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Abstract: The article discusses the various renewable energy 

resources & techniques available and implementing small-scale 

renewable energy techniques in traditional buildings. The 

conventional sources such as coal, oil and natural gas are non-

renewable and eventually be exhausted sometime. Our 

mythology, and current scientific studies explains, that the 

universe is made of five elements Fire, Water, Air, Earth and 

Sky. All these elements are great source of energy form ages. 

Currently we are exploring these sources of energy, with the 

modern renewable energy techniques. A renewable energy 

system converts the energy in sunlight, wind, water, geothermal 

heat or biomass into a form, which can be used to produce heat 

or electricity. These technologies are essential at present for 

energy efficiency and sustainable development. 

Further, the architectural form of traditional buildings in walled 

city of Jaipur has evolved in response to the climate, lifestyle and 

equipment availability. These buildings are excellent examples of 

sustainability and the efficient use of energy in the hot, dry 

climate of Rajasthan. However, due to subdivision of houses, 

population pressure, increased Commercial activities and 

changing lifestyle of people load on infrastructure is increasing. 

Lot of transformation has taken place in terms of addition and 

modification in building and installation of high-energy 

consuming equipments like for user comfort, which is leading to 

high energy requirements. As a result, load on energy and 

infrastructure is increasing and creating various environmental 

concerns. Hence, to overcome this concern application of 

alternate energy sources is essential. This article explores the 

Potential for application of renewable energy technologies in 

these traditional buildings and discusses the Government 

intervention to support these technologies. 

Keywords: Renewable energy, Solar Photovoltaic, Wind turbines, 

Geothermal, Biomass, Sustainable development 

I. INTRODUCTION 

his article is to explore potential renewable energy 

sources to apply to traditional buildings of the walled city 

of Jaipur in state of Rajasthan for energy production. Fossil 

fuels (crude oil, natural gas and coal) are non-renewable 

resources once they are exhausted, they will not be replaced. 

The reduced availability of non-renewable resources will also 

result in a significant increase in energy prices. The 

availability of local renewable energy sources reduces the 

dependence on foreign energy sources, such as imported oil. 

When we burn natural gas, oil or coal, the heating system 

emits CO2 greenhouse gases in the atmosphere, directly 

contributing to climate change. There are no emissions of 

greenhouse gases from renewable energy sources, making 

them a better choice for the environment.  

State of Rajasthan has an immense advantage for getting 

energy from renewable energy source like solar wind, 

geothermal etc. due to its geographical location. The 

renewable energy capacity of state of Rajasthan is about 3,360 

MW [18]. Rajasthan has the best solar insolation in the 

country. 

 

II. RENEWABLE ENERGY GENERATION 

TECHNOLOGIES 

Choice of renewable energy resources & technologies 

depends on climatic conditions, building characteristics, and 

the advantages and disadvantages of each renewable energy 

source.  

 

Figure 1 Types of Renewable energy sources 

In Renewable energy technologies, solar panels absorb direct 

heat from the sunlight to produce hot water; and electricity is 

produced using sunlight by photovoltaic cells, wind turbines 

produce electricity; biomass crops are burned to generate heat 

and; and heat pumps which concentrate the low temperature 

heat absorbed by the air, soil or water in the summer to heat 

buildings in winter and cool in summer. Hydroelectric plant 

generates energy from tidal or falling water. 

2.1 Solar Energy 

Solar energy or sunlight is the most important and easily 

available, free source of energy since ancient times, especially 
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in case of India. It is estimated that solar energy equivalent to 

over 15,000 times the world's annual commercial energy 

consumption reaches the earth every year. State of Rajasthan 

is uniquely placed to tap solar radiations with 300-330 clear 

sunny days and average daily solar incidence of 5 - 7kWh/m2 

[11]. Solar has huge untapped potential because of the State's 

high solar insolation level. As per the solar irradiation 

mapping by MNRE, Jaipur receives solar radiation of about 

5.6kWh/m2.  

 

Figure 2 Solar irradiation /Insolation Map India (MNRE) 

More than 1.5 lakh MW energy is estimated to be lying 

untapped from solar technology while Solar Power Projects 

with capacity of about 14620 MW [18] have already been 

registered in the State. Solar energy can be used through 

various ways but there are two popular ways to generate solar 

energy: 

Solar collectors (Thermal route): the energy generated here is 

used for heating, drying, cooking or generation of electricity. 

Solar collectors use sunlight to heat water, which is then 

pumped through an insulated pipe to a thermal store.  

Solar panels or photovoltaic (PV) - for electricity: 

Photovoltaic route which converts solar energy in to 

electricity that can be used for a myriad purposes such as 

lighting, pumping and generation of electricity.  

 

2.2 Hydro Energy 

Hydropower is a renewable energy source because it uses the 

Earth's water cycle to generate electricity. Surface water from 

sea and rivers evaporates to forms clouds, which, precipitates 

towards the earth, and again flows to the ocean. This 

movement of water creates kinetic energy, which can be 

converted to electricity with renewable energy techniques. 

This does not harm the environment as no pollutants are 

added to the water while it flows through the hydropower 

plant. There are, mainly two technologies for Production of 

Hydro Energy. 

Tidal Energy: In this, a barrage is constructed across an 

estuary for electricity generation by blocking the incoming 

and outgoing tide. 

Falling water energy: The potential energy of falling water 

captured and converted to mechanical energy by a 

hydroelectric power plant.   

