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Background

4EA #Al OET #7111 ACA %l CET AAOET ¢C ocooc Al AOO T &£ ¢mnmny
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which takes seed money from donations, tuition, or grants and invests it into projects that save

energy. Energy cost savingfrom the projects are routed back to the fund to help it grow and

enable it to finance future projects. In order to begin this, the senior engineering students began

Intro duction

The Calvin College Statement on SustainabililyOA OA O OEAO EO EO OEA Al 11 ACA
us to lead lives of meaning and purpose in a relationship to the physical world, lives that promote
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Energy Efficiency Fund, or CEEF, could be introduced to the campus community.

Description
4EA DPOODPI OA 1T &£ OEA #Al OET %l AOCU %AEFEAEAT AU &OT A
creation by implemé OET C A DPOT AAOGO OEOI OCE xEEAE #Al OET 80 #/
energy stewardship and accommodate renewable and sustainable enengy costssaving projects.
To achieve this purpose the semester long project was broken down into the task$ analyzing
specific projects which could be implemented on campus and be the catalyst to start the CEEF,
determine the financial savings which could be garnered from these projects and institute policies
xEEAE x1 O A AOEI A OEA #dndb&trucitile @id ersukd tBeElbng @&rml OCAT E
sustainability of the fund. The projects analyzed are as follows:

e Upgraded light bulb and fixture replacement

¢ Motion Sensors as lighting control

e Light Harvesting to reduce artificial lighting use in Hekman Library

¢ Additional airlock on Chapel doors

e Solar water heating on the roof the Venema Aquatic Center

e Implement software to remote shut down computers after hours

e Tunnels to reroute the HVAC system and disconnect the dated Knollcrest boilers

¢ Window replacement inCommons Dining Hall

e Additional shut-off times for unnecessary residence hall lighting

These projects are representative of the plethora of potential savings projects which can be
Ei D1 AT AT OAA Al1 1T OAO #Al OET 80 AA[I @O roAtédintoEh®T OE A A
CEEF. Allindividual project reports and results are shown in AppendiceskC



The financial structure of the CEEF is critical to account for all savings determined by the analysis of
these projects. Financial projections for the fud were created for the first 50 years and including
only the nine proposed projects. These analyses took into account the uncertainties associated
with each project. Three separate cases, an optimistic, nominal and pessimistic, were analyzed to
determine how the CEEF would react to changing financial climates and unavoidable financial
improbabilities (Figure 1).
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Figure 1: Cash Flow Diagram

The CEEF policies established a system which ensures that savings from proposed projects are

PpOi PAOI U AAAT O1T OAA &£ O AT A AppOil OAA AU #Al OET 80 |
maintenance of past projects and their continued benefit to the Gan community. The CEEF

structure was organized into three parts: proposed projects, financial analysis, and Calvin

integrated policies.

Results

The purpose of this proposal is to document the feasibility study for implementation of CEEF at
Calvin Colege. Major tasks included the following: accurately accounting for energy savings;
developing a financial system to translate these energy savings to cesvings projections; and
ensuring that the fund is equipped with an infrastructure that it could opeate around.

The proposed CEEF management structure includes a board, intern, and club. The board will
consist of representatives from the Calvin community, such as members from appropriate college
departments, physical plant, and student leadership. Atwglent intern will be responsible for
financial analysis of proposed projects and liaison between the club and board. The club will be a
student organization dedicated to researching and analyzing potential projects. Full documentation
of CEEF Policiessishown in Appendix A.

The financial analyses show that a seed amount of $100,000, will provide enough initial capital to
implement 7 of the 9 proposed projects. Furthermore, even with the most pessimistic economic
and energy saving conditions the fund aatinues to grow and earn financial savings until the



projects are handed off to Calvin, as shown in Figure 1. A complete financial analysis of all projects
and the fund balance are shown in Appendix B.

Conclusion

The results of this semester long projecshow that a Calvin Energy Efficiency Fund is not only
AAAOEAT Ah AOO AiI 01T A O1TENOA 1 DI O0O0T EOU ££I O #Al OE
implementation and growth of this fund, there must be dedication from Calvin leaders, both in the
sOOAAT O AT A EAAOI OU Al AEAOS 4EARA #Al OET %l AOCU %A
efforts for creation care and fiscal responsibility. The future project savings and raised awareness

for sustainability, brought from this fund, are in the hands of the Calvin community and its

willingness to respond to our call to action.
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Introduction

In order for a sustainableCalvin Energy Efficiency Funghere requires astructure of policies which
allows flexibility for the decision-makers and provides guidance to ensurgrowth and continuance

of CEEF. The policies described in this document are designed to provide the framework for the
CEERwhich integrates with the collegegovernance structureand culture.

Description

The organization of the CEEF is separated into five sections: Fund Management, Project Types and
Requirements, Project Life Cycle, CEEF Costs Responsibilities and Fund Allocation Criteria. These
sections encompass how projects will be implemented, who will be in charge of pursuing projects
and how the fund will renew itself. Full documentation of the policiess shown in Appendix Al.

The major problem with implementing this type of fund is ensuring tha future participants will
have a structure within to work so that projects will continue and new ones are generated. To
accomplish this, three entities were created as a part of the CEEF to ensure that it continues to grow
and new projects are created. fe first is the CEEF Board. This is the body which makes the final
decisions for project approval and provides a representative voice of the rest of the school. To
accomplish this, the board is comprised of a diverse group from physical plant staff, studesenate
OADPOAOAT OAOGEOAO AT A #Al1 OET 60 £ET AT AEAT AAPAOOI AT O
be a part of student organizations who will conduct the necessary analysis, both technical and
financial, and will be instructed by a CEEF interand by their faculty advisor, the sustainability
coordinator. The CEEF intern will be a paid position and will act as a liaison between the CEEF
board and club. They will be responsible for organizing the duties assigned to the club and will

present thefinal calculations and analyses performed by the club to the board.

The type of projects which the CEEF board, club and intern will analyze are separated into two
categories; blue and green projects. Blue projects are short term energy efficiency anddib fuel
reducing projects which provide cost savings payback to the CEEF within 10 years. Green projects
are carbon reducing and renewable energy promoting ventures including long term energy
efficiency projects. These projects also include ideas whichight promote CEEF and sustainability
initiatives to the Calvin community. It is important that all projects do not conflict with current
Calvin policies concerning community and culture. The project structure ensures that none of these
projects fully expend the CEEF project account.

All projects which are to be approved must flow through the required project proposal life cycle. A
project can be proposed by anyone via the project proposal form (Appendix2f Once the proposal
form has been filled outthe idea goes through an initial project review where the CEEF Intern
reviews the project and evaluates how it would fit in accordance with CEEF policies and either
continues with the project or rejects it. If it is approved the intern will continue by asigning
analysis responsibilities to the CEEF club who will document all their findings. After the analysis is
completed a final project review is presented by the intern to the CEEF board where the project will
have a final rejection or approval. Fronthere the project will be implemented through the proper
department (i.e. physical plant). After the project is implemented and active it will be retired after

Al




its payback period is completed. This entire cycle will be tracked by the CEEF intern and ntonéd
to ensure that the project is being maintained and cost savings are being monitored.

