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1) OBJECTIVE : 

 

This term paper work has been done in order to find out the present energy 

consumption scenario and potential renewable energy resources at FRI New 

forest campus & their impacts on Environment.  

 

INTRODUCTION: 
 

Introduction  to total scenario of Energy & its resources in the state 
Uttarakhand, India:  
 
Uttarakhand state came into existence as a new state on Nov. 9, 2000 by 

bifurcation of erst-while Uttar Pradesh. It is a leading state of the country in 

nonconventional energy resources applications. In Uttarakhand, operation and 

execution of various schemes based on nonconventional energy resources is 

handled by Uttarakhand Renewable Energy Development Agency 

(UREDA) through local panchayats, volunteer organizations and district 

administration. The work related to establishment of projects based on 

renewable energy resources is implemented by UREDA through technically 

proficient specialists and as and when required, help from AHEC, IIT Roorkee 

and other technical universities is taken, UREDA mainly implements the 

various schemes of Ministry of Non conventional Energy Resources, Govt. of 

India under administrative control of Department of Energy, Uttarakhand. 
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Implementation of Remote village electrification programme (As on 
30/11/2007) 
State Total  

villages 
village 
completed 
up to Nov. 2007 

Ongoing 
villages 

Total 
hamlets 
sanctioned 

Hamlets 
completed 
up to march 
2007 

Uttarakhand 600 396 131 60 34 
 
Uttarakhand received fund for implementation of Solar energy: 
Year 2004-05 2005-06 2006-07 
Fund received  2.78 Lakh 273.33 Lakh  1246.33 Lakh 
 
 
 
State policy in Biomass energy: 
 
Energy efficient & environment friendly biomass stove programme is an 

initiative of the Uttarakhand renewable energy development agency (UREDA) 

to conserve fuel, wood, reduce Indoor air pollution, pressure on forest & to 

conserve the local ecology & environment of Uttarakhand. As a part of this 

programme the villages in all districts of Uttarakhand & around 300-500 

dhabas, restaurants will be provided domestic as well as community biomass 

stoves on subsidy. The project target for the current year is distribution of 

approximately 200-300 improved domestic & community biomass stoves per 

districts on an average.  

 
 
 



5 

 

Introduction  
 
Energy: The capacity for doing work is called Energy.    
 
Why we need energy? 
Energy is the basic need of all day to day activities of Human beings. All living 
organisms need energy to do work & stay alive. We get energy from food, Like 
that we need energy for  activities like for Industries, Transport, Electrical 
appliances in offices &  Houses etc  & this energy consumed from fossil fuels 
& little bit from renewable energy resources. No work can be done without 
consuming energy. Without energy we can’t imagine world. 
  
According to planning commission of India:           
India is the world’s fifth largest energy consumer & world’s third largest 
producer of coal. The per capita electricity consumption in India in 2001 was 
561 kWh (Kilowatt/Hour) as compared to a world average of 2361 KWh. The 
country relies on coal for more than half of its total energy needs. Oil accounts 
for about 30 % of India’s total energy consumption. Future oil consumption in 
India is expected to grow rapidly up to 3.1 million bbl/d by 2010 from 1.8 
million bbl/d in 1998. Indian consumption of natural gas has risen faster than 
any other fuel in recent years. From only 0.6 trillion cubic feet( Tcf)  Per year in 
1995, natural gas use was nearly 0.8 Tcf in 1999 & is projected to reach  2.7 
Tcf in 2010. Diesel & petrol contribute to 98% of the energy consumed in the 
transport sector. 
 
Some important data of energy crisis in India 
Energy (Million units net) 
Year Requirement  Availability Shortage Percentage 
1992-93 305266 279824 25442 8.3 % 
1993-94 323252 299494 23758 7.3 % 
1994-95 352260 27281 79 7.1 % 
1995-96 389721 354045 35676 9.2 % 
1996-97 413490 365900 47950 11.5 % 
1997-98 424505 390330 34175 8.1 % 
1998-99 446584 420235 26349 5.9 % 
1999-00 480430 450594 29836 6.2 % 
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Energy resources   
 
These are the sources from which energy can be obtained to provide heat, light 
& power. Energy sources have progressed from human & animal power to 
fossil fuels & radioactive elements & water, wind & solar energy. Future 
generations will have to increasingly use solar energy & nuclear power as the 
finite reserves of fossil fuels become exhausted. The principle fossil fuels are 
coal-lignite, petroleum & natural gas all of which were formed millions of years 
ago. 
 
