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Summary

The following report was based on work completed at the National Research Council
— Institute for Ocean Technology (NRC-IOT). The current lighting system at NRC-IOT is
inefficient and therefore causing an increase in energy costs. This in turn raises the cost of
energy bills, maintenance and labour. The rising cost is expected to continue in the
foreseeable future. NRC-IOT has searched for more efficient products and solutions that will
help with the reduction in operating costs. Lighting is recognized as a major area for

economic energy savings.

The following will be discussed in this report: ergonomics of lighting in offices,
problems associated with the current system, savings in energy and cost associated with the
new system, the environmental effects of the old and new system, and the reduction in
maintenance and labour of the new system. The upgrade will consist of a modern more
efficient lighting system that will be installed within a year. Occupancy sensors will be
installed and integrated into the lighting circuits of the building. These sensors will turn the
lights off when a space is unoccupied for a period of time and will turn these lights on again
once the sensor has redetected a person in the area. Also, included in this report are
recommendations for the plan to be completed in a timely manor and suggestions for proper

implementation.



Methodology

Information for this report was obtained through the NRC-IOT network, which all
employees have access to. Stored on this network is documentation pertaining to specific
projects implemented at IOT, such as pdf and auto-cad drawings, facility project plans, forms
and templates. Information was also obtained through Natural Resources Canada Energy
Efficiency documentation. Depending on the topic of discussion, the appropriate personnel

were contacted for guidance and assistance.
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1.0 Introduction

The Institute for Ocean Technology (IOT), a branch of the National Research
Council was established in 1985 to provide technical expertise in support of Canada's
ocean technology industries. The Institute's capability is unique to the nation. No other
organization offers the combination of knowledge, experience and world-class facilities.
IOT conducts ocean engineering research through the modeling of ocean environments,
predicting and improving the performance of marine systems, and developing innovative
technologies that bring benefits to the Canadian marine industry .

The Facilities Engineering Support & Maintenance (FESM) department manages
the provision of utilities for the Institute. It provides safe and efficient operations,
maintenance management of buildings, grounds, process systems, and material handling
equipment, maintenance servicing for lab and shop equipment, and project management
services for design, construction and procurement projects.

Due to the large size of IOT’s facility and its operations in the ice tank, tow tank
and ocean engineering basin, energy costs soar in the tens of thousands every month.
FESM is assigned the role of planning and implementing an Energy Management Plan to
reduce these costs. Lighting is recognized as a major area for economic energy savings
and is one of the simplest upgrades that can be made. It is for this reason that a lighting

upgrade is chosen as section one of the energy management plan.



2.0 Lighting Efficiency Plan

IOT is composed of several thousand square feet of lighted area at its facility in
St. John’s (Refer to Appendix A for Site Map). Employment consists of over one hundred
10T staff and another fifty contractors. Since the facility was built in 1986, there has been
no lighting retrofit. The current lighting system is inefficient, causing an increase in
energy consumption; which therefore raises the cost of energy bills, maintenance and
labour. This rising cost is expected to continue to increase in the foreseeable future. [OT
has searched for more efficient products and solutions that will help with the reduction in
operating costs. Objectives of this project are to reduce energy consumption and lower
energy bills, reduce maintenance and labour, improve quality of lighting, consume less
electricity and reduce harmful emissions associated with power generation.

The first step associated with the lighting upgrade is to divide the facility into
separate construction phases, allowing each area’s project management to be less
complex. The second step is to develop a more comprehensive understanding of the
current lighting system so it can be assessed. Once problems associated with the current
system are determined, the third step it to establish a more efficient alternate method of
lighting. The fourth step is to bring professionals, Blair Davis from B. Davis Agencies
LTD. and Gus Gallant from McLoughlan Supplies Ltd., into the facility to complete tours
of each phase area and decide exactly what supplies are needed for upgrade. The final

step is the installation of supplies in each phase area.



3.0 Current and Proposed Lighting Systems

The current lighting system at IOT consists of T12 fluorescents, which are 40-
watt four feet long lights with magnetic ballasts. The T in T12 means tubular and the
lamp is twelve-eighths (1.5) of an inch in diameter. After a great deal of research, a more
efficient method of lighting is determined. This method will not involve changing the
current light fixtures, which would lead to a higher supplies cost. The proposed method is
a T8 fluorescent, 32-watt four feet long light with electronic ballast (Refer to Appendix B
for Bulb Diameter Comparison). The T8 has a 1-inch diameter and operates on 32 watts,
8 watts less than the T12. It functions with reduced mercury, a potentially harmful
substance used in many lighting fixtures, ) and after 10,000 hours still runs at 95% light
output, whereas T12’s operate at 85% light output P! Interior lighting represents
approximately 29% of the energy consumed in commercial buildings each year.
Lowering this percentage has the potential to reduce the emissions of carbon dioxide and
other air pollutants generated during electricity production ',

