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Abstract—With the growing awareness of the energy crisis, the need 
to conserve and manage the energy resources in a responsible 
manner is being increasingly felt by different sectors of the economy. 
In the present study an attempt has been made to evaluate the high 
energy consumption in the building sector and the imperative need to 
design the energy efficient buildings. In Deenbandhu Chhotu Ram 
University of Science and Technology, Haryana students hostel 
building has been selected for the present study. The case studies of 
four hostels of Indian Institute of Technology, Mumbai, Indian 
Institute of Technology, Kanpur, MLA hostel of Nagpur and of Cross 
River University of Technology, Nigeria comprising of different 
climatic zones has also been considered and existing study has been 
compared with the same. The energy auditing has been conducted by 
collecting energy consumption data for the last five years. The air-to-
air thermal transmittance of the wall and the roof for the hostel room 
has also been computed and compared with recommendations 
prescribed by the Energy Conservation Building Code and Bureau of 
Indian Standard Code number 3792- 1978. Various application 
pertaining to the use of renewable energy sources has also been 
explored in the present study. It has been found that the existing solar 
water heater for the kitchen is saving energy for cooking. From the 
present study it can be recommended that energy auditing and 
replacing the normal electrical appliances with energy efficient 
devices will save 7591.39 kWh of energy per year after replacing 
with179 FTLs by Electronic ballast is considered to be a best 
alternative and proves to be cost effective and energy efficient. 

Introduction 

Energy has become a critical factor for a nation’s economic 
progress and hence has become a key issue for all countries. 
With recent exponential increases in energy pricing, the 
formerly neglected or underestimated concept of energy 
conservation has swiftly assumed great significance and 
potential in cutting costs and promoting economic 
development, especially in a developing-country scenario. 
Energy efficiency is the technique of using less energy to 
provide the same level of energy service. The earliest 
provisions for energy efficiency for reducing fossil fuel 
consumption has cascading effects in reducing pollution and 
global warming. Buildings, as they are designed and used 
today, contribute to serious environmental problems because 
of excessive consumption of energy and other natural 
resources. The close connection between energy use in 

buildings and environmental damage arises because energy-
intensive solutions sought to construct a building and meet its 
demands for heating, cooling, ventilation, and lighting cause 
severe depletion of invaluable environmental resources. 
However, buildings can be designed to meet the occupant’s 
need for thermal and visual comfort at reduced levels of 
energy and resources consumption.  

The energy conscious design approach helps designers and 
building owners to economically reduce building operating 
costs, while improving comfort for the building’s occupants. 
Appropriate combinations of these parameters lead to savings 
of energy required for maintaining healthy and comfortable 
indoor conditions. Investigations and studies being carried out 
by various researchers and investigators pertaining to energy 
efficiency has been studied and compared.  

The major parameters being consider in various studies related 
to energy efficiency includes (i) climatic zones comprising of 
landform, vegetation, Water bodies, Street width with 
orientation, Open spaces and built form, (ii) Passive solar 
heating with efficiency or utilizable of 0.5 and 0.7, (iii) Mass 
effect comprising of summer along with night ventilation and 
winter seasons, (iv) Air movement includes physiological 
cooling effect (1 and 1.5 m/s), Evaporative cooling (direct and 
indirect), various design variables (solar control, glazing 
systems, insulating value, emittance value, frames and spacer, 
fenestration design and shading devices), ventilation (stack 
effect, induced ventilation effect) and day light. Similar 
studies has been carried out in the hostels of IIT Kanpur, 
Member of Legislature Assembly Nagpur, IIT Bombay, Cross 
River University of Technology Nigeria at different climatic 
zones, from the study it has been interpreted that energy 
consumption is increasing rapidly and this objective of making 
use of renewable source of energy as first preference and to 
conserve and efficiently utilize our scarce resources for 
identifying their savings potential. Based on available case 
studies and documents, various circumstances are taken to 
adopt renewable sources of energy in all aspects. 