It is also important to distinguish what exactly the responsibilities of the CEEF will be. In the initial
development of the CEEF it was realized that there coulcelsome projects which may coincide with
projects already being implemented by other Calvin organizations. In these cases, only the costs
directly associated with the area of the project which is related to energy efficiency should be paid
through the CEEFRund. CEEF will only be required to pay the incremental costs which are above
and beyond what already being implemented by Calvin College. These incremental costs may
include labor or materials required to complete the energy efficiency project. Therare also some
other indirect costs such as the CEEF intern and the contingency fund which will be covered by
CEEF.

The final area covered by CEEF policies is how the funds will be allocated within CEEF. There are

four major areas where CEEF money will bdesignated. The project allocation will be allocated so

that approximately 80% will be designated to blue projects and 20% will be allocated to green

PDOT EAADOOS 4EA ET OAOT xACAO xEI1l Al 01 AA Al OAOAA
and the rest will be designated for the contingency fund. The contingency fund will always be 10%

of the maximum CEEF balance and shall not drop below that amount.

Results

The policies designed for the CEEF are not intended to cover every situation which thalglintern

or board may encounter. Thegoals of these policies werd¢o create an infrastructure about which

the fund and can operate and continue to build. As the next stages of implementation begin,
including incorporation of the fund into current Calvin accounting, project initiation, and selection

of board members and an intern, additional policies and more specific policies will need to be
drafted to ensure the CEEF continues. It can be said, however, that a revolving fund such as the
CEEF can be afttively managed and implemented at Calvin College.

Conclusion

The CEEF policies are designed to correspond with the current Calvin community and culture. They
are set up to promote awareness of the fund and energy efficiency in general. In order for she
policies to be effective there must be precise collaboration between the CEEF intern, club and
board. Proper analysis of each of the projects must be completed to ensure accurate results and
accurate cost saving projections. The long term viability oc€EEF hinges on precise work and
following the spirit of the policies. While the board may change or overrule policies which may
become dated or inapplicable, CEEF will continue if members promote energy efficiency and carbon
neutrality at Calvin.



Appendix Al: Calvin Energy Efficiency Fund Policies

Introduction
#Al OET #111ACA OAAEO O61 AA A Ai i1 OTEOU 1T &£ AAOAOAI
The Environmental Stewardship Committee has already submitted a Statement on Sustainability

(SOS) to the greater Calvin community as a proposal, exemplifyitgO OAOOET ¢ BT ET 0O &1 O
AAOCETT06 AITTAAOTETC AOAAOQEITI AAOA AT A OOOOAET AAEI
DPAOOAETEI ¢ O po AOAAOR ETAI OAET ¢ AT AoOcus 4EA AT
energy systems and more efEAT O OOA 1T &£ AT AOCU OAOI OOAAOS6 xEE
conservation and reduction of carbon dioxide emissions. These guidelines directly tie into the goals

of the Calvin Energy Efficiency Fund.

The Calvin Energy Efficiency Fund is a proposal to CaivCollege to implement a revolving fund
which will fund projects which promote energy efficiency, renewable energy, carbon dioxide
reduction, and other sustainability initiatives.

Mission Statement

The purpose of the Calvin Energy Efficiency Fund is tcpOOOA 1T 60 AAIT T ET ¢ O AA
AOAAOCEIT AU EiplAI AT OGETI¢Cc A POI AAOGO OEOI OCE xEEAE
of energy stewardship and accommodate renewable and sustainable enefrggnd costsaving

projects.

Fund Management

1. There shall be a&CEEF Boaravhich approves projects.
a. The board must be comprised of the following individuals:
i. 'T ETAEOEAOAI &EOI i #Al OET160 £ET AT AEAT A,
ii. The Student Senate President or Vice President
iii. The Calvin Sustainability Coordinator
iv. Arepresentative from Physical Plant
v. Up to three atlarge members
b. The board membership term shall be 3 years in length, with the exception of the
Student Senate representative whose term can be shorter. The term shall be
renewable up to three times.
c. The Calin College Committee on Governance shall be responsible for assigning new
members to theCEEF Board
d. The CEEF Boardshall discuss project proposals, possible project modifications,
validity of CEEF Clulproject economic calculations, and issues raised tthe CEEF
Intern.
e. The CEEF Boardnay make suggestions for more sustainable behavior or operations
(that do not necessitate funding from the CEEF) to the Environmental Stewardship
Committee.
2. There shall be &CEEF Clukhat is a part of Student Organizations.
a. The faculty advisor for the club shall be the Sustainability Coordinator.
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b. The club shall be responsible for soliciting project ideas, researching, evaluating
feasibility in accordance with CEEF policies, conducting cost analyses, and
estimating cash flowsof the projects. Any ideas from the greater Calvin community
for CEEF projects shall be brought to the attention of any member of ti&EEF Club
or submitted electronically to the club via the Project Proposal Form.

3. There shall be aCEEF Interrthat is the hired liaison between theCEEF Boar@nd the CEEF Club

a. The intern shall be a paid position that earns internship credit.

b. 4EA ET OAOT OEAI1T AA DPAEA ET AAAT OAAT AA xEOE
c. The intern shall report to the Sustainability Coordirator.
d 4EA ET OAOT 60 AOOEAO OEAIT ETAI OAA OEA A& 111
i. Presenting summaries of proposed projects to theCEEF Boardfor
evaluation.
ii. Managing analyses of projects and delegating research tasks @&EF Club
members.

iii. Facilitating decision making within the CEE- Club
iv. Conducting the final cost and cash flow analyses for proposed projects.
v. Recruiting for the CEEF Clult Cokes & Clubs or other events.
vi. Presenting a summary of CEEF projects once every semester in a seminar to
bring awareness to the Calvin communitywhile also raising interest for the
CEEF Club
vii. Expected to work 1315 hours per week.
e. The intern shall be selected by th€ EEF Boardfter an application and interviewing
process has been completed.

i. Preference shall be given to a junior or senior Engineering or
Business/Accounting major. Other majors can be reviewed by the board to
determine eligibility for the position.

ii. Preference shall be given to an individual who has previously participated in
the CEEF Club

Project Types and Requirements

1. All projects shall be approved by a majority vote by theCEEF Boardprior to
implementation.

a. Every project that is brought to the CEEF Boardby the CEEF Internmust be
approved or rejected.

2. All CEEF projects shabe separated into two categories: Blue and Green projects.

a. Blue projects shall be short term energy efficiency and fossil fuel reducing projects
which provide cost savings payback to the CEEF.

b. Green projects shall be carbon reducing and renewable energyomoting ventures,
including long term energy efficiency projects. They shall also include projects
which promote CEEF and sustainability initiatives to the Calvin College community.