Ballasts regulate the amount of electricity that flows to the fluorescent lamp.
Magnetic ballasts have been in use since the beginning of fluorescent lighting. They
employ copper coils and transformers to run the lamp. While magnetic ballasts cost less,
they weigh more and are less efficient than modern electronic ballasts. Electronic ballasts
use high frequency and solid-state circuitry instead of heavy copper windings. As a
result, electronic ballasts produce more light for each watt, run cooler and last longer.
Compared to the magnetic ballast, they use 25% less energy and do not hum or flicker

when starting 1!,



Another component of the lighting upgrade is the installation of occupancy
sensors. They will be integrated into the lighting circuit throughout the facility. The
purpose of occupancy sensors is to control when lighting is on and off in designated
areas, such as offices, bathrooms and shops. The sensors have timers that are push button
programmable and reset when occupancy is redetected. It is important to set the timer no
less than ten minutes. If the lights turn off and on again in less than ten minutes, more
energy is actually consumed than saved. Advantages associated with the installation of
occupancy sensors are extra security for the building and the ability to take control by
ensuring that lights are not on when a room is not in use. Ensuring this leads to

significant cost savings and less light pollution released into the environment.



4.0 Construction Phases

Due to the large amount of work and complexity associated with the upgrade, it is
decided that the planning and construction will be divided into five phases. Reasoning for
this being that if the project management for each phase acts separate to one another, the
planning and implementation will run more smoothly. To plan all sections of the facility
as one would add to the complication of the plan *.

Phase one is recognized as the machine, model prep and carpenter shops. In 2008
the lighting in these shops was changed to T5 high output fluorescent bulbs. Due to the
high Ceilings in these areas (approximately thirty-five feet), the T5 high output was the
only option. Traditional fluorescent T8 & T12 bulbs are simply not powerful enough to
light an area more than eight-ten feet below the bulb ). Due to the face that the lighting
in this area was already retrofitted, just the type of occupancy sensor needed to be
determined. The sensor that will be installed in the shops is a CMR-6 High Bay 360°
occupancy sensor that is designed for mounting heights of forth-five feet. These sensors
have already been ordered and are waiting in stores for installation; this should take place
in early September.

Phase two is recognized as the first floor of the research offices section of the
building. This area consists of approximately one hundred, four-light fixtures and will
undergo new lighting installation, as well as occupancy sensors. The tour for phase two
has been completed and the supplies that need to be ordered are in progress.

Phase three, is recognized as the second floor of the research offices section of the

building, which is very similar to phase two. This area also consists of approximately one



hundred, four-light fixtures and will undergo new lighting installation, as well as
occupancy Sensors.

Phase four is recognized as the three floors of the new building extension that was
built in 2003. Because this area is relatively new, it was constructed with T8 lights and
therefore only needs to be upgraded with occupancy sensors.

Phase five is recognized as the Offshore Engineering Basin (OEB), Ice Tank &
Tow Tank. The upgrade for this area is yet to be determined. It is hoped that once phases
one through four have been implemented, the planning for phase five can commence.
Due to the large size and complexity of this area, it is placed last and will not follow the
same steps as the previous phases.

As of August 2009, phase one is ready for installation and phase two supplies are
in the process of being ordered and will then be ready for installation. Phases three and
four tours need to be completed, supplies ordered and installed. Phase five is yet to be
determined. The construction of this project will consist of the proposed more efficient

lighting system to be installed within the year.



5.0 Cost Savings

It is estimated that you can save up to 35% of energy cost by replacing standard
T12 lighting systems to T8 systems ®. This savings is estimated to double with the
replacement of electric ballasts and sensors (Refer to appendix C for Energy Efficient

Lighting Savings Calculator).

The annual operating hours for the current method of T12 fluorescents, 40-watt
four feet long lights with magnetic ballasts is estimated to be 2500. The annual operating
hours for the proposed method of T8 fluorescents, 32-watt four feet long lights with

electronic ballasts & sensors is calculated to be 1500 (See below for calculation).