Moreover, the global energy scenario has undergone a drastic 
change in the last two decades. Due to ever growing demand 
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and shortage of supply, the cost of fossil fuel (coal, oil and 
natural gas) is increasing day by day. Increasing consumption 
has led to environmental pollution resulting in global warming 
and ozone layer depletion. Consequently, the era of fossil fuel 
is gradually coming to an end and the attention is focused on 
the conservation of energy and search for renewable sources 
of energy, which are environmentally benign. Buildings are 
major consumers of energy insofar as their construction, 
operation and maintenance are concerned. Building typology 
selected for the study is hostel because there is ample scope 
for energy savings.  

The energy audit of the IIT-Kanpur hostels area was carried 
out by the members [1]. This report is just one step, a mere 
mile marker toward destination of achieving energy efficiency 
and have emphasize that an energy audit is a continuous 
process. This project is the vision to make IIT Kanpur hostels 
energy efficient. It is a fact that hostels of IIT Kanpur 
community uses a huge amount of energy. IIT Kanpur’s 
energy bill keeps up around INR 9-10 crore per year. This 
amount is huge and thus naturally attracts attention that quite a 
lot of energy is being wasted, which in turn would mean that 
huge amount of financial resources is being wasted.  

Also, energy audit assumes significance due to the fact that the 
IIT-Bombay electricity bill had crossed Rs. 10 crores during 
2007, and it was aimed at obtaining a detailed idea about the 
various end use energy consumption activities and identifying, 
enumerating and evaluating the possible energy savings 
opportunities [2]. The target is to achieve savings in the 
electrical energy consumption to the extent of 20%. The audit 
was also aimed at giving the students a feel of the practical 
problems and difficulties in carrying out energy audits. As 
energy engineers, the students of the department 
enthusiastically participated in the endeavor. The energy 
consumption on campus is mainly in the form of electricity, 
apart from the use of LPG as cooking fuel in the hostels. MLA 
Hostel carried out detailed energy audit, during the month of 
June – July (2004) [3]. They carried out very, very elaborate 
measurements for the various areas like main transformers, 
pumps, streetlights, etc. and analyzed very critical the 
effectiveness of energy consumption, in each area. 

Methods and Methodology 

 

Fig. 1: Schematic representation of methodology used in  
present study 

The proposed study has been carried out in the student’s hostel 
of Deenbandhu Chhotu Ram University of Science and 
Technology, Haryana for data analysis of various electric 
appliances and for replacing them with energy efficient 
devices to neglect wastage of energy. Therefore, various 
parameters are considered to make the place energy efficient 
and schematic representation for the same is shown in Fig.1.  

Various parameters determined in the present study includes 
climate analysis, thermal transmittance value using the data 
acquired in terms of energy usage or utilization in the selected 
hostel. The requirement of renewable appliances as an 
alternative has also been computed. 

In climate analysis weather represent the state of the 
atmospheric environment over a brief period of time which 
helps the designer to build a house that filters out adverse 
climatic effects, while simultaneously allowing those that are 
beneficial. After studying the sun path of New Delhi, it has 
been found that region of student’s hostel lies in composite 
zone as shown in Fig. (2). 

 

Thermal transmittance incorporates the thermal conductance 
of a structure along with heat transfer due to convection and 
radiation. The value of thermal transmittance can be calculated 
by using a U-Value factor that measures the rate of heat loss 
through a material [4]. 

For walls the U -value as shown in fig. 3(a) can be calculated 
by using Eq. (1). 

U=1/R=1/0.415=2.409W/m2K (1) 

where, U= thermal conductivity of a given material, R= 
resistance to heat flow through a given thickness of material 
For roof section the U-value as shown in fig. 3(b) can be 
calculated by Eq. (2). 

U=1/R=1/1.176=0.850W/m2K (2) 

where, U= thermal conductivity of a given material, R= 
resistance to heat flow through a given thickness of material  

Fig. 2: Sun path Diagram of New Delhi
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Also, U-values for the roof of the hostel has been calculated 
and compared with their physical and electrical properties 
from which resistance has been calculated to provide a hostel 
building energy efficient as shown in Table 3. 

