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Abstract— Energy demand in buildings for lighting, cooling, 

heating, ventilation that require different quantities of energy,  

may vary upon many factors such as occupancy level, 

outdoor conditions and performance of the systems. In this 

report, we try to develop a method to compare two methods 

of energy audit namely, a general walkthrough and a Detailed 

or Simulation based audit. Initially the building for case study 

was studied considering the equipment used in the buildings. 

I. INTRODUCTION 

Many industries, including the buildings throughout the 

nation have been worried about the increased utility cost, 

which impact the business. For example, existing buildings 

are responsible for nearly 40% of total India’s energy 

consumption (Energy Statistics 2013). When there is need for 

the evaluation of energy performance of buildings and 

potential Energy Efficient Measures are to be identified, 

range of situations make take place. In some case, the facility 

in-charge will call for conducting a detail Energy audit to find 

ways to enhance the current system. Or may be in the other 

situation, facility in-charge may invest less by replying on 

product literature that are normally adopted by users such as 

“turn lights off when not in use” etc. to reduce the energy use. 

Furthermore, there may be a situation that the facility in-

charge may not know the importance of energy audit and 

stays with the current system as it is and bears higher energy 

cost but does not invest in energy audits or measures to save 

energy. The scenario is chosen on the interest and gains of the 

company and its personnel. The alternatives can be chosen 

out of paying upfront invest cost with some risks involved or 

to reduce spending and stay with the current energy 

performance. Whatever the choice the facility in-charge 

makes, it should be economically viable and justified by him. 

 Energy audits may be done by general simple 

walkthrough or by doing the detail energy audit.   Facilities 

personnel in identifying building operations and maintenance 

issues normally do simple walkthrough. A detailed energy 

audit report requires calculating actual performance and 

efficiency of building by conducting interviews, taking 

surveys and collecting data of systems associated with the 

building which is to be studied. The values collected from the 

study is then entered into a simulation tool where the Energy 

Efficient Measures can be recognized independently or 

within a combination to give a clearer realization of the 

energy usage and savings. 

 In this report we try to develop a method to compare 

two methods of energy audit namely, a general walkthrough 

and a detailed energy audit. Both these methods are widely 

used in the industry. The actual information will be collected 

from the particular locations and the data collected will be 

entered into a simulation tool to compare the energy 

efficiency with the actual energy used by the same building. 

The best model of energy efficiency shall be considered by 

the results obtained after simulation of the model. 

 The energy efficient measures identified during each 

audit will be setup in model and simulated so that the amount 

of energy can be reduced. This energy savings and the 

efficiency rate are used to calculate the total savings and 

compared to the actual energy cost occurred in the building. 

Execution of the energy efficient measures identified above 

can also have initial investment costs, maintenance costs and 

replacement costs which will be considered in order to 

identify the overall life cycle of the energy efficient measure 

suggested. Life cycle cost of both the methods discussed 

above will also be compared to give the best energy efficient 

measures for a particular building. 

II. OBJECTIVE OF THE PRESENT STUDY 

The aim of the present study is to develop a methodology to 

compare two types of approaches used in industry viz. 

Traditional theoretical energy audit vs. Computerized 

computational and analysis of energy audit, for identifying 

energy efficient measures to save energy costs. Identifying 

the most cost effective measures that can be used to reduce 

overall energy cost of a building. The Energy audit methods 

in this study will mostly concentrate on the material used in 

the construction and the type of energy consumption of those 

respective material. The other power consumption appliance 

such as HVAC will not be a part of study of this energy audit. 

Average unit of energy consumption of HVAC will be 

considered as per the declaration of manufacturer. 

III. LITERATURE REVIEW 

K. Hassoneh et al. (2014) studied and applied the concept of 

green building in Jordan [1]. Insulation on the wall resisted 

the heat flow and kept the building cooler in summer and 

warmer in winter. Also properly insulated area can help in 

defining a proper size of HVAC, reducing initial investment 

on HVAC. Double glass glazing instead of single glass 

glazing can save 60% heat loss. Payback period of double 

glass is very less thus resulting in quick recovery of 

investment. Double glass glazing also reduces noise 

pollution. Occupancy sensors in classroom, offices and other 

utility areas can provide savings of 20-50% depending on the 

utility function. Replacing magnetic ballast with electronic 

ballast can save energy up to 25-30%. Dimmers can save 10-

60% energy depending on the user. Larger window area 

facing south, east, west directions can save more energy in 

winter also it decreases glazing cost for north direction. 

