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ABSTRACT

The following report investigates how Koerner’s Pub, one of UBC’s most famous pubs situated 

right in the heart of campus, can become more energy sustainable through the type of lighting used in the 

common area. The Pub already uses the very common incandescent light bulbs as their main lighting 

source in the common area, but this report will delve into whether the Pub should switch to the more 

sustainable, yet less common CFL or LED lighting. The analysis and comparison of the three 

technologies in question, namely incandescent, CFL, and LED lighting, will take the form of a triple 

bottom line assessment.

This triple bottom line assessment will measure the social, environmental, and economic impact 

of each of the three lighting methods. The primary research for the investigation was gathered through a 

personal tour of Koerner’s Pub and its energy utilities provided by our stakeholder Mr. Tim Yu. On the 

other hand, all secondary research was obtained through various websites, peer-reviewed papers, and 

books. The cumulative social appraisal conducted shows that in terms of social sustainability, LED 

lighting is the best out of the three options. The environmental assessment prefers the use of LEDs due to 

their lack of any environmentally hazardous elements and their decreased amount of waste produced in 

the long term. The last area of study in this triple bottom line assessment, the economical assessment, 

concludes that LEDs are the most cost -efficient form of lighting that can be utilized by Koerner’s Pub. 

In conclusion, the study shows that LEDs are indeed the most sustainable form of lighting and 

would be the most advantageous lighting option for Koerner’s Pub. 
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GLOSSARY

current the flow of electric charge, often carried through a 
wire

electron holes the conceptual opposite of an electron, attracts 
electrons 

Hamilton Rating Scale for Depression a multiple item questionnaire used to provide an 
indication of depression 

lumens the SI unit of luminous flux, equal to the amount 
of light emitted per second

photons a particle representing a quantum of light with 
zero mass

tungsten the chemical element used to make electric light 
filament

ultraviolet light a form of radiated energy not visible by the human 
eye

wattage a measure of electrical power, calculated as 
energy per second
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1.0 INTRODUCTION 

On the September of 1962, Rachel Carson’s Silent Spring hit the shelves of bookstores around                             

the United States. With that, the wheels of the modern environmental movement were set into motion.                               

Since that September in 1962 and up till today, scientists, researchers, and engineers from all around                               

the world have contributed to this movement and some have even dedicated their careers to making the                                 

world a more sustainable place. In more recent years, the University of British Columbia has proved to                                 

be a leader in the sustainability movement with its many ongoing and future projects. 

This investigation report will be looking into Koerner’s Pub: Energy, one of the ongoing                           

sustainability projects taking place on UBC campus. The issue at hand was to find a way to make                                   

energy usage in the pub more efficient while abiding by the sustainability initiative at UBC. Thus, the                                 

purpose of this project was to come up with a rather simple and cost efficient solution that will solve                                     

this issue by either coming up with new technologies or more sustainable alternatives to already                             

existing technologies. With some background information about the functionalities and workspace                     

regulations at Koerner’s Pub and a personal tour of the place, both provided by our stakeholder Mr.                                 

Tim Yu, and some initial research into energy usage we decided to tackle the lighting aspect of energy                                   

usage in Koerner’s Pub.  

The proposed solution that will be the focus of this investigation paper is to replace the                               

currently employed incandescent light bulbs in the main customer area with the compact fluorescent                           

lamps (CFL) or Light Emitting Diode (LED) bulbs. The three technologies in question here will be                               

compared using the triple bottom line (TBL) assessment methodology. This assessment includes                       

investigating the social, environmental, and economic aspects each technology, whilst focusing more                       

on the environmental and economic aspects. Through weighing the different indicators of every TBL                           

category a detailed analysis of every proposed solution will be produced and then compared in order to                                 

produce a viable solution that is in accordance with UBC’s sustainability initiative.   
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d2.0 METHODOLOGY 

In order to accurately assess and draw conclusions regarding the lighting situation at Koerner’s                           

Pub, our group consulted various forms of resources. These resources aided in the analysis of the                               

social, environmental, and economic impacts of the proposed lighting solutions. Our resources are                         

separated into two distinctions: primary and secondary resources. 

 

Primary Source 

On October 2nd, 2014, our group visited Koerner’s Pub. The stakeholder, Mr. Tim Yu led a                               

group of UBC students on a tour of the facility. On the tour, useful information was accrued about the                                     

type of lighting used, rough number of lighting fixtures that will be changed, size of the facility, and                                   

hours of operation. This information was used primarily in the analysis of the economic assessment. 