 

2.3 Wind Energy 

Wind is created by uneven heating of the atmosphere by the 

sun, the irregularities of the earth's surface, and rotation of the 

earth. This wind flow is used to generate energy by harnessing 

wind power to produce electricity. Wind is a free but 

intermittent source. Wind speeds may vary within minutes 

and affect the power generation and in cases of high speeds- 

may result in overloading of generator.  Energy from the wind 

can be tapped using turbines, which convert wind energy into 

electrical energy. Wind turbines convert the kinetic energy of 

the moving wind into electricity. Wind turbines are basically 

of two types; one with vertical axis of rotation in respect to 

ground known as vertical axis turbines and other with 

horizontal axis of rotation in respect to ground known as 

horizontal axis turbines. The gross wind energy potential in 

the Rajasthan has been estimated at 5400 MW out of which a 

total of 1825.995 MW [15] wind power capacity has been 

already installed.   

 

2.4 Geothermal Energy 

Geothermal energy (GE) is thermal energy generated and 

stored in the Earth. Geothermal resources include heat 

retained in shallow soil, hot water and rock found a few miles 

below the surface of the earth, and very high temperature 

molten rock called magma located deep in the earth, it is a 

huge resource, which is underused. Deeper, warmer 

geothermal reservoirs can be used directly for heat or through 

advanced technology for the production of heat and 

electricity. Geothermal technologies, uses the heat from the 

center of the earth to provide heating and cooling to buildings. 

GE is of environmental friendly nature with low emission of 

sulphur, CO2 and other greenhouse gases. In Rajasthan, Total 

installed thermal power capacity is 4598MW [15].  

GE from ground can be generated with the help of a 

geothermal heat pump. Building applications for geothermal 

technologies include geothermal heat pumps for direct use of 

the geothermal resource as geothermal heat pumps are the 

most common technology for buildings. Heat pumps are 

considered a low-carbon technology as opposed to a 

renewable technology. This is because electricity is used in 

the process of upgrading the „free‟ heat to a useful level. 

Electricity is required to concentrate the heat, but the heat 

output can be up to four times the energy input. 
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Heat pumps are either reversible or non-reversible, 

determining whether the pump will provide heating only, or 

both heating and cooling. A new heating system may entail 

various alterations to the building, ranging from excavation or 

the penetration of walling to accommodate pipes to the 

displacement of pews to allow space for radiators.  

 

2.5 Biomass Energy 

Biomass is the oldest and the most commonly used renewable 

energy source, derived from the carbonaceous waste of 

various human and natural activities including household 

wastes etc. Biomass is considered as an important source of 

energy and vital alternative to fossil fuels and can be used for 

a range of energy needs. In state of Rajasthan Biomass based 

power projects have been estimated with capacity of 1039 

MW [15] in which 91 MW has been already installed 

(MNRE). Biomass energy can be utilized for various 

applications. 

 Biomass can be used to produce heat and electricity, 

or used in combined heat and power (CHP) plants. 

 Biomass can also be used in combination with fossil 

fuels (co-firing) to improve efficiency and reduce the 

buildup of combustion residues. 

 Biomass can also replace petroleum as a source 

for transportation fuels. 

Biomass is highly diverse in nature and classified based on the 

site of generation, such as Field and plantation biomass, 

Industrial biomass, Forest biomass, Aquatic biomass and 

urban /municipal waste biomass. 

Since walled city is an urban area which includes various 

residential, commercial and other urban activities. 

Urban/Municipal waste is the only form of Biomass available 

in walled city Jaipur for waste to energy techniques. 

Population of walled city Jaipur is about 4 Lakh (Census 

2011) and assuming per capita standard waste generation as 

0.45 Kg/ Day the per waste generated from walled city is 

about 180MT per day, which can easily fulfill the need for 

small scale waste to energy techniques 

 

2.5.1 Waste to Energy 

Municipal solid waste (MSW) is an unavoidable by product of 

human activities. It includes residential and commercial 

wastes generated in notified municipal areas in solid or semi-

solid form. It also includes treated bio-medical wastes but 

excludes industrial hazardous wastes. In major cities of India, 

the maximum components of MSW is biodegradable waste 

(45-50%), this is mainly due to kitchen and garden waste. 

However, this composition is changing rapidly due to 

urbanization and changing life style of people, consumption 

habits are changing, increasing dependency on packaged food 

etc. The amount of municipal solid waste has been increasing 

rapidly and its composition is also changing. Municipal waste 

consists of household waste, wastes from hotels and 

restaurants, construction and demolition debris, sanitation 

residue, and waste from streets etc. In Jaipur the Municipal 

waste component mainly includes biodegradable waste, 

Plastic, rags, Paper, Glass and inert etc. the composition of 

waste is Jaipur as per (CPCB) is as follows: 

 

Figure 3 Composition of MSW in Jaipur [7] 

The consumption habits of modern consumer lifestyles are 

causing a huge worldwide waste problem. Having overfilled 

local landfill capacities, many first world nations are now 

exporting their refuse to third world countries. This is having 

a devastating impact on ecosystems and cultures throughout 

the world. Hence solid waste management is utmost important 

with 4R‟s concept i.e., Reduce, Reuse, Refuse and Recycle. 

There are many renewable energy techniques are available to 

convert the municipal waste in to energy. These wastes to 

energy conversion technologies can be employed to convert 

residual wastes into clean energy, rather than sending these 

wastes directly to landfill. Waste to energy conversion 

technology explores the systems, technology and impacts of 

waste to energy conversion. Also many times due to high 

transportation cost and technical problems, the entire waste is 

not transported to the landfill site. The new technologies of 

small-scale waste-to-energy plants will not only generate 

energy but also bring down the transportation cost and help in 

effective waste management. Energy can be recovered in the 

form of usable heat, electricity, or fuel by conversion of non-

recyclable waste materials through a variety of processes.  