3. Blue projects:
a 3EAI 1 EAOA A Aiipl AOA DbAbdapprdvEd. ET S pm UAAOC
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b. Shall be submitted to the CEEF Boardand must include the following
documentation:
i. Projection of significant energy savings, measureable in the form of therms,
kilowatt -hours, gallons (e.g. water, fuel, etc.), or any applicable units.
ii. Statement of historical, current, and future projections of energy price
variances.
iii. Estimated incremental labor and material costs to implement and maintain
the project.
iv. An estimate of the uncertainty of cost savings calculations.
v. A summary of time value of momy cash flow for the lifetime of the project
while under CEEF.
4. Green projects:
a. Shall raise awareness for renewable energy alternatives, sustainable behavior,
carbon neutrality or other environmentally sustainable initiatives.
b. Include projects which have pgback periods that exceed 10 years and require blue
project documentation criteria.
5. All projects:
a. Must not conflict with current Calvin policies concerning the Calvin community and
culture.
b. Move toward the goal of obtaining a carbon neutral campus (i.projects cannot add
to carbon emissions).
Do not fully expend the CEEF project account.
Do not promote increased usage of fossil fuels.
e. Do not promote investment into norrrenewable energy (e.g. nuclear energy, toxic
materials, unsustainable alternatives, &.).

e o0

Project Life Cycle

Phase I. Project Proposal
1. Project proposers shall complete Phase | of the Project Proposal Form and electronically
submit it to the CEEF Club
Phase II: Initial Project Review
1. The CEEF Internshall review project proposals and evaluate each based on the CEEF
policies concerning project criteria.
a. If passed, theCEEF Internshall document reasons for approval in Phase Il of the
Project Proposal Form and delegate analysis and research tasks tomizers of the
CEEF Club
b. If rejected, the CEEF Internshall document reasons for rejection in Phase Il of the
Project Proposal Form and return to the proposer.
i. The proposer can resubmit the project after modifying, and resubmitting a
new Project ProposalForm with the initial (rejected) form attached.
Phase IlI: Detailed Project Analysis
1. The CEEF Clulshall fully document findings (e.g. cost savings, energy usage, etc.) in Phase
Il of the Project Proposal Form.
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Phase IV: Final Project Review

1. The CEEFntern shall gather all projects that have passed Phase Ill and present them to the
CEEF Board.

2. The CEEF Boarashall evaluate the proposed projects based on financial savings, project
feasibility, fund cash flow, etc.
a. If passed, the board shall completd®hase IV of the Project Proposal Form. The
project can then enter Phase V, upon stated date.
b. If rejected, the board shall complete Phase IV of the Project Proposal Form and
return to the CEEF Intern.
Phase V: Project Implementation
1. In Phase V, theCEEF Boal shall work with the proper department to establish the project
start date and the project implementation shall begin.
a. Copies of all project documents shall be passed on to the department in charge of
project implementation (maintenance, etc.).
Phase M: Project Active Period
1. Phase VI is the active period of a projeciafter implementation and prior to retirement.
a. 100% of savings generated from Blue and Green projects return to the CEEF.
b. Maintenance on projects in Phase VI shall follow CEEF policies.
Phase VII: Project Retirement
1. Phase VIl is the retirement of a project.

a. A CEEF project shall be retired at the end of the fifth year after its payback is

completed.
b. All costs related to and savings generated from retired projects shall be assumed by
Calvin @llege.
’ Fund Calvin Budget

w A

I \ ,
\}I \4! \\\ /SE’/VII
Proposer ﬁ ' N ’

CEEF Intern

s

CEEF Club
Figure A1-1. The Project Life Cycle showing Phases I through VII
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CEEF Cost Responsibilities

1. The fund shall provide payment for all labor and materials for &CEEF Boardapproved

project.
a. If projects overlap with current Calvin College projectsonly incremental labor or
materials shall be paid by CEEF.

2. The CEEF shall not be used for payment GEEEF Boardnembers. Being a member of the
board is a voluntary activity.

3. The CEEF shall pay for th€EEF Interrposition.

The CEEF shall not be used fotheer projects besides CEEF projects.

5. Expensive maintenance on an existing CEEF project, as determined by @EF Boardshall

be considered a new project.

CALVIN ENERGY EFFICIENCY FUND

) 4

DIRECT & INDIRECT COSTS

B

Fund Allocation Criteria

SAVINGS

CONTINGENCY

~80% ~20%

GREEN INTERN
PROJECTS WAGES

Figure A1-2. The Calvin Energy Efficiency Fund allocation diagram

1. The CEF shall cover all direct costs related to project funding along with CEEF related
indirect costs.
a. Direct Costs
i. Approximately 80% of project spending shall be designated for Blue
projects.
ii. Approximately 20% of project spending shall be designated for Green
projects.
b. Indirect Costs
i. CEEF Interrwages
2. 10% of the CEEF shall be allocated as a dedicated savings (contingency) and shall act as a
dynamic minimum, which increases with CEEF growth.
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a. All CEEF income shall renew the 10% contingency before continuing
implementation of new projects.

b. The contingency fund shall ensure CEEF growth and account for unexpected
maintenance costs.

The growth and replenishment of the CEEF contingency is shown in Figure 3.

All projects
on hold until
contingency
minimum is

Balance [$]

Total Fund
===-=Contingency Minimum

Time [yr] 10 15

Figure A1-3. The dynamic CEEF contingency in relation to the total fund balance
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Appendix A2: Project Proposal Form

Cal VIN COLLEGE
1201 Burian Sires, 5.E.
Giramd Rapids, Wi 455884301

NAME . DATE
DEFARTMENT / MAJOR
PROJECT TYPE (Salecl all that applyl
[ ] ENERGY EFFICIENCY [ ] cARBON NEUTRALITY
[] OTHER
FPROJECT DESCRIPTION

F"Z:I.Z-."'Zil Drascriplion must explain tha progacl lypa sa aclad above and spac [:.- possible banafis.

PROJECT D NUMBER DATE OF EVALUATION

approvar LrReJsECTION
REASON(S) FOR APPROVAL / REJECTION

INTEMDED DATE OF PHASE |11 COMPLETION

e e e e e e e e e e e e e —— . e ————— e ——— . ——— i ——— — ———————— ———— ———
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PHARE Il ~OW CEEF CLUB LISE ONLY

ACTUAL DATE OF PHASE Ill COMPLETION
ELECTRICITY ENERGY COMSUMPTION [\ -hr )
Curmant Projected

NATURAL GAS ENERGY CONSUMPTION (iharms/yr)
Cumant Projected

OTHER ENERGY CONEUMPTION (unisfyr)
Current Projected

INSTALLATION COSTS (5}
Labor Matarial Othar
Total Installation Costs
ESTIMATED MAINTEMANGE COSTS (5/yr)
Labor Material Othar
Total Maintenance Costs
MARGIN OF ERROR
Prica Projection Errar +/-
Calculation Error +£

INTERM SIGNATURE OF APPROVAL DATE

PHARE IV ~0W CEEF BOARD LISE ONLY

DATE OF EVALUATION
CapProvar [IreJECTION
REASON(S) FOR APPROVAL / REJEGTION

PROJECT IMPLEMENTATION DATE

Al10
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CEEF Finances



Introduction

The Financial Team analyzed the monetary feasibility of each project pursued by the technical
teams. Energy savings were collected to determine the financial savings of each project. The
projects were ranked based on their payback periods and implementeid the cash flow diagram
accordingly.