 

Secondary Sources 

The bulk of information utilised for this investigation was acquired using the UBC library and                             

other online sources such as Google Scholar and Elsevier Engineering Village. The investigation                         

process exploited various scholarly journals, reports, encyclopedias, and manufacturer datasheets.                   

Together, the secondary sources provided a strong base of knowledge to be used for analysis. To                               

further describe the use of sources in each section, refer to the list below: 

Social  ­ scholarly journals, reports 

Environmental ­ scholarly journals, encyclopedias, manufacturer datasheets 

Economic ­ reports, encyclopedias, manufacturer datasheets 
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Indicators 

Our group used triple bottom line indicators to dissect the both the primary and secondary                             

resources. The indicators describe the method of analysis for each triple bottom line section. A                             

non­exhaustive list of indicators used can be found below: 

 

Social   ❖ Health benefits and hazards 
❖ Decoration capability 

Environmental   ❖ Energy consumption 
❖ Material composition 
❖ Product lifespan / Recyclability 

Economic   ❖ Price of the product 
❖ Maintenance costs 
❖ Power consumption 
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3.0 ENVIRONMENTAL ANALYSIS 

The scope of this analysis will consist of the initial purchase of the light bulb up until the                                     

recycling or disposal of the bulb. The impact of any process outside of this scope, such as production,                                   

will not be considered. Each light bulb, as per the triple bottom line analysis, will be analysed using the                                     

following categories: energy consumption, material composition and product lifespan and recyclability.                     

In regards to energy consumption, incandescent, CFL, and LED light bulbs with roughly the same light                               

output will be examined. 

 

3.1 Incandescent Light Bulb 

Incandescent light bulbs are typically found in the 60­watt variety; this will be used as a                               

reference for light output. These lights have the highest wattage per lumen. This is because                             

incandescent bulb technology is very inefficient as most of the energy is lost due to heat across the                                   

filament. 

Incandescent light bulbs contain a tungsten filament; however, the bulb is considered                       

completely non­toxic to humans. While the effects of tungsten on the environment are not well defined,                               

some studies show that “the presence of tungsten in soil results in the death of certain bacteria, red                                   

worms and plants” (Strigul, 2005). Despite this, incandescent bulbs contain the lowest presence of                           

hazardous materials when compared to CFLs and LEDs. 

The average incandescent light bulb lasts for about 1000 hours, which is far lower than CFLs                               

and LEDs (Lim, 2013). Additionally, there is no longer a recycling program for incandescent bulbs, so                               

dead bulbs are thrown away in the trash. The relatively short lifespan of the incandescent light bulb will                                   

result in greater waste accumulation in the landfill. 
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3.2 Compact Fluorescent Lamp  

A 13­16 watt CFL can produce the same amount of light as a 60­watt incandescent bulb (BC                                 

Hydro, n.d.). That is, the CFL is approximately 75 per cent more efficient than the incandescent light.                                 

As a result of this improved technology, far less heat is emitted from the bulb. This can have negative                                     

effect on energy savings in cold environments, as more energy is used to compensate for lack of                                 

heating (“Efficient lighting equals higher heat bills,” 2009). Conversely, these lights may have a                           

positive effect in warm environments, as the lights will not emit much heat and as a result, put less                                     

strain on the cooling system.  

CFL lights contain 2­4 milligrams of mercury per bulb (BC Hydro, n.d.). This can be damaging                               

to the environment if the concentrated mercury comes in contact with plants and animals via air or                                 

water pollution. This can even affect humans indirectly; for example, consumption of fish occupying                           

water polluted by mercury (NRDC, n.d.).  

The average CFL lasts for 10000 hours, before needing replacement (Lim, 2013). This is a                             

great improvement over incandescent lights, as the CFL will only require replacement once for every                             

ten incandescent bulbs. Furthermore, the CFL also has mandatory recycling programs. This translates                         

into far less waste, since fewer bulbs will be used and most of the materials will be recycled. 

 

3.3 Light Emitting Diodes  

A 9­12 watt LED light bulb can produce as much light as a 60­watt incandescent bulb. This                                 

bulb is significantly more efficient than the incandescent light and slightly more efficient than the CFL.                               

As the most energy efficient light bulb, the LED results in the greatest decrease in energy consumption,                                 

which leads to a great decrease in carbon dioxide emissions. 

