
xxx W. Foster Avenue   
State College, PA  16801 

April 26, 2002 
 
Mr. Joseph A. Feola, Director 
Suite 6010 Lee Park  555 North Lane  
Conshohocken, PA 19428-2233 
 
Dear Mr. Feola, 
 
Enclosed is the feasibility report entitled “Potential Improvements in the Economic 
Efficiency and Environmental Quality of Lighting Systems for the Pennsylvania 
Department of Environmental Protection’s Southeast Regional Office.”  This report seeks 
to identify the potential for improvement within the lighting systems of the Southeast 
Regional Office (SERO).  The findings within this report illustrate the overall efficiency 
improvement potential of implementing energy efficient light bulbs in this regional 
office.  Three separate solutions were considered and the solution yielding the most 
positive improvements is recommended.  Each solution was weighed against three 
criteria: 
 

1. Long and short run cost constraints 
2. Decreased energy consumption and fossil fuel emissions 
3. Higher standards to be set for this particular governmental agency 
 

Considering those criteria for this office location, I recommend that all the four-foot 
fluorescent light bulbs be replaced with energy efficient light bulbs in order to save 
valuable money and energy.  The implementation of energy efficient light bulbs should 
be done at one point in time in order to maximize the gains in efficiency.  In return for 
this change there will be far lesser amounts of energy consumed.  Lower amounts of 
energy consumption translate into dollar savings as well as fewer fossil fuel emissions 
that cause environmental quality degradation.   
 
I would like to take this opportunity to thank my project coordinator, Ms. Heather Bouch, 
Office of Pollution Prevention Manager for the SERO.  Ms. Bouch gave me the initial 
idea of researching the potential for improvement in the SERO.  Her insight and helpful 
recommendations have proved to be invaluable over the course of my research process. 
 
I hope that you will find that my report presents you with new information on how to 
improve the PA DEP’s SERO.  This office has the potential to set the high bar for 
standards of economic efficiency and environmental quality.  It is my aim to illustrate 
these potential improvements to you.  If you have any further questions regarding this 
report feel free to contact me by phone, (814) 999-5555, or e-mail, xxx999@psu.edu. 
Thank you in advance for your time and consideration. 
 
Sincerely, 
 
 
 
Erin M. ***** 
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Executive Summary 

 
Economic efficiency and environmental quality are issues that everyone should greatly consider.  
Governmental agencies that regulate these very issues should be held accountable for setting the 
standards to which everyone must meet.  When there exists the potential to increase both 
economic efficiency and environmental quality investigation into possible solutions should be 
carried out.  One such way to increase both economic efficiency and environmental quality is to 
have the most up to date and efficient types of lighting.  Lighting is one of the most consumptive 
uses of energy and many new technologies exist that enable lesser amounts of energy to be 
consumed.  These technologies would also cause lesser amounts of pollution to be emitted into 
the atmosphere.  
 
The Department of Environmental Protection (DEP) is a state branch of the Environmental 
Protection Agency that regulates environmental quality within each state’s borders.  The 
Pennsylvania DEP’s Southeast Regional Office (SERO) has the potential to increase its own 
economic efficiency and environmental quality through an upgrade of its lighting systems.  In 
order to prove this point a thorough research plan was undertaken.   
 
Three criteria were established to weigh all possible solutions against.  These criteria included: 

4. Long and short run cost constraints; 
5. Decreased energy consumption and fossil fuel emissions; 
6. Higher standards to be set for this particular governmental agency. 

 
In order to fully understand the problem research was conducted.  The methods used in 
researching this problem included: 

1. A lighting audit of the PA DEP’s SERO; 
2. Research of energy efficient light bulbs to determine their costs and energy 

consumption; 
3. Research of the amounts of the fossil fuels carbon dioxide (CO2), sulfur dioxide (SO2) 

and nitrogen oxide (NO2) emitted into the atmosphere from light bulbs energy use. 
 
From the research gathered three possible solutions for the SERO were created. 

1. Keep the lighting scheme of the SERO as it is with standard fluorescent light bulbs; 
2. Upgrade the lighting scheme of the SERO with energy efficient light bulbs all at one 

time; 
3. Upgrade the lighting scheme of the SERO with energy efficient light bulbs over a period 

of time. 
 