Description

Using energy projections and energy savings from the technical groups, the Financial Team
computed the cost savings. The energy models, for therraad kilowatts, were taken from the U.S.
Department of Energy. The model was extended linearly between the years of 2030 and 2058
because the Department of Energy model only projected through 2030. Each project was evaluated
for three cases: pessimisticnominal, and optimistic. The description for each case can be seen
below in Table B1.

Table B1: Pessimistic, Nominal, and Optimistic Case Descriptions

Pessimistic | Nominal | Optimistic

Upfront Costs High ¢ Nominal - Low Z
Ongoing Costs High ¢ Nominal - Low Z
Energy Savings Low Z Nominal - High ¢
Energy Cost Projection Low Z Nominal - High ¢
Opportunity Cost of Capital High ¢ Nominal - Low Z
Inflation Rate High ¢ Nominal - Low Z

Fund Investment Low Z Nominal - High ¢
Intern Costs High ¢ Nominal - Low Z

To analyze each project, the assumption was made that installation was immediate. Each project
was compared to a nominal 6% opportunity cost of capital. Each project was evaluated for every
year on the fifty year energy projection. The account of the €E is continually invested in a
nominal interest bank account. Upfront and ongoing costs are projected solely based on inflation.
The intern pay is projected to be 8 $/hr for 1015 hrs per week and 32 weeks per year. The savings
and costs are balancedrmually.

Results

Based on a potential seed amount of $100,000, the potential project implementation schedule can
be seen in Table B2.




Table B2: Project Implementation Dates

Forced Computer Shutdown
2009 Dorm Hall Lights

Dorm Tunnels

Motion Sensors
2010 Light Harvesting
Chapel Airlock
2011 Light Replacement

These projects were scheduled based upon the time of their payback. The Commons Windows and
Solar Water Heating projects were not scheduled. The Commons Windows project would be better
integrated into the upcoming renovation of Commons. The Solar Watkleating was not scheduled
because the initial cost was outside the scope of the initial seed money. The financial calculations
for each project can be seen in the Appendix. The cash flow of the scheduled projects can be seen
below in Figure B1.

$2,000,000 -
& $1,800,000 -
S $1,600,000 -
§$1,4oo,ooo .
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Figure B1:Cash Flow Diagram
Conclusion

The Financial Team has determined that the majority of these projects are financially feasible with
potential cost savings for Calvin. In addition to goals of financial stewardship the fund also shows
environmental responsibility. The CEEF is expected to be sustainable as long as new and viable
projects are introduced
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CALVIN ENERGY EFFENCY FUND

Appendix C

North Hall Lighting Fixture Replacement



Introduction

Currently, the classrooms, computer labs, and facultgffices in North Hall at Calvin College use
lighting fixtures that are designed for, and use T12 fluorescent lamps. These products are currently
being phased out in the lighting industry are will no longer be available in five to ten years. The
new lighting fixture that is quickly becoming the industry standard is the T5 fixture, which has
already been installed in the hallways of North Hall. This project will examine the feasibility of
replacing the current T12 fixtures in North Hall with the new T5 fixures, and the energy savings
that this would bring.

Description

In order to determine the annual energy savings by implementing the new lighting fixtures, the
current number of fixtures had to be counted. All three floors of North Hall were included, aride
total number of light fixtures affected by this project came to 459. This number includes 248
fixtures in computer labs and classrooms, and 211 fixtures in faculty offices. This number does not
include any hallway lighting, as these fixtures have mdady been updated.

Another benefit of the new T5 fixtures is that they output a great deal of light. A comparison test

was done to see the different amount of light output by the old and new fixtures. Currently, a
regular North Hall faculty office hastwo T12 fixtures installed. Don Winkle, an electrician at Calvin

#1 11 ACA6O PEUOEAAI bl AT Oh ET OOAITAA A OEITCIA 4vu
was used to take the light level in each office in various locations. The resuifsthese light readings

are included in Appendix C1. It was found that a single T5 fixture could replace the current office

setup of two T12 fixtures without significant light loss. This means by replacing the North Hall
lighting fixtures, the total number of fixtures may be brought down from 459 to 354.

In order to measure the energy usage of each fixture, the amount of electrical current (in Amps)
was measured going into each kind of fixture. It was measured that a currentT12 fixture uses about
0.75 A,while a single T5 fixture uses only about 0.5 A. Using the following formula, where V is the
supplied voltage in Volts and P is the power used in Watts, the current draw of each fixture was
used to find the energy use per lighting fixture.

P=V-I (C1)

Next, the current lighting energy usage and predicted lighting energy usage needed to be calculated.
In order to do this, the number of hours per day the lights are on in North Hall was predicted. This
was done by splitting the calendar year into two pations: the academic year and the summer.
Then, the number of hours per day that the lights are on was estimated based on observation and
previous personal experiences. Each type of room, classroom and office, was given a specific number of
hours per day. Using the length of each portion of the calendar year, the number of hours per year for each
room was calculated. By multiplying this number by the energy usage found in equation (1) and
summing for the total number of lighting fixtures, the annual enagy usage for each type of fixture
was calculated.



Results

After performing the above analysis, the total energy usage using both T5 and T12 fixtures is shown
below. Upper and lower uncertainty values were also calculated by adjusting the predicted daily
usage of the light fixtures. These usage assumptions are included in Appendix C2.

Table C1:Current and Projected North Hall Lighting Energy Usage

T12 Fixtures T5 Fixtures
Annual Energy Usage (per classroom fixture) 162 kKWh/yr 108 kWh/yr
Annual Energy Usage (per office fixture) 226.8 kKWh/yr 151.2 kWh/yr
Total Annual Energy Usage 88030.8 | kWhlyr 42811.2 kWh/yr
Total Annual Energy Savings 45219.6 kWh/yr

Conclusion

By replacing the current lighting fixtures in the North Hall classrooms and offices, Calvin College
will save approximately 45,000 kWhr per year. However, there are additional benefits to changing
from the current T12 fixtures besides just an energy samgs. The lamps used in each fixture have
an approximately equal lifespan, 20,000 hours, but those used in T5 fixtures do not lose their light
output or begin to flicker as time goes on. This is often a common complaint of T12 lamps. Also, the
new T5 fixtures require only two lamps per fixture, as opposed to the three lamps needed per T12
fixture. This will also bring a savings to Calvin College due to the lower number of lamps that need
replacing and the staff time that is needed to replace time. Anagh benefit to Calvin will be a
reduced heat load due to fluorescent lighting. The new T5 lamps give off less heat than the
currently used T12 lamps. This may bring a savings by requiring less aionditioning during the
summer months. However, this enggy savings is unable to be included due to there being no
feasible way to measure the energy required to offset the heat given off by a single lighting fixture.
Yet another benefit of switching to these new fixtures is that an RT5 fixture requires one eteonic
ballast per fixture, while a T12 fixture requires two magnetic ballasts per fixture. Lighting ballasts
are usedto control the starting and operating voltages of fluorescent lamps. By reducing the
number of ballasts involved in lighting, CalvinCollege may see a financial savings in the future due
to the reduction of replacement parts needed. Overall, this project is definitely feasible and will
provide Calvin College with an immediate energy savings, along with numerous other benefits.