LEDs contain some potentially toxic elements; however, they are generally present in                       

concentrations below federally regulated levels (U.S. Department of Energy, n.d.). LED lights fall                         
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between incandescent lights and CFLs in terms of potential environmental impacts. Nonetheless, these                         

bulbs have a mandatory recycling program to ensure these hazardous metals do not pollute the                             

environment. 

The average LED lasts for 50,000 hours before requiring replacement (Lim, 2013). This is far                             

longer than the incandescent light and CFL. Similarly to the CFL, fewer bulbs will be used and most of                                     

the light bulb materials will be recycled. 

 

3.4 Cumulative Analysis 

In terms of energy consumption, LED light bulbs are the most efficient. Since electricity                           

generation is not entirely clean, any reduction in energy used will reduce carbon dioxide emissions.                             

Regarding the material composition, the LED was outperformed by the incandescent light bulb, as                           

LEDs contain low concentrations of environmentally hazardous elements. The various recycling                     

programs, such as the ones managed by BC Hydro, ensure that LEDs have minimal impact on the                                 

environment upon disposal. Lastly, the LED has incredibly long lifetime and as a result produces less                               

waste than incandescent and CFL lights. The cumulative environmental analysis has led us to                           

choose LED light bulbs as the most environmentally friendly and sustainable of our three                           

lighting options. 
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4.0 SOCIAL ANALYSIS 

The social analysis, as per our triple bottom line analysis, will be looking at health and                               

safety risks and theme/style of the bulbs. Light bulbs may not seem to have an impact on social                                   

interactions, however they have significant impact on people’s health through bulb radiation,                       

internal materials and indirectly through its decoration capability; these factors can improve                       

people’s emotion and behaviour. The presentation of the light bulbs and how they fit into the                               

theme of Koerner’s Pub is also very important. Koerner’s offers a unique atmosphere, and it is                               

very important that new and returning customers feel comfortable. 

 

4.1  Incandescent Light Bulb 

As mentioned earlier, incandescent light bulbs carry tungsten filaments inside. These                     

tungsten filaments can be health hazards to humans with direct exposure. Memory and sensory                           

deficits, and increased mortality due to lung cancer have resulted from the use of high tensile                               

strength tungsten (Witten, M. L., Sheppard, P. R., & Witten, B. L., 2012); however, incandescent                             

light bulbs have benefits as well. Light generated from incandescent light bulbs was able to                             

achieve a final score on the Hamilton Rating Scale for Depression (HRSD) of 50% which means                               

it no longer meets the criteria for major depressive disorder (Yerevanian, Anderson, Grota &                           

Bray, 1986). Another advantage of the incandescent light bulb is that they have a traditional                             

design that brings the vintage theme to its surrounding environment. During our 3x3                         

presentation, Mr. Tim Yu stated that he prefers a traditional incandescent light bulb design due to                               

their ability add to the vintage style of the Koerner’s Pub. 
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4.2  Compact Fluorescent Lamp 

Compact fluorescent lamps are known to be more efficient, producing around the same                         

luminance as incandescent, and using less power. Compact fluorescent lamps contain very small                         

amount of mercury, but when humans are exposed, it can cause potential harm. Mercury has                             

harmful effects on the immune system and is also associated with forgetfulness, depression,                         

drowsiness, headache, loss of energy and other various symptoms (Nabi, S., 2014). CFLs also                           

produce ultraviolet rays, the same radiation produced from the sun, which can harm CFL users                             

who might have skin problems. And these UV rays are the result of mercury present in the CFLs.                                   

Measurements of UV emissions from these bulbs found significant levels mercury, which                       

appeared to come from cracks in the coatings of the bulbs (Mironava, T., Hadjiargyrou, M.,                             

Simon, M., Rafailovich, M.H., 2012). The social analysis is where CFL falls off when comparing                             

to the incandescents and the LEDs. They contain very hazardous materials in them and using                             

them could potentially harm people that require intensive skin care. There seems to be hardly any                               

health benefits when in use. Also, CFLs don’t have the design Mr. Tim Yu preferred, as it is                                   

always comes in a form of curly light bulb, so its design capability falls short when comparing to                                   

other light bulbs. 

 

4.3  Light Emitting Diode 

Exposure to LEDs has been found to offer some health benefits and other social gains.                             

