removing COD, turbidity, colour, and
suspended solids, E. coli, total coliform, Salmonella and
Staphylococcus [32].

Gual M (2008) used GW treatment of sand filtration
followed by chlorination using hypochlorite in hotels
required INR77/m3 [33].

Li Z (2010) mentioned about use of simpler
methods of two- stage system with underground storage
tank, having coarse filtration along with disinfection and
physical process system comprising of mainly depth
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filtration, invariably based on sand, and/or membranes. Li
Z (2010) also reported the payback period of (GWT)
system used in Ireland as 20 to 35 years if GW is used only
for toilet flushing [34].

Maheshwari A (2010) analysed a case study of
GWT system consisting of secondary treatment, tertiary
treatment, use of MBBR, settler, clarifier, pump, sand filter
and UV disinfection units, used in Sriperam-buthur in
Chennai having 10 residential, 13 storied towers, saved 78
Lacs per annum [35].

Menon F et al. (2005) mentioned use of GW for
toilet flushing, firefighting, car washing, explained
economic assessment tool for GWT system consisting of a
balancing tank, screens, roughening filter (up flow filter),
anaerobic tank and biological treatment unit and
estimated an amount of INR22,5,988 for 40 residences
[36]. Muttukumaru S (2011) evaluated various GWT
technologies based on cost effectiveness, application of
renewable energy, simplicity in operation and
maintenance, water reuse guideline adaption and less
chemical consumption and reported solar vacuum
membrane distillation, solar electro-coagulation-ultra
filtration, solar membrane bioreactors as most suitable
methods of GWR [37].

Shaikh S and Younus SK (2015) studied greywater
recycling system designed for 100 lit/hr capacity
restricted to five components such as storage tank with
100 liters capacity, sedimentation tank with 40 liters
capacity, filter-1 (gravel + sand) with 40 liters capacity,
filter-1I (coconut shell coal + charcoal) unit of 40 liters
capacity and disinfection tank with 40 liters capacity and
reported that this system requires low energy demand,
less operating and maintenance cost, lower load on fresh
water, less strain on septic tank, highly -effective
purification, and ground water recharge [38].

Pidou M (2007) stated that the information on
Life cycle cost and total energy requirements for
greywater treatment options is sparse. He concluded in his
research that the value of the contribution which the
greywater recycling technologies can make to sustainable
water management will vary as a function of local
circumstances and regional preferences [39].

National Environmental Engineering Research
Institute (2007) developed a GWR system consisting of
screens, junction chamber, equalization tank, horizontal
roughening filter and a disinfection unit. Recycled water
use is reported for toilet flushing. Installation cost of
treatment unit for GW generated at the rate of 500 lit/day
to 2000 lit/day is INR13, 785 with maintenance cost of
INR674 per annum [40].

ReWater’s (2010) outdoor irrigation system
consisted of surge tanks, sand media filtration tank and
piping. These systems costed $1000 to $5000 for a single-
family home and are land-intensive. Burnat ] and Eshtayah
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I (2010) explained use of physical greywater treatment
system used in Qubia village of Palestine. Nubian Oasis
(2010), a company based in Australia, developed a
modular greywater treatment system that can treat from
1,000 to 50,000 liters of greywater per day (the average
per capita water use is around 200 liters per day in
Australia). The treatment technologies include membrane
filters to remove contaminants, bacteria, and viruses along
with aerobic biological treatment. Aerobic biological
treatment involves aeration to increase dissolved oxygen
and activate bacteria present in the greywater to consume
the oxygen and digest the organic contaminants. Some
aerobic treatment systems include corrugated plastic
sheets or other media for bacteria to attach to and grow
on. One common method of aerobic biological treatment
uses a rotating biological contactor (RBC) that cycles discs
in and out of greywater tanks [41].

Pontos, a grewater system manufacturer based in
Germany created Aqua Cycle. This system filters out
coarse particles, gets aerated in holding tanks, undergoes
biological treatment and then is disinfected using
ultraviolet radiation. These types of systems tend to be
most expensive, costing as much as $10,000 for a single-
family home and also require space for multiple treatment
tanks [42].

Pidou M et al. (2007) evaluated and showed that
membrane bioreactor, electro-coagulation, rotating
biological contactor and submerged membrane bioreactor
are high energy required techniques and hence concern
with carbon footprint precludes the use of high energy
requirement technologies [39]. Gander M et al. (2000),
Kader M (2013) stated that energy consumed using a
membrane bioreactor; electro coagulation is 1.7 kWh/m3
and 0.3 kWh/m3 respectively. Kader M (2013) also
mentioned that energy consumed using rotating biological
contactor, submerged membrane bioreactor is 1.2
kWh/m3 and 3.6 kWh/m3 respectively [43,44]. Kuntal A
(2014) stated that the energy required for electro-
coagulation is 0.3 kWh/m3 [45]. There are few reports on
the saving of water using a combination of rainwater
harvesting, greywater recycling to promote potable water
savings [46].

Ghisi E (2007) concluded in his economic analysis
of combined use of rainwater and greywater in houses in
Southern Brazil that there need to be Government
incentives in order to promote the use of rainwater or
greywater in houses in Southern Brazil [47].

2.1.2 CONSERVATION OF ENERGY

World energy consumption is projected to rise by
30% by 2020. According to Enerdata’s latest predictions
from May 2007 energy consumption will increase at a rate
of 1.4% per year till 2035. Coal consumption of India’s
power sector has increased from the 285 MMT/year to

450 MMT //year by 2012. By 2030 India’s GHG emissions
could reach between 5.0 billion and 6.5 billion tones [48].

Strategies to reduce the environmental impact of
coal-based generation on atmosphere, water and land
would need urgent consideration. Solar energy has the
greatest potential of all resources of renewable energy. It
is an environmentally clean source of energy. The power
from the Sun intercepted by the Earth is approximately
1.8*¥101 MW which is 20,000 times the world’s demand.
Energy radiated by the sun on a bright sunny day is
approximately 1 kW/m@[49].