Upon the completion of the research and evaluation against criteria a recommendation to solve 
the problem was made.  The recommendation made for increasing economic efficiency and 
environmental quality at the PA DEP’s SERO was to upgrade their current lighting system with 
energy efficient light bulbs all at once.  This solution will yield much improved economic 
efficiency in terms of money saved and money gained, as well as a lesser amount of energy 
consumed and fossil fuels emitted. 
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Introduction 

 
In recent years, economic efficiency and environmental quality have become increasingly 

more important to those concerned about the future of our planet.  Economic efficiency 

deals with the wise use of money spent to meet our needs.  This can be applied to many 

facets of daily life including the money spent on energy consumption.  Environmental 

quality can be looked at as the conditions of the world around us.  In this, our world is 

evaluated in terms of its natural qualities such as the air, water, and land conditions.  

Many actions that people take have direct impacts on the environmental quality of our 

planet.  Carelessness and inefficiencies can lead to a greater misuse of the environment 

and greater environmental degradation.   

 

Economic efficiency and environmental quality are issues that common people and 

agencies should greatly consider, especially agencies housed within our state 

government.  When there exists the potential to increase both economic efficiency and 

environmental quality research should be conducted.  One such way to increase both 

economic efficiency and environmental quality is to have the most up to date and 

efficient types of lighting.  Lighting is one of the most consumptive uses of energy and 

many new technologies exist that enable lesser amounts of energy to be consumed, which 

would also lead to a lesser amount of pollution that is emitted into the atmosphere.     

 

One governmental agency within our governmental system that economic efficiency and 

environmental quality apply to directly is the Department of Environmental Protection 

(DEP).  The DEP is a state branch of the Environmental Protection Agency that regulates 
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environmental quality within each state’s borders.  The Pennsylvania DEP has six regions 

where offices are held to regulate environmental quality.  One office in particular, the 

Southeast Regional Office (SERO), has the potential to increase its own economic 

efficiency and environmental quality through the careful evaluation of its lighting 

systems.   

 

The PA DEP’s SERO is located in the Lee Park Industrial Complex in Conshohocken, 

Pennsylvania.  The current lighting system of this office consists of a non-uniform setup 

of standard 4 foot, 8 foot, and U-tube type fluorescent light bulbs, and incandescent light 

bulbs.  New energy efficient lighting technologies exist that could decrease the amount of 

energy consumed per light bulb for both the fluorescent and incandescent light bulbs.  

Lower energy consumption would also lead to lower energy costs, thus improving 

economic efficiency.  These new lighting technologies could also indirectly improve 

environmental quality by decreasing the amount of harmful carbon dioxide (CO2), sulfur 

dioxide (SO2), and nitrogen oxide (NO2) emitted into the atmosphere from the burning of 

the fossil fuels used to generate energy.   

 

The purpose of this report is to determine the best and most economically efficient and 

environmentally conscious lighting strategy for the Pennsylvania Department of 

Environmental Protection’s Southeast Regional Office to operate under.  Within this 

report are criteria for evaluation, methods of research, possible solutions, evaluations, and 

recommendations for future action within the PA DEP’s SERO.   
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Criteria 

 
In considering the future actions of the PA DEP’s SERO future lighting system operation 

three criteria were established.   

1. Long and short run costs should be considered due to current and future 

budget constraints.  In order to meet the goal of economic efficiency, the costs 

of implementing new, energy efficient light bulbs must be kept at a minimum.  

The costs of energy consumption must also be evaluated for present and future 

scenarios.  Costs will play a large roll in the recommendation for future 

operation of the PA DEP’s SERO. 

 

2. The overall energy consumption of current light bulbs and the new, 

energy efficient light bulbs should be considered.  Efficient use of energy 

should be carefully evaluated to determine which lighting systems provide the 

wisest and least use of energy.  Also to be considered are the fossil fuel 

emissions caused by the generation of energy.  Emissions should be kept at 

the lowest possible level within budget constraints. 

