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1 Executive Summary 
This report provides a cost analysis and evaluation of prospective implementations of 
energy conservation solutions to Shepherd University. The solutions evaluated fall into 
three primary areas: heating, ventilation, and air conditioning (HVAC), building 
envelope, and lighting loads. Methods of analysis include estimating implementation 
cost, annual utility savings, 20-year cost savings, and simple payback periods. Other 
calculations include estimates on British Thermal Units (BTUs), a measure of heat, 
required to heat each building, and the savings associated with increasing insulation 
throughout an area. All reference data and cost calculations can be found in the specific 
sections of analysis they are relevant to, as well as in the associated excel workbook.  
 
The report also details an evaluation methodology of the prospect solutions in the 
decision analysis phase. In this phase, seven attributes were identified and ranked in 
order of importance to judge solutions to determine a single recommendation to 
Shepherd University. The identified attributes included: implementation cost, payback 
period, annual utility savings, 20-year cost savings, environmental benefits, ease of 
implementation, and solution lifetime. Because solutions were evaluated for each east 
campus building individually, total costs, savings, and payback periods are used to 
evaluate solutions on an east campus wide basis.  
 
Results of the analysis show that Shepherd would benefit most by retrofitting their 
current lights and fixtures to house more energy efficient light emitting diode (LED) 
lights and replacing HVAC units where applicable to lower electricity costs. This 
combination of solutions is estimated to save Shepherd University roughly 6% off their 
current annual utility bills realizing savings of a little over $127,000 a year and to 
achieve a $3.6 million net cost savings in a 20-year period measured in present value.  
 
The analysis conducted has limitations, and in no means, should take the place of a 
professional energy audit of Shepherd University. Most limitations of the analysis in this 
report are due to cost and savings parameter estimates being strictly tied to information 
available via open source research. The team recognizes more accurate and tailored 
data to individual building characteristics would lead to a better analysis and evaluation 
of alternatives. 
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2 Introduction 

2.1 Background  

Founded in 1871, Shepherd University is a public liberal arts college within the West 
Virginia system of higher education. Set on a 323-acre campus perched high above the 
Potomac River, Shepherd University has a 3,700-student population, offering a 
residential campus experience in a historic community. The campus consists of 49 
buildings varied in size, age, function, and construction material. 
 
Since 2000, the University has been actively engaged in a number of major long-term 
planning efforts. These efforts have resulted in the implementation of a new Strategic 
Plan (Spring 2000-01), Master Plan Update (June 2001), Conceptual Master Plan 
(October 2001), a 30-year Campus Master Plan (April 2004), and a new 10-year 
Campus Master Plan (June 2013) that reflects the current strategic and mission driven 
goals for the University. 
 
While many building and infrastructure projects proposed by the studies mentioned 
above have been implemented, there are not enough studies and strategic plans on 
campus wide energy conservation. Utility costs in water, electricity, gas, and oil remain 
high on the University budget. To reduce the total cost of energy usage to Shepherd 
University, the institution would like to start a campus wide energy conservation initiative 
with the goal of minimizing energy usage, lowering energy costs, and limiting associated 
environmental impacts of energy consumption.  
 
This project was inspired by an initiative taken by West Virginia Berkeley County 
Schools. In 2016, the county began an initiative to start providing major upgrades to 
schools throughout the county for all 35 K-12 schools to operate at their best capacity 
and to be energy efficient. By doing this, Berkeley County Schools is saving an 
estimated $1.7 million in utility and maintenance costs associated with their energy 
usage. 

2.2 Problem Statement 

Shepherd University currently has high utility costs totaling nearly $2 million a year. This 
is because several of the buildings are old with outdated utility systems resulting in 
higher energy usage and thus higher utility costs. Therefore, there is a need for modern, 
more energy efficient utility systems to reduce annual utility costs. The Operation & 
Facilities Department asked the team to perform a cost analysis on various energy 
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usage domains and recommend a single solution. The recommended solution must pay 
for its implementation cost and have the greatest annual utility savings. 

2.3 Sponsorship 

This project was sponsored by Mr. Eric Shuler, Assistant Vice President of Operations & 
Facilities at Shepherd University with additional assistant from Mr. Dustin Robbins, 
Environment, Health & Safety Coordinator and Project Manager. They provided the 
team the University’ FY17 utility-bill data, campus building profiles, and the latest 10-
year Master Plan that details the current strategic and mission driven goals for the 
University. 

2.4 Final Deliverables 

The final deliverables of this project are an excel workbook that contains linked 
spreadsheets and associated user guide for the workbook. The workbook includes all 
parameters, building specific summaries, cost analysis for all researched domains, and 
the decision analysis results.  The spreadsheets are linked and designed to be used for 
future research.  

3 Objectives and Scope  
The project team studied various energy conservation solutions and recommended a 
solution to reduce the total cost of energy usage at Shepherd University. The study 
includes a cost analysis, detailing the energy usage, implementation cost, annual utility 
savings, long-term cost savings, and payback periods for each solution. The 
recommended solution has the highest energy and cost savings to the University. This 
project was intended to be a preliminary study to demonstrate the cost savings and 
benefits of the studied energy conservation areas.  
 
Due to the number of buildings at Shepherd University’s campus, this project only 
focused on 21 buildings from the east campus. The list of buildings that make up east 
campus and their characteristics is presented below in Table 1.  
 

Table 1: List of East Campus Buildings 

Building Names Building Usage Year Build Gross Area (ft2) # of Rooms 
Boone Field House Special 2003 8,916 21 
Byrd Center Laboratory 1995 56,037 95 
Dining Hall Support 1959 23,168 45 
Entler Weltheimer House Support 1800 520 2 
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Erma Ora Byrd Hall Classroom 2007 34,345 76 
Facilities Management Support 1972 9,866 23 
Gardiner Hall Residential 1965 33,295 161 
Human Resources Office 1901 5,198 14 
Ikenberry Hall Office 1966 22,930 89 
Kenamond Hall Residential 1965 30,198 131 
Knutti Boiler House Support 1903 800 1 
Knutti Hall Classroom 1903 35,499 82 
McMurran Hall Office 1859 5,340 25 
Reynolds Hall Classroom 1889 4,845 11 
Scarborough Library Study 1974 73,601 161 
Synder Hall Classroom 1942 20,922 48 
Student Center Support 1961 49,806 94 
Stutzman-Slonaker Hall Classroom 1976 24,690 70 
Turner Hall Residential 1959 35,773 126 
White Hall Classroom 1975 29,565 97 

 
The project team focused on solutions that have the largest energy and utility 
consumption at Shepherd University. These solutions researched in the areas of  

• HVAC 
• Building envelope 
• Lighting loads 

4 Technical Approach  
The analysis of this project was broken down into three phases: data collection, cost 
analysis, and decision analysis. The following sections summarize each phase.  