Khare V (2013) mentioned about availability of
adequate sunshine and balanced wind speed in India.
Hence there is greater opportunity for extension of solar
and wind energy system in the Indian scenario along with
enough future scope for these renewable sources through
“Grid Parity” [50].

Hagoes D et al. (2014) concluded that solar
energy use for water heating is competitive and viable
even in low solar potential areas [51].

Chang K et al. (2015) stated that for sustaining the
solar thermal industry in Taiwan, the dominant factor for
disseminating SWHs in metropolitan areas involves
developing building-integrated solar thermal systems
[52].

India is located in the equatorial sun belt of the
earth, thereby receiving abundant radiant energy from the
sun. The annual global radiation varies from 1600 to 2200
kWh/sq. m. [53].

Wind Resource Assessment Unit, Centre for Wind
Energy Technology, Chennai (2005) showed a great
potential of wind energy in all states of India except in
Orissa and West Bengal. Currently, wind power accounts
for about 8 % of India’s total installed capacity but it
generates only 2 % of country’s power [53].

India has set up a Ministry of Non-conventional
Energy Sources (MNES). India's cumulative Grid
interactive or Grid Tied Renewable Energy Capacity
(excluding large hydro) has reached 26.9 GW, of which
68.9% comes from Wind, while SPV contributed nearly
4.59% of the renewable energy installed capacity in
India of total generation capacity of India. Use of
renewable sources of energy has to be increased urgently
[54,55].

2.1.2.1 SOLAR PHOTOVOLTAIC FOR LIGHTING

The competitiveness of renewable energy systems
as alternatives to the diesel generator was evaluated by
Agarwal A (2007) [57]. The impact of small-scale PV
systems installed in homes, schools and public buildings
was assessed by Schmid A & Hoffman CA (2004) and it
was found that financial subsidies enabled remote rural
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communities to receive an electricity supply replacing
traditional energy sources [58].

An integration of solar photovoltaic of 25kWp
capacity was developed in an existing building of the
cafeteria on the campus of the Indian Institute of
Technology, Delhi by creating a solar roof covering with
the photovoltaic array inclined at an angle of 15° from the
horizontal and faces due south [59].

Feasibility of the stand-alone hybrid systems was
studied by Bansal NK, Sandeep G (2000), Elhadidy MA,
(2002) and Elhadidy MA & Shaahid SM (2005) [60-63]. It
was found that the renewable energy system is
competitive and feasible for off-grid application, but single
source renewable usually leads to component over sizing,
which increases the operating and life cycle costs [64].

Razykov T et al. (2011) reviewed the technical
progress made in the past several years in the area of
mono- and polycrystalline, thin-film photovoltaic (PV)
technologies based on Si, II-V, II-VI, and I[-III-VI2
semiconductors, as well as nano-PV and showed that
Monocrystalline and Polycrystalline wafer Si solar cells
remain the predominant PV technology with module
production cost around $1.50 per peak watt. Thin-film
technologies require much more surface area [65].

Table 2.1 shows the comparison of characteristics
of different photovoltaic technologies [66]. Kolhe M et al.
(2002) showed that PV-powered systems are the lowest
cost option at a daily energy demand of up to 15 kWh [67].

Nouni M (2006) estimated levelized unit cost of
electricity (LUCE) using photovoltaics for eighteen select
locations situated in different geographical regions of the
country. The LUCE found to vary in the range of Rs. 28.31-
59.16/kWh (US$ 0.65-1.35/kWh) for PV projects in the
capacity range 1- 25kWp [68].

Table -1: Characteristics of the different PV

Annual

energy

generated /| 107 100 ~51 ~146
m?2 (South | kWh/m? kWh/m?2 kWh/m? | kWh/m?2
facing, 300

tilt)

Annual

energy

generated / 800 900
KWp (South | />0 KWh | 750kWh 11y KWh
facing, 300

tilt)

?;V‘;;‘Zl K(gjoj 46 Kg /|40 Kg /|22 Keg / | 60-65
) m?2 m?2 m?2 Kg / m2
m

?;Vri‘ﬁgl ngo; 323 Kg/ | 323 Kg /| 344 387 Kg
KWp kWp kWp kg/kWp | /kWp

technologies

. Monocry | Polycryst- | Thin .
Particulars -stalline alline Film Hybrid
Cell efficiency e e 100 18 - 19
At STC 16-17% | 14-15% 8-12% %
Module 13-15% | 12-14% |5-7% |6 17
efficiency %
Area needed 7 m2 8 m2 ~16m? | ~6m?
for modules

According to Lazou A (2000), PV-battery systems
without a back-up generator can economically meet the
electricity demands of a residential household located in
remote areas where insolation is plentiful [69].

Charabi Y (2011) concluded from research study
on solar resource assessment considering different
photovoltaics (c-Si, a-Si,CdTe, CIGS,CPV) in Oman that
crystalline photovoltaic technology (CPV) provides great
potential in producing electricity [71].

Makride G et al. (2009) showed that the
performance of photovoltaic systems depends to a great
extent on the operating temperature which is a factor that
influences their daily and seasonal performance. The best
performing technologies based on the annual yield have
been mono c-Si, CIS and CdTe (the latter two being thin
film technologies [72].