 

3. Governmental standards should be considered when evaluating the 

future operation of a state governmental agency such as the DEP.  As a 

standard setting agency, the DEP should seek to operate in a fashion that will 
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promote cost effectiveness and energy efficiency, both of which the agency 

suggests to all other consumers of energy.  Actions taken but the DEP should 

seek to set goals for the common people that are ruled by their regulations and 

suggestions.   

 

Methodology 

 

The methods chosen for researching the best and most economically efficient and 

environmentally conscious lighting strategy for the PA DEP’s SERO to operate under are 

detailed below. 

- A lighting audit of the PA DEP’s SERO was conducted to determine the 

number and type of light bulbs used in their current lighting system. 

 

- Current and energy efficient light bulbs were researched to determine 

their costs of operation, in terms of energy consumption (in watts), as well as 

the cost of implementation of the energy efficient light bulbs. 

 

- Research about the amount of fossil fuel emissions, in this case carbon 

dioxide (CO2), sulfur dioxide (SO2), and nitrogen oxide (NO2), was 

conducted.  This was meant to determine the amounts of each gas emitted 
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with the current lighting setup as opposed to a set up with the new, energy 

efficient light bulbs.  The emission of fossil fuels has a direct effect upon the 

environmental air quality of areas in which the gasses are emitted.   

 

The lighting audit of the PA DEP’s SERO was conducted by manually counting the 

number of light bulbs throughout the office location.  The overall count of the light bulbs 

consisted of standard 4 foot, 8 foot, and U-tube type fluorescent light bulbs, and 

incandescent light bulbs.  From the finding of the audit, it was determined that it was 

most useful to focus on only the 4 foot incandescent light bulbs since they were greatest 

in number.  All other types of light bulbs are not considered because their numbers and 

overall effects on energy consumption are minute in comparison.  The findings of the PA 

DEP’s SERO lighting audit are listed in Table 1. 

 

Table 1 – Lighting Audit of PA DEP’s SERO 

Number of 4 Ft. Fluorescent Light 
Bulbs per Fixture Number of Fixtures 

 

(1) 
 

3 

 

(4) 
 

916 

 

The costs of operating the number of counted 4 foot fluorescent light bulbs were 

researched through conversations with the maintenance supervisor of the SERO and by 

researching the office’s energy bills.  After carefully scrutinizing the bills and working 

with the maintenance supervisor the watts consumed per bulb, yearly hours of operation, 
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and energy savings were determined.  The following findings on energy consumption are 

located in Table 2. 

 

Table 2 – Energy Comparisons of Standard and Energy Efficient 4 Foot Fluorescent 
Light Bulbs in the PA DEP’s SERO    

 
Standard 4 Foot Fluorescent Light Bulbs    

Type of Fixture Number of 
Fixtures 

Watts 
Consumed/Fixture 

Hours of 
Operation/Year 

Total Energy 
Consumption 

1 Bulb Fluorescent Light Fixture 3 72 4,902 1,058,832 
4 Bulb Fluorescent Light Fixture 916 288 4,902 1,293,186,816 

 
Energy Efficient 4 Foot Fluorescent Light Bulbs    

Type of Fixture Number of 
Fixtures 

Watts 
Consumed/Fixture 

Hours of 
Operation/Year 

Total Energy 
Consumption 

1 Bulb Fluorescent Light Fixture 3 30 4,902 441,180 
4 Bulb Fluorescent Light Fixture 916 120 4,902 538,827,840 

 
Energy Savings   

Type of Fixture Number of 
Fixtures 

Watts Conserved 
W/Use of Energy 

Efficient Light 
Bulbs 

1 Bulb Fluorescent Light Fixture 3 617,652 
4 Bulb Fluorescent Light Fixture 916 1,293,186,816 

 
As can be seen by Table 2, with both the 1 light bulb and 4 light bulb fixtures there are 

substantial watts of energy conserved by the use of energy efficient light bulbs. 