 

Technology for Production of Biomass Energy 

There are a number of technological options available to make 

use of a wide variety of biomass types as a renewable energy 

source. Conversion technologies may release the energy 

directly, in the form of heat or electricity, or may convert it to 

another form, such as liquid biofuel or combustible biogas. 

Biomass technologies break down organic matter to release 

stored energy from the sun. The process used depends on the 

type of biomass and its intended end use. Energy from 

biomass can be produced in three different ways: 

 Energy is produced by burning the biomass directly 

 Thermo chemical process: in this biomass is 

converted to another chemical form by heating.  

 Bio chemical process to ferment biomass 

anaerobically to obtain a gaseous fuel called biogas 
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Energy can be recovered from the organic fraction of waste 

(biodegradable as well as non- biodegradable). Technologies 

for biomass energy are broadly classified on the basis of 

principles of thermo chemical process. Each of these 

technologies has its uniqueness to produce a major calorific 

product and a mixture of by-products.  

 
 

Figure 4 Waste to energy technologies; compiled by author 

 

III. ENERGY GENERATION TECHNOLOGY 

There are three options for connecting the electrical energy 

received from renewable energy source to the electrical 

system; Direct Connection, Off-grid Connection and Grid 

Connection. 

Direct connection: In this, the Generated energy is connected 

directly to the load it is supplying. In case of solar 

photovoltaic, the PV is connected directly to the load it is 

supplying. An example of this is with modern street lighting, 

where the panels are fixed to the street lighting column and 

only supply the individual street light. 

Off-grid connection:  in this no mains electricity is available, 

a renewable energy source can be used to replace or 

supplement the existing local electricity supply similar to a 

diesel generator. In case of PV array or wind turbines, the 

system is connected via the controller and inverter to the fuse 

board or dedicated load. If there is no generator or other 

electricity supply, batteries can be used to store the generated 

energy for future use. 

Grid connection: in this the generated energy can also be used 

to supplement mains electricity, offering the security of a 

continuous electrical supply. In this case there are two inputs 

to the fuse board, one from the energy source and one from 

the mains. When there is less energy generation due to some 

reason, mains electricity is used. If electricity is generated 

more than the required, then the excess can be connected to 

the national grid. This Building-sited renewable energy 

systems generating electricity and connected to the electrical 

utility grid system is known as distributed generation (DG) 

systems 

In this two meters are required, one to measure the amount of 

imported electricity and the other to measure the generated 

electricity by the system to be exported. Net metering allows 

for the flow of electricity between a grid-connected DG 

system and the customer through a single, bi-directional 

meter, which optimize the electricity consumed by the 

customer at a different time during the same billing cycle or is 

carried over as a credit on future billing cycles. 

Energy Storage 

The electricity generated in a Photovoltaic array and wind 

turbine and other renewable sources, is direct current (DC). 

An inverter is needed to convert this to alternating current 

(AC) so that it can be used for electrical appliances or fed 

back into the grid. Other essential elements of the system is an 

isolation switch, allowing the turbine to be disconnected for 

safe maintenance or repair and a meter to measure the energy 

generated. The energy generating system is connected via the 

controller and inverter to the fuse board or dedicated load. If 

there is no generator or other electricity supply, batteries can 

be used to store energy as it is generated by the PV, for use 

later when it is needed. The number and size of the batteries 

depend on how long they would be expected to continue 

supplying electricity without the PV; this is known as the 

„autonomy‟ or how long the batteries need to operate. The 

batteries should be of a „deep-cycle‟ type, which can be 

discharged deeply without damage. The storage space must be 

well ventilated, as batteries give off a gas in their operation, 

and preferably cool: warmer temperatures reduce battery life.  

Table 1 Merits & Demerits of Renewable energy sources & its 

technologies 

Renewable 

energy 

technology 

Advantages 

Disadvantages 
Environmental 

Energy-

related 

Solar Energy 

Solar collectors 

for heating 

 

Good substitute 
for fossil fuel 

based water 

heating. No 
operational 

pollution, gaseous 

emissions, waste, 
or risk of physical 

accidents. 

 

Can be applied 

to any place 

with good 
sunlight. Very 

little 

maintenance. 
Available in 

various sizes 

Orientation of 
system towards 

sun is major 

concern. The 

system need to 

be 

complemented 
by other water 

heating 

technology in 
case of 

insufficient 

sunshine. 

Solar Panels 

(PV arrays) for 

Electricity 

No operational 

pollution, 
Gaseous 

emissions, waste 

or risk of physical 
accidents.  

Can be integrated 

with construction 

materials. 

 

No significant 
maintenance 

needed. 

Electricity is 
produced 

locally, 

reducing 
distribution 

losses. 

Available in 
various sizes 

Orientation of 
system towards 

sun is major 

concern. 
Relatively 

expensive 

technology, 
Sufficient 

storage or grid 

connectivity is 

necessary in case 

of excess energy 
or insufficient 

sunshine 

Wind Energy 

Small wind 

turbines 

 

No operational 

pollution, gaseous 
emissions or 

waste.  

Electricity is 
produced 

locally, 

reducing 
distribution 

An appropriate 

site is required, 
with adequate 

wind conditions. 