4.1 Data Collection  

The data collection required usage of the existing data that Shepherd University 
provided. Historical energy consumption and other utility data was available for 
buildings on campus. This data included current oil, water, and electric usage per 
building at Shepherd University and their annual costs. This data also included relevant 
information on the buildings and any energy conservation maintenance efforts they 
have made. In addition to the data that was provided on existing buildings, a market 
research on alternative energy solutions and technologies was performed to gather data 
on potential conservation solutions. This data was combined into a matrix of parameters 
which was then used in the cost analysis.  
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4.2 Cost Analysis 

A cost analysis was then performed using the data provided by Shepherd University 
and the data from different solutions assessed. A cost analysis was done for each 
individual solution if it were to be implemented alone. This included the length of the 
payback period, initial implementation costs, annual utility savings, and 20-year savings. 
Additionally, a cost analysis was performed on a combination of different solutions being 
implemented. 

4.3 Decision Analysis 

It is understood that while Shepherd University is interesting in saving in energy costs, 
there are other attributes of interest. The alternative solutions all have a different level of 
effort (LOE) for implementation, environmental benefits, payback period, and other 
attributes that should be considered. Therefore, a decision analysis was necessary to 
provide a single recommendation that considers all factors. This was done by engaging 
with Shepherd University, determining what’s important to the university, which 
ultimately helped to elicit weights for the different attributes. By performing the decision 
analysis on the several alternatives, a single recommendation was made to the 
university. 

4.4 Assumptions & Constraints 

The following is a list of assumptions and possible constraints on the satisfactory 
delivery of this project. 

1. It was assumed that Shepherd University would provide the necessary data 
needed to complete the cost analysis. 

2. The data provided by Shepherd University was 100% accurate. 
3. This project was done based on the data provided and not any in-person 

observations. 
4. The cost analysis values were based on statistical averages provided by the 

manufacturers of the proposed solutions.  
5. Extrapolation based on building size and type was used to allocate electricity 

cost to buildings with missing data. 
6. Savings estimates did not take into account all characteristics of each individual 

building.  
 



6 

5 Cost Analysis Results  
In this section, the cost analysis results for each energy conservation area are 
summarized. For each solution analyzed, implementation costs, annual savings, simple 
payback period, and net present value (NPV) 20-year cost savings were calculated. The 
calculations for implementation costs and annual savings are unique to each solution 
and will be discussed in each conservation area. Payback period and 20-year cost 
savings are calculated the same for each solution and are shown below: 
 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘	𝑝𝑒𝑟𝑖𝑜𝑑 =
𝑇𝑜𝑡𝑎𝑙	𝐼𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛	𝐶𝑜𝑠𝑡
𝑇𝑜𝑡𝑎𝑙	𝐴𝑛𝑛𝑢𝑎𝑙	𝑆𝑎𝑣𝑖𝑛𝑔𝑠  

𝑁𝑃𝑉	20 − 𝑦𝑒𝑎𝑟	𝑐𝑜𝑠𝑡	𝑠𝑎𝑣𝑖𝑛𝑔𝑠 = 𝐴𝑆 A1 +
1

1 + 𝑟
+

1
(1 + 𝑟)F

+ ⋯+
1

(1 + 𝑟)HI
J 

In the equation above, AS represents the annual savings and 𝑟 represents the real 
interest rate1.  

5.1 HVAC 

The first area of analysis that was researched was the HVAC units.  This is the heating, 
ventilation, and air-conditioning unit of the buildings. Most of the buildings have already 
replaced their HVAC units, however, there are four buildings on the east campus that 
still need their HVAC units to be replaced. These buildings are Dining Hall, Gardiner 
Hall, Ikenberry Hall, and McMurran Hall. The cost analysis looks at replacing the 
existing HVAC systems in these buildings with an HVAC unit with a higher seasonal 
energy efficiency ratio (SEER) rating. The SEER rating of a unit is the cooling output 
during a typical cooling-season divided by the total electric energy input during the 
same period. Units with higher SEER ratings are more energy efficient than those of 
lower SEER ratings [1]. This cost analysis looks at a 16 SEER HVAC replacement with 
an estimated energy usage reduction of 50% annually. The lifetime of the HVAC units is 
about 20 years. The implementation costs were based on square footage of the building 
and the location of the implementation based on market research [2]. It would cost an 
estimated $52,800 to replace the HVAC units in these four buildings.  The annual cost 
was determined by taking the local electricity rates, $0.11/kWH and determining the 
number of BTUs needed, which is the amount of heat required to raise the temperature 
of one pound of water by one-degree Fahrenheit [3]. The equations below were used to 
calculate the monthly cost. 
  

                                                
1 The real interest rate is the rate of interest an investor, saver or lender receives (or expects to receive) 
after allowing for inflation.  
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𝐶𝑜𝑠𝑡	𝑃𝑒𝑟	1	𝑀𝑖𝑙𝑙𝑖𝑜𝑛	𝐵𝑇𝑈	 = 	 ($0.11/𝑘𝑊𝐻	𝑥	293) 	= 	$32.23	
𝐵𝑇𝑈𝑠	𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑	 = 	 (𝐺𝑟𝑜𝑠𝑠	𝐴𝑟𝑒𝑎	𝑥	3,000)	+ 	500,000	

𝐶𝑢𝑟𝑟𝑒𝑛𝑡	𝑀𝑜𝑛𝑡ℎ𝑙𝑦	𝐶𝑜𝑠𝑡	 = 		($32.23	𝑥	𝐵𝑇𝑈𝑠	𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑)/1,000,000	
 
The formula to determine the BTUs required is a function of the gross area in square 
footage of the building and specific to the climate zone that Shepherd University is in. 
Based on this information, the annual savings and 20-year cost savings were 
determined. The payback period was determined by dividing the total implementation 
cost by the total annual savings. 
 
Based on these calculations, Table 2 below shows the annual utility savings, cost 
savings. 
  

Table 2: HVAC Summary 

Building Names Implementation 
Cost 

Annual Utility 
Savings ($) 

Payback 
Period (yr.) 

20-yr Cost 
Savings ($) 

Dining Hall $13,200 $13,537 0.49 $212,192 
Gardiner Hall $13,200 $19,412 0.34 $310,009 
Ikenberry Hall $13,200 $13,399 0.49 $209,893 
McMurran Hall $13,200 $3,195 2.07 $39,989 

 

5.2 Building Envelope 

The second area of analysis the team identified solutions in was building envelope. A 
building’s envelope is the physical the building interior and exterior. The purpose of the 
envelope is to protect the interior from the outside elements. Four solutions relating the 
envelope were analyzed as part of the report. The four areas included: white roofs, 
more energy efficient windows, air sealing with the use of weathers-tripping or caulking, 
and increasing insulation. The cost analysis for each solution is provided in more detail 
in the sections below. Each section describes the assumptions and calculations 
associated with each solution. If they default value of a parameter in an equation isn’t 
explicitly state in this section, all values can be found in the associated excel workbook. 