Payback period using above measures for saving energy is 

less than 3 years. 

 Ali Alajmi (2011) considered a 2-storied 

educational building of floor area 7020 square meters in 

Kuwait (Hot summer climate) based on energy consumption. 

Audit was done in two levels viz. walk through assessment 

and survey and data analysis [2]. Auditors of the study gave 

two types of recommendations. Non-retrofitting measures 

which involved no or minimal cost which saved 6.5% of 

building’s annual energy consumption and Retrofitting 

measures saved 49.3% of  building’s annual energy 

consumption which involved initial cost. This resulted in 52% 

of annual savings. Design builder software was used for the 
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simulation of audit model and the results showed the payback 

period of 6 months for Not-retrofitting measures and most 

effective Retrofitting actions. CO2 emissions can be reduced 

to 648 tonnes in a year by implementing the measures 

suggested. 

 Rajesh Chedwal et al. (2015) estimated energy 

saving potentials of commercial buildings at Jaipur city 

categorically based on star rating [3]. Category-1 were hotels 

with no stars or one star that had low luxury, category-2 were 

hotels with 2 & 3 star hotels that had moderate type of luxury, 

category-3 comprise of 4 & 5 star hotels that had all high 

standard of luxuries. Energy Conservation and Building 

Codes (ECBC) and Advance Energy Efficient Measures 

(EEMs) beyond ECBC were implemented viz. HVAC and 

building envelope and lighting systems were used for the 

estimation of potential energy savings in the commercial 

buildings. eQUEST software was used for simulation of 

energy consumption models of hotel buildings and the results 

were compared with actual energy consumption of each 

category. Energy savings of 37.2%, 18.42% and 25.82% of 

category-1, 2 &3 respectively were estimated by 

implementing ECBC measures with a payback period of 

2.39-6.42 years whereas by adopting advanced EEMs  energy 

savings were estimated to be 61.75%, 53.92%, 54.61% for 

category-1, 2 & 3 respectively and a payback period of 4.22 

to 5.11 years. 

 K.M. Odunfa et al. (2015) took into account the 

standard design considerations, guidance of ASHRAE, 

fundamental cooling load equations [4]. Three buildings in 

Nigeria were studied with the view of potential energy saving 

by orienting the directions of building in the most appropriate 

way and selecting the most efficient cooling equipment for 

the buildings. The three buildings viz. Faculty of Science, 

CBN, Department of Chemistry when oriented in North-

South direction consumed 155.34 kW, 244.75 kW, 86.35 kW 

respectively of energy whereas when the buildings are 

oriented in East-West directions, the energy consumed is 

163.6 kW, 232.04 kW and 90.64 kW respectively. This result 

showed that the buildings oriented in East-West directions 

require more energy consumption than the buildings oriented 

in North-South directions. Also buildings oriented in North-

South directions allow maximum ventilation and natural light 

in all climatic conditions. 

 Gousia Sultana and Harsha H. V. (2015) conducted 

energy audit process at Nandi Institute of Technology and 

Management Science, Bangalore to identify areas of energy 

wastage and estimating energy saving potential measures by 

method of walk-through energy audit [5]. The result showed 

that there was an appreciable difference between the actual 

connected load and the actual power consumption. The 

reason found were- location of institute was in rural interiors 

where Government power supply shutdowns were frequent. 

In such periods, power was obtained from diesel generator or 

UPS batteries installed in the campus at various locations, 

thus the actual consumption of the energy from Government 

power supply was hugely reduced due to interrupted power 

supplies. Recommendations from the auditors saved Rs. 

59,405 /- and energy savings of 10435.84 kWh and a Capital 

investment of Rs. 2,42,062 /-. By adopting the suggested 

recommendations, there will be saving of 41.66 % of energy 

and 30.6 % of annual cost. 

 Saeed Banihashemi et al. (2015) studied Climatic, 

parametric and non-parametric analysis of energy 

performance of double-glazed windows in different climates 

[6]. A four-story building representing the conventional type 

of residential apartments for four climates of cold, temperate, 

hot-arid and hot-humid was selected for simulation. 

Energyplus software was used for the simulation of the same. 

The conclusion was made from the study that the windows 

act differently in terms of energy performance and its effect 

depends on the location, climatic condition and physical 

properties. Using double glazed windows was useful in both 

cold and hot months whereas in cold and hot-humid climates 

where heating and cooling loads are prevailing respectively, 

they were beneficial in only those dominant months.  Double-

glazed was advantageous for saving energy in all four 

climates on the other hand; which proved to have 

significantly higher values of saved energy than the others. 