Non-fuels sources of energy include wastes, water, wind, geothermal deposits, 
biomass & solar heat. At the present time the non-fuel sources contributes very 
little energy, but as the fossil fuels become depleted, the nonfuel sources & 
fission & fusion sources will become of greater importance since they are non-
renewable. 
There are two main types of Energy resources 
 

1) Renewable energy resources- which are Non Exhaustible 
 

2) Non- renewable energy resources- which are Exhaustible 
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2) Introduction about FRI-New forest campus:  
 
 

 
 Established as Imperial Forest Research Institute in 1906, Forest Research 
Institute (FRI) Dehradun, is a premier institution under the Indian Council of 
Forestry Research and Education (ICFRE). Styled in Greeko Roman 
Architecture by C.G. Bloomfield, the main building is a National Heritage 
which was inaugurated in 1929.  Thickly forested sanctuary spreads all the way 
to Dehradun. FRI set in a lush green estate spread over 450 hectares, with the 
outer Himalayas forming its back drop; the Institute's main building is an 
impressive edifice, marrying Greco-Roman and Colonial styles of architecture, 
with a plinth area of 2.5 equipped laboratories, library, herbarium, arboreta, 
printing press and experimental field areas for conducting forestry research, 
quite in keeping with the best of its kind anywhere in the world.  There are 
lovely grounds, tennis courts, indoor stadiums, golf ground, and royal 
bungalows. 
Besides this there are huge residential colonies, Guest houses, Hostels for 
students of the University are present in FRI for the employees, Students, 
Research scholars, IFS & SFS probationers. 
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3) Energy needs & Present uses of energy at FRI: 
 
Electricity & fuel are the two main form of energy needed by FRI.  According 
to Energy needs & types of energy there are some divisions 
Electricity Fuel 
Residential Laboratories All 

administra
tive 
offices/ 
Library/ 
University 
departmen
ts/FRI 
Hospital    

LPG/Kerosene Petrol/ Diesel 

All electrical appliances  For cooking 
food & for hot 
water 

Transport( two, 
three & four 
wheelers) 
For passenger 
transport & 
heavy transport,  
& Generators. 

 
 
 
 
(I)  Residential area of FRI includes:   

        

(Residential Block; FRI Colony) 
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1) FRI Colony: 

� Classification according to Position & rank of officers/other govt. 
servants in their respective service: (Because consumption is according to 
requirements by individual class.) 

 
 
Groups of employee  according to 
ranks 

No. Of Quarters/ Residential blocks 

Group A 91 
Group B 41 
Group C 466 
Group D 21 
Total 815 

0
100
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700
800
900

No. Of Quarters/ Residential blocks

Group A
Group B

Group C

Group D
Total

 
2) Guest houses 
3) IGNFA & SFS Hostels.   
4) FRI University Hostels: 
              
a) Shisham hostel 
b) Scientist hostel 
c) Sandalwood hostel 
d) Old rose wood hostel 
e) New rose wood hostel        
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(Electricity consumption at Shisham hostel mess & Badminton court) 
 
 
Energy consumption (Electricity) 
 
1) Space cooling / Heating- AC’s 
2) Home appliances e.g. Refrigerators, Mixers & grinders, Oven, etc. 
3) Heaters & Geysers 
4) Electronics appliances e.g. TV, Music system, computers, etc. 
 
 
 
An Estimate for electricity & LPG Consumption on Laury r oad  
(Based on sample household survey) 
Families 
Sampled 

No of 
family 
members 

Electricity 
consumption 
in Units/60 
Days 

Hot water 
in litre per 
family/Day 

Cooking gas 
Cylinder/days 

Vehicles 

A 3 345 30 1/40 Car/Bike 
B 3 251 30 1/35 Car/Bike 
C 2 189 20 1/45 Bike 
D 5 367 50 1/20 Car/Bike 
E 4 290 40 1/30 Car/Bike 
F 2 200 20 1/45 Bike 
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Graph showing number of family members & electricity consumption by each family in 
Units. 

 
Fuel: 
      1) LPG (Cooking gas)         2) Fire wood 
 

  
                           ( LPG Consumption at Shisham hostel’s mess) 

 
                                     (Firewood inside campus) 
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(II)  All Laboratories  
   
Consumption (Electrical lab equipments); 
 

1) Exhaust fans 
2) Refrigerator 
3) Incubator/oven 
4) Heater 
5) All scientific instruments- Spectrophotometer, computers, Weighing 

machine, Distillator, etc.  
 

Fuel based equipments: 
1) LPG Burner   

 
 

  
(Laboratory; Electrical equipments) 

 
 
 
(III)  All offices: 

a) All university offices, departments                                          
b) FRI main building ;  Administrative offices 
c) Library                                                                                                                                       
d) ICFRE 
e) IGNFA                                                                                                                                
f) Officer’s club     
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Consumption (Electrical equipments): 
1) Space cooling/Heating equipments- AC’s 
2) Refrigerators 
3) Lights 
4) Computers/Printers/Scanners etc. 
5) Water coolers/ purifiers 
6) Xerox machines 
7) Fans 
8) Exhaust fans etc. 
 
   
 

 
 
 
 
 
 
 
 

(Air conditioners at the laboratory area) 
 

 

(Generator at chemistry division- Fuel: Diesel, consumption:38lit/hour) 
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• A huge amount of energy consumed by street lights across all roadways 
inside FRI campus. 
 