Table 3: U-values for section of roof 

Element Thickness Conductivity(W/mk) Resistance 
(m2k/W) 

Outside Film  0.44 
1.Concrete  0.15  1.44   0.104 
2.Plaster  0.38  0.721  0.522 
 Inside Film   0.105 
   Total  1.176 

 

Now, the U-values for the section of roof and wall have been 
compared with the standard energy and building codes (EBC 
and BIS) as shown in Table 4. 

Table 4: Comparison of U- values 

 ECBC 
(2010) 

BIS 3792  
(1978) 

GARGI 

MAX. U- Factor (Roof) 0.261 2.33 0.850 
Max.U- Factor (Wall) 0.440 2.56 

 
2.409 

 

*ECBC [5] (Energy and Building codes), BIS [6,7] (Bureau of 
Indian standard) 

The energy used in buildings can vary greatly depending on 
the behavior of its occupants. It is therefore necessary to 
understand the various types of loads on a building in order to 
design an energy efficient building. Replacing electromagnetic 
ballast of 179 FTLs by Electronic ballast in all the rooms can 
save 7591.39 kWh of energy per year. The electronic ballast 
provides proper starting and gets on very fast than the 
electromagnetic ballast. Because of the higher efficiency of 
the ballast itself and the improvement of lamp efficacy by 
operating at a higher frequency, electronic ballasts offer higher 
system efficacy for low pressure lamps like the fluorescent 
lamp. 

Further it can be recommended that replacing incandescent 
bulbs in the bathrooms by CFL and replacing rheostatic speed 
regulators of 174 fans in the student rooms and mess with 
electronic speed regulators will save around 2596.08 kWh of 
energy per year. With electronic speed regulators not only, the 
fan rotates smoothly but also there is negligible heat 
dissipation. Normal fan speed regulators use resistance for 
controlling the speed whereas the electronic speed regulator 
uses the voltage regulator which changes the input voltage to 
the fan thereby changing the speed of the fan.  

However, installing solar water heaters in all hostels and 
installation of biogas plant for food waste processing of 21.2 
kg and horticulture waste of 14.56 kg per day will reduce 
consumption of LPG cylinders. Looking for natural lighting 

opportunities through windows a committee should be set by 
the University whose terms of reference will be solely on 
energy management. Purchasing energy at the most 
economical price through fuel selection and altering schedules 
to take advantage of our utility’s rate structure and assess the 
scope for more energy efficient lamps and luminaries. 
Involvement of training staff and teaching all employees to 
identify ways to save energy through maintenance, optimum 
usage of day lighting should be adopted and various 
operational improvements throughout the university can be 
done. Energy saving accessories can be installed to replace the 
old high energy consuming ones. 

Conclusions 

From the present study, it can be concluded this proves to be a 
mere mile marker towards the destination of achieving energy 
efficiency of a hostel. Energy auditing on regular basis should 
be done for university and educational institutes that helps in 
maintaining the proper energy usage and maintenance of 
energy equipments. The study further confirms that primary 
source and secondary sources are required to be controlled in 
order to improve the energy efficiency of a hostel. The 
compiled possible actions indicate to conserve and efficiently 
utilize our scarce resources and identified their savings 
excessive energy usage. This energy saving usage will be 
advantageous in terms of economy as well as saving of energy 
will be helpful in reducing the burden on environment. 

References 

[1] Mishra A.V., Panjwani S., Iyer S.S.K.,"Energy audit of IIT 
Kanpur campus" (2008) 

[2] George M., Abrham C., Jose V., "Energy audit of IIT Bombay 
campus", June (2007) 

[3] Website of the Ministry of Power, http://powermin.nic.in / 
distribution/energy_audit, (2004) 

[4] Szokolay S., Zold A. (2005) Introduction to Architectural 
Science, Elsevier Science and Architectural Press. 

[4] Mathur, D. A. (2016). Energy Conservation Building Code 
(ECBC) User Guide. New Delhi: 

Bureau of Energy Efficiency 

[5] BIS (2016). National Building Code of India, SP:7. New Delhi. 
Bureau of Indian Standards 

[6] BEE (2017). Energy Conservation Building Code. New Delhi. 
Ministry of Power, Government of India 

 