5.2.1 White Roofs 
White roofs, or cool roofs, involve painting existing roofs with reflective paint to better 
reflect the sunlight. By reflecting sunlight, it reduces the need of air conditioning (AC) by 
lowering the roof and internal temperatures of a building. 
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To calculate the cost of implementing a white roof only two costs were considered: the 
cost of the actual paint and the cost of labor per square foot. There was a lot of 
variability in both costs such as type of coating, slope of the roof, and roof material. For 
the analysis the team made assumptions for both costs based on open source research 
and both parameters can be changed in the associated excel workbook. The last 
parameter needed to calculate the implementation cost is the square footage of the roof 
in question. In the master plan data provided to the team, the majority of buildings had 
their roof square footage as a data point. For the buildings that did not, the roof area 
was calculated using the assumption of building square footage divided by the number 
of floors. The formula below shows the implementation cost (IC) for white roofs were 
calculated for each building. 
 

𝐼𝐶 = (𝐶𝑜𝑠𝑡	𝑜𝑓	𝑃𝑎𝑖𝑛𝑡	𝑝𝑒𝑟	𝑓𝑡F + 𝐶𝑜𝑠𝑡	𝑜𝑓	𝐿𝑎𝑏𝑜𝑟	𝑝𝑒𝑟	𝑓𝑡F) ∗ 𝑅𝑜𝑜𝑓	𝐴𝑟𝑒𝑎	(𝑓𝑡F) 
  

After implementation costs were calculated, the annual savings for the solution was 
calculated. Through research it was determined that energy savings could range from 
20 to 70 percent by using reflective roof coatings [4]. Because saving figures discovered 
through research weren’t specific on how those figures were calculated, the team 
decided to use percentages savings off the energy costs associated with the solution. 
For example, in the case of white roofs savings of 20 to 70 percent are only taken from 
the cost normally associated with a building’s AC costs. White roofs were only assumed 
to contribute to AC costs, because based on some reviewed research they potentially 
increase heating costs. Table 3 below shows data from the U.S. Energy Information 
Association on electricity usage in commercial buildings, that the team used to 
associate building energy costs to specific usages. This data was used for every 
solution within the building envelope analysis. 
 

Table 3: Office buildings energy consumption by end use in the U.S. 

Usage Percent 
Consumption 

Lighting 39% 
Cooling 14% 
Other 13% 

Computers 10% 
Ventilation 9% 

Space Heating 5% 
Refrigeration 5% 

Office Equipment 4% 
Water Heating 1% 

  
The annual savings (AS) calculation for white roofs is as follows: 
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𝐴𝑆 = (𝑃𝑒𝑟𝑐𝑒𝑛𝑡	𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛	𝑜𝑓	𝐶𝑜𝑜𝑙𝑖𝑛𝑔 ∗ 𝐵𝑢𝑖𝑑𝑙𝑖𝑛𝑔	𝐹𝑌17	𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦	𝐶𝑜𝑠𝑡)
∗ 𝑃𝑒𝑟𝑐𝑒𝑛𝑡	𝑆𝑎𝑣𝑖𝑛𝑔𝑠	𝑜𝑓	𝑊ℎ𝑖𝑡𝑒	𝑅𝑜𝑜𝑓 

 
The 20-year cost savings was calculated simply by subtracting the implementation cost 
from 20 times the annuals savings. 
 
A simple payback period (PP) was also calculated. 
 

𝑃𝑃 =
𝐼𝐶
𝐴𝑆

 

 
Both the 20-year cost savings and payback period were calculated the same for each of 
the solutions in the building envelope analysis. All calculations were performed on each 
of the buildings on east campus. 
 
Table 4 below summarizes the cost analysis for implementing white roofs on the east 
campus buildings. 
 

Table 4: White Roof Summary 

Building Names Implementati
on Cost ($) 

Annual Utility 
Savings ($) 

Payback 
Period (yr.) 

20-yr Cost 
Savings ($) 

Boone Field House $24,965 26.11 $956 -$9,046 
Byrd Center $78,400 8.50 $9,218 $75,083 
Dining Hall $100,800 102.86 $980 -$84,483 
Entler Weltheimer House      
Erma Ora Byrd Hall $48,082 15.32 $3,138 $4,163 
Facilities Management $27,440 163.31 $168 -$24,642 
Gardiner Hall $46,614 27.75 $1,680 -$18,643 
Human Resources $14,560 110.67 $132 -$12,370 
Ikenberry Hall $33,600 86.04 $391 -$27,098 
Kenamond Hall      
Knutti Boiler House      
Knutti Hall $78,400 44.30 $1,770 -$48,934 
McMurran Hall $15,120 27.02 $560 -$5,804 
Reynolds Hall $10,640 20.96 $508 -$2,187 
Scarborough Library $128,800 102.75 $1,254 -$107,930 
Synder Hall $44,800 13.02 $3,442 $12,504 
Student Center $89,600 19.69 $4,550 -$13,837 
Stutzman-Slonaker Hall $56,000 133.18 $420 -$48,999 
Turner Hall      
White Hall $56,000 20.73 $2,701 -$11,027 

Rows marked with an * are buildings that currently aren’t in use or scheduled to be demolished based on the master plan. 

 
From Table 4, it is clear to see that with the conservative savings calculation the team 
adopted white roofs don’t appear to be a satisfactory solution to reduce utility costs. The 
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cost for painting a roof is very high while annual utility savings remain relatively low, and 
therefore the savings don’t warrant implementation. 

5.2.2 Energy Efficient Windows 
Windows are a common feature in any building. They serve multiple purposes such as 
providing natural lighting and heating and improving ventilation. For the analysis, the 
team investigated potential energy savings of installing more energy efficient windows 
compared to a standard, representative windows. 
 
The calculation for installing new windows only considers the number of windows to be 
installed and the cost of the window. Because there are different types of windows, the 
team decided to also consider the proportion of single-paned and double-paned 
windows in a building. Both types of windows have their own costs and percentage 
savings for installing. For the analysis, it is assumed single-paned windows would 
replace existing single-paned windows and likewise for double-paned windows. 
Replacing double-paned windows yields less savings because double-paned windows 
already are more energy efficient making them harder to improve upon. For this 
analysis the proportions of windows for the building were not known, so the default 
analysis is for 100% single-paned windows. Another assumption the team made was for 
the number of windows for each building. This information was not provided to the team 
and was hard to estimate via pictures of the buildings. The team used an Environmental 
Protection Agency (EPA) assumption of window area being 15% of the floor area and 
the area of a single window being 15 ft2. This assumption was made for residential 
houses originally but the team applied this to all buildings on east campus. The formula 
below was used to calculate windows per building (WPB). 
 