Yoo S and Lee E (2002) proposed a building
design to have the PV modules shade the building in
summer, so as to reduce cooling loads, while at the same
time allowing solar energy to enter the building during the
heating season to provide daylight and conducted an
analysis of the system performance, evaluation of the
system efficiency and the power output [73].

Chow T et al. (2008) presented a photovoltaic
thermosyphon collector for residential applications with
rectangular flow channels and discussed the energy
performance [74].

A widely used method of storing electricity is
electrochemical battery storage. Hua S et al. discussed the
behaviour of GFMU valve-regulated lead-acid (VRLA)
batteries during three cycling test procedures, and that of
batteries in practical stand-alone PV systems and the
cycling test results showed that GFMU VRLA batteries
display good cycle life and could be successfully used for
standalone photovoltaic application in northwest areas of
China [75].
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Posorski R et al. proposed Solar Home Systems
(SHS) that are commercially disseminated and used them
cost efficiently to substitute kerosene and dry cell
batteries to reduce GHG emissions and thus make a
significant contribution to climate protection [76]

Levelised cost of solar power is between $0.28
and $0.46 per kWh for residential solar systems [77]. CdTe
and Cu (In,Ga)Se2 thin-film solar cells demonstrated
record efficiencies of 16.5% and almost 20%, respectively.
These values are the highest achieved for thin-film solar
cells. Production cost of CdTe thin-film modules are
presently around $0.76 per peak watt [78].

A combination of one or more resources of
renewable energy, called hybrid, improves load factors
and help in saving on maintenance and replacement costs
as the renewables can complement each other [79]. High
initial capital of the hybrid is a barrier to adopt the system
thus needs for long lasting, reliable and cost-effective
system [80].

Designing a hybrid system would require correct
component selection and sizing with appropriate
operation strategy [81,82].

It was presented that due to high diesel cost only
diesel-based power generation is not economically
feasible [70].  The global solar radiation potential of
Balikesir in Turkey was investigated, and an analysis was
performed to assess the techno-economic viability and
environmental performance of a hybrid PV-diesel-battery
system to meet the load requirements of a typical rural
farmhouse. The Cost of Energy (CoE) for this kind of
hybrid system was found to be 1.245 US$/kWh [71].

2.1.2.2 SOLAR WATER HEATING

Demand for hot water for bathing shows
significant variations across regions. The survey tried to
capture this by collecting information from households on
the number of months in a year when they use hot water
for bathing. The survey found that apart from cold and
moderate climatic regions, which show a high demand for
hot water (> 8 months/year) for bathing. There are certain
areas in the country which do not fall under cold and
moderate climate regions but exhibit high use of hot water
e.g. parts of Maharashtra, Kerala, and Tamil Nadu where
surveyed households responded that hot water is used for
more than 8 months in a year [72].

Fatidis ] (2012) investigated the effect of the
incentive program on the payback time of a typical glazed
solar hot water system in Greece [73]. Kalokirou S and
Tripanagnostopoulos Y (2006) showed that application of
the PVs have better chances of success especially when
both electricity and hot water is required in domestic
block of flats [74,75]. Hang Y (2012) Evaluated the solar
water heating systems for the U.S. typical residential
buildings, from the energeticc, economic and

environmental perspectives, and included two different
types of solar collectors, flat-plate and evacuated-tube
solar collectors. The study revealed that the life cycle cost
payback for solar water heating systems vary from 4 to 13
years for different cities and different configurations when
using the conventional electrical water heating system in
each city as the benchmark [76].

For small applications, upto 3000 litres capacity,
users may prefer thermosyphon system for its simplicity
and ease of operation. In such cases, the source of water
must be placed at least 7 feet above the terrace level for
size upto 500 litres and for larger tank sizes, the height
requirement goes upto 10 feet or higher. Forced
circulation system is required for systems of size larger
than 3000 litres per day. Solar water heater (SWH) with
heat exchanger is used for places where quality water is
not suitable for direct use in solar collector or in cold
regions where water in the collector may freeze in the
night, solar water heating system with indirect heating is
required. Users located in low temperature zones
(minimum night temperature below 2 9 C and below) have
to use heat exchangers. For thermosiphon system, heat
exchangers shall be always in the hot water storage tank.

Depending on the nature of heat transfer through
the working fluid, SWH systems can be broadly classified
into: direct systems and indirect systems. In the direct
system, water is heated directly in the collector which is
then passed through a condenser or a heat exchanging
device to heat water. Similarly, depending on the
circulation of working fluids, SWH systems can also be
grouped into either: passive circulation system or active
circulation system. Passive circulation systems refer to
thermosyphonic method in which density difference
induces the circulation of the fluid, naturally. On the other
hand, active circulation employs a pump to effect forced
circulation of the working fluid, during adverse weather
conditions. Different techniques have been employed such
as recirculation or drain-down technique and drain-back
technique for direct and indirect SWH systems,
respectively. Usually differential thermostats are used to
control the system in accordance to the hot water demand
with an exception to thermosyphon and integrated
collector storage systems [75].

There are three common types of stationary
collectors used in SWH systems. These are flat plate
collectors (FPCs), evacuated tube collectors (ETCs) and
compound parabolic collectors (CPCs). FPCs and ETCs are
the most widely deployed collectors for small-scale water
heating applications [77]. Different authors have
investigated the performance of SWH systems with heat
pump FPCs [86-91]. Zambolin E and Del D carried out a
side by side testing of FPC and ETC in Padova, Italy [92].
Typical domestic installations for families of 4-6 persons
in temperate climates consist of 4-6m? FPCs and 3-4m?
ETCs [86].
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Huang | et al. investigated the thermal performance of
thermosiphon flat plate solar water heaters with a mantle
heat exchanger in China while Al-Nimr MA and Akam MK
studied the thermal performance improvements of a
conventional tubeless collector [93,94].