 

The costs of implementation of energy efficient light bulbs were also researched.  The 

costs of each bulb were given by a quote from a Grainger customer service 

representative.  Grainger is a wholesale distributor of office equipment products. The PA 

DEP had established a deal with Grainger in order to solidify lowest prices.  The prices 

stated in Table 3 reflect the quoted prices of energy efficient light bulbs from the 

Grainger representative.  
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Table 3 – Energy Efficient Light Bulb Prices 

1 Bulb Fluorescent Light Fixture 
 

Number of 
Fixtures Total Cost(s) 

List Price: $14.11 3 $42.33 
Light Bulbs (Total Cost for 1 Light Bulb/Fixture): $1.95 3 $5.85 
Estimated Installation Cost: $7.00 3 $21.00 
Total Investment, Per Fixture: $23.06   $69.18 
    

4 Bulb Fluorescent Light Fixture 
 

Number of 
Fixtures Total Cost(s) 

List Price: $17.70 916 $16,213.20 
Light Bulbs (Total Cost for 1 Light Bulb/Fixture): $7.80 916 $7,144.80 
Estimated Installation Cost: $7.00 916 $6,412.00 
Total Investment, Per Fixture: $32.50   $29,770.00 

 

As Table 3 suggests there is a substantial initial cost of implementing the necessary 

amounts of fluorescent light bulbs throughout the SERO.  But, after careful analysis of a 

longer range of time, these costs are made up in the savings generated from the lesser 

amounts of energy consumed.  To illustrate this, a five-year economic payback analysis 

was constructed in Table 4.  This analysis shows the economic efficiency potential with a 

lighting system changeover to energy efficient light bulbs in the SERO. 

 

Table 4 – Five-Year Economic Payback Analysis  

Five-Year Economic Payback Analysis 
Cash Flow Item:   Year 1 Year 2 Year 3 Year 4 Year 5 Total 
Equipment Cost:   -$23,406.18         -$23,406.18 
Installation:   -$6,433.00         -$6,433.00 
Energy $ Saved:   $90,597.20 $90,597.20 $90,597.20 $90,597.20 $90,597.20 $452,985.98 
Net Cash Flow:   $60,758.02 $90,597.20 $90,597.20 $90,597.20 $90,597.20 $423,146.80 
        
Payback Period: 0.33  Years     
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Table 4 shows that over a five-year period the amount of money saved by implementing 

the energy efficient light bulbs could total $423,146.80.  An even larger point of 

contention is that the amount of time that it would take to pay back the initial costs of 

implementing the energy efficient light bulbs is 0.33 years! 

 

The fossil fuels carbon dioxide (CO2), sulfur dioxide (SO2), and nitrogen oxide (NO2) 

are emitted into the atmosphere by the burning of coal during the process of generating 

energy.  The emission of these fossil fuels degrades environmental quality by 

contributing heavily to air pollution.  Reduced energy consumption yields a favorable 

environmental impact in the form of reduced fossil fuel emissions.  Every kilowatt hour 

of unused energy prevents the emission of 1.5 pounds of carbon dioxide (CO2), 5.8 

grams of sulfur dioxide (SO2), and 2.5 grams of nitrous oxides (NOx).  The following 

graphs (Figure 1, Figure 2, and Figure 3) illustrate the decreased emissions of these fossil 

fuels due to less consumptive uses of energy from the energy efficient light bulbs. 

 

Figure 1 – Decreased Carbon Dioxide (CO2) Emissions Caused By the Use of 
Energy Efficient Light Bulbs In the PA DEP’s SERO 
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Figure 2 – Decreased Sulfur Dioxide (SO2) Emissions Caused By the Use of Energy 
Efficient Light Bulbs In the PA DEP’s SERO 
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Figure 3 – Decreased Nitrogen Oxide (NO2) Emissions Caused By the Use of Energy 
Efficient Light Bulbs In the PA DEP’s SERO 
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As Figures 1 – 3 suggest, fossil fuel emissions will certainly decrease by a substantial 

amount.  The effect that the PA DEP’s SERO has on the air pollution of the area will be 

greatly lessened from the adoption of energy efficient light bulbs. 
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Possible Solutions 

 

Three possible solutions for improvement in economic efficiency and environmental 

quality at the PA DEP’s SERO were considered.  They are as follows: 

1. Keep the current lighting scheme of the SERO as is.  The lighting 

scheme would still consist of standard fluorescent light bulbs throughout the 

office. 

2. Upgrade the current lighting scheme of the SERO with energy efficient 

light bulbs.  This process will be done all at once in order to incur 

implementation costs upfront.  