Appendix C1: Light Output Comparison

Table C1-1: North Hall Office Light Illluminance Comparison

Office of L. Van Drunen

Office of B.

Medema

Two T12 fixtures | One T5 fixture | Two T12 fixtures | One T5 fixture

llluminance [fc] | llluminance [fc] | [lluminance [fc] | llluminance [fc]
Floor, under fixture 27.3 30.9 18.4 26.8
Corner Window 7 9.2 6.6 9.3
Computer 35.7 32 15.7 24.3
Shelf 20.8 17.9 9.8 12.5
Corner Heater 14.8 18.1 11.8 17.5

Table C1-2: North Hall ClassroomLight Illuminance Comparison

ROOM 064 ROOM 168
llluminance [fc] | llluminance [fc]
Middle 714 68.9
Front 49.5 54.5
Left 17.6 35.8
Right 24.2 32.7
Back 45.5 48.8




Appendix C2: Energy Usage Calculations

Table C2-1: Current and Project Energy Calculations

Current Lighting

Proposed Lighting

Current Draw (per fixture) 0.75 A 0.5 A
System Voltage 120 Vv 120 V
Energy Usage 0.09 kw 0.06 kw
Daily Classroom Usage (academic year 10 hrs 10 hrs
Daily Office Usage (academic year) 12 hrs 12 hrs
Daily Classroom Usage (summer) 0 hrs 0 hrs
Daily Office Usage (summer) 6 hrs 6 hrs
# of Classroom Fixtures 248 248
# of Office Fixtures 211 106
Annual Energ;:c_Usage (per classroom 162 | KWehriyr 108 KW
ixture) hr/yr
Annual Enerfgy Usage (per office 226.8 | KWehriyr 151 2 KW
ixture) hr/yr
Annual Energy Usage (North Hall) 88030.8| kWthrlyr 42811.2 r:(r\xr
Annual Energy SAVINGS (North Hall) 0 KWEhr/yr 45219.6 r:(r\xr
Table C2-2: Upper and Lower Uncertainty Energy Calculations
Lower Upper
Uncertainty Uncertainty
Current Draw (per fixture) 0.5 A 0.5 A
System Voltage 120 \% 120 Vv
Energy Usage 0.06 kw 0.06 kw
Daily Classroom Usage (academic year) 12 hrs 8 hrs
Daily Office Usage (academic year) 12 hrs 10 hrs
Daily Classroom Usage (summer) 4 hrs 0 hrs
Daily Office Usage (summer) 8 hrs 4 hrs
# of Classroom Fixtures 248 248
# of Office Fixtures 106 106
Annual Energy Usage (per classroom fixture) 144 | kWrhr/yr 86.4 | kWthr/yr
Annual Energy Usage (per office fixture) 158.4 | kWthr/yr 122.4 | KWthrlyr
Annual Energy Usage (North Hall) 52502.4| kWthrlyr 34401.6| kWthr/yr
Annual Energy SAVINGS (North Hall) 35528.4| kWthrlyr 53629.2| kWthr/yr
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<AcuityBrands.

Lighting

www.lithonia.com

4 AOOET (

- Lithonia Testing Laboratories

P.O. BOX A, CONYERS, GA 30013-9912
E-mail litheniaglithonia.com

DATE: APRIL 30, 2004

PRINT DATE: September 7, 2004
MANUFACTURER:LITHONIA LIGHTING

LUMIMAIRE CATALOSG NO.- 2RTS 2 28T5 LPM
LUMINA'RE DESCRIFTICON-VOLUMETRIC RECESSED LIGHTING FIXTURE.
LAMP CATALOG NO.: FP2B/E3SIECO

LAMP DESCRIPTION: TWO 28-WATT T-3 LINEAR FLUORESCENT, RATED 2730 LUMENS EACH AT 25C AMBIENT.
LUMENS PER LAMP: 2730

CANDELA DISTRIBUTION

]
o 1770
5 1768
10 1742
15 1685
20 1632
25 15655
30 1458
35 1338
40 1183
45 1044
50 874
55 G685
60 528
B5 382
T0 278
75 178
ED &5
B5 2D
B0 D

ZONAL LUMEN SUMMARY

225
1770
1772
1750
1707
1848
1573
1477
1383
1230
1085
B2a
T7S
629
493
372
260
137
M4
]

45
1770
1755
1735
1700
1852
1581
1508
1413
1228
176
1053
28
02
a78
513
314
140
23
]

LT
1770
1752
1746
177
L
1622
1548
141
1358
1254
1144
1034
916
728
501
280
102
19
0

ED
1770
1750
1740
1707
1675
1623
1583
1473
1375
1280
177
1071
044
75
431
257
B8
21
0

Zonz  Lumens % Lamp % Fature
0°-30° 1383.0
0°-40° 2264.0
0° - 80° 3ETET
0°-90° 4B08.3

BD® - 180"

oo

0*-180° 40083

253
415
728
EoD
0o
Eo@

232
481
81.0
100.0
0.0
1000

LUMINAIRE EFFICIENCY:82.9%

CIE CLASSIFICATION: Direct

SFACING CRITERIA{0-Deg): 1.2
SPACING CRITERIA{90-Deg)-1.3

AVERAGE LUMINANCE (cd/im2)

0®
45 2085
55 171@
65" 1320
75" 8B
83" 4BB

45°
2380
2296
277
1722
374

on®

2569
2650
2401
1402
342

Ave
1770
1761
1743
1706
1858
1584
1508
1411
1203
1168
1038
BD5
771
G614
441
268
113
25
0

Caleulations based on [ES File Luminous Area:
2328in. Wx4602in. L=00m H

Lumens

167

482

T34

281

TEST MO: LTL13260

o*

20"

470"

50"

TESTED BY:

This report is based on [ES procedures. Votage and maintenance, a5 well as lamp and ballast characierstics, affect field
performancs. Test distance exceeds five times the maximum dimension of the luminous cpening.
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<AcuityBrands. - Lithonia Testing Laboratories

Lighting P.O. BOX A, CONYERS, GA 30013-9912
www.lithonia.com E-mail lithoniag@lithonia.com
DATE: APRIL 30, 2004 FRINT DATE: September T, 2004 TEST MO: LTL13260

MANUFACTURER:LITHONIA LIGHTING

LUMINAIRE CATALOG NO.: 2RTS 2 2BTSLPFM

LUMINAIRE DESCRIPTION:VOLUMETRIC RECESSED LIGHTING FIXTURE.