𝑊𝑃𝐵 =
𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔	𝐴𝑟𝑒𝑎	(𝑓𝑡F) ∗ 15%

15	𝑓𝑡F
 

 
With this assumption used, the formula below was used to determine the 
implementation cost of energy efficient windows. 
 

𝐼𝐶 = 𝑊𝑃𝐵 ∗ %𝑆𝑖𝑛𝑔𝑙𝑒 ∗ 𝐶𝑜𝑠𝑡	𝑜𝑓	𝑆𝑖𝑛𝑔𝑙𝑒 +𝑊𝑃𝐵 ∗%𝐷𝑜𝑢𝑏𝑙𝑒 ∗ 𝐶𝑜𝑠𝑡	𝑜𝑓	𝐷𝑜𝑢𝑏𝑙𝑒 
 
In the above equation, single represents single-paned windows and double represents 
double-paned windows. Annual savings for windows are calculated similarly to how the 
savings were calculated for white roofs. The only changes are the different savings 
based on the proportion of window types and windows affecting both cooling and space 
heating costs. The annual savings for windows calculation for windows is below. 
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𝐴𝑆 = (𝑃𝑒𝑟𝑐𝑒𝑛𝑡	𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛	𝑜𝑓	𝐶𝑜𝑜𝑙𝑖𝑛𝑔 + 𝑃𝑒𝑟𝑐𝑒𝑛𝑡	𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛	𝑜𝑓	𝑆𝑝𝑎𝑐𝑒	𝐻𝑒𝑎𝑡𝑖𝑛𝑔)
∗ 𝐵𝑢𝑖𝑑𝑙𝑖𝑛𝑔	𝐹𝑌17	𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦	𝐶𝑜𝑠𝑡 ∗ (𝑃𝑒𝑟𝑐𝑒𝑛𝑡	𝑆𝑎𝑣𝑖𝑛𝑔𝑠	𝑜𝑓	𝑆𝑖𝑛𝑔𝑙𝑒 ∗ %𝑆𝑖𝑛𝑔𝑙𝑒
+ 𝑃𝑒𝑟𝑐𝑒𝑛𝑡	𝑆𝑎𝑣𝑖𝑛𝑔𝑠	𝑜𝑓	𝐷𝑜𝑢𝑏𝑙𝑒 ∗ %𝐷𝑜𝑢𝑏𝑙𝑒) 

 
Table 5 below summarizes the cost analysis for replacing all windows on the east 
campus buildings. 

Table 5: Energy Efficient Windows Summary 

Building Names Implementation 
Cost ($) 

Annual Utility 
Savings ($) 

Payback 
Period (yr.) 

20-year Cost 
Savings ($) 

Boone Field House $44,580 31.23 $1,427 -$20,816 
Byrd Center $280,185 20.36 $13,762 -$51,057 
Dining Hall $115,840 79.18 $1,463 -$91,482 
Entler Weltheimer 
House*      
Erma Ora Byrd Hall $171,725 36.66 $4,684 -$93,731 
Facilities Management $49,330 196.66 $251 -$45,154 
Gardiner Hall $166,475 66.38 $2,508 -$124,718 
Human Resources $25,990 132.33 $196 -$22,720 
Ikenberry Hall $114,650 196.66 $583 -$104,943 
Kenamond Hall*      
Knutti Boiler House*      
Knutti Hall $177,495 67.18 $2,642 -$133,507 
McMurran Hall $26,700 31.96 $835 -$12,792 
Reynolds Hall $24,225 31.96 $758 -$11,606 
Scarborough Library $368,005 196.66 $1,871 -$336,849 
Synder Hall $104,610 20.36 $5,138 -$19,063 
Student Center $249,030 36.66 $6,793 -$135,926 
Stutzman-Slonaker Hall $123,450 196.66 $628 -$112,998 
Turner Hall*      
White Hall $147,825 36.66 $4,032 -$80,686 

Rows marked with an * are buildings that currently aren’t in use or scheduled to be demolished based on the master plan. 
 

Based on the analysis, replacing windows does not appear to be a worthwhile pursuit 
for Shepherd. This is mainly due to the extremely high implementation costs. This may 
be a result of the assumptions of number of windows and the fact all windows are 
assumed to be replaced. In reality, the current condition of windows is not entirely 
known and maybe only a subset of windows need to be replaced per building. The issue 
found in research is that is difficult to attribute savings on a per window basis. 
 
Although our analysis doesn’t recommend completely replacing all windows, it has been 
shown that at the time of building construction opting for more energy efficient windows 
would be worth it for the life span of the window. A report done by the EPA on the cost 
effectiveness of different energy rated window, doors, and skylights, showed that 
installing higher energy rated windows could lead to incremental energy savings. 
Incremental energy savings refers to the savings provided by a higher rated window 
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compared to a less rate window versus the small increase in window price. The EPA 
showed there was a national average payback of 13 years when considering 
incremental savings for windows [5]. With this additional information, the team still 
wouldn’t recommend replacing all windows for the sake of seeing savings. Instead, if 
windows were already to be replaced or a new building was being constructed, opting 
for more energy efficient windows will lead to lower energy costs in the long run. 

5.2.3 Air Sealing 
The EPA considers air sealing a low-cost solution to reduce energy usage and utility 
costs. The purpose of air sealing is to close any gaps that are in the structure of 
building. These gaps are ways for conditioned air and heat to escape and outside air to 
come in. Sealing treatment can be performed on walls and ceilings, but for the team’s 
analysis, doors and windows were the focus. The team considered sealing using either 
weather-strips or caulking. 
 
The implementation cost calculation for both sealing options requires the cost of 
material, and the number of both doors and windows. In our analysis weather-strips 
have different costs for both doors and window, and caulking has a cost per ft. of 
material. The team didn’t have information on the number of doors per building (DPB) 
so the team assumed one door per room plus an additional three exterior doors. 
 

𝐷𝑃𝐵 = #	𝑜𝑓	𝑅𝑜𝑜𝑚𝑠 + 3 
 
The team also assumed the average door was 8 ft. by 3 ft. for a perimeter of 22 ft. The 
same assumption in the windows section was used to estimate the number and size of 
windows. 
 
The following equations were used to calculate the implementation cost of weather-
stripping (WS) and caulking (CK). For caulking the implementation cost is applied twice 
because caulking has a product life of only 10 years. 
 