        
(Street Lights; During Day & Night time) 

 
Energy consumption- in terms of Electricity KWh/unit 
equipment 
Equipments  Consumption in KWh 

1)Space cooling; AC 2.5 Ton 109 

2)Refrigeration 9.3 
3)Lighting 100 watt bulb 3.1 
4)CFL  15 Watt 0.5 
5)Geysers 140 
6)TV ( CRT 19 inches) 2.3 
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4) Energy resources at FRI 
 

(I)   There are Nine months of clear solar radiation (except about three  
 Months of rainy season)  

(II)   Municipal waste from FRI Residential block( Colonies, guest houses, 
  etc) 

(III)  Water canal flowing through middle of the campus. 
(IV)  Fire wood generated from FRI reserved forest. 

 
These are the potential energy resources present inside the FRI campus e.g.  
Solar energy, hydroelectricity & by burning of fire wood 
 
 

      
 

(Garbage; Biodegradable & Non-Biodegradable)                       (Water canal) 
 

 
(Firewood) 
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5) Conservation & Management of Energy & its resources 
 
Energy conservation is the practice of decreasing the quantity of energy 
used. It may be achieved through efficient energy use, in which case energy use 
is decreased while achieving a similar outcome, or by reduced consumption of 
energy services. Energy conservation may result in increase of financial capital, 
environmental value, national security, personal security, and human comfort. 
Individuals and organizations that are direct consumers of energy may want to 
conserve energy in order to reduce energy costs and promote economic 
security. Industrial and commercial users may want to increase efficiency and 
thus maximize profit. Energy conservation is an important element of energy 
policy. 
 
Energy conservation reduces the energy consumption and energy demand 
per capita, and thus offsets the growth in energy supply needed to keep up with 
population growth. This reduces the rise in energy costs, and can reduce the 
need for new power plants, and energy imports. The reduced energy demand 
can provide more flexibility in choosing the most preferred methods of energy 
production by reducing emissions. Energy conservation is an important 
part of lessening climate change.  Energy conservation facilitates the 
replacement of non-renewable resources with renewable energy. Energy 
conservation is often the most economical solution to energy shortages, and is a 
more environmentally benign alternative to increased energy production. 
 
Residential sector 
There are three main types of Energy sources (In present use at FRI): 

1) Electricity  2) Fuel( LPG/Kerosene, Diesel/petrol) 3) Firewood 
 

The residential sector refers to all private residences, including single-family 
homes, quarters, bungalows, guesthouses.  Energy use in these areas varies 
significantly across the FRI Campus due to individual requirements differences 
and different regulation. Despite technological improvements, many people’s 
lifestyle changes have put higher demands on heating and cooling resources. 
The single-person household has become more common, as has central air 
conditioning or using of fan(s). 
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Cause – effect Diagram showing how electricity wastage occurs. 
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Household energy consumption 
 
Space conditioning 37% , Water heating 16%,  Lighting,12% , Refrigeration 
10%,  Home electronics 6% ,  Laundry appliances 5%  Kitchen appliances 6% ,  
Other uses 8%  
 
 

 
 
 
 
How to save energy 
 
One underutilized, but potentially very powerful means to reduce household 
energy consumption is to provide real-time feedback to homeowners so they 
can effectively alter their energy using behavior. 
1)  Standby power used by consumer electronics and appliances while they are 
turned off accounts for an estimated 5 to 10% of household electricity 
consumption,   

 
2) Energy efficient appliances:  Energy usage in some homes may vary widely 
from these averages. However, recent trends in home entertainment equipment 
can make a large difference in household energy use. For instance a 50" LCD 
television (average on time 6 hours a day) may draw 300 Watts less than a 
similarly sized plasma system. In most residences no single appliance 
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dominates, and any conservation efforts must be directed to numerous areas in 
order to achieve substantial energy savings. However, Ground and Water 
Source Heat Pump systems are the more energy efficient, environmentally clean 
and cost effective space conditioning systems available and can achieve 
reductions in energy consumptions of up to 69%. 

 
3)  Modern energy-efficient appliances, such as refrigerators, freezers, ovens, 
stoves, dishwashers, and clothes washers and dryers, use significantly less 
energy than older appliances. Current energy efficient refrigerators, for 
example, use 40% less energy than conventional models did in 2001. Modern 
power management systems also reduce energy usage by ideal appliances by 
turning them off or putting them into a low-energy mode after a certain time. 
Many countries identify energy-efficient appliances using an Energy Star 
label. 

 
 

4)  Efficient use of LPG. Turn off the burner when not in use. Allow any food 
to room temperature after immediately drawn out from refrigerator & then put it 
for cooking.  
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6) Implementation- Energy Resources: 
 
Non conventional (Renewable) Energy: 
 
The new and renewable energy technologies are making a great revolution 
mainly in isolated areas where it is difficult to provide electrical energy through 
the national grid. Various policy & support measures initiated from time to time 
in the country have given a big boost to the spread of a number of renewable 
energy technologies. India is the perhaps only country in the world with an 
exclusive ministry to deal with this sector. The Ministry of non-conventional 
energy was created in 1992 as the nodal agency of the GOI. 
 
Estimated potential for Renewable energy at country level 
 

Sources/ Systems Potential 
Biogas 12 million 
Improved chulhas  120 million 
Biomass 19500 MW 
Solar energy 20 MW/sq. km 
Wind energy 20000 MW 
Small hydro power 10000 MW 
Ocean thermal energy 50000 MW 
Urban & Industrial wastes 1700   MW 

   
 
FRI gets all its Energy requirements mainly from Electricity & Fuel like 
LPG/Kerosene & little bit firewood.   
 