LAMP CATALOG NO.: FP2B/BISIECO

LAMP DESCRIFTION: TWO 28-WATT T-5 LINEAR FLUORESCENT, RATED 2730 LUMENS EACH AT 25C AMBIENT.
LUMENE PER LAMP: 2730

COEFFICIENTS OF UTILIZATION

of 20%

pe 20% 50% 0% 10% 0%
oW 50% 30% 10% 50% 30% 10% 50% 0% 10% 50% 30% 10% 0%
] 107 107 107 107 100 100 100 o8 96 06 92 @2 @2 o0
1 03 M M oET BEa a8 83 B85 23 & 3z 80 7B 7
2 Bg 82 T M 77 731 6d T4 T1 a7 T2 69 66 64
3 B2 72 B85 =B 68 82 53 68 &1 57 g3 58 56 54
4 75 84 58 =0 61 54 49 59 53 49 57 52 48 43
5 69 57 49 43 54 48 43 53 47 42 51 48 42 40
] B3 52 44 3B 49 42 37 43 42 37 48 41 37 35
7 50 47 39 33 45 38 33 43 37 33 42 37 13 31
E 5 43 35 2D 41 34 30 40 24 29 ¥ 33 27
] 51 3@ 31 7 | 3 27 ar 3 24 3 30 26 25
10 43 36 29 24 35 28 24 34 2B 24 32 28 M4 22

SINGLE LUMINAIRE PERFORMANCE
Task Height: 2.5t
50% beam - 66.5% 10% beam - 110.8°

Maounting nital FC

Height Center Beam Diameter FC  Diameter FC

E.D G3.4 7.2 268.7 18.0 53

10.0 30.0 ] 14.7 21.8 29

12.0 19.0 125 8.2 276 13

14.0 13.2 15.1 8.3 334 1.2

18.0 b.a 177 44 8.2 0.4

This regort is based on ([ES procedures. Voltage and mantenance. as well as lamp and ballast characteristics, affect feld Page 2 of 2

performance. Test distance excesds five fimes the maximum dimension of the luminous opening.



Appendix C5: Individual Component Pricing

Table C5-1: Individual Component Pricing

Cost

Component

$130

RT% Fixture (includes fixture, ballast, and two T5 lam

$100

Replacement Ballast

$5.21

Replacement T5 Lamp




Appendix C6: Fluorescent Lamp Cost History and Forecast

Table C6-1: Fluorescent Lamp Cost History and Forecast

Time (years) T-12 T-8 T-5
-10 $ 3.00| $ 4.50
-3 $ 130 $ 200 $ 6.50
0 $ 123 $ 175 $ 5.21
3 $ 140| $ 1.75| $ 5.00
10 $ 200 $ 1.75| $ 4.00

.
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CALVIN ENERGY EFFENCY FUND

Appendix D

Motion Sensors



Introduction

The objective for the motion sensor project was to determine the energy savings accumulated by
installing motion sensors in the residence hall basements. The scope of this project will include 3
the study room, the laundry am, and the common room. The

energy currently used in the residence hall basements will be compared to the projected amount of

areas of each basement wing:

energy used with the proposed motion sensor system.

Description

The current energy consumption of the lights in the residencedil basements wasalculated based

on the equation:

where | is the current draw per lamp, V is the system voltage, andskeis the energy used per lamp.

Eusage: ¥

(D.1)

This value was multiplied by the total number of lamps to find the total energysage in kW of the
lamps in the residence hall basement wings.

Values were estimated for the duration of time per day in which the lights are on in the residence

hall basements (Table D1). A second set of duration values were estimated for the amountiroe

the lights would be on with the proposed motion sensor system. The energy usage value was used
along with the time estimates to calculate the energy usage per year for the current and proposed
setups. This was repeated for best and worst case durah times, by adjusting the estimated time

the lights will be on with the proposed setup.

Table D1: Estimated Light Usage Time

Daily Study Room Usage
Daily Laundry Room Usage

Daily Common Room Usage

Current Nominal Worst Case Best Case
16 hrs/day | 10 hrs/day | 12 hrs/day | 8 hrs/day
12 hrs/day | 4 hrs/day | 6 hrs/day | 2 hrs/day
24 hrs/day | 16 hrs/day | 18 hrs/day | 14 hrs/day

The duration estimates were based on the experience of team members and consultation with
current residence hall residents. It was assumed that there would be no usage of basements lights

during the summer weeks and breaks and that usage is constant thrgliout the academic year.

The installation cost of the proposed system was calculated using labor and material costs obtained

AOT i $11 7ETEIA

(quoted by West Michigan Lighing) and the cost of wiring needed to install each package. The
motion sensors used will WattStopper dual technology sensors in the common rooms and study
rooms, and WattStopper wall mounted infrared technology sensors will be used in each laundry

room.
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Results

The proposed motion sensor installation in the residence hall basements would save Calvin College
approximately 86.4 MWh/year in the nominal case (Table D2).

Table D2: Energy Savings

Energy Savings (kW -
h/yr)
Nominal 86416.2432
Best 109734.912
Worst 63097.5744

The installation cost for the nominal case is $25900, and the best and worst cases for cost are found
by adjusting the estimated labor costs (Table D3). The cost of labor was adjusted by varying the
time to install each sensor.

Table D3: Installation Cost

Installation Cost ($)

Nominal 25900
Best 23310
Worst 28490

The above installation costs were compared to the cost savings associated with the above reduced
energy consumption to determine the time needed to for the project tpay for itself.

Conclusion

The proposed project is a valuable option as a potential CEEF project. Because of its relatively low
up-front cost, it pays off quickly and offers high economic and energy savings. It can also be
installed relatively quickly; all installation could be completed over an academic break such as
Christmas break or over the summer. Motion sensors are a viable option for the residence hall
basements, and a gabinvestment for Calvin College.

D2




Appendix D1: Cost Data and Assumptions

Table D1-1: Cost Data
Installation/Material costs
Material/Labor Cost, Study roomg$/room]
Material/Labor Cost, Laundry rooms[$/room]
Material/Labor Cost, Larger Common room$$/room]

Motion Sensor Cost

DT-300 (dual technology, ceiling mounted)$]
DT-200 (dual technology, wall mounted)[$]

Table D1-2: Assumptions

No usage during summer months

Price per unit= $150 (dual technology)

Use dual technology for alapplications (only $10 extra)

One sensor (WattStopper DA300) covers a 40" x 40'
square area (detecting hand motion)

Use walltmounted sensor for laundry rooms ($50)

Constant usage during academic year

4 DT-300 sensors needed per wing for common room

300
150
600

150
50

D3



Appendix D2: Energy and Installation Cost Results

Current Setup
Current Draw (per lamp) - ASSUMING
T8 LAMPS 0.21 A
System Voltage 120 V
Energy Usage 0.0252 kw
Daily Study Room Usage (current) 16 hrs/day
Daily Laundry Room Usage (current) 12 hrs/day
Daily Common Room Usage (current) 24 hrs/day
# of Study Room Fixtures (avg) 20 fixtures
# of Laundry Room Fixtures (avg) 12 fixtures
# of Commom Room Fixtures (avg) 30 fixtures
Annual Energy Usage (per study
room) 3919.104 KkWhlyr
Annual Energy Usage (per laundry
room) 2645.3952 kWhlyr
Annual Energy Usage (per common
room) 8817.984 KkWhlyr
Annual Energy Usage (per basement
wing) 15382.4832 kWhl/yr
Days lights on each year 243 dayslyr
TOTAL ANNUAL ENERGY USAGE (tot:
of all wings) 215354.7648 KkWh/yr
TOTAL ANNUAL ENERGY SAVINC
(total of all wings) 0 kWh/yr
Installation Cost (Materials+ Labor) 0 %