Precise wavelength light emitted from LEDs allows them to be a valuable resource for everyday                             

medical applications. (Knisley, J., 2012) Due to their capability to produce wavelengths that can                           

affect people’s brain activity directly, LEDs can serve as an aid to one’s sleep. (Knisley, J.,                               
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2012) An experimental study has shown that adults, specifically senior adults, suffer from sleep                           

disorders that may be caused by absorbing an abnormal amount of artificial light throughout the                             

day. LED light, as the study discovered, can provide the optimum amount of light and                             

wavelengths to help resolve such sleep disorders. (Knisley, J., 2012) This means a healthier and                             

more positive effect on customers of the pub. 

Although it may be known for many reasons, Koerner’s Pub is best known for offering its                               

customers a vintage feel and atmosphere. Incandescent bulbs help in providing this atmosphere,                         

and so, prove valuable to the pub. Despite that, LEDs have the ability to mimic such                               

incandescent light bulb design, offering the same quality of atmosphere for a potentially healthier                           

form of light. For example, Feit Electric G19 Series (Lowes, n.d.), is a LED light bulb designed                                 

to look and feel like the tradition light bulb, which can very well be the perfect LED substitute to                                     

incandescent light bulbs and satisfy Koerner’s Pub’s decorative needs at the same time. 

 

4.4 Cumulative Analysis 

In terms of social impact, LEDs are the best option for Koerner’s Pub. It does not contain                                 

any hazardous material unlike incandescent light bulbs, and CFLs, both of which contain                         

tungsten and mercury respectively. In addition, LEDs can be a contributor to people’s health by                             

providing them a very precise wavelength of light and an optimal amount of light upon exposure.                               

LED light bulbs also have the potential to offer the same atmosphere as incandescents which is                               

important to maintain the pub’s atmosphere. Thus, the social analysis concludes that LEDs are                           

the best option out of the three based on the social indicators chosen and used for the analysis. 
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5.0 ECONOMIC ANALYSIS 

The final component of the triple bottom line investigation is the economic analysis. For a                             

business, the monetary running costs are vital to its success. As a result, this study will investigate the                                   

initial, ongoing, and cumulative costs associated with each potential solution, including the present                         

incandescent light bulbs used at Koerner’s Pub. There will be examinations upon the production of                             

light and associated efficiencies, product costs, and expected product lifespan.  

   

5.1 Incandescent Light Bulb 

The most common light bulb in use today is the traditional incandescent light bulb (UNEP,                             

2010). Incandescents function by using an electric current to heat up a tungsten filament. Once the                               

filament reaches a specific temperature, light is produced. To maintain light, the incandescent bulb                           

must maintain the tungsten at a high temperature; as a result, there are large heat losses that make the                                     

bulb inefficient as compared to other technologies (Lunau, 2013). Due to the relatively high wattage of                               

60W required by an incandescent, energy costs over the long term can be overwhelming; however,                             

since incandescents use simple technologies, they are extremely cheap per unit when compared to                           

LEDs. It is not uncommon to see incandescent bulbs for less than $1. After about 1200 hours, an                                   

incandescent will burn out the tungsten filament, and no longer be capable to provide light (“Lighting                               

lifespan by the numbers,” 2012). Finally, it is worth noting that the bulbs produce 650­900 lumens. 

 

5.2  Compact Fluorescent Lamp 

Compact fluorescent lamp, also known as the CFL or energy saver bulb, is the first alternative                               

under investigation. To produce light, CFLs use current to excite mercury electrons to a higher energy                               

state. As these electrons return to their original energy state, they release ultraviolet light. The                             

ultraviolet light is converted to visible light when it passes through the fluorescent coating on the bulb                                 
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(“Compact fluorescent lamps (CFLs),” 2011). Generally CFLs are almost six times more efficient than                           

incandescents. In order to produce the same luminance as an incandescent, CFLs require roughly 14                             

watts. In terms of cost, CFLs are slightly more expensive than incandescents, often ranging between                             

$2­$4. Unlike incandescent light bulbs, CFL light bulbs have hundreds of electrical components,                         

resulting in a greater possibilities for failure; however, a consumer can expect 10000 hours of working                               

functionality before any breakdown (“Lighting lifespan by the numbers,” 2012). 

 

5.3  Light Emitting Diode 

Light emitting diodes, or LEDs, are often considered the most efficient lighting solution in                           

market today. Over the last 5 years, LEDs have seen a price decrease of 85% due to technological                                   

advances in the industry (BC Hydro, n.d.). Light emitting diodes use electron holes to attract electrons;                               

upon contact, there is a release of lighting emitting photons. By changing the distances between the                               

electrons and the corresponding holes, a different colour or intensity can be produced (Holonak, 2000).                             