𝐼𝐶(𝑊𝑆) = 𝐶𝑜𝑠𝑡	𝑜𝑓	𝐷𝑜𝑜𝑟	𝑠𝑡𝑟𝑖𝑝 ∗ 𝐷𝑃𝐵 + 	𝐶𝑜𝑠𝑡	𝑜𝑓	𝑊𝑖𝑛𝑑𝑜𝑤	𝑠𝑡𝑟𝑖𝑝 ∗ 𝑊𝑃𝐵 
𝐼𝐶(𝐶𝐾) = 2 ∗ (𝐶𝑜𝑠𝑡	𝑜𝑓	𝐶𝑎𝑢𝑙𝑘𝑖𝑛𝑔	𝑝𝑒𝑟	𝑓𝑡 ∗ (𝐷𝑃𝐵 ∗ 22	𝑓𝑡 + 	𝑊𝑃𝐵 ∗ 15	𝑓𝑡)) 

 
The annual savings for both are calculated similarly to the other solutions in this section. 
Both solutions contribute to cooling and heating costs. 
 

𝐴𝑆(𝑊𝑆) = (𝑃𝑒𝑟𝑐𝑒𝑛𝑡	𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛	𝑜𝑓	𝐶𝑜𝑜𝑙𝑖𝑛𝑔 + 𝑃𝑒𝑟𝑐𝑒𝑛𝑡	𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛	𝑜𝑓	𝑆𝑝𝑎𝑐𝑒	𝐻𝑒𝑎𝑡𝑖𝑛𝑔)
∗ 𝐵𝑢𝑖𝑑𝑙𝑖𝑛𝑔	𝐹𝑌17	𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦	𝐶𝑜𝑠𝑡 ∗ 𝑃𝑒𝑟𝑐𝑒𝑛𝑡	𝑆𝑎𝑣𝑖𝑛𝑔𝑠	𝑜𝑓	𝑊𝑆 
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𝐴𝑆(𝐶𝐾) = (𝑃𝑒𝑟𝑐𝑒𝑛𝑡	𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛	𝑜𝑓	𝐶𝑜𝑜𝑙𝑖𝑛𝑔 + 𝑃𝑒𝑟𝑐𝑒𝑛𝑡	𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛	𝑜𝑓	𝑆𝑝𝑎𝑐𝑒	𝐻𝑒𝑎𝑡𝑖𝑛𝑔)
∗ 𝐵𝑢𝑖𝑑𝑙𝑖𝑛𝑔	𝐹𝑌17	𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦	𝐶𝑜𝑠𝑡 ∗ 𝑃𝑒𝑟𝑐𝑒𝑛𝑡	𝑆𝑎𝑣𝑖𝑛𝑔𝑠	𝑜𝑓	𝐶𝐾 

 
Table 6 and 7 summarizes the cost analysis for air sealing buildings on the east 
campus. 
 

Table 6: Weather-Stripping Summary 

Building Names Implementation 
Cost ($) 

Annual Utility 
Savings ($) 

Payback 
Period 

(yr.) 
20-year Cost 
Savings ($) 

Boone Field House $11,079 8.54 $1,298 $10,524 
Byrd Center $65,460 5.23 $12,511 $142,838 
Dining Hall $27,655 20.79 $1,330 -$5,511 
Entler Weltheimer 
House*      
Erma Ora Byrd Hall $41,616 9.77 $4,259 $29,287 
Facilities Management $12,216 53.57 $228 -$8,419 
Gardiner Hall $47,250 20.72 $2,280 -$9,289 
Human Resources $6,697 37.51 $179 -$3,724 
Ikenberry Hall $30,886 58.28 $530 -$22,062 
Kenamond Hall*      
Knutti Boiler House*      
Knutti Hall $43,279 18.02 $2,402 -$3,290 
McMurran Hall $7,712 10.16 $759 $4,931 
Reynolds Hall $6,096 8.85 $689 $5,375 
Scarborough Library $88,765 52.18 $1,701 -$60,441 
Synder Hall $25,579 5.48 $4,671 $52,192 
Student Center $58,963 9.55 $6,176 $43,859 
Stutzman-Slonaker Hall $31,198 54.67 $571 -$21,696 
Turner Hall*      
White Hall $38,352 10.46 $3,666 $22,683 

Rows marked with an * are buildings that currently aren’t in use or scheduled to be demolished based on the master plan. 
 
 

Table 7: Caulking Summary 

Building Names Implementation 
Cost ($) 

Annual Utility 
Savings ($) 

Payback 
Period (yr.) 

20-year Cost 
Savings ($) 

Boone Field House $5,864 6.03 $973 $4,475 
Byrd Center $33,366 3.56 $9,383 $89,492 
Dining Hall $14,289 14.32 $998 -$11,969 
Entler Weltheimer 
House*      
Erma Ora Byrd Hall $21,700 6.79 $3,194 $9,778 
Facilities Management $6,452 37.72 $171 -$10,056 
Gardiner Hall $26,806 15.68 $1,710 -$25,140 
Human Resources $3,617 27.01 $134 -$5,005 
Ikenberry Hall $17,078 42.97 $397 -$27,539 
Kenamond Hall*      
Knutti Boiler House*      
Knutti Hall $22,650 12.57 $1,801 -$15,307 
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McMurran Hall $4,411 7.75 $570 $660 
Reynolds Hall $3,250 6.29 $517 $2,104 
Scarborough Library $46,152 36.17 $1,276 -$71,062 
Synder Hall $13,409 3.83 $3,503 $31,511 
Student Center $30,309 6.54 $4,632 $16,499 
Stutzman-Slonaker Hall $16,669 38.95 $428 -$26,212 
Turner Hall*      
White Hall $20,791 7.56 $2,749 $4,194 

Rows marked with an * are buildings that currently aren’t in use or scheduled to be demolished based on the master plan. 
 

From the analysis, weather-stripping and caulking can be low cost alternatives to 
achieve energy savings for a number of the buildings. It is important to note that these 
savings are for buildings that are sufficiently leaky. To determine the air leakiness of a 
building a professional test should be done. A test would help determine how beneficial 
these solutions would be when implemented. 

5.2.4 Insulation 
The analysis for insulation was done differently than the other building envelope 
solutions. The benefits of increasing insulation can be expressed using equations 
relating to heat flow. How well a wall insulates is dependent on its thermal resistance. 
For insulation in walls, the resistance is represented by the wall’s R-value. Increasing 
the R-value of a wall prevents more heat from moving through it. It can be shown that 
once R is sufficiently high, the reduction in heat flow (Q) begins to change 
insignificantly. Using analysis done by EnergyVanguard [6], an energy consulting firm, 
the diminishing returns of increasing insulation is shown below. 
 