Proposed Setup

0.21
120
0.0252
10

4

16

20

12

30

2449.44

881.7984

5878.656

9209.8944
243

128938.5216

86416.2432

25900

A

\Y;

kW
hrs/day
hrs/day
hrs/day
fixtures
fixtures
fixtures

kWh/yr
kWh/yr
kWh/yr

kWh/yr
days/yr

kWh/yr

KWh/yr

Proposed Setup - Uncertainties

Worst Case

0.21
120
0.0252
12

6

18

20

12

30

2939.328

1322.6976

6613.488

10875.5136
243

152257.19

63097.5744

23310
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\Y;

kW
hrs/day
hrs/day
hrs/day
fixtures
fixtures
fixtures

kWh/yr
kWh/yr
kWh/yr

kWh/yr
days/yr

kWh/yr

KWh/yr

Best Case

0.21
120
0.0252
8

2

14

20

12

30

1959.552

440.8992

5143.824

7544.2752
243

105619.853

109734.912

28490

A

Vv

kW
hrs/day
hrs/day
hrs/day
fixtures
fixtures
fixtures

kWh/yr
kWh/yr
kWh/yr

kWh/yr
days/yr

kWh/yr
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Appendix D3: Financial Submittal Sheet

Table D3-1: Motion Sensor Project Financial Sheet

Group Name
Project Name

Technical Group 1
Lamp Replacement

Description Replace current North Hall light fixtures
Implementation | Time-span ~1 month to install
Electricity Current Energy ConsumptionkW-hrs/yr) 88,030.80
Projected Energy Consumption (kW-
hrs/yr) 42,811.20
Natural Current Energy ConsumptionTherms/yr) 0.00
Projected Energy Consumption
Gas (Thermslyr) 0.00
Other Current Energy Consumption(Units/yr) 0.00
Projected Energy ConsumptiorfUnits/yr) 0.00
$
Installation Labor Cost 6,160.00
$
Material Cost 53,260.00
Other Cost
$
Total Installation Costs 59,420.00
$
Ongoing Costg$/yr) 87.92

Min Max
52502.4 34401.6
# of
fixtures
352
Min Max
$ $

53,478.00 65,362.00
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CALVIN ENERGY EFFENCY FUND

Appendix E

Hekman Library Light Harvesting



Introduction

The goal of this project was to investigate a specific area of campus (namely the fifth floor of the
Hekman Library) to see how much usable sunlight was being let in through nearby windows, and to
determine how much energy could be saved by installing aglt harvesting system to turn off the
lights when they are not needed.

Description

In order to properly judge how much energy would be saved, the operating conditions of the
current and proposed system needed to be determined. First, the current operaginconditions
were estimated to be 121 fixtures (2 bulbs each), running continuously during standard operating
hours of the library. The proposed system would monitor these fixtures in 5 different lighting
zones (North, South, East, and West facing walemd Rev. H. J. Kuiper Reading Room), turning off
unneeded fixtures as light levels increase from natural light. Figure E1 below shows a diagram of

the proposed lighting zones.
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Figure E1. Hekman Library Lighting Control Zones

For a good estimate of how mch energy would be saved with the proposed system, an analysis of
the amount of available daylight for harvesting indoors was needed. The outdoor light levels were
measured using a light sensor that output the light intensity in footcandles. Then, thedoor light
levels were recorded with the interior lights off. This gave a good approximation of how much light
entered the building through the windows.

Next, a minimum light level needed to be obtained. To do this, light levels were simply recorded at
night, when no exterior light was entering the buildings, with the regular interior lights on.

Once a minimum allowable interior light level was obtained, and an estimated percentage of natural
daylight that enters the building was determined, an energyavings analysis could be performed
using previously recorded sunlight data. The data used for this project came from the Grand Rapids
airport, which supplied sunlight in lux. Lux can be easily converted to footcandles (1 lux = 0.093 fc).




After average sinlight data was obtained, using the previous two calculations yielded a yearly

energy savings.
A o .
74 V LS-290C v2
.
> @@i 50 fc

| Cutoff level: 100fc |
( —‘ ]
Figure E2. Indoor Light from Fixture and Sunlight
#1 060 AAOA xAO 1 AGAET AA xEOE OEA EAI D 1T &£ +AT AATI
Physical Plat. Each of the five zones in the proposed system would require a package containing a

power pack, photo sensor, on/off controller, and enclosure. This package contains what is
necessary to control the lights based on the ambient light intensity in theoom.
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<
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Results

The total projected energy savings for this project comes to about 12.3 MWyear, assuming a
3.7% light infiltration rate from available outdoor light, and a minimum indoor lighting cutoff of
100 footcandles. This is a conservative estimates the minimum allowable indoor light is 46.6
footcandles.

The light harvesting can only be utilized up to 15 feet from a window. At distances further than 15
feet from the window, the light loses too much intensity and is no longer usable.

The installation costs for this project include $500 per zone for thepfront equipment cost, $1400
for installation labor ($35/hour for 8 hours per zone), and another $420 for miscellaneous
installation materials. The total installation cost for the proposed system eoes to $4320.

Conclusion

This project has a relatively low installation cost, and has the potential to save even more energy
than projected. It is because of these reasons that the project is a good candidate for a CEEF project.
Installation times are sightly longer than comparable projects, but are not unreasonable. Other
areas of campus could also benefit from this type of system, and should be included in future CEEF
research.



Appendix E1: Library Light Usage Energy Savings

Assumptions

"Current Energy Usage" assumes every fixture in that zone is on during open hours of the library
All fixtures draw an equal amount of current: 0.42 A (0.21 A per lamp)
"Projected Energy Usage" includes assumptions stated on sheet2

Lights turn off if light sensed (incoming outdoor light + light from lamps) is greater than 80 Fc