 Siddharth Lohia and Swati Dixit (2015) observed 

that substitution of normal Single glazed windows with 

Double glazed windows with LED bulbs and 5 star rating 

appliances has more energy benefits than the normal Single 

glazed windows [7]. Replacing Double glazed windows with 

Triple glazed windows ones had more energy efficiency but 

at more costs. It was concluded that the Double glazed 

windows are perfect for Indian weather conditions, especially 

in North India where there are burning summers and fair 

winters. Further it was suggested that that double glazed 

window with uPVC frame is best suited for Indian building 

and houses. However it has certain disadvantages as compare 

to triple glazed window such as investment cost were high in 

tripled glazed windows. 

 Vinod Kumar and A.M.Mahalle (2016) 

experimented and studied the effect of green roof over the 

building in terms of Thermal performance and cooling 

prospective in mild warm climate of India [8]. Experiments 

were done by comparing the exposed roof and a roof with 

green plantations. It was observed that the room air and 

interior surface temperature of the green roof were reduced 

by a margin of 17% and 22% respectively. Heat flux studies 

showed that the peaks are lowered and also the heat 

fluctuation through the green roof assembly is lower than that 

of the exposed roof in the case of heat in-leak. The simulated 

model prepared in this study had been very much matched by 

the experimental data, thereby efficiency of the model is 

confirmed clearly. 

 Subhash Mishra et al. (2013) studied about the 

energy saving in different type of building walls by selecting 

a proper insulation material and optimal insulation thickness 

[9]. An energy saving of 53.51% was achieved by using light 

weight concrete wall as compared to stone wall. The optimum 

insulation thickness and payback period for the different 

types of wall (Brick, Light Weight Concrete and Stone) was 

calculated. Loss of heat was calculated by using Degree-Days 

method. Glass Wool (GW) was selected as the insulation 

material. The study suggested that the optimum insulation 

thickness varies between 0.154m and 0.1703m and payback 

period varies between 1.17 years and 1.53 years depending 

on insulation material, external wall material and climatic 

condition. 
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IV. RESEARCH METHODOLOGY 

A. Introduction of Two Important Energy Audit Methods 

In general, the energy audit is the translation of conservation 

ideas and hopes into reality, by lending technically feasible 

solutions with economic and other organizational 

considerations within a specified time frame. In this study, we 

will differentiate two energy audits methods in terms of 

efficiency and performance and suggest the best possible 

measures to save energy in the given buildings. 

The Energy audit methods which we shall use will be of 

following two types: 

 Walk-through audit 

 Computer based simulation by "EQUEST" software. 

B. Details of Audit Procedures 

1) Walkthrough Energy Audit Methodology 

Walkthrough energy audit is a relatively quick exercise to: 

 Establish energy consumption in the organization 

 Estimate the scope for saving based on the known 

measures in common knowledge 

 Identify the most likely (and the easiest) areas for 

attention 

 Identify (especially no-/low-cost) improvements/ 

savings 

 
Fig. 1: Flowchart for Energy Audit by Walkthrough Method 

 No. of floors of building 

 Identify areas for more detailed study/measurement 

2) Procedure for the Walkthrough Energy Audit 

General data will be collected of the building such as follows: 

 Area of the building; 

 Monthly electric consumption of the building 

 No. of electric equipments and types of equipments used 

 Timing of use of equipment 

 

3) Analysis of the Walkthrough Energy Audit 

1) All the data is properly studied to prepare a systematic 

approach for energy saving method. 

2) Areas of energy saving scope is identified. 

3) Commonly known methods which are publicly well 

known and easy to understand are been applied for 

energy saving. 

4) Calculations for the savings are done on the basis of well-

known facts or the declaration of the manufacturer of 

equipments suggested for energy saving. 

5) Estimate for the retro-fittings is prepared based on the 

results obtained in the above steps and submitted to the 

administration of respective building. 

C. Computer based Simulation by "EQUEST" Software 

A computer based comprehensive audit provides a detailed 

energy project implementation plan for a facility, since it 

evaluates all major energy using systems. 

 This type of audit offers the most accurate estimate 

of energy savings and cost. It considers the interactive effects 

of all projects, accounts for the energy use of all major 

equipment, and includes detailed energy cost saving 

calculations and project cost. 