Volume III, Issue V, May 2016                                               IJRSI                                                                    ISSN 2321 – 2705 

 

www.rsisinternational.org Page 5 
 

Renewable 

energy 

technology 

Advantages 

Disadvantages 
Environmental 

Energy-

related 

losses. 

Geothermal energy 

Heat pumps 

Can be used for 

heating, cooling 
and producing hot 

water. Available 

in various sizes. 
Systems have 

high overall 

efficiency and 
therefore low 

running costs. 

Systems are 

available in all 
sizes, from 

those that heat 

one room to 
those that heat 

one or more 

dwellings. 
Systems have 

high overall 

efficiency and 
therefore low 

running costs. 

Investment costs 
are relatively 

high.  

Electricity is 
required for heat 

pump to operate 

The refrigerant 
needs to be 

recovered at the 

end of the 
system‟s life. 

Biomass Energy  

Various 

technologies are 

available like 

Incineration/ 

Combustion, 

Pyrolysis, 

Gasification & 

anaerobic 

decomposition  

Complete natural 

process without 
harmful CO2 

emissions. No 

dangerous 
residues to 

dispose after 

treatment. 
Treating all kinds 

of waste, 

including 
hazardous and 

toxic material. 

Alternate source 
of fuel to reduce 

dependence on 
fossil fuel.  

Modular, 
upgradeable 

system, 

starting at 10 
tons per day 

upward 

Accelerated 
waste 

treatment 

processing 
All component 

of the waste 

can be 
recovered 

Various 
energy 

utilization 

possible 

Investment cost 
is high. 

Can be Less 

efficient as 
compared to 

fossil fuel. 

Increases 
methane gases 

emission, which 

are harmful to 
the ozone layer 

 

Compiled by author 

 
IV. POTENTIAL TO USE RENEWABLE ENERGY 

SOURCES IN JAIPUR, RAJASTHAN 

Out of all these available technologies only hydro energy 

cannot be used efficiently because there is no major water 

source available nearby walled city Jaipur, Jaipur falls in a hot 

dry climate, and there is less rainfall with lack of water 

resources. Conservation of water is a major concern for whole 

Rajasthan. 

Table 2 Potential to use renewable energy sources in walled 

city Jaipur 

SI Renewable 

energy 

source 

Requirement Availability  Remarks 

1 Solar 

Energy – 

Thermal & 

Electrical 

High intensity, 

direct solar 
radiation for PV or 

thermal system. For 

a 5KW of Solar 
Energy system 50 

Sqm area on roof 
top is required [11] 

Rajasthan receives 

maximum solar 
radiation in India 

& Jaipur receives 

Average of 5.68 
kWh/m2/day[23] 

Solar radiation for 
about 325 days a 

year. 

suitable 

for walled 
city 

Jaipur as 

a 
renewable 

energy 
source 

2 Hydro 

Energy 

Water source in the 

form of river/ sea or 
falling water is 

essential 

There is no major 

water source 
nearby walled city 

Jaipur. 

Not 

suitable 
for walled 

city 

Jaipur as 

a 
renewable 

energy 

source 

3 Wind 

Energy 

In order for a small 
scale wind energy 

system to be 

feasible, the 
minimum Startup 

wind speeds is 
2m/s[19] 

The Basic wind 
speed in Rajasthan 

is 47M/s[12] 

which varies place 
to place and 

season to season 

suitable 
for walled 

city 

Jaipur as 
a 

renewable 
energy 

source 

4 Geothermal 

Energy 

The heat pumps can 

be adapted to any 
kind of building as 

it has a high 

potential for direct 
heat use/GSHP. 

Space requirements 

for small scale Heat 
pump are similar to 

a domestic 

refrigerator and it 
can be located 

within the building 

and nearby. 

Traditional Haveli 

usually have a 
large plots of land 

with courtyard 

spaces, hence heat 
pump system can 

be easily installed.  

 

suitable 

for walled 
city 

Jaipur as 

a 
renewable 

energy 

source 

5 Biomass 

(Municipal 

waste) to 

Energy 

MSW generation 

ranging from 500 – 

5000 TPD for large 
capacity project and 

50–500 TPD of 

MSW for small 
capacity project[14] 

The daily 

estimated 

collection of 
municipal solid 

waste in Jaipur 

city is about 1024 
TPD[7] 

suitable 

for walled 

city 
Jaipur as 

a 

renewable 
energy 

source 

Compiled by Author 

V. SMALL SCALE APPLICATIONS 

Before Application of renewable energy techniques at small 

scale in Traditional Havelis of Walled city Jaipur, it is 

important to know the potential of system installation in these 

havelis. It is explained in tabular form in further sections. 

Table 3 Installation of Solar system-(Building or Cluster 

Level) 

Orientation 

The most suitable direction for Installation of solar system is 
southeast- to southwest-facing roof as these sides have the 

maximum exposure to sun. Alternatively East and west 

direction can be used. But North faces shall always be 
avoided for installation as this will badly affect the energy 

generation. 

Shading/ 

Location 

Trees or any parts of building such as chajjas, canopies or 
chimney etc should cast shadows on the PV array, as this 

may reduce its energy output. Precaution should be made 

while installing equipments to safeguard the Bats, birds and 
other wildlife.   

System 

Installation 

 

Solar panels or solar collectors can be installed on a 

building‟s roof or in a separate location on the ground as per 

space availability. A collector on a roof may be fixed on top 
of the roof covering. The optimum angle for mounting a 

collector is 30°off the horizontal.  