FRI has some renewable energy sources but not in use. 
These are solar energy, hydroelectricity and biomass. 
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(A) Solar Energy:  
 

         The energy incident upon the earth from the sun provides constantly 
renewable sources of energy & therefore an ultimate source of energy against 
which all other forms must eventually be compared. In addition, this energy 
source is relatively benign from a health & environmental standpoints. 
Solar energy has always been a potential source of limitless clean energy. 
However the commercial development of solar energy has been slow because of 
storage requirements & high capital cost requirements. The availability in the 
past of low cost fossil fuels resulted in solar energy being considered 
uneconomical. 
With the sudden massive increase in world oil & gas prices, solar energy 
economics particularly for low level heating & cooling are reaching the stage 
where commercial applications are possible.  
 
There are few methods to trap this environment friendly energy: 
Solar energy can be converted into thermal energy with the help of solar 
collectors & receivers. The solar thermal devices are being utilised for water 
heating, space heating, cooking, drying, water heating, refrigeration systems 
etc. Box type solar cookers are quite common in India.  
 
(I)  Solar water heaters:  Widespread utilization of solar water heaters can 

meet significant portion of energy needed for heating water in homes, other 
commercial & institutional establishment which is currently met by 
conventional sources of energy. Solar water heaters (SWHs) of 100-300 
litres capacity are suited for domestic application. Hot water at 60-80°C for 
hotels, Hospitals (FRI Hospital), Restaurants, Homes, etc. Larger systems 
can be used in restaurants, canteens, guest houses, hospitals. Fuel saving: A 
100 lit. Capacity SWH can replace electric geysers for residential use & 
save 1500 units electricity annually. Avoided utility cost a generation:- The 
use of 1000 SWHs of 100 lit. Capacity each can contribute to a peak load 
saving of 1 MW. 
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Construction & Working 
 
Solar hot water is water heated by the use of solar energy. Solar heating 
systems are generally composed of solar thermal collectors, a fluid system to 
move the heat from the collector to its point of usage. The system may use 
electricity for pumping the fluid, and have a reservoir or tank for heat storage 
and subsequent use. The systems may be used to heat water for a wide variety 
of uses, including home. Heating swimming pools, under floor heating or 
energy input for space heating are more specific examples. In many climates, a 
solar heating system can provide up to 85% of domestic hot water energy. In 
many northern European countries, combined hot water and space heating 
systems (solar combisystems) are used to provide 15 to 25% of home heating 
energy. 
 
Usage 
Hot water heated by the sun can be used to: 

• Heat water (e.g. for sanitary purposes such as showering, washing, ...)  
Solar water heaters lower the cost of electric bills. A typical consumer can save 
about 30%-50% on his or her electric bill, while lessening the use of oil and 
the impact on the environment. 
 
Technique 
 

 In order to heat water using solar 
energy, a collector is fastened to the roof 
of a building, or on a wall facing the sun. 
In some cases, the collector may be free-
standing. The working fluid is either 
pumped (active system) or driven by 
natural convection (passive system) 
through it. 

 
The collector could be made of a simple glass topped insulated box with a flat 
solar absorber made of sheet metal attached to copper pipes and painted black, 
or a set of metal tubes surrounded by an evacuated (near vacuum) glass 
cylinder. In some cases, before the solar energy is absorbed, a parabolic mirror 
is used to concentrate sunlight on the tube. A simple water heating system 
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would pump cold water out to a collector to be heated, the heated water flows 
back to a collection tank. This type of collector can provide enough hot water 
for an entire family. Heat is stored in a hot water tank. The volume of this tank 
will be larger with solar heating systems in order to allow for bad weather, and 
because the optimum final temperature for the absorber is lower than a typical 
immersion or combustion heater. The working fluid for the absorber may be the 
hot water from the tank, but more commonly (at least in pumped systems) is a 
separate loop of fluid containing anti-freeze and a corrosion inhibitor which 
delivers heat to the tank through a heat exchanger (commonly a coil of copper 
tubing within the tank). Another lower-maintenance concept is the 'drain-back': 
no anti-freeze is required; instead all the piping is sloped to cause water to drain 
back to the tank. The tank is not pressurized and is open to atmospheric 
pressure. As soon as the pump shuts off, flow reverses and the pipes empty by 
the time when freezing could occur. 
When a solar hot water and hot-water central heating system are used in 
conjunction, solar heat will either be concentrated in a pre-heating tank that 
feeds into the tank heated by the central heating, or the solar heat exchanger 
will be lower in the tank than the hotter one. However, the main need for central 
heating is at night when there is no sunlight and in winter when solar gain is 
lower. Therefore, solar water heating for washing and bathing is often a better 
application than central heating because supply and demand are better matched. 
The water from the collector can reach very high temperatures in good 
sunshine, or if the pump fails. Designs should allow for relief of pressure and 
excess heat through a heat dump. 
 