Peppias F et al. (2014) compared the process
production of ETC and FPC. The cost of acquisition of
evacuated tube solar collectors is 104.04% therefore
concluded that the choice for a specific kind of collector
depends on the desired advantages, and a complement is
required for decision-making based on the availability of
economic resources. Economically, therefore, the choice
for a specific kind of collector depends on the desired
advantages, and a complement is required for decision-
making based on the availability of economic resources
[95]. ETC is strong and long lasting. If any tube is broken, it
is just replaced which is considered as a cheaper option
compared to flat plate collector (FPC) which require the
replacement of the whole collector [96,97]. The predicted
performance at various Indian stations revealed that hot
water is required at most places for domestic use only
during winter season and it can provide 100 litres of hot
water at an average temperature of 50-70 °C that can be
retained 40-60 °C till next day [98].

As per study conducted by the Beijing Solar
Energy Institute, it is clear that FPC shall perform better in
hot climatic conditions whereas ETC shall perform better
in cold climatic conditions. In tropical country like India
where seasonal variations are quite wide, solar water
heater should be selected considering the winter climatic
conditions. For low temperature application from 40° C up
to 809 C FPC or ETC can be used. ETC is used for lower
maintenance in hard water area or to prevent collector
tubes breakage by ice freeze in tubes. Quality of water
plays an important role in selecting collector technology.
ETC are more reliable for regions having hard water. If
water is saline both FPC and ETC can be used. In acidic
water conditions ETC shall be used whereas in alkaline
water conditions both FPC and ETC can be used. Avoid use
of ETC in hailstorm prone regions [99]. The optimum tilt
angle of collector is an angle equal to the latitude of the
place plus or minus 15 © plus sign to be used for winter
and minus sign for summer [100]. ETCs have been the core
attraction of modern development in the solar water
heater market as the manufacturing cost is comparatively
lower and ETCs have better performance than FPCs
particularly for high temperature operations. Sabiha MA
(2015) et al. reported significant developments of solar
water heaters using ETCs which eventually include 65% of
6.5 million m2 /year in China [101].

Latest solar thermal technology in China and its
status shows that Evacuated tube SWH systems are
commercialized for mass market and are having cost-
effective prices [102].

2.1.2.3 WIND TURBINES

Estimates of Purohit P and Michaelowa A (2007)
indicated vast theoretical potential of CO, mitigation by
the use of wind energy in India [103]. As is well known
wind energy can be used not only in large systems but
also in small installations. These power generation
systems are showing a real growth opportunity.
Antonio M and Simona C (2012) evaluated the
performances of small wind turbines available in market
in South Italy and showed that the choice of turbine is
closely related to the wind conditions and to the type
of terrain. The opportunity offered by the Italian
legislative framework allow to pay more attention to a
new potential market of the urban areas [104].

Rooftop - mounted or wall - mounted micro wind
turbines are new emerging type of turbine. Vertical axis
wind turbines are less common than horizontal axis wind
turbines [105].

The study of geographical distribution of wind
speeds, characteristic parameters of the wind, topography
and local wind flow and measurement of the wind speed
are very essential in wind resource assessment for
successful application of wind turbines. Kocak K (2002)
was concerned with speed persistence, which is an
important factor in maintaining wind energy production
[111]. Wood A (2001) determined the optimum tower
height using power law and by a lgorithmic law. The site
with annual mean wind speed of 20km/h with a hub
height of 30m and power density of 150W/m?2 is
economically viable annual wind speed for power
generations [112]. The Weibull density function had been
used by Weisser D (2003) for the analysis of wind energy
potential of Grenada (West Indies) based on historic
recordings of mean hourly wind velocity [113].

Weibull, Rayleigh distribution and Markov chain
model were found suitable to predict wind speed data for
the site. Grant A et al. (2008) concluded that ducted
turbines have significant potential for retrofitting of
existing buildings but visual impact and safety are the
matters of concern [114]. Karothia K et al. (2014) carried
out feasibility analysis of rooftop wind turbines in India
and showed that in several areas of India where the wind
speed is more than 4.83 m/s, use of rooftop wind turbine
is feasible [115]. Li Z et al. (2012) investigated economic
viability of six sample micro wind turbines (Ampair 600-
230, Swiftl.5kW, Siliken 3.4, Siliken 4.1, Skystream 3.7,
Proven 11) available in Irish market, for use in Ireland,
using HOMER software and concluded that micro wind
turbines are not economically viable if installed in the
locations with low average wind speed (< 5 m/s), they are
more promising when installed in locations with relative
high wind speed (> 6 m/s). Providing lower loan rates and
Jor substantial capital grants are best incentive
approaches to encourage maximum penetration of micro
wind turbines [116]. Nibir S et al. (2012) concluded in his
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analysis of rooftop micro wind turbines (Ampair 600, Flex
400, Gdcraft WG600, Whisper 200, Windmax HY 600) on
Bangladesh perspective that at low wind speeds,
difference in performance of the analysed models is not
much significant and the turbine which has best
performance might not be best economically [117].