Visual 

Aspect 

Where a tilted collector/Panel might have an undesirable 
visual impact it may be mounted horizontally. A horizontal 

installation can also be done to hide it from ground-level 

view behind a parapet wall.  

Potential 
As havelis in the walled city of Jaipur have flat roofs, this is 

a favorable condition to install the solar system. Here the 
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frame can be constructed on flat roof to hold the collector at 

the optimum 30° angle. The frame can be held in place with 
ballast or fixed more permanently with screws through the 

roof structure. 

Maintenance 

Havelis of Jaipur are more than 250 years old having a great 

heritage importance, and with maintenance they can still 
continue their good condition. A PV array or collector 

system has a useful life of around 20-25 years. Equipment 

should be located to permit easy access for maintenance and 
repair for their life span. Also It is important to ensure that 

Wherever the roof covering is penetrated, adequate measures 
have taken to seal it against the weather. 

Compiled by Author 

Table 4 Installation of Wind (energy) Turbines - (Building or 

Cluster Level) 

Orientation 

In order to generate the optimum annual electricity yield, a 
wind turbine should face in the direction of the prevailing 

wind. This is normally south-west, but can vary from place 

to place. 

Location 

Wind turbines are more commonly located away from the 

building but can be fixed onto the building. The performance 

of the turbine may reduce when fixed to a building or in a 

densely populated area.  

System 

Installation 

 

Wind turbines work by converting the wind‟s kinetic energy 

into electrical energy. The turbine is mounted on a pole 

which is fastened with brackets to an external wall, high 
enough to project above the building. In general the higher 

the turbine above the roof the greater the power output will 

be as it will be affected less by turbulence. When fixing a 
turbine to the building the additional structural load shall be 

assessed and wall brackets must be fixed strongly enough 

not only to support the turbine itself, but to withstand the 
force exerted on it. Where a building is framed, for the best 

support the fixing must be to the frame, not to infill panels. 

If the frame is not exposed, it is generally possible to fix into 
the frame through the external finish. An essential elements 

in this is a wind-turbine controller, to stop the turbine if the 

wind becomes strong enough to damage it 

Visual 

Aspect 

Wind turbines are the most contentious, as they have the 

greatest visual effect on the landscape. Wind turbines may 

cause zoning issues or problems with neighbors and an 
unwanted visual impact on a property, as it needs to be fit on 

tall towers. 

Potential 

As havelis in the walled city of Jaipur is planned on a large 

plot and structure is very strong as stone is the main building 
material, thus it can sustain the load of small turbine system, 

hence a good condition to fit the turbines. 

Maintenance 

A turbine may be fixed directly to a flat roof, but care should 
be taken that brackets do not compromise the 

weatherproofing. Equipment should be located to permit 

easy access for maintenance and repair. All parts of the 
installation should be indicated on a working drawing. 

Where equipment is to be fixed to building walls, the 

number of fixing points should minimized by the use of a 
wooden patters or frame system.  

Compiled by Author 

Table 5 Installation of Geothermal Heat Pump-(Building or 

Cluster Level) 

Orientation No specific Consideration for Orientation 

Location 

A heat pump consists of the heat source outside the building 

and the heat sink inside the building, connected by pipes and 

cables. A heat pump is usually around the size of a domestic 
refrigerator and will need to be located somewhere on the 

property, usually within the building. There may be a boiler 

house or utility room where it could be located. 

System The heat pump revolves around three aspects; the heat 

Installation 

 

source-Ground, the heat pump and the heat sink (i.e. 

radiators, under floor heating, air heating). The installation 
of the heat pump system needs to ensure the consideration 

for potential removal later. The system should be split into 

the component parts. Since pipes will need to run between 
the heat source and the heat pump, it will be necessary to 

find a path through, under, over or around the external wall 

that does not cause irreparable damage. Ideally existing 
holes through the external wall shall be used.  

Visual 

Aspect 

The visual impact of the heat pump system is vital to the 

success of the project. All parts of the system that can be 
seen should be considered carefully: pipes, cables, conduit, 

trunking, grilles, louvers and radiators should not impact 

negatively on the building. It might be that there are existing 
channels or voids in which the pipes can run. If they cannot 

be hidden, then using appropriate materials and good 

workmanship will be vital. 

Potential 

The heat pumps can be adapted to any kind of building at 
any place as India has a high potential for direct heat 

use/GSHP. Heat pumps are often well-suited to traditional 

buildings. They work efficiently when run on a constant low 
temperature, a method suited to buildings with a high 

thermal mass, common among traditional buildings. 

Running heating on a constant low temperature is also good 
for traditional buildings because the building will heat up 

and cool down slowly: there will be slower movement 

within the building caused by expansion and contraction, 
reducing the potential for damage. Traditional buildings are 

also often located on large plots of land. This is not a 

necessity for a heat-pump installation but increases the 
number of types of heat pump possible.  

Maintenance 

The materials used will have an enormous impact on the end 

result, and on the overall suitability of the project. 
Permanent damage should be avoided: for example, cutting 

holes through joists, floors, walls or ceilings. Consider how 

the heat pump system will be removed without irreparably 
damaging the building. It is also important to consider the 

ventilation of the building at the same time so that the 

danger of the new heating creating condensation problems 
can be avoided. The impact and cost of these alterations 

should be assessed when considering the options for new 

heating.  

Compiled by Author 

Waste to energy generation 

Anaerobic treatment may not be feasible at local level, as it 

may create foul smell and unhygienic condition and also it is 

suitable only for biodegradable waste and not for mixed 

municipal waste with moisture content. At local level, thermal 

treatment may be suitable to recover the energy content of 

MSW on small scale, i.e., Pyrolysis, Gasification and 

incineration (Combustion).  