Economics, energy and system costs 
 Sunny, warm locations, where freeze protection is not necessary, a batch type 
solar hot water heater can be extremely cost effective. In higher latitudes, there 
are often additional design requirements for cold weather, which add to system 
complexity. This has the effect of increasing the initial cost (but not the life-
cycle cost) of a solar hot water system, to a level much higher than a 
comparable hot water heater of the conventional type. When calculating the 
total cost to own and operate, a proper analysis will consider that solar energy is 
free, thus greatly reducing the operating costs, whereas other energy sources, 
such as gas and electricity, can be quite expensive over time. Thus, when the 
initial costs of a solar system are properly financed and compared with energy 
costs, then in many cases the total monthly cost of solar heat can be less than 
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other more conventional types of hot water heaters (and also in conjunction 
with an existing hot water heater). In addition, federal and local incentives can 
be significant. 
Types: 
Solar hot water systems can be classified in different ways: 

• The type of collector used 
• The location of the collector - roof mount, ground mount, wall mount  
• The location of the storage tank in relation to the collector  
• The requirement for a pump - active vs. passive  
• The method of heat transfer - open-loop or closed-loop (via   
• Compact systems (passive systems) 

 
 
A passive system also known as a monobloc (thermo siphon) system, a compact 
system consists of a tank for the heated water, a solar collector, and connecting 
pipes all pre-mounted in a frame. The water flows upward when heated in the 
panel. When this water enters the tank (positioned higher than the solar panel), 
it expels some cold water from inside so that the heat transfer takes place 
without the need for a pump. A typical system for a four-person home in a 
sunny region consists of a tank of 150 to 300 liters (36.9 to 79.2 gallons) and 
three to four square meters of solar collector panels. 
A special type of compact system is the Integrated Collector Storage (ICS, 
Batch Heater) where the tank acts as both storage and solar collector. They are 
simple and efficient but only suitable in moderate climates with good sunshine. 
Direct ('open loop') compact systems, if made of metals are not suitable for cold 
climates. At night the remaining water can freeze and damage the panels, and 
the storage tank is exposed to the outdoor temperatures that will cause 
excessive heat losses on cold days. (In FRI Campus Temperature exist between 
2-6 °C during winter; so there is no freezing problem). Some compact systems 
have a primary circuit. The primary circuit includes the collectors and the 
external part of the tank. Instead of water, non-toxic antifreeze is used. When 
this liquid is heated up, it flows to the external part of the tank and transfers the 
heat to the water placed inside (‘Closed loop'). However, direct ('open loop') 
systems are slightly cheaper and more efficient. 
 
Life of system: Some systems can work for up to 25 years with minimum 
maintenance. These kinds of systems can be redeemed in six years, and achieve 
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a positive balance of energy (energy used to build them minus energy they 
save) of 1.5 years. Most part of the year, when the electric heating element is 
not working, these systems do not use any external source for power (as water 
flows due to thermosyphon principle).Flat solar thermal collectors are usually 
used, but compact systems using vacuum tube collectors are available on the 
market. These generally give a higher heat yield per square meter in colder 
climates but cost more than flat plate collector systems. 
 
Types of thermal collector: 
 
There are three main kinds of solar thermal collectors in common use. In order 
of increasing cost they are: Formed Plastic Collectors, Flat Collectors, and 
Evacuated Tube Collectors. The efficiency of the system is directly related to 
heat losses from the collector surface (efficiency being defined as the 
proportion of heating energy that can be usefully obtained from insulation). 
Heat losses are predominantly governed by the thermal gradient between the 
temperature of the collector surface and the ambient temperature.  
Efficiency decreases when either the ambient temperature falls or as the 
collector temperature increases. This decrease in efficiency can be mitigated by 
increasing the insulation of the unit by sealing the unit in glass e.g. flat 
collectors or providing a vacuum seal e.g. evacuated tube collector. The choice 
of collector is determined by the heating requirements and environmental 
conditions in which it is employed.  
 
 
 
Flat plate collector 
 
A flat plate collector consists of a thin absorber sheet (of thermally stable 
polymers, aluminum, steel or copper, to which a black or selective coating is 
applied) backed by a grid or coil of fluid tubing and placed in an insulated 
casing with a glass or polycarbonate cover. 
Fluid is circulated, using either mains or solar electricity, through the tubing to 
remove the heat from the absorber and to transport it to an insulated water tank, 
sometimes directly or otherwise to a heat exchanger or to some other device for 
using the heated fluid. Some fabricants have a completely flooded absorber 
consisting of 2 sheets of metal stamped to produce a circulation zone. Because 
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the heat exchange area is greater they may be marginally more efficient than 
traditional absorbers. As an alternative to metal collectors, new polymer flat 
plate collectors are now being produced in Europe. These may be wholly 
polymer, or they may be metal plates behind which are freeze-tolerant water 
channels made of silicone rubber instead of metal. Polymers, being flexible and 
therefore freeze-tolerant, are able to contain plain water instead of antifreeze, so 
that in some cases they are able to plumb directly into existing water tanks 
instead of needing the tank to be replaced with one using heat exchangers. By 
dispensing with a heat exchanger these flat plate panel temperatures need not be 
quite so high for the circulation system be switched on, so such direct 
circulation panels, whether polymer or otherwise, can be somewhat more 
efficient, particularly at low light levels. 
As with evacuated tubes, most flat plate collectors have a life expectancy of 
over 25 years. 
 