 In a computer software based audit, one of the key 

elements is the energy balance. This is based on an inventory 

of energy using systems, assumptions of current operating 

conditions and calculations of energy use. This estimated use 

is then compared to utility bill charges. 

1) Procedure of Computer based Simulation 

The key steps in an software based energy audit are as 

follows: 

 Conduct a condition survey- Assess the general 

operational practices at site, listing of utilities, log book 

for energy consumption data availability, monitoring of 

key parameters, identify situations that require further 

assessment during the audit progress. 

 Establish the Audit mandate- Obtain commitment from 

management and define the expectations and outcome of 

the audit. 

 Establish the audit scope- The audit scope needs to 

consider the available resources such as staff, time, audit 

boundaries, level of analysis, expected results, the degree 

of detail, and the budget for conducting the energy audit. 

 Analyze energy consumption and cost- Collect, organize, 

summarize and analyze historical energy billings and the 

tariffs that apply to them 

 Compare energy performance- Determine energy use 

indices and compare them internally from one period to 

another, from one facility to a similar one within the 

organization, from one system to a similar one, or 

externally to a best practices available within the 

industry. 

 Profile Energy use pattern- Determine the time 

relationship of energy use such as the electricity demand 

profile 

 Inventory Energy Use-Prepare a list of all energy 

consuming loads in the audit area and measure their 

consumption and demand characteristics. 
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 Identify energy management opportunities (EMOs) - 

Include operational and technological measures to 

reduce energy waste. 

 Assess the benefits- Measure potential energy and cost 

savings, along with any co-benefits. 

 Report for Action-Report the audit findings and 

communicate them as needed for successful 

implementation. 

D. Data Collection for Energy Audit 

1) Climate Zone: _________________________ 

2) Building design: Floor plan, CAD file 

3) Building Orientation: ______________ 

4) Building Gross Area: __________ square feet 

5) Area per Floor: ______________________ 

6) Air-Conditioned Area: ___________  square feet 

7) Non-Air-Conditioned Area: __________ square feet 

8) Number of Floors 

9) Skylights: Yes / No 

10) Section wise Lighting System Characteristics: 

11) Total Energy Consumption per year (kWh): _____ kWh. 

12) Monthly Energy Consumption (kWh): ________ 

13) Cooling Equipment: ___________ 

14) Heating Equipment: ___________ 

15) Utility: Electric / Gas 

16) Floor to Floor height: ________________ ft 

17) Floor to Ceiling height: ______________ ft 

18) Building Envelope Construction 

19) Building Interior Construction 

20) Exterior Doors: 

21) Exterior Windows: 

22) Exterior Window Shades and Blinds: 

23) HVAC Zones: Temperatures and Air Flows: 

24) Packaged HVAC Equipment: 

25) Non-Residential Domestic Water Heating 

1) Analysis of the Computer Simulation 

1) The above data obtained will be feeded in the specific 

location of software program. On feeding in all the 

necessary data in the software, the computer program 

model is created for the given building. 

2) Analyses the energy consumed by the existing system of 

equipments and the building to perform the functions. 

3) The results of analysis will be compared to the monthly 

electricity bill charged by the respective electric 

department to the building. This will create a benchmark 

for the variation between the electric units consumed 

actually and the electric units consumed as per the 

software program. 

4) After knowing the average monthly electric 

consumption, we will try different combinations of 

energy saving measures in the simulation model and 

obtain the results which can save energy for the building 

without compromising on the performance of the 

building. 

5) Costs for retro-fittings and Life cycle cost analysis will 

be done for various combinations tried in the simulation 

model. 

6) Best two or three measures which best suit the energy 

saving intention will be suggested to the building 

administration. 

 
Fig. 2: Flowchart for Energy Audit by Computer based 

Simulation 

2) Comparison of both the above methods of energy audit 

for the purpose of Energy saving 

1) Results obtained from both the approaches i.e. 

"Walkthrough energy audit" and "Computer based 

simulation by EQUEST software" will be obtained. 

2) Comparison of results will be done in terms of the 

following: 

 Efficiency; 
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 Performance; 

 Cost of retro-fitting; 

 Life cycle cost analysis; 

 Budget of the administration of the respective building 

allocated for the energy savings; 

 Scope for the retrofitting in reality on site; 

3) The results obtained after comparing the analysis of both 

the above stated approaches will accurately define the 

efficiency of both the approaches in the field of energy 

savings. 

4) These approaches will be studied for a Commercial Mall 

building of approximately 6 lakhs square feet at Mumbai. 
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