Pyrolysis is a Process of chemical decomposition induced in 

organic materials by heat in the absence of oxygen. It 

transforms hazardous organic materials into gaseous 

components and small amount of liquid, with a solid residue 

containing fixed carbon and ash. 

Gasification process includes heating biomass in an 

environment where the solid biomass breaks down to form a 

flammable gas, which can be cleaned and filtered to remove 

problem chemical compounds. The technology can be used 

for heating applications, Steam for electricity generation or 
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motive force. Electricity can be produced by combining gas 

turbines and steam turbines. 

The basic process in combustion/Incineration is oxidation. It 

is a mass burn technology with heat recovery to produce 

steam and/or electricity. It converts renewable biomass fuels 

to heat and electricity, and biomass fuel is burned in a boiler 

to produce high-pressure steam, which rotates the turbine 

connected with electric generator. Further advancement of this 

included combined heat and power (CHP) simultaneous 

generation of electricity and heat & Tri-generation to include 

a refrigeration process for air conditioning as well. 

It has been proven that a small-scale local level approach to 

waste management is beneficial as there is both expense and 

negative environmental impact associated with the long 

distance transfer of waste. In comparison to the traditional 

mass burn incinerators that are currently used in general, this 

type of facility has a very small footprint so it can be built in 

urban areas without looking out of place. The problem of 

waste treatment can be addressed at a local level, close to the 

waste source, rather than spending huge amounts on 

transporting waste, which creates traffic congestion and also 

produces greenhouse gases. 

Table 6 Installation of Waste to energy system-(Cluster 

Level) 

Orientation No specific Consideration for Orientation 

Location 
Can be located anywhere in the urban area with a plant size of 
approx 1 Acre or less. 

System 

Installation 

 

All three thermal technologies can run on small scale, with a 

small building footprint. The main difference in these three 
WTE is existence of air and heat. Pyrolysis (No air, external 

heat), Gasification (Partial external heat), Incineration (No 

external heat).  Gasification is waste to energy technique 
which is able to convert a variety of waste materials into 

renewable and alternative energy products. It employs the 

conversion of waste into synthesis gas, which is used for 
generating steam and electricity, which produces high-value 

products, or liquid fuels. The synthesis gas is produced under 

controlled conditions without formation of impurities 
associated with incinerator chimney gas.  

Visual 

Aspect 

Located separately in a building or open space, no issue of 

visual aspect. 

Potential 

Waste transportation costs eliminated or vastly reduced by 
distributed locations of small-footprint plants. Energy security 

for community or facility by generating energy near to end-

user. Gasification can accommodate varied materials with 
different moisture contents, with the help of its innovative 

reactor design, which is a major issue with Indian waste 

component. 

Compiled by Author 

 

VI. APPLICATION OF RENEWABLE ENERGY 

TECHNIQUES IN TRADITIONAL BUILDINGS 

Reusing historic and existing buildings with application of 

renewable energy technologies is considered to be a 

sustainable design approach. Maintaining the Architectural 

aspects of existing buildings, especially in historic buildings, 

is often a priority of building renovation projects. However, 

installing a renewable energy system on or near the building, 

without proper planning, can affect its aesthetics as well as 

structural integrity. 

We need to follow some steps in general, before applying any 

energy efficient feature in heritage buildings: 

 Energy Efficiency: it is necessary to find out the 

preinstalled energy efficiency features in the building‟s 

original design such as day lighting, natural ventilation, 

and thermal storage, so that they can be rehabilitated. It is 

important to make sure that all possible energy efficiency 

upgrades have been made to the property before 

considering a renewable energy project.  

 Aesthetics: to identify the renewable technologies and 

their installation process to identify their Visual Impact on 

Historic Property.  

Out of the major renewable energy resources, Solar 

Photovoltaic and solar thermal systems can be hidden from 

view by integrated into the building “skin”, through the 

roofing material or shading devices, a biomass energy 

generator or geothermal heat pump can also be installed out of 

the view of building visitors, such as on a roof, facing away 

from visitors view or behind roof parapets or ground-mounted 

away from the historic building etc. but wind turbines are the 

most contentious, as they have the greatest visual effect on the 

landscape. Wind turbines may cause zoning issues or 

problems with neighbors and an unwanted visual impact on a 

property, as it needs to be fit on tall towers.  

All renewable installations require maintenance to ensure they 

remain reliable and efficient. When maintenance is carried out 

there is the potential for damage to be caused to the fabric of 

the building. The life cycle of Photovoltaic panels is around 

20-25 years and that of many of its electrical parts far less; a 

building could have more than one installation. Damage to the 

building‟s fabric can be minimized, with careful planning not 

only of the installation but also of the PV‟s removal at the end 

of its useful life. Batteries have a life of around 6-10 years, 

depending on the type of battery and on environmental 

conditions. Once the batteries have come to the end of their 

useful life they must be disposed of carefully.  

Energy from the sun, wind, water or even from the heat of the 

ground can be generated at small scale also for building level 

use, this is known micro generation. Moreover it is important 

to ensure that any modification/alteration work in the 

traditional building should not unreasonably destroy or disturb 

the heritage fabric. Also it is essential to reduce 

energy consumption in the building before applying any 

renewable energy techniques. In addition, the principle of 

minimum intrusion and reversibility need to be adapted to the 

extent possible before incorporating any renewable technique. 