                                    
                                   Evacuated tube collector 
 
 
 
 
 
 
 
 
 
 
 
 
Evacuated (or vacuum) tubes panel. Evacuated tube collectors are made of a 
series of modular tubes, mounted in parallel, whose number can be added to or 
reduced as hot water delivery needs change. This type of collector consists of 
rows of parallel transparent glass tubes, each of which contains an absorber tube 
(in place of the absorber plate to which metal tubes are attached in a flat plate 
collector). The tubes are covered with a special light-modulating coating. In an 
evacuated tube collector, sunlight passing through an outer glass tube heats the 
absorber tube contained within it. The absorber can either consist of copper 
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(glass-metal) or specially-coated glass tubing (glass-glass). The glass-metal 
evacuated tubes are typically sealed at the manifold end, and the absorber is 
actually sealed in the vacuum, thus the fact that the absorber and heat pipe are 
dissimilar metals creates no corrosion problems. The better quality systems use 
foam insulation in the manifold. Low iron glass is used in the higher quality 
evacuated tubes manufacture. Lower quality evacuated tube systems use the 
glass coated absorber. Due to the extreme temperature difference of the glass 
under stagnation temperatures, the glass sometimes shatters. The glass is a 
lower quality boron silicate material and the aluminium absorber and copper 
heat pipe are slid down inside the open top end of the tube. Moisture entering 
the manifold around the sheet metal casing is eventually absorbed by the glass 
fibre insulation and then finds its way down into the tubes. This leads to 
corrosion at the absorber/heat pipe interface area, also freeze ruptures of the 
tube itself if the tube fills sufficiently with water. 
 
Two types of tube collectors are distinguished by their heat transfer method: the 
simplest pumps a heat transfer fluid (water or antifreeze) through a U-shaped 
copper tube placed in each of the glass collector tubes. The second type uses a 
sealed heat pipe that contains a liquid that vapourises as it is heated. The vapour 
rises to a heat-transfer bulb that is positioned outside the collector tube in a pipe 
through which a second heat transfer liquid (the water or antifreeze) is pumped. 
For both types, the heated liquid then circulates through a heat exchanger and 
gives off its heat to water that is stored in a storage tank (which itself may be 
kept warm partially by sunlight). Evacuated tube collectors heat to higher 
temperatures, with some models providing considerably more solar yield per 
square meter than flat panels. However, they are more expensive and fragile 
than flat panels. Evacuated heat tubes perform better than flat plate collectors in 
cold climates because they only rely on the light they receive and not the 
outside temperature. The high stagnation temperatures can cause antifreeze to 
break down, so careful consideration must be used if selecting this type of 
system in temperate climates. Tubes come in different levels of quality so the 
different kinds have to be examined as well. High quality units can efficiently 
absorb diffuse solar radiation present in cloudy conditions and are unaffected by 
wind. They also have the same performance in similar light conditions summer 
and winter. For a given absorber area, evacuated tubes can maintain their 
efficiency over a wide range of ambient temperatures and heating requirements. 
The absorber area only occupied about 50% of the collector panel on early 
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designs; however this has changed as the technology has advanced to maximize 
the absorption area. In extremely hot climates, flat-plate collectors will 
generally be a more cost-effective solution than evacuated tubes.  
When employed in arrays of 20 to 30 or more, the efficient but costly evacuated 
tube collectors have net benefit in winter and also give real advantage in the 
summer months.  
They are well suited to extremely cold ambient temperatures and work well in 
situations of consistently low-light.  Properly designed evacuated tubes have a 
life expectancy of over 25 years which greatly adds to their value. 
 
 
 
(II) Solar photovoltaic cells: (Street Lights) 
 

 
 
  
 
 
 
 
 
 
 
                                                     
 
 
 

                                                                                               (eg. This street light can be replace by the  
                                                                                                solar street light as shown in first figure) 

 
 
Solar Street Light:  
The Solar Street Light is a stand-alone solar photovoltaic application, where a 
CFL tube operates for a stipulated time, every day. A solar photovoltaic panel 
mounted on the pole, converts solar energy into electrical energy, and charges 
the battery situated in a box mounted on the pole, on which the light is also 
mounted. The light automatically turns ON, drawing energy from this battery 
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and operates for the pre-decided duration. This light is ideal for campuses, 
remote areas, farms, project and construction sites, yards, and also as 
emergency supply in large shops, streets and pathways. Sometimes they are 
also used to illuminate surroundings of a building for security and safety.  
SPV offers two models of streetlights, i.e. Dusk-to-Dawn and four hours 
duration, having automatic ON-OFF operation. Low maintenance, no wiring, 
independence of each street light and two days autonomy, are some distinct 
advantages of the streetlight  
 
The Solar Streetlight consists of: 

• Solar Module  
• 12V, 80AH low maintenance, lead acid tubular battery  
• PVC casing with 11W compact fluorescent tube (Filament lamp).  
• Timer with light intensity sensor or 12 hours timer. 
• Electronics comprising of charger, over-charge controller, over- 
  discharge controller.  
• High Frequency inverter etc., with system specific design . 
• Battery box painted inside by polyurethane paint . 
• GI / coated pole mounting etc. 