Most vertical axis wind turbines (VAWTSs) have an
average decreased efficiency from a common horizontal
axis wind turbines (HAWTs), mainly because of the
additional drag that they have as their blades rotate into
the wind. Versions that reduce drag produce more energy,
especially those that funnel wind into the collector area. It
is less cost effective [118]. Generally, average annual wind
speeds of atleast 4.0- 4.5 m/s are needed for a small wind
turbine to produce enough electricity to be cost effective
[119]. Vertical axis wind turbine is an immature
technology whereas horizontal axis technology is proven,
tested and constantly refined technology. Vertical axis
wind turbines require twice the swept area and four times
the material compared to HAWT, to generate the same
electricity [106]. Messineo A (2012) evaluated
performances of small wind turbines in Itly and showed
that horizontal axis wind turbines produce more energy
than the wvertical axis [116]. Full Department of
Engineering for Innovation - University of Salento, Lecce
Itly (2013) identified guidelines for micro sitting of
building integrated micro wind turbines, based on
simulations using Taguchi method and analysis of variance
(ANOVA) methods for horizontal axis wind turbines. It
was found that the most relevant parameter is the wind
turbine height which has the percentage contribution
equal to 62.0% and 64.7% for turbulence intensity and
speed-up factor, respectively. Tiwari A and Harinarayana
T (2014) developed wind turbine along with accessories
which can generate a constant electricity supply even at
locations having wind speed between 2 m /s to 4 m/s. The
only disadvantage of this system is that it will be
commercially beneficial only when wind speed ranges
from 3m/sto 6 m/s [118].

2.1.3 MATERIAL CONSERVATION

Utilization of fly ash can result not only in
reducing the magnitude of the environmental problems,
but also in exploiting fly ash as a raw material for value
added products while conserving traditional materials and
for the extraction of valuable materials. Amongst the many
uses of fly ash, its use as a building material is particularly
suitable because it is anticipated, that there would be a
considerable shortage in production of various building
materials. According to a study, there is a huge shortfall in
the production of bricks, to the tune of 25 billion bricks on
an estimated demand of 100 billion bricks per year in
India as of today. To tackle the problem and encourage the
use of fly ash for making building materials, the
Government of India has imposed restriction on brick
manufacturers to use at least 25% of fly ash on weight-to-
weight basis if the brick kiln is located within a radius of

50 km from a coal or lignite based thermal power plant
[119,120].

Steel, cement and bricks as construction materials
are used in a very large quantity during building
construction and they are most significant in terms of
environmental impact. In India, it is estimated that the
brick industry produces 22% of the CO, emissions of the
construction sector and requires about 27% of the energy
used in building materials production [121,122]. The
consumption of coal in brickmaking contributes to the
greenhouse gases. In addition to air pollution, it also
contributes to water pollution and degradation of soil
quality due to top- soil erosion [123].

Use of recycled or waste material as a principle
raw material can conserve the natural resources. The
waste material may include fly ash, cotton waste, paper
processing residues, granulated blast furnace slag, rubber,
limestone dust, agro waste. Ralegaonkar RV et al. (2014)
used recycled paper pulp waste (RPPW) as a principle raw
material in development of bricks. These bricks (90 %
RPPW and 10% cement) have 10 % less embodied energy
compared to fly ash bricks [124]. In a similar study
sugarcane baggase (SBA) ash was used as the principle
raw material in developing bricks. Bricks were developed
with quarry dust and lime with SBA (50%), quarry dust
(30%) and lime (20%) composition. Developed SBA bricks
showed 3% reduction in embodied energy and hence
reduction in carbon footprint [125]. Reddy BV (2010)
investigated the potential of stabilized mud blocks (SMB)
as an alternative to burnt clay bricks. The blocks were
manufactured compacting manually a mixture of soil,
sand, stabilizer (cement/lime) and water. SMBs were
found to be energy efficient with approximately 60-70%
saving when compared with burnt clay bricks [126].

The main objective of using fly ash in most of the
cement concrete applications is to get durable concrete at
reduced cost, which can be achieved by using fly ash based
Portland Pozzolana Cement (PPC) conforming to 1S:1489
Part-1 in place of Ordinary Portland Cement and using fly
ash as an ingredient in cement concrete [127].

Apart from being added at the clinkering/grinding
stage to make the PPC, up to 25% of cement can be
replaced with fly ash by blending it at the concrete mixing
stage at project sites [128]. Autoclaved Aerated Concrete
(AAC) Block is manufactured using fly ash mixed with
cement, lime, water and an aerating agent. The Blocks are
an eco friendly and sustainable construction building
material made using non polluting manufacturing process.
It makes productive use of recycled industrial waste (fly
ash). These Blocks are 3-4 times lighter than traditional
bricks and are available in custom sizes. The use of AAC
block also reduces the requirement of materials such as
cement and sand up to 50% [129].
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Stabilized Mud blocks perform considerably
better, in environmental terms, than fired bricks. They
have significantly less embodied energy, contribute fewer
CO; emissions and help to promote the local economy and
local labour [130].

2.2 MARKET / WEB SURVEY
2.2.1 WATER CONSERVATION TECHNIQUES
2.2.1.1 RAINWATER FILTERS

Sieve filters like Rainy filters, Pop-up filter, Aqua
filters and Varun filters are commercially available in
India.

Table 2 shows the specifications, costs and
parameters of commercially available models of Rainy
filter [145].

Varun filter 1is available for INRS5,000,
manufactured by Bangalore based company. Varun filter is
constructed on principal of slow sand filter and can handle
50 mm per hour intensity of rainfall from area of 50
square meters.