𝑄 = 	1/𝑅	 ∗ 	𝐻𝐷𝐷	 ∗ 	𝐴	 ∗ 	24 
 
HDD represents the heating degree days and A is the area of wall with insulation. 
Heating degree days is the number of degrees that a day’s average temperature is 
below 65° Fahrenheit, which is the temperature below which buildings need to be 
heated. For the analysis HDD was set to 5292.5 based on historical weather data [7] 
and 1000 ft2 was used for the area. The resulting graph is pictured below in Figure 1. 
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Figure 1: Diminishing Returns of Increased Insulation 

 
From Figure 1, it can clearly be seen that increasing R past 10 leads to little reduction in 
heat flow. The cost savings can be calculated by the same way monthly cost in the 
HVAC section was calculated, by substituting BTUs required with the difference in BTUs 
for two different R values. The main takeaway from the insulation analysis is that unless 
little to no insulation exists within a wall it is most likely not worth the cost of adding 
more insulation. 

5.3 Lighting  

For the lighting analysis, the team focused on three areas: 
● Replacing LED lightbulbs only and replacing the entire kits including lightbulbs 

and fixtures based on lamp conditions and LED compatibility 
● Interior and exterior lights to provide implementation flexibility and to more 

accurately calculate occupation sensor savings 
● Occupation sensors installed alone with existing lights and installed while 

upgrading LED light system. 

5.3.1 LED Lighting  
Shepherd University provided the team a campus lighting survey completed by Solar 
Holler Lighting in Spring 2017. The survey includes the counts, types, wattage usage, 
and the equivalence LED lightbulb replacements of lightbulbs and fixtures among 32 
buildings and zones across campus.  Based on the lightbulb type provided in the 
survey, a market research is conducted on the average cost [8], [9], product lifetime in 
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hours, and the average installation labor cost [10] for each lightbulb type. The compiled 
lightbulb profile list is provided in the excel workbook. 
 
Table 8 shows the assumptions on the light usage that were made based on building 
usage by consulting the University and research on the average campus light usage 
[11], [12].  
 

Table 8: Light Usage Assumptions 

Building 
Usage Operational Hours 

Operational 
Hours per 

Day 

Operational 
Days per 

Week 

Operational 
Weeks per 

Year 

Percent of 
Lightbulbs in 
Use per Day 

Classroom 7:00 am - 11:00 pm 16 6 49 70% 
Laboratory 7:00 am - 11:00 pm 16 6 49 60% 

Office 7:00 am - 11:00 pm 16 6 50 60% 
Residential 6:00 am - 12:00 am 18 7 49 50% 

Special 7:00 am - 5:00 pm 10 5 42 80% 
Study 7:00 am - 11:00 pm 16 7 50 70% 

Support 7:00 am - 11:00 pm 16 7 50 70% 
Exterior 6:00 am - 12:00 am 18 7 52 90% 

 
The FY17 utility-bill data from Shepherd University was used to calculate the average 
electricity rate. For the simplicity of this analysis, time-variant electricity rate is not 
considered, but studies have shown that LED lights reduce energy usage during peak 
demand hours [13].  
 
Assuming all current traditional lightbulbs will be replaced by LED lightbulbs, a total 
installation cost, annual utility savings, payback period, product lifetime, and 20-year 
cost savings in NPV are calculated for each building using the compiled lightbulb profile, 
lightbulb types and counts in each building, and the light usage assumptions described 
above. The simple payback period is calculated using the total installation cost divided 
by the annual utility savings without considering the discount interest rate. However, in 
determining the 20-year cost saving, a long-term real interest rate of 2.02% [14] is used 
to calculate 20-year net present savings. In addition, a one-time LED light replacement 
cost is considered since the average LED lifetime is 13.2 years and less than 20 years. 
The 20-year cost savings also include the replacement cost difference between 
traditional lights and LED lights since the product lifetime for traditional lights is less 
than LED lights and it costs more to replace traditional lights than LED lights in 20 
years.   
 
Table 9 below shows the cost analysis for replacing all traditional lights with LED lights 
on the east campus buildings.  
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Table 9: LED Lighting Summary 

Building Names Implementation 
Cost ($) 

Annual 
Utility 

Savings ($) 
Payback 

Period (yr.) 
20-year 

Cost 
Savings ($) 

Boone Field House $28,198 $1,261 15.45 $45,082 
Byrd Center $147,669 $11,926 8.63 $404,475 
Dining Hall $31,912 $2,609 8.21 $138,853 
Entler Weltheimer House $15,695 $1,588 6.49 $77,154 
Erma Ora Byrd Hall $73,097 $4,118 13.14 $167,444 
Facilities Management $13,044 $1,577 5.55 $64,988 
Gardiner Hall $45,032 $6,266 5.23 $164,715 
Human Resources $9,965 $816 8.16 $30,112 
Ikenberry Hall $43,959 $3,600 8.16 $132,831 
Kenamond Hall $38,895 $6,847 4.04 $172,270 
Knutti Boiler House $1,620 $211 6.42 $4,858 
Knutti Hall $66,458 $6,051 7.54 $241,539 
McMurran Hall $10,237 $838 8.16 $30,934 
Reynolds Hall $9,194 $852 7.43 $33,350 
Scarborough Library $70,009 $8,156 6.04 $309,762 
Synder Hall $30,879 $2,470 8.55 $109,985 
Student Center $52,680 $5,547 6.43 $245,145 
Stutzman-Slonaker Hall $51,965 $4,360 7.94 $198,749 
Turner Hall $49,176 $4,328 8.28 $138,419 
White Hall $50,270 $4,333 7.60 $200,928 

5.3.2 Occupation Sensor  
The team looked at two options: occupation sensors installed alone with existing lights 
and installed while upgrading LED light system. 
 
Market research shows that occupation sensors save on average of 20 - 50% of 
electricity usage depending on building usage [15] and prolongs lightbulb lifetime. The 
product lifetime for each light bulb type is recalculated. The average cost of $200 per 
occupation sensor including material and installation labor is used in the cost analysis.  
 
Assuming one occupation sensor per room and very room in the building is equipped 
with an occupation sensor, the cost analysis results for occupation sensors installed 
alone with existing lights is in Table 10 below. Again, simple payback period and 20-
year net cost saving in present value are used in the analysis.  
 

Table 10: Occupation Sensor Summary 

Building Names Implementation 
Cost ($) 

Annual 
Utility 

Savings ($) 
Payback 

Period (yr.) 
20-year 

Cost 
Savings ($) 

Boone Field House $4,200 8.89 $472 -$533 
Byrd Center $19,000 2.04 $9,335 $117,420 
Dining Hall $9,000 5.06 $1,778 $11,602 
Entler Weltheimer House $400 0.37 $1,089 $17,326 
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Erma Ora Byrd Hall $15,200 4.32 $3,520 $28,203 
Facilities Management $4,600 4.62 $995 $7,363 
Gardiner Hall $32,200 10.94 $2,942 -$15,416 
Human Resources $2,800 5.91 $474 $2,285 
Ikenberry Hall $17,800 8.52 $2,089 -$818 
Kenamond Hall $26,200 14.57 $1,798 -$22,466 
Knutti Boiler House $200 5.09 $39 $255 
Knutti Hall $16,400 3.73 $4,394 $40,363 
McMurran Hall $5,000 10.28 $487 -$1,900 
Reynolds Hall $2,200 3.67 $600 $5,586 
Scarborough Library $32,200 5.43 $5,935 $34,413 
Synder Hall $9,600 4.55 $2,108 $15,891 
Student Center $18,800 5.59 $3,360 $18,347 
Stutzman-Slonaker Hall $14,000 3.58 $3,913 $37,150 
Turner Hall $25,200 6.00 $4,197 $19,480 
White Hall $19,400 4.92 $3,945 $26,890 

 
 
Table 11 shows the cost analysis for installing occupation sensors and upgrading the 
LED light system. 
 