Although initial investment on renewable energy technologies 

may well be higher. However, once the system is installed, the 

energy is free of charge. The payback period on investments 

in renewable is around 10-15 years, this cost decreases 

respectively with technology becoming cheaper. Renewable 

energy sources are abundant, widespread, non-polluting and 
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locally available. These technologies can be incorporated into 

new buildings, as well as when renovating an existing 

structure. 

 
VII. POLICY INTERVENTIONS FOR 

RENEWABLE/NON-CONVENTIONAL ENERGY 

SOURCES 

Central & state Governments have launched many policies 

and incentives scheme in the field of energy for development 

of renewable energy sources in Rajasthan. The Ministry of 

New and Renewable Energy (MNRE) provides Central 

Financial Assistance (CFA) in the form of capital subsidy and 

financial incentives to the renewable energy projects in India. 

CFA is allotted to the projects on the basis of its installed 

capacity, energy generation and its application etc. Financial 

support will be made available selectively through a 

transparent and competitive procedure. Policies and schemes 

in the field of energy are discussed in further sections.  

 

Policy for promoting generation of electricity through non-

conventional energy sources 2004 

Among the various non-conventional resources of energy, 

Solar, Wind, Mini-Small hydel and Bio-mass have good 

potential for generation of electricity in Rajasthan with 

experience from other policies and identifying the 

impediments in the process of electricity generation from 

renewable sources, it is decided to promote generation of 

power from non-conventional energy sources and state Govt 

promulgate a comprehensive policy for generation of 

electricity from various non-conventional energy sources. 

In Rajasthan, Solar, Wind, Biomass have good potential for 

generation of electricity. This policy offers solution to various 

problems faced by developers, investors and utilities. Similar 

to this various other policies are promulgated for promotion of 

renewable energy generation. To reduce the dependency on 

conventional sources of energy and promote use of renewable 

energy and to enable the state in attaining self sufficiency in 

energy need, Government has launched separate policies for 

different renewable sources. These policies provide various 

incentives and facilities to developers and individuals. 

Table 7 Renewable energy policies for Rajasthan 

 Policies Features Incentives 

Rajasthan 

Solar Energy 

Policy, 2014 

The policy promotes setting up 

of Rooftop PV solar power 
plants connected to LT grid, 

decentralized and off grid solar 

applications for domestic & 
commercial use, local solar grid 

and stand-alone solar systems, 

SPV pumping systems etc. it 
also promotes development of 

solar parks in the state with 
private participation. 

The policies, for 

promoting renewable 
energy provide various 

incentives or facilities 

for renewable energy 
projects such as 

Exemption from 

Electricity Duty,  Grant 
of incentives available 

to industries, Single 
Window Clearance, 

Availability of Water 

for Power Generation, 
Availability of Land on 

Concessional Rate, 

Policy for 

promoting 

generation of 

electricity 

To promote generation of 

electricity from biomass  

from 

biomass, 

2010 

Procurement of private 

land for establishing 
energy Generation 

Projects and Clearance 

from Pollution control 
board to encourage 

renewable  energy plant 

in the estate, these 
plants has notified under 

green categories. 

Policy for 

promoting 

generation of 

electricity 

from wind, 

2012 

To promote generation of 

electricity from Wind,  

Draft 

National 

Policy on 

Geo-

Thermal 

Energy 

 

For harnessing Geothermal 
energy in the country the 

MNRE has been supporting 

Research & Development 
activities. It focuses on potential 

of geothermal resources and 

promoting RDD&D projects of 
Power production and Geo-

exchange Pumps.  

This policy provides 
incentives in the form of 

subsidy for system 

installation and other 
research & development 

activities. 

Compiled by author 

Rajasthan Electricity Regulation Committee Net Metering 

Regulations, 2015 

Rajasthan Electricity Regulatory Commission (RERC) issued 

a Net Metering policy for small solar grid interactive system. 

The regulation lays the guidelines for the consumers of the 

particular area to install the roof top systems under net 

metering for their captive use and also supply the extra power 

into the distribution system. It electricity injected exceeds the 

electricity consumed during the billing period, such credit 

shall be paid by the Distribution Licensee at feed in tariff 

determined by the Commission from time to time for Solar 

Photo Voltaic generation in next billing period provided that 

such export is above 50 units. Net energy credits less than 50 

units under Net Metering achieved in the particular billing 

period shall be adjusted in the next billing period till credit of 

50 units is achieved. The system capacity should be between 

1kW and to 1MW. Individual‟s system capacity should not be 

more than 80% of the sanctioned connected load/contract 

demand of the consumer. Two meters need to be installed at 

the for the system metering; One Bi-directional Meter 

replacing the conventional meter and other Solar Meter to be 

installed after the solar inverter, to read the total generation by 

solar. The solar PV plant under this scheme shall be exempted 

from banking and wheeling charges and cross subsidy 

surcharge. 

 
Rajasthan Electricity Regulation Committee Renewable 

energy Tariff Regulations, 2014 

The operators of such systems will also be eligible to receive 

the feed-in tariff fixed by the Electricity regulatory 

commission both on the solar power consumed by the 

operator and the solar power fed into the grid. It provides 

Accelerated Depreciation (AD) benefit of 80% and levelised 

tariff regulation for renewable energy generation.  

 

Renewable Energy Certificate and Renewable Purchase 

Obligation Compliance Framework) Regulations, 2010 
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Renewable Energy Certificates (RECs) represent the attributes 

of electricity generated from renewable energy sources.  1 

REC represents 1MWh of renewable energy. There are two 

types of REC‟s: 

 Solar Certificates for generation of electricity based 

on solar as renewable energy source. 