Table-2: Technical specifications, costs and parameters of various models of Rainy FL series dual intensity RWH filter

Rainy FL - | RainyFL - Rainy FL - Rainy FL -

100 200 300 500
Suitable upto roof area 110 m2 225 m? 350 m? 500 m2
Cost (INR) 8,500 12,250 16,750 25,750
Max. intensity of
rainfall 75 mm/ hr 75 mm/ hr 75 mm/ hr 75 mm/ hr
Working principle: cohesive force, centrifugal force
Operating pressure Less than

0.060

kg/cm?
Capacity 105 LPM 225 LPM 340 LPM 480 LPM
Filter element SS- 304 SS- 304 SS- 304 $S- 304
Mesh size 250 Microns | 250 Microns | 250 Microns | 250 Microns
Inlet 90 mm 110 mm 110 mm 110 mm
Clean water outlet 63 mm 75 mm 90 mm 90 mm
Drain outlet 90 mm 90 mm 90 mm 90 mm

High High High

Housing High density | density density density

polyethylene | polyethylene | polyethylene | polyethylene
Efficiency of filter Above 90 % | Above 90 % | Above 90 % | Above 90 %
Source of power Gravity Gravity Gravity Gravity

Source: http://www.rainyfilters.com/fl-500.html

It consists of three layers of sponge and 150 mm thick
layer of coarse sand. It has been developed by S.
Vishwanath, a Bangalore based water harvesting expert
[146].

Popup filter is made of Polyethylene. Rain tap popup does
not have drain outlet so users have to open and remove
debris manually. Rain tap popup filter uses plastic mesh.
One Raintap Popup filter can handle water from only 92.9
m? of rooftop, so users need to use multiple units for
bigger rooftops and only one size of model is available.
Pop up filter costs INR7,000 [145].

Devas filters are used in Madhya Pradesh, India. The filter
consists of a polyvinyl chloride (PVC) pipe 140 mm in
diameter and 1.2 m long. There are three chambers. The
first purification chamber has pebbles varying between 2-
6 mm, the second chamber has slightly larger pebbles,
between 6 and 12 mm and the third chamber has the
largest 12-20 mm pebbles. There is a mesh at the outflow
side through which clean water flows out after passing
through the three chambers. The cost of this filter unit is
INR 7,000 [146].

2.2.1.2 LOW FLOW DEVICES

Ultra-low flush toilet saves 6.822 liters/flush
costs INR13, 260. Shower head with aerator costs
INR1,200 and saves 50 % of water [147]. Low flow faucets
with aerators also save 50% of water costing INR225-
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INR510. Dual flush toilets save 16 liters/person/day
costing INR15, 300 [148]. As per the manufacturer of the
renouned Parryware Company, cost of a Universal
Combination European Water closet (dual flush) and a
PVC cistern in the year 2015 was INR3, 999 and INR897
respectively. Unit cost of bib cock, pillar cock, health
faucet, and shower head of the same company in the year
2015 was found INR899, INR1,175, INR1, 200, and INR829
respectively.

Hindware company quotes INR4,000 for a dual
flush water closet (catalogue number 20095), INR835 for
a PVC cistern. Same company quotes INR1,600 for pillar
cock with honeycomb aerator, INR879 for bib cock (Model
No: F280002), INR1, 516 for health faucet (Model No.:
F160013), INR970 for showerhead (Model No.: F160008).

Aerator consists of 3 major components, housing,
insert and rubber washer. Faucet aerator is classified on
basis of its flow rate and type of water stream i.e. aerated,
non-aerated and spray. Faucet aerators are available in
standard sizes- M22x1 (female) threading or M24x1 (male
threading) [139]. There are the different streams available
in faucet aerators.

Spray Streamis used to produce a miniature
shower pattern and provides full coverage of hands during
washing. Similar to the laminar stream, it is non-aerated
and restricts the flow of water is suggested for use in
public lavatories.

Laminar Stream produces a non-aerated water
stream ideal for high flow applications or health care
facilities with a beautiful crystal clear, non-splashing
stream.

Aerated/Bubble Stream mixes air into the water.
It produces a larger, whiter stream that is soft to the touch
and non-splashing. This stream is usually the choice for
residential faucets [139]. Female faucet aerator thread
diameter 19mm costs INR180. Aerators of shower head of
cost INR300 per piece [142].

2.2.1.3 GREYWATER TREATMENT SYSTEM

Readily available GW treatment system OASIS (GT
600) enclosing membrane filters, aerobic biological
treatment unit, and membrane biological reactor costs INR
33, 0840. The treated GW using this system can be used
for fruit & vegetable gardens [152]. GW treatment units
like Siemens Membrane Biological Reactor costs INR 386-
1,100 per gallon of treated GW and can be used for non-
potable purposes [153].

PONTOS AquaCycle 1500 a Germany based
company having sequencing batch reactor (SBR) of
capacity1000 lit/day performs a twostep biological
treatment, with bacteria growing on fixed bed of foam
cubes and a ultraviolet lamp for disinfection costs €10.900
(INR 736.40, 2005 rate)[153].

Flotender GWT system (GS-40-2SP) having total
surge capacity of 40 Gallons costs INR1,91,887, Flotender
GWT system (GS-80-2SP)having capacity of 80 Gallons
costs INR2,18,023, Flotender GWT system(GXL-390-2SP)
costs INR4,71,943.These systems are used for recycling of
treated water for non-potable purposes [154].

Wavebrite greywater recycling system shown in
figure 2.4 is from United Kingdom for domestic purposes
require electricity for operation [155].

2.2.2 ENERGY CONSERVATION TECHNIQUES
2.2.2.1 MODULES OF SOLAR PVS

The wholesale price of multicrystalline modules is
INR35/watt [156]. The retail price of polycrystalline
photovoltaic panels is around Rs 50-60 per Wp . Table 3
shows the prices multicrystalline solar panels [157]. Table
4 shows price list for multicrystalline Modules of sizes
ranging in power from 3Wp to 210Wp in 12V/24V, in
India . Table 5 shows the price list from various
manufacturers of solar panels in India [158]. The cost of
polycrystalline solar panels INR 45/Wp. The cost of
monocrystalline solar panels INR 60/Wp [154,155] As per
market survey, Table 6 shows the cost break-up of
assembly of solar panels set-up, for lighting in India in the
year 2013 [159,160].