Table 11: Occupation Sensor and LED Lighting Summary 

Building Names Implementation 
Cost ($) 

Annual 
Utility 

Savings ($) 
Payback 

Period (yr.) 
20-year 

Cost 
Saving ($) 

Product 
Lifetime 

(yr.) 
Boone Field House $17,418 13.10 $1,330 $57,009 $17,418 
Byrd Center $88,304 5.44 $16,224 $673,620 $88,304 
Dining Hall $24,671 6.85 $3,604 $168,074 $24,671 
Entler Weltheimer House $7,726 3.51 $2,200 $101,953 $7,726 
Erma Ora Byrd Hall $38,210 6.53 $5,852 $306,134 $38,210 
Facilities Management $10,916 5.20 $2,099 $77,404 $10,916 
Gardiner Hall $47,440 10.73 $4,423 $173,685 $47,440 
Human Resources $7,616 7.29 $1,045 $38,517 $7,616 
Ikenberry Hall $39,043 8.47 $4,609 $159,012 $39,043 
Kenamond Hall $36,204 13.69 $2,645 $142,701 $36,204 
Knutti Boiler House $650 6.85 $95 $4,239 $650 
Knutti Hall $47,369 5.96 $7,946 $355,957 $47,369 
McMurran Hall $9,947 9.27 $1,073 $35,322 $9,947 
Reynolds Hall $6,427 5.93 $1,085 $48,851 $6,427 
Scarborough Library $65,498 6.12 $10,696 $358,804 $65,498 
Synder Hall $23,529 6.55 $3,590 $163,285 $23,529 
Student Center $144,203 19.91 $7,243 $86,994 $144,203 
Stutzman-Slonaker Hall $27,894 4.27 $6,529 $306,097 $27,894 
Turner Hall $156,167 24.55 $6,361 $109,992 $156,167 
White Hall $20,452 3.12 $6,545 $313,941 $20,452 
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6 Decision Analysis Results 
With the cost analysis complete, a decision analysis was preformed to determine the 
best solution. It is understood that the sponsor will consider other attributes other than 
low cost and maximum savings to make the best decision. To determine the best 
solution, the team elicited weights (W) using a rank reciprocal method. This was done 
by providing a list of attributes, their measures, and ranges to Shepherd University and 
having them rank the attributes in order of importance with 1 being the highest, most 
important attribute. The below equation was used to determine the weights of each of 
the attributes. 
 

𝑊j =	
1

𝑅𝑎𝑛𝑘k
l

1
𝑅𝑎𝑛𝑘k

m

knH

 

 
Table 12 below shows the attributes, their ranges/measures, and their rankings.  
 

Table 12: Decision Analysis Weights 

Attributes Rank 1/Ranki Weight Range Preferred Value 
Implementation Cost (IC) 2 0.50 19% $53,000 -- $2,190,000 Lower 

Payback Period (PP) 4 0.25 10% 1 -- 46 yr. Lower 
Annual Utility Savings 

(AS) 
1 1.00 39% $32,000 -- $127,000 Higher 

20-year Cost Savings 
(CS) 

3 0.33 13% $-1,398,000 -- $3,684,000 Higher 

Environment Benefits 
(EB) 

6 0.17 6% Low, Medium, High Higher 

Ease of Implementation 
(EI) 

5 0.20 8% Easy, Medium, Hard Lower 

Product Lifetime (PL) 7 0.14 6% 10 -- 30 yr. Higher 
 
For environmental benefits, the solutions were rated as low, medium or high. Low 
values were those solutions that gave little to no change to the impact on the 
environment compared to the current system, medium solutions were those that gave 
an average positive impact, and high were those that gave above average positive 
impacts. Similarly, for ease of implementation, the solutions were given a value of easy, 
medium and hard. Easy implementation were those solutions that would require little to 
no disruption to normal university operations, medium implementation were solutions 
that would require some disruption to normal university operations and hard 
implementation were solutions that would require significant disruption to normal 
university operations. 
 



20 

These weights were then used for each solution along with a linear density function on 
the attributes to determine the utility score (U) for each attribute and a total utility score 
(0.00-1.00) for each solution.  
 
For attributes where a lower value was preferred, the equation below was used to 
determine the utility score. In this equation High represents the maximum value, Low 
represents the minimum value and x represents the value that is being assessed for a 
given attribute. 

𝑈(𝑥) = 	
𝐻𝑖𝑔ℎ − 𝑥
𝐻𝑖𝑔ℎ − 𝐿𝑜𝑤 

For attributes where a higher value was preferred, the equation below was used to 
determine the utility score. 

𝑈(𝑥) = 	
𝑥 − 𝐿𝑜𝑤

𝐻𝑖𝑔ℎ − 𝐿𝑜𝑤 

 
The equation below shows the calculation of the total utility score for each solution. 
 
𝑈 = 𝑊op ∗ 𝑈op +𝑊qq ∗ 𝑈qq +𝑊rs ∗ 𝑈rs + 𝑊ps ∗ 𝑈ps +𝑊tu ∗ 𝑈tu +𝑊to ∗ 𝑈to +𝑊qv ∗ 𝑈qv 

 
The preferred solution was the solution with the highest total utility score. The solutions 
were determined by keeping some solutions separate and combining solutions such as 
LED lights and HVAC replacement. Table 13 below shows the results of the decision 
analysis.  
 

Table 13: Decision Analysis Results 

Solution Implement. 
Cost ($) 

Payback 
Period 

(yr.) 

Annual 
Utility 

Savings 
($) 

20-year 
Cost 

Savings ($) 

Product 
Lifetime 

(yr.) 
Environ. 
Benefits 

Ease of 
Implement. 