 
Salient Features: 

• The system has built-in electronic controls and protection against over 
  charge and over Discharge.   
• Ideal use for campuses, remote areas, farms, projects, construction sites, 
  streets.  
• Walkways, pathways, etc. 
• Also useful for illuminating the surroundings of a building for security  
  and safety.  
• Automatic ON-OFF operation . 
• Low maintenance - No pole to pole wiring.  
•Two days autonomy.  
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A) Low intensity Solar Street Lights  
 
 

Sr.   Particulars   Single Fixture   Double Fixture    

1 Solar 
Module 

37Wp Capacity x 2 Nos. 37Wp Capacity x 2 Nos. 

2 Battery 12V, 80Ah x 1 No 12V, 80Ah x 1 No 

3 Lamp / 
Lamp 
Fixture 

1 x 11 W CFL with standard 
weather proof enclosure with 
reflector or FRP fixture for 
decorative lights. 

2 x 11 W CFL with standard 
weather proof enclosure with 
reflector or FRP fixture for 
decorative lights. 

4 Controls High efficiency inverter and 
charge controller, Auto start 
at Dusk. Push to ON test 
switch, Electronic timer / 
dusk to dawn controller 

High efficiency inverter and 
charge controller, Auto start 
at Dusk. Push to ON test 
switch, Electronic timer / 
dusk to dawn controller 

5 Mechanical MS / GI Pole 2.5” diameter, 
4 Mtr Height with MS frame 
to hold solar module and MS 
fabricated sheet metal box 
for battery 

MS / GI Pole 2.5” diameter, 
4 Mtr Height with MS frame 
to hold solar module and MS 
fabricated sheet metal box 
for battery 

6 Autonomy 2 days ‘no sun’ autonomy  1 days ‘ no sun’ autonomy 

7 Intensity 900 Lumens  1800 Lumens 
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B) High intensity Solar Street Lights 
 
 

Sr.   Particulars   Single Fixture   Double Fixture    

1 Solar 
Module 

75Wp Capacity x 2 Nos. 75Wp Capacity x 2 Nos. +  
37 Wp Capacity x 1 No.  

2 Battery 12V, 150Ah x 1 No 12V, 100Ah x 2 Nos. 

3 Lamp / 
Lamp 
Fixture 

1 X 35 W Low Pressure 
Sodium - SOX (with control 
Gear) with standard weather 
proof enclosure with 
reflector  

1 X 50 W Metal Halide (with 
control Gear) with standard 
weather proof enclosure with 
reflector. 

4 Controls High efficiency inverter and 
charge controller, Auto start 
at Dusk. Push to ON test 
switch, Electronic timer / 
dusk to dawn controller. 

High efficiency inverter and 
charge controller, Auto start 
at Dusk. Push to ON test 
switch, Electronic timer / 
dusk to dawn controller. 

5 Mechanical MS / GI Pole 3" diameter, 4 
Mtr Height with MS frame to 
hold solar module and MS 
fabricated sheet metal box 
for battery 

MS / GI Pole 3" diameter, 4 
Mtr Height with MS frame to 
hold solar module and MS 
fabricated sheet metal box 
for battery 

6 Autonomy 1 day ‘no sun’ autonomy  1 day‘ no sun’ autonomy 

7 Intensity 5800 Lumens  12800 Lumens 
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(B)   Hydroelectricity: 
 

Hydroelectricity  is a form of hydropower, and is the most widely used form of 
renewable energy. It produces no waste, and does not produce carbon dioxide 
(CO2), a greenhouse gas. 
                              
In FRI, there is one water canal flowing through the middle of the campus. 
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Measurements of canal 
Length  through FRI campus about 3 K.M 
Width 1.68 M 
Depth from water level(upper) 1.3M 
Depth from water level(lower) 5.4M 
Depth from ground level (upper) 0.74M 
Depth from ground level (lower) 1.48M 
Velocity of water 1.125 M/S 

 
 
Methodology: 
 
The site ( as shown in pictures) which  I’ve selected as a potential site in water 
canal for hydroelectric project  has  two portions i.e. upper & lower; 
measurements are shown in table.  
Location: On the way from Shisham hostel to the gate of Botanical garden. 
Procedure to calculate stream flow: A piece of wood 1 cubic cm was taken & 
allowed it to flow along with stream; time was noted. 
 
 
Readings:              3.75, 3.82, 3.74, 3.83, 4.01 seconds/ 4.5 M. 
 
 
Calculation:          Mean= 3.83 (4); Distance of canal (unit distance): 4.5M 
                               Velocity = Distance / time;   4.5/4=   1.125 M/Sec. 
 