Calculations:

52 weeks/year x 5 work days/week] o 260 work days/year]

|15 vacation days + 10 Christmas days| = 5 vacation days/year]
260 work days/year — 25 vacation days/year = 235 workdays/year]

ILES workdays/year x 7 hours/day| = 1645 operating hours/year]

Note: 1645 hours/year rounded down to 1500 lights on hours/year

Once the total annual operating hours was determined, this information was
entered into the energy efficient lighting savings calculator. Also entered into the
calculator was the average electric cost per kilowatt-hour, the number of fixtures, fixture

type and fixture specification. Once these numbers were entered, the total annual electric



use and cost was computed. With reference to appendix B, the total annual energy
savings is 28,400 kilowatt-hours per year. This calculation is based on the second floor
office building only, where one hundred, four-light fixtures were counted. The reason for
this is because counting all light fixtures throughout the whole facility would consume
too much time. Counting the fixtures on the second floor office building was done in
under an hour and is reasonably accurate due to the small area analyzed.

Through comparing the current lighting system with the proposed system the total
savings of this area is $1,704 per year. This area only accounts for approximately 10
percent (Refer to appendix D for Reference Drawing) of the whole facility, it is estimated

that the lighting upgrade will save approximately $17,040 per year.



6.0 Lighting in Offices

There are approximately one hundred and thirty office areas and some with more
than one person to an office at IOT. Office work is visually demanding and has always
required good lighting for maximum comfort and productivity. Good lighting means
providing enough illumination so that people can see printed, handwritten or displayed
documents clearly but are not affected by excessively high light levels. Poor lighting can
cause eyestrain and headaches and may also contribute to stiff necks and aches in
shoulder area.

A fluorescent lighting system consists of three parts: the luminaire, the lamps and
the ballast. Luminaire is the technical term for any lighting fixture; it contains the lamps
and the ballast, and might also include optical devices to direct the light. Fluorescent
lamps emit light when their phosphor coating receives energy from gaseous mercury
atoms excited by an electric arc. The ballast controls the electric arc across the lamps,
preventing the voltage from increasing with destructive effect (Refer to Appendix E for
Types of Light Sources).

Good office lighting is a key element in ensuring worker satisfaction, productivity
and performance. People who work under lighting systems with electronic ballasts show
less visual fatigue at the end of the day and perform better on reading and writing tasks.
They also rate tasks as being less difficult compared to people who work under lighting
systems lit with magnetic ballasts. Good-quality lighting that reduces glare and uses
electronic ballasts is a smart investment because it saves energy and contributes to better

task performance and greater employee satisfaction [,



7.0 Conclusion

IOT is involved with arctic operations, marine safety and many other types of
ocean engineering. It’s ocean engineering basin and tanks consume thousands of gallons
of water every year. Due to the type of operations IOT manages, it is very extraordinary
and should not be penalized by high-energy costs. New ways to save energy and money
are being discovered every day and this is why retrofits and upgrades need to take place.
10T can’t afford to not take advantage of these new technologies.

The development and implementation of the lighting efficiency plan can save the
Institute thousands of dollars. Not only will this plan bring dollars back into circulation at
IOT, but it will also give employees the ability to work more productively and it will
reduce the amount of pollution that is being released into the environment.

The pay back period for this project is estimated at 2 years. Considering the
amount of money that this project will save, 2 years in a minor pay back period. To save
on costs, [OT’s own electrician will install all lights and sensors throughout the facility
instead of hiring contractors to complete the job. A disadvantage associated with this is a
delay in installation caused by the work being completed by one electrician only.

If this plan is not implemented within the next 3 years, IOT will face some
difficulties due to the fact that T12 fluorescent lights are not being manufactured

anymeore.

10



8.0 Recommendations

The first recommendation is to ensure that the lighting efficiency plan does
continue without the push of a co-op student to ensure continuity and to take control. A
full-time employee should be hired, guaranteeing all phases are assessed and completed.

The next recommendation is to possibly turn phase five into it’s own section of
the Energy Management Plan. The OEB and tanks are so large and complex; they may
need a longer period of time than the other phases for upgrade as well as a more in depth
analysis.

The third recommendation is to hire on an apprentice to help I0T’s electrician
with the installation of lights and sensors. This is a large job and two people would
complete it faster than just one.

A fourth and final recommendation is to ensure that the continuing sections of the
Energy Management Plan get developed. The full time employee that I mentioned in the
first recommendation should join FESM full time and continue on with this plan. There is
a lot of work associated with FESM, including work orders, document control,

preventative and scheduled maintenance, and not enough people to complete it.

11
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Appendix B

Bulb Diameter Comparison
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Appendix C

Energy Efficient Lighting Savings Calculator
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Appendix D

Key Plan



KEY PLAN

*Shaded area is office area



Appendix E

Types of Light Sources
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