Table- 3: Tata Solar Panels Price List

Model MRP Selling
(Watt) INR Price
10W 12V 1069 1015
40W 12V 3071 2918
80W 12V 6142 5835
100W 12V 7678 7294
150W 12V 11516 10940
200W 24V 13920 13224
250W 24V 17400 16530
300W 24V 20880 19836

Table-4: Solar panels price list

Wattage Price (INR/Wp)
3Wp(12V/24V) 80
125 Wp (12V/24V) 48
SWp 70
150Wp,10Wp (12V, 24V) 55
180Wp, 20Wp 47
200Wp (24V) 45
30Wp 45
210 Wp, 37Wp (12V) 50
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Table-5: Price of Solar Panels in India

Wattage | Efficie-ncy . Price Per Wp

Manufacturer Model (Wp) (%) Price (INR) (INR)
Solar Universe SUI-250P-60 250 15.00 8,514.00 34.00
Solar Universe SUI-300P-72 300 15.00 10,238 34.00
Shan Solar Ruby 60 250 250 15.00 8,790.00 35.00
Solar Universe SUI-250P-60 250 15.00 8,844.00 35.00
Solar Universe SUI-300P-72 300 15.00 10,608 35.00
Navitas — Green | o0, 300 16.00 10,837 36.00
Solutions

Navitas —Green | o 240 15.00 8,698.00 36.00
Solutions

PV Power Tech. ECO 250 250 15.00 9,031.00 36.00
Shan Solar 3PSS60 245 245 15.00 8,718.00 36.00

. [INI 3 P6-
Universal Solar 40/36-G 40 ---- 1,452.00 36.00

Table-6: Cost break-up of solar panel assembly

Cost break-up

Module - 68%

Inverter - 11%

Support structure
7%

Mechanical work -
6%

Electrical work -
5%

Quality control
3%

2.2.2.2 Solar Water Heater

Both solar water heaters with flat plate collector (FPC) and evacuated tube collector (ETC) are available in India.
ETC systems with heat pipes are also available, but are not used commonly in India. Table 7a shows the approximate cost
of ETC and FPC systems with different capacities for providing hot water of 60° to 70° C in a day. The normal temperature
of the hot water requirement is between 30° to 40° C in residences [163]. Table 7b shows the costs and specifications of
SWHs of different companies obtained from web survey accessed on September 2015.

2.2.2.3 Wind turbines

Small wind turbines with capacity ranging from 300 W to 25 kW are now available in Indian market and gaining
popularity [164]. Table 8a, Table 8b show various wind turbine models along with start up, cut in and design wind velocity
and costs obtained from the manufacturers, available in India.
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3. CONCLUSION

An extensive literature survey was carried out in order to find out different types of sustainable technologies for
natural resource conservation. The survey enabled to identify sustainable technologies which can be integrated into
residential buildings. Material, water and energy were identified as key resources for conservation. Cost of sustainable

technologies and

Table-7a: Cost of SWH systems

System | ETC based :;:s(iems b?:iig
capacity | systems with metallic
(Ipd) glass tubes collectors
Maximum Maximum
Cost solar Cost solar
(INR) | collector | (INR) | collector
area (m?) area (m?)
100 15000 | 1.5 22000 | 2
200 28000 | 3.0 42000 | 4
250 34000 | 3.75 50000 | 5
300 40000 | 4.5 58000 | 6
500 62000 | 7.5 85000 | 10
technical efficiency of sustainable technologies was the Table-7b: Costs of SWH systems obtained from
focus of the literature survey. Companies
For the identified sustainable technologies and Name of | Capacity Cost
the components of sustainable technologies, market Company | of SWH Type of collector (INR)
survey and web survey was carried out for finding out the Focusun
latest technologies and their components locally available energy 100 ETC 17000
in the market. ETC
The costs and specifications of components gﬁiet:lf)llceatflsglsl'n dian hard
enabled, to find out technically efficient, economically ..
viable technologies along with the components. water cqndltlons. e
International  Certified
It was revealed that among the building materials o SUS 304-2 B Stainless
of AAC blocks, Stabilized mud blocks, fly ash bricks and Blpl_n Steel Inner Tank, (_)'376
clay burnt bricks, use of fly ash bricks requires less capital En_gmeers 100 mm or 0'426. mm painted 22350
cost with less amount of CO; emission. Comparison of Private steel, alumlnlqm alloy
costs of Ordinary Portland Cement and Pozzolana Portland Ltd. stands 6063: Wmd Pr.oof
Cement showed that Pozzolana Portland Cement is and i antl-.corroswn,
cheaper without any compromise on strength. Fly ash foaming density of 45
waste management can also be accomplished by use of fly Kg/. m?and high cell
ash bricks and Pozzolana Portland cement in building the closing rate for better
residential apartment buildings on a very large scale. insulation.
The rooftop RWH system having underground Supreme 100 ETC 14799
storage in the R.C.C. tank with on-site utilization of solar
recycled water was found most suitable, preventing light ETC
penetration, keeping stored water constantly cool and Specifications:
saving the valuable land area in the residential apartment Tube Dimensions: 47 -
buildings. It was found that ready underground PVC 1800 mm or 58 - 1800
storage tanks are available in Indian market, but these Supreme 200 mim, Inner Tank 18459
tanks show bursting when the ground water level is above solar Materials: High grade
the base of the PVC tank, in empty condition. stainless steel, outer tank
Materials: Stainless
Steel / powder coated
(both options available)
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ETC & 3.9
Specifications: m/s
Sunbeam | 100 Weight - (Kg): 50 Kg, | 55143 Start Up,
vaccum tube size Cut in &
(mm):(102x50x52 mm) design
. wind
ETC gggghlp 3\3}‘?0 velocity | 47,00
Material: Stainless Steel 09 m/s,
Colour: Orange 1.2 m/s
Insulation: PUF & 3.9
Tata Tube Material: Triple m/s
Power 100 coated glass tube 17500 Start Up,
Solar Tube Length (mm):1500 Cut in &
Absorber Coating:CU, AL, design
N/ SS (Three Layer) SunChip | 12000 w1nd.
Warranty: 5 12000 Wh velocity | 87,000
Temperature: 65 09m/s,
ETC 1.2 m/s
Number of tubes: 24 & 3.9
Collector area (sq m): m/s
3.93 Start Up,
Absorber Cut in &
material/coating: design
Racold 200 Sele.ctlve Three layer | 26299 SunChip | 24000 wmd- 1 09,
coating (A1N/SS/Cu) 24000 Wh velocity 000
Tube material: 09m/s,
Borosilicate glass 1.2 m/s
Tube length: 1800 mm & 39
Outer tube diameter: 58 m/s
mm
ETC
Material: stainless Steel Cut in ,
Rayon Colour:- Sliver _ design ,
Energy 100 Insulation: PUF 22000 Whisper | 21600 | cut out | 1,70,00
Tube Material:  Glass 100 Wh wind 0
Tubes velocity
Tube Length (mm):1800 3.4m/s,
Table- 8a: Specifications of rooftop wind turbines 1525.5m/s
,55m/s
Picture Wind. g:\f\?el;‘t Wind. Rate
Turbine per day velocity (INR)
Start Up,
Sg;glg & Whisper | 24000 2,10,00
. . 200 Wh 0
SunChip 960 wind
' Wind Wh velocity 29,00
. 1000 (0.9 m/s,
1.2 m/s
& 3.9 1.6 m/s,
m/s) 49
Start Up, Sikco 1000 c.u;n 1/;
Cut in & Wind "1 25,000
SunChip design 1000 Wh ra.ted
: 1800 . wind
Wind Wh wind 37,00 velocity
semEEs | 2000 velocity
u. 09 m/s,
1.2 m/s
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Table- 8b: Specifications of rooftop wind turbines