Most hydroelectric power comes from the potential energy of dammed water 
driving a water turbine and generator. In this case the energy extracted from the 
water depends on the volume, velocity and on the difference in height between 
the source and the water's outflow. This height difference is called the head. 
The amount of potential energy in water is proportional to the head. To obtain 
very high head, water for a hydraulic turbine may be run through a large pipe 
called a penstock. 
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Economics: 
 
The major advantage of hydroelectricity is elimination of the cost of fuel. The 
cost of operating a hydroelectric plant is nearly immune to increases in the cost 
of fossil fuels such as oil, natural gas or coal. Fuel is not required and so it need 
not be imported. Hydroelectric plants tend to have longer economic lives than 
fuel-fired generation, with some plants now in service having been built 50 to 
100 years ago. Operating labor cost is usually low since plants are automated 
and have few personnel on site during normal operation. 
 
 
 
Diagrammatic representation showing mechanism of hydroelectric project: 
 
 

      
 
 
This water canal can become strong energy resource of electricity by 
implementing small Hydroelectricity power project. 
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(C) BIOMASS GASIFIERS 

 
 

In FRI, there are 10 kg/day per person of municipal waste could generate. It 

contain Biodegradable & non biodegradable waste. From biomass, gasoline can 

be produced to generate energy. 

Basic Process Chemistry 

The system: Biomass Gasifier is essentially a chemical reactor where various 

complex physical and chemical processes take place. Biomass gets dried, 

heated, pyrolysed (Pyrolysis is the chemical decomposition of a condensed 

substance by heating), partially oxidized and reduced in this reactor as it flows 

through it.  Four distinct processes take place in a gasifier: Drying of the fuel, 

pyrolysis, combustion and reduction. Although there is a considerable overlap, 

each process can be considered to be a occupying a separate zone in which 

fundamentally different chemical and thermal reaction take place.  The fuel 

must pass through all of these zones to be completely converted.  The essential 

characteristic of the down - draught design being used in our “BG-Ank” (The 

Global brand name in Biomass Gasifiers) is that it is designed so that the tars 

gives off in the pyrolysis zone are drawn through the combustion zone, where 

they will be broken down or burned.  When this happens, the energy they 

contain is usefully recovered and the mixture of gases in the exit stream is 

relatively clean. 

 
What are the normal acceptable FEEDSTOCK (Raw material) 
  
In addition to almost all types of wood waste and fuel wood/ firewood, Weeds 
like Lantana camara, Branches and Twigs, Coconut Shells etc.  
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7) Impacts of Energy Consumption on Environment: 
 
Energy consumption really put pressure on the resources, especially on the non-
renewable ones, hence caused resource depletion.  To generate electricity or to 
generate power to perform some work, ultimately one is dependent on energy 
which comes from utilization of coal, petroleum and natural gas, mostly. 
Besides that pollution also occurs. 
 
This information based on consumption of unit electricity per hour & 
combustion of fuel in a vehicle per kilometre for family of four members in FRI 
colony. 
 
General estimate of Electricity- Fuel consumption & GHG Emission (CO2) 

Electrical appliances  Consumption Average cost/ 
60 Days 

Colour TV- STANDARD 4 HRS/DAY Rs.2000 
Colour TV- WIDE SCREEN 4 HRS/DAY 
Air conditioner- HEATER 6 HRS/DAY 
Air conditioner-COOLER 6 HRS/DAY 
CD Player 4 HRS/DAY 
Microwave oven  2 TIMES/DAY 
Vacuum cleaner 1 TIME/DAY 
Refrigerator  
Fax  
Automobile Average=10km/lt 

Average daily kms 
driven=5km 

CO2 Emission 39.9423 kgC/day 
14578.9395 
kgC/year 
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CONCLUSION: 
 
A rapid sample survey of the New Forest campus revealed that present 

estimated energy consumption levels are high & no alternative energy resources 

have been in practice so far. Although a number of alternative resources are 

available so far neither at individual level nor at institutional level switch over 

to renewable energy resources such as solar power and hydro power has been 

considered to save on conventional energy resources. The data generated has 

been analysed to and feasibility of  cut down the dependence on electric power 

using renewable energy resources has been brought forward in this paper. This 

study would serve following purposes:- 

1) Switch over to non conventional energy resources would not only be 

economically viable in the long term but will also environment friendly. It 

will save the conventional thermal power without causing any kind of 

pollution and saving on the carbon emissions. 

       On an average a family of four members pay Rs.1,000/month for 

electricity & fuel( LPG/KEROSINE, PETROL.DIESEL) depending upon 

their requirements. If they switch over even partially to non conventional 

energy resources such as solar cooking and water heating devices it would 

bring down their total cost of electricity bill & other fuel bills to nearly 

50%. 
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2) The initial cost involved would be higher but use of non conventional energy 

resources would be sustainable with low maintenance costs involved. 

3) Use of solar lights and solar cooking and heating systems also provide health 

benefits. 

4) Hydropower has strong potential to generate electricity & also use of 

hydropower for milling operations (Atta chakki) will provide nutritional 

food options.  

However spreading awareness about the need to conserve electricity & fuel is 

also very important. What could be done is that each hostel, division, residential 

areas are encouraged to bring down their present consumption & the one with 

the best result be suitably recognised through awards/incentives, etc. 
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