Utility 
Score 

LED + HVAC $892,755 7.01 $127,298 $3,683,677 16 Medium Medium 0.82 
LED + Sensors $819,683 8.61 $95,194 $3,681,591 20 High Medium 0.73 

HVAC + Sensors $327,200 3.18 $103,013 $1,113,522 16 Medium Medium 0.71 
LED $839,955 10.80 $77,754 $2,911,594 13 High Medium 0.60 

HVAC $52,800 1.07 $49,544 $772,083 20 Medium Medium 0.51 
Sensors $274,400 5.13 $53,469 $341,439 12 Medium Easy 0.49 

Air Sealing with 
Weather-stripping $542,804 12.55 $43,248 $322,155 20 Medium Medium 0.41 

Air Sealing with 
Caulking $286,811 8.84 $32,436 -$33,577 10 Medium Easy 0.38 

Reflective Roof 
Painting $853,821 26.79 $31,867 -$323,250 30 Medium Medium 0.32 

Energy Efficient 
Windows $2,190,115 46.04 $47,573 -$1,398,049 25 Medium Hard 0.15 
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Based on this decision analysis, the recommended solution is an LED and HVAC 
replacement with a utility score of 0.82.  

7 Sensitivity Analysis   
The sensitivity analysis was performed on two categories: the attribute ranking and the 
installation cost for each solution.  
 
In the initial analysis, we assume that the annual utility savings and implementation cost 
are most important to the University and hence rank the highest. Other stakeholders 
and legislators may prioritize the 20-year cost savings. In the sensitivity analysis, the 
team reranked the attribute as following in Table 14 while other calculations remained 
the same. The combination of upgrading LED lights and HVAC is now tied with the 
combination of upgrading LED lights and installing occupation sensors at the same 
time. The new decision analysis results are shown below in Table 15. 
 

Table 14: New Attribute Rank for Decision Analysis 

Attributes Original Rank New Rank 
Implementation Cost (IC) 2 2 
Payback Period (PP) 4 4 
Annual Utility Savings (AS) 1 3 
20-year Cost Savings (CS) 3 1 
Environment Benefits (EB) 6 4 
Ease of Implementation (EI) 5 4 
Product Lifetime (PL) 7 4 

 
Table 15: Decision Analysis Results with Sensitivity Analysis 

Solution Utility Score 
LED + HVAC 0.79 

LED + Occupation Sensors 0.79 
HVAC + Occupation Sensors 0.64 

LED 0.68 
HVAC 0.57 

Occupation Sensors 0.53 
Air Sealing with Weatherstripping 0.47 

Air Sealing with Caulking 0.46 
Reflective Roof Painting 0.40 

 
Since the cost analysis is based on the average market values, actual implementation 
costs vary by contactor and specific product chosen. The team performed a sensitivity 
analysis by increasing or decreasing parts and labor costs as well as the electricity rate 
by 20% for each solution while other attributes remained the same. The detailed results 
are shown in Table 16 below.  
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Table 16: Sensitivity Analysis Results 

Solution Cost Change Results 

HVAC Increase/decrease implementation cost 
by 20%  No change on any solution ranking 

LED Increase/decrease parts + labor cost by 
20%  No change on any solution ranking 

Sensor  Increase/decrease parts + labor cost by 
20%  No change on any solution ranking 

Electricity Rate  Increase by 20%  No change on any solution ranking 

Electricity Rate  Decease by 20%  
Solution ranking of HVAC + Occupation 
Sensors overtook LED + Occupation 
Sensors 

 
Each solution ranking is not sensitive to varying implementation cost by ±20%, since the 
annual utility savings has the highest weight. This shows that regardless of initial 
implementation cost, the recommended solution would still bring the most benefits to 
the University.  

8 Recommendation  
Through the team’s analysis, a combination of replacing traditional lights with LED 
lighting and upgrading old HVAC units is our final recommendation, with annual utility 
savings being the most important attribute. The solution requires an estimated $892,755 
in implementation cost but is expected to pay itself back in about 7 years. The team 
projects annual utility savings of around $127,928 and a 20-year net cost savings of 
about $3,683,677. The solution is robust to sensitivity analysis when changing 
implementation costs but is sensitive when changing the most important attribute to 20-
year cost savings. When the attribute importance changes, this solution ties with 
replacing traditional lights with LED lighting and installing occupation sensors. 

9 Future Work 
While this project does ultimately recommend a single solution to Shepherd University, 
the research conducted here can be expanded on to further improve annual utility 
savings to the institution. There could be a more accurate assessment on light usage 
such as hours of usage per day, days of year and percent of lights in use. In addition, 
the team did not go to the university to do an actual assessment of each building’s 
condition so that can be done in the future to improve the accuracy of the cost analysis.  
The cost analysis can include more market research on parts and labor costs as well as 
getting estimates from local contractors. Maintenance cost was also not considered in 



23 

this project as it is not a regular reoccurrence but can be estimated in future projects.  
Finally, there could be research on additional energy conservation solutions such as 
renewable energies as well as plug load usage reduction and overall better user 
polices.  The excel workbook provided makes it easy to add other elements into the cost 
analysis and change parameters and values for further development. 
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Appendix I 

Role and Responsibilities  

The project team consisted of three students who are full-time employees and part-time 
students at Volgenau School of Engineering Department of System Engineering and 
Operations Research at George Mason University. Table 16 below shows the roles and 
responsibilities of each team member. 
 

Table 17: Roles and Responsibilities 

Team Member  Role and Responsibilities  
Omed Amin  Project Management (Schedule) 

Data Analysis 
HVAC Cost Analysis  
Decision Analysis 

Christopher Hardy   Communications Management 
Data Analysis 
Building Envelope Cost Analysis 
Website Development 

Kathleen Yan  Project Management (Deliverables) 
Data Analysis 
Lighting Cost Analysis  
Decision Analysis 

 

Project Management   

Figure 2 below shows the Work Breakdown Structure (WBS) for the tasks associated 
with this project. 
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Figure 2: Work Breakdown Structure (WBS) 

 
Figure 3 below is a Gantt Chart showing the timeline for completion of this project. 
 

 
Figure 3: Gaant Chart 
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Appendix II: Cost Analysis Details 
See Shepherd_Analysis_Summary.xlsx 

Appendix III: Acronyms 
Table 17 is a list of acronyms used throughout this paper. 
 

Table 18: List of Acronyms 

Acronym Meaning 
A Area 
AC Air Conditioning 
AS Annual Savings 
BTU British Thermal Unit 
CK Caulking 
CS 20-Year Cost Savings 
DPB Doors per Building 
EB Environmental Benefits 
EI Ease of Implementation 
EPA Environmental Protection Agency 
FY Fiscal Year 
HDD Heating Degree Days 
HVAC Heating, Ventilation and Air 

Conditioning 
IC Implementation Cost 
kWH Kilowatt Hour 
LED Light Emitting Diode 
LOE Level of Effort 
NPV Net Present Value 
PL Product Lifetime 
PP Payback Period 
Q Heat Flow of a Heating Season 
R Thermal Resistance 
r Real Interest Rate 
SEER Seasonal Energy Efficiency Ratio  
U Utility Score 
W Weight 
WBS Work Breakdown Structure 
WPB Windows per Building 
WS Weather Stripping 
yr Years 

 