 Non-solar certificates for generation of electricity for 

renewable energy sources other than solar. 

REC is a market-based instrument which enables the 

obligated entities to meet their renewable purchase obligation. 

RECs can be used by the obligated entities to demonstrate 

compliance with regulatory requirements, such as Renewable 

Purchase Obligations. These obligated entities are: 

 Captive consumer of a Captive Power Plant of 

installed capacity one MW and above. 

 Open access consumer. 

 Distribution Licensee including deemed licensee. 

 
Development of Solar Cities Programme 

Ministry of New and Renewable Energy (MNRE) had 

launched a program on “Development of Solar Cities”. The 

main objective of Solar Cities is to minimize the projected 

demand of conventional energy by 10% reduction at the end 

of five years. It can be achieved through a combination of 

energy efficiency measures and enhancing supply from 

renewable energy sources in the City. Sixty cities/towns are 

identified and proposed under this programme to be supported 

for development as “Solar/ Green Cities” and Jaipur is one 

among them. The Goal of the program is to promote the use 

of Renewable Energy in Urban Areas by providing support to 

the Municipal Corporations for preparation and 

implementation of a Road Map to develop their cities as Solar 

Cities. Financial Assistance of up to 50 Lakh is to be provided 

depending upon population and initiatives taken. 

 

Jawaharlal Nehru National Solar Mission (JNNSM) 

The JNNSM was launched in 2010with an aim to deploy 

20,000 MW of grid connected solar power and achieve grid 

tariff parity by 2022 while reducing the cost of solar power 

generation in the country with the help of long term policy, 

large scale deployment goals, aggressive R&D and domestic 

production of critical raw materials, components and 

products. JNNSM will create an enabling policy framework to 

achieve this objective and make India a global leader in solar 

energy. 

 

Renewable Energy Sources in 12th five year plan 

The National Action Plan for Climate Change has envisages 

that the share of renewable electricity in the electricity mix to 

be 12% by 2016-17. Power generation from Renewable 

Energy Sources is environmental friendly and saves the 

environment from global warming. Rajasthan Renewal 

Energy Corporation is the State Nodal Agency for promotion 

of New & Renewal Energy Sources, energy conservation and 

implementation of the schemes of the Central Government in 

the State. The Corporation was established in August, 2002 

with the merger of erstwhile Rajasthan Energy Development 

Agency (REDA) and Rajasthan State Power Corporation Ltd.  

The State Government has also prioritizing for development 

of Renewable Energy Sources viz; solar power, wind power 

and biomass power.  

VIII. FINDINGS 

To assess the on ground feasibility of these technologies a 

primary survey was conducted in the walled city. And during 

the survey it was found that there the buildings in walled city 

have flat roofs in which majority of the building have shade 

free flat roof area ranging from 10 Sqm to 1000 Sqmt or 

more, which makes it quite feasible for Solar PV and thermal 

System installation. Also since all the structures are made of 

stone, hence the structure is strong to bear load of wind 

turbine or solar system also the building  lifecycle is more 

than 500 years if they are properly maintained. Almost every 

building in walled city has open spaces in the form of internal 

and external courtyards which is potential space for installing 

heat pumps and cluster level spaces can be used for small 

scale waste to energy plant. Also government policies for 

energy generation from renewable energy sources, energy 

certificates and net metering also promote use of renewable 

energy sources. But in spite of all this not many people are 

taking advantage of these techniques because there is lack of 

awareness, among people about the social, economical and 

environmental benefits of these technologies, and incentives. 

There is a doubt among people that these technologies may 

not be affordable to them and it can damage their structures. 

However, it is essential to educate local population and spread 

community awareness about environment concern, renewable 

technologies and its advantages. Adequate technical support 

shall be provided by the authorities to interested users. Solar 

energy can be used in many forms in our daily activities, other 

than PV and thermal, solar energy can be used as solar lamp, 

solar cooker, solar battery charging etc.  

 

IX. CONCLUSION 

The article concludes that the renewable energy from Sun, 

wind, Earth and Biomass can be tapped with new techniques 

and applied to traditional buildings of Jaipur. It is also 

observed that all these traditional buildings are a perfect 

response to climatic conditions of Rajasthan and made energy 

efficient and sustainable with vernacular techniques. Adequate 

precaution should be taken not to disturb its original energy 

efficient & sustainable character. All types of Active & 

passive energy-saving measures is necessary to apply in 

advance for cutting energy demand, before installing a 

renewable energy technology. Energy from the sun, 

wind, water or even from the heat of the ground can be 

.generated at small scale also for building level use. However, 

economically and ecologically sustainable energy solutions 

must be found that make it possible to use the buildings 



Volume III, Issue V, May 2016                                               IJRSI                                                                    ISSN 2321 – 2705 

 

www.rsisinternational.org Page 10 
 

without endangering their cultural and heritage value.  For 

local level, small scale installation of these techniques a 

detailed research need to be done for every component 

including its economical, environmental and energy efficiency 

aspect. 

In order to transform urban and regional economies from 

running on fossil fuels to operating through energy 

conservation and energy efficient renewable sources, new 

energy technologies must be explored. However, it is very 

important to reduce energy consumption in the building 

before applying renewable energy techniques. Load on energy 

and infrastructure can be reduced only by using alternate 

renewable energy resource and reducing energy consumption 

and then only we can expect the sustainable development to 

take place.  
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