turbine

wind speeds

Output .
Picture Wind power VWeIII;(jit Rate
Turbine per (INR)
day y
Sikco 2000 39,79
Wind Wh .
2000
Sl(.ZkO 3000 1.6 57,79
Wind Wh m/s | g
3000 4.9m/
S
cut in
i , rated
sicko 5000 | wind | 65,65
> Wind Wh velocit | 0
e 5000 ;
‘f Sl(.:ko 12000 11650
v Wind Wh .
F 12000
‘SA;frlfg 24000 15850
24000 Wh 0
sicko 48000
Wind Wh
48000
3.1 m/s, 10.5
m/s, 49 m/s
Windis | 9600
tar 400 | Wh cut in, rated, | 77,000
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Rainy filter based on the principle of cohesion and
centrifugal force, was found commercially available in
Indian market, which is dual intensity, self- cleaning and
maintenance free. Filter inlet and outlet connections suit
the pipeline direction and has a bypass valve to divert the
sudden summer rains. They are made from high density
ultraviolet treated polyethylene material. Rainy filters
were thus found most efficient and maintenance free.
Rainwater reuse after simple and easy treatment of
chlorination was found most suitable for residential
buildings.

Saving in fresh water by using LFDs like
showerheads, faucets, and dual flush toilets was found the
best technique of water conservation, but the economic
feasibility of implementing this technique was found the
basic hurdle. There is no literature available for life cycle
costing of LFDs.

Hence actual calculations for life cycle cost and
saving in water in the life of LFDs was found essential for
comparison with the other techniques.

Evaluation of various GWT technologies showed
that membrane bioreactor, electro-coagulation, rotating
biological contactor and submerged membrane bioreactor
are high energy required techniques. GWT technology
developed by National Environmental Engineering
Research Institute, Nagpur, India, was found techno-
efficient, cost effective and does not require energy for the
treatment. The quality of treated water was found suitable
for toilet flushing without any problem of causing
diseases. It was found that sparce work is done in finding
out life cycle cost analysis of the GWR hence scope was
found in calculating life cycle cost of GWR system.

For energy conservation techniques for lighting,
crystalline solar panels were found most efficient. Mono
crystalline photovoltaic panels are found efficient in very
high temperature areas and were the costliest.
Polycrystalline  photovoltaic  panels were found
technically efficient and economically viable for Indian
climatic condition.

For domestic water heating in apartment
buildings, passive type of thermosyphon solar water
heaters were found suitable since these solar water
heaters do not require energy for pumping. In
thermocyphon solar water heater the circulation of water
[during the heating process was found purely due to the
difference of density of cold water and hot water. It was
also found that in this system, there is no other mechanical
moving part, hence the system reliability is very high. In
India Racold is the time tested, reputed company for solar
water heaters. Choice of collector for SWH depends upon
climatic conditions and the quality of water. Evacuated
tube collectors were found suitable for hard water where
bore well is the source of water and mostly used in India.
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It was also found that potential of wind energy
can also be explored for lighting in residential apartment
buildings using rooftop wind turbines. HAWT was found a
matured and technically updated technology cheaper than
VAWT technology can be used for rooftop application
where wind speed is more than 4.0 m/sec. For wind
speeds less than 4.0 m/sec use of wind turbine was found
infeasible.
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