3.  Upgrade the current lighting scheme of the SERO with energy efficient 

light bulbs.  This process will be done all over a period of time in order to 

spread the implementation costs over time. 

 

Evaluation of Possible Solutions Against Criteria 

 

The three before-mentioned solutions have been weighed against the criteria established 

for this feasibility report.  The evaluations are as follows: 
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-  Keep the current lighting scheme of the SERO as is. 

This solution yields more detrimental effects than positive effects.  Weighed against the 

criteria, this solution only saves on short run costs by avoiding the costs of installing 

energy efficient light bulbs.  This solution is both economically inefficient and degrading 

to environmental quality.  Money is not saved and energy consumption is still at current 

levels.  These current levels continue to add greater amounts of fossil fuels into the 

atmosphere continuing to cause vast amounts of air pollution.  The DEP is not being held 

to a higher standard than the constituents it seeks to regulate. 

-  Upgrade the current lighting scheme of the SERO with energy efficient 

light bulbs all at once. 

This solution does the best job of meeting all the stated criteria.  The potential problem in 

this solution is the large upfront cost of implementing energy efficient light bulbs.  The 

initial implementation cost of $29,839.18 might be difficult to provide all at one time due 

to budget constraints.  But, the amount of time that this solution takes to pay for itself in 

terms of money saved by decreased energy consumption is 0.33 years.  This short amount 

of time will allow the SERO to pay off the costs incurred from implementation as well as 

profit over and above those costs.  Over a five-year period the opportunity exists to make 

$423,146.80.  This clearly illustrates an economic efficiency improvement.  This solution 

also allows a decreased amount of fossil fuels to be emitted due to the vastly smaller 

amounts of energy consumed.  Fewer fossil fuel emissions improve environmental 

quality in the air.  The DEP will also be able to set a high standard for excellence in both 
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economic efficiency and environmental quality.  This standard will allow the DEP to 

have a general authority and respect from the state’s constituents. 

    

-  Upgrade the current lighting scheme of the SERO with energy efficient 

light bulbs over a period of time. 

This solution has many of the same positive solutions as a one-time installation of energy 

efficient light bulbs.  It will still demonstrate a sense of economic efficiency and 

improved environmental quality.  The problem with this solution is that it will spread 

costs over time, which will inevitably show increases in all aspects of the costs of the 

energy efficient light bulbs.  Over time this cost will add up and the overall cost of 

implementing all the light bulbs will be greatly increased.  This solution will not yield the 

same high level of economic efficiency as other solutions and fossil fuel emissions will 

only be decreased by incremental levels over that period of time. 

 

Recommendation 

 

After carefully weighing the three possible solutions against each other it has been 

determined that the best solution to improve the economic efficiency and environmental 

quality of the PA DEP’s SERO lighting systems is to upgrade the fluorescent light bulbs 

to more energy efficient bulbs all at one time.  This solution best fits the evaluative 

criteria.  The initial costs incurred will be repaid in a fraction of a year and will have the 

opportunity to exhibit an economic profit at all points beyond the payback time.  The 
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amounts of energy consumed will be greatly decreased.  Lesser amounts of the fossil 

fuels carbon dioxide (CO2), sulfur dioxide (SO2), and nitrogen oxide (NO2) will be 

emitted into the atmosphere.  The DEP will be able to stand in high regard as a standard 

setting agency in the areas of economic efficiency and environmental quality.  Their 

actions will serve as a high bar for environmental quality, that of which the DEP stresses 

to its constituents. 

 

Conclusion 

   

After extensive research into the potential for improvement in the lighting systems of the 

PA DEP’s SERO it has been found that there are indeed ways to improve both economic 

efficiency and environmental quality by upgrading the current fluorescent light bulbs to 

more energy efficient types.  This report has considered three possible solutions and has 

reported many findings that bring the best solution “to light.”  The one-time upgrade of 

the SERO’s fluorescent light bulbs will greatly improve economic efficiency, 

environmental quality, and the standards of the DEP.  The research and findings 

presented in this report should hold enough weight for the appropriate PA DEP officials 

to make the appropriate moves toward improvement.  
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