This allows for greater customization for manufacturers. To further entice consumers, LEDs have the                           

lowest wattage, ranging from 6­10W ­ these wattages will produce the same number of lumens as a                                 

60W incandescent. To further supplement the savings, LEDs can have life spans in excess of 50000                               

hours (“Lighting lifespan by the numbers,” 2012). Unfortunately, integrating all these features into a                           

light bulb come as a cost. In terms of market value, LEDs are the most expensive option initially with                                     

their cheapest variety found at roughly $15.  
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5.4 Cumulative Analysis 

In order to compare incandescents, CFLs, and LEDs, there needs to be a cumulative analysis of                               

the initial cost, as well as the ongoing maintenance costs. Moreover, the economical calculations are                             

done in the ‘Specifications’ section of the table. These calculations are computed for 50000 hours,                             

approximately 11 years at 12 hours of use a day. 

To further describe the data formulated in the table, please inspect ‘Supplementary Table                         

Information’ found on page 15.  

 

NOTE: The values described in the table below are approximate and accurate as of November 2014. 

Table 1 : Economic Analysis of Lighting 

 Incandescent CFL LED 

Features:    

Break protection none none outer casing 

Environmental 
concerns 

none contains mercury none 

Dimmable yes yes - limited yes - limited 

Temperature 
sensitive 

yes yes no 

Turning on speed instant several seconds instant 

    

Specifications:    

Wattage 60 12-16 6-10 

Lumens/Watt* 13 57 100 

Lifespan (hr) 1200 10000 50000 

# of bulbs for 50k hrs* 42 5 1 
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Energy consumed 
(50k hrs)* 

3000 kWh 700 kWh 400 kWh 

Energy cost* $6000 $1400 $800 

Cost per bulb $0.60 $2.00 $20.00 

Net cost for 50k hrs* $6500 $1600 $1200 

 

Table 1 ­ Economical Analysis of Lighting, displayed above, shows the features and various costs 

associated with the potential lighting options at Koerner’s Pub.  

 

Figure 1 : Cost of Lighting up to 50k Hours 

 

Figure 1 ­ Cost of Lighting up to 50k Hours, displayed above, shows costs associated at each time 

interval, eventually summing to 50k hours of use.  

 

13 



 

❖ Initial is the cost considers the price for 20 bulbs. 

❖ Ongoing Maintenance is the product cost associated to maintain 20 light fixtures over 50k 

hours. 

❖ Ongoing Energy is the energy cost associated to maintain 20 light fixtures over 50k hours. 

❖ Long Term is the total cost over 50k hours. 

 

Supplementary Table Information 

 

Lumens/Watt  :  A common base of 800 lumens was used.  

Common Lumens / Mean Wattage = Lumens/Watt 

# of bulbs for 50k hrs  : A common base of 50000 hours was used. 

Common Hours / Lifespan = # of bulbs for 50k hrs 

Energy consumed (50k hrs)  : A common base of 50000 hours was used. 

Common Hours * Mean Wattage = Energy consumed (50k hrs) 

 

Energy cost  : A common base of 20 bulbs was used. 

A common base of $0.10 kWh was used. 

Common Bulbs * Energy Consumed * Common kWh = Energy cost 

Net cost for 50k hrs : A common base of 20 bulbs was used.  

(# of bulbs for 50k hrs * Common Bulbs) + Energy cost = 

Net cost for 50k hrs 
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6.0 CONCLUSION 

Our stakeholder, Mr. Tim Yu informed us at the beginning stages of our investigation that rent                               

for Koerner’s Pub includes utilities so there was no financial incentive. So, we set out to find a low                                     

cost, yet effective solution to the task at hand. After careful analysis and comparison of CFLs, LED                                 

bulbs, and incandescent light bulbs, a conclusion has been reached.  

In regards to the social aspect, LED light bulbs have been found to not contain any biologically                                 

hazardous materials and on exposure, might have some beneficial effects to one’s sleep and mentality                             

in the long run. As for the environmental aspect, LEDs produce less overall waste than CFLs and                                 

incandescents in the long run. Last but not least, economically, LEDs have a cheaper net cost for fifty                                   

thousand hours of use than its two counterparts. Hence the conclusion that this investigation report has                               

led us to believe is that LED lighting is more socially, economically, and environmentally sustainable                             

than CFL and incandescent lighting and can therefore be presented as the best viable lighting option                               

that can be implemented at Koerner’s Pub.  
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