Outdoor Light Level 1000 Fc
Cutoff Light Level (ON/OFF) 100|Fc
Lights OFF 2021 hrs/yr
Avg. Night Light Level Ratio of Light
Zone Light Level [Fc] (Fixtures off) [Fc] (Zone over Outdoor)
North-Facing Wall 52.17 43.28 0.0433
East-Facing Wall 34.34 43.22 0.0437
South-Facing Wall 54.23 18.3( 0.0183
West-Facing Wall 47.17 29.23 0.0297
Rev. HJ Kuiper Reading Roon| 46.84 52.5] 0.0524
AVERAGE 0.0373
Proposed Setup
Current Draw Zone Power Current Energy | Projected Energy| Energy Saving
Zone Fixtures (per fixture) [A] Usage [kW] Usage [kKW-hr/yr]| Usage [KW-hr/yr]| [KW-hr/yr]
North-Facing Wall 32 0.42] 1.61) 6930.2( 3670.79 3259.41
East-Facing Wall 19 0.42) 0.96 4114.81 2179.5( 1935.31
South-Facing Wall 17| 0.42] 0.86] 3681.61 1950.04 1731.54
West-Facing Wall 21 0.42 1.06 4547.94 2408.97 2139.0
Rev. HJ Kuiper Reading Roon| 32 0.42] 1.61) 6930.2( 3670.79 3259.41
121 Total 26204.81 13879.94 12324.81
Uncertainty (Lower)
Current Draw Zone Power Current Energy | Projected Energy] Energy Saving
Zone Fixtures (per fixture) [A] Usage [kW] Usage [kW-hr/yr]| Usage [KW-hr/yr]| [kW-hr/yr]
North-Facing Wall 32 0.42] 1.61) 6683.44 3423.91 3259.41
East-Facing Wall 19 0.42] 0.96| 3968.29 2032.99 1935.3]
South-Facing Wall 17| 0.42] 0.86] 3550.54 1818.99 1731.54
West-Facing Wall 21 0.42 1.06 4386.01 2246.99 2139.0
Rev. HJ Kuiper Reading Roon| 32 0.42, 1.61 6683.44 3423.91 3259.41
Total 25271.71 12946.9( 12324.81
Uncertainty (Upper)
Current Draw Zone Power Current Energy | Projected Energy| Energy Saving
Zone Fixtures (per fixture) [A] Usage [kW] Usage [KW-hr/yr]| Usage [kW-hr/yr]{ [KW-hr/yr]
North-Facing Wall 32 0.42] 1.61) 7176.99 3917.44 3259.41
East-Facing Wall 19 0.42] 0.96| 4261.32 2326.01 1935.3]
South-Facing Wall 17| 0.42] 0.86] 3812.74 2081.117 1731.54
West-Facing Wall 21] 0.42] 1.06 4709.84 2570.84 2139.03
Rev. HJ Kuiper Reading Roon| 32 0.42 1.61 7176.96 3917.44 3259.41
Total 27137.8 14813.0] 12324.81
COST CALCULATIONS Labor Cost [$/hr] Installation Time [hrs] ~ Sensor Package Cost [$]
North-Facing Wall 35] 8 500
East-Facing Wall 35 8 500
South-Facing Wall 35] 8 500
West-Facing Wall 35 8 500
Rev. HJ Kuiper Reading Roon| 35 8 500
Materials [$] Labor [$] Sensor Packages [$] TOTAL [$]
Total Initial Costs 420] 140d 2500 432q



Appendix E2: Library Light Usage Hours

Proposed Setup

Time Period Period Length [days/yr] [Light Usage [hrs/day] |Total Usage [hrs/yr]
Summer (Mon-Thurs) 64 13.5 864}
Summer (Fri) 17| 9 153
Summer (Sat) 17| 4.5 76.9
Fall Sem. (Mon-Thurs) 60 17 1020
Fall Sem. (Fri) 15 13 195
Fall Sem. (Sat) 15 11.5 172.9
Interim (Mon-Thurs) 14 17 238
Interim (Fri) 4 13| 52|
Interim (Sat) 4 11.5 46|
Spring Sem. (Mon-Thurs) 64 17 1089
Spring Sem. (Fri) 16 13 208
Spring Sem. (Sat) 16| 11.5 184}
Total 4297  hrslyr
Uncertainty (Lower)
Time Period Period Length [days/yr] [Light Usage [hrs/day] |Total Usage [hrs/yr]
Summer (Mon-Thurs) 64 13 832
Summer (Fri) 17| 8.5 144 .9
Summer (Sat) 17| 4 68
Fall Sem. (Mon-Thurs) 60| 16.5 990
Fall Sem. (Fri) 15 12.5 187.5
Fall Sem. (Sat) 15 11 165
Interim (Mon-Thurs) 14 16.5 231}
Interim (Fri) 4 12.5 50
Interim (Sat) 4 11 44
Spring Sem. (Mon-Thurs) 64 16.5 1054
Spring Sem. (Fri) 16 12.5 200
Spring Sem. (Sat) 16 11] 176
Total 4144  hrslyr
Uncertainty (Upper)
Time Period Period Length [days/yr] |Light Usage [hrs/day] |Total Usage [hrs/yr]
Summer (Mon-Thurs) 64 14] 896
Summer (Fri) 17 9.5 161.5
Summer (Sat) 17| 5 85
Fall Sem. (Mon-Thurs) 60 17.5 1050
Fall Sem. (Fri) 15 13.5 202.5
Fall Sem. (Sat) 15 12 180§
Interim (Mon-Thurs) 14 17.5 245
Interim (Fri) 4 13.5 54
Interim (Sat) 4 12 48]
Spring Sem. (Mon-Thurs) 64 17.5 1120
Spring Sem. (Fri) 16 13.5 216
Spring Sem. (Sat) 16| 12 1924
Total 4450 hrslyr

Assumptions

Proposed Data assumes lights are turned on 1/2 hour before library opens

Uncertainty Data assumes lights are on 1/2 longer or shorter per day than proposed

All data refers to the previous summer and current academic year.

All data does not include special hours such as: exam hours, holidays, special hours, or breaks (spring break, christmas break, interim break, etc.)
All data refers to normal library operating hours during each part of the year (per campus safety's website and librarian contact)



Appendix E3: Library Measured Light Levels

ENGR 333 - CEEF - TECHNICAL TEAM 1
Library Light Harvesting Project
Flourescent Light Levels

* Light levels measured with
Extech Model 401027 Pocket Fo
Candle Light Meter Lights off - measured light level from ambient light through windows
Date 11/18/2008 Date 11/21/2008
Time 9:00 PM Time 12:00 PM
AVERAG AVERAG
LEVEL 46.6 Fc LEVEL 37.8Fc
Zone Level [Fc]| Avg [Fc] Zone Level [Fc]| Avg [Fc]
41.5 47.2)
36 48.1
29.8 41.7)
East 345 344 East 47.1 43.2
32 50.14
28.5 25.1
38.2
52 22.5
55.4 22.3
South 2421 54.2 South i;g 18.3
67.7] 13.1
64.3 12.8
46.3 18
54.3 30.6]
50.5 33.4
West 2.8 47.2 West ) 29.2
40| 33.9
50.14 30.5
51.5 41.8
68.2 47.1
58.7] 50.1
North 8.7 52.2 North 228 43.3
53.5 37.4
52.4 40.5
52.6 89.8
42.4) 75.7|
57.1 51.3
Reading 54.2) Reading 41
Room 42.2 46.8 Room 36 525
46.1 45.1
28.6 28.7|
51.5
AVERAGHE 46.6 AVERAGHE 37.8




Appendix E4: BT -203 Power Pack

52
= WattStopper
8 legrand’

LightSaver®

BT-203 Power Pack

SEE0 S BES0S0 LH €1 EBEARL

SPECIFICATIONS

UL and cUL Listed

Voltages ...
Secondary Power....
Contact Ratings
Operating Temperature..
DImensgions ....wmn

DESCRIPTION

The BT-203 power pack is designed for use with the Lightsaver
LCD-203 and LCO-203 Daylighting controllers. The BT-208 supplies
low voltage power to the controller. It has three normally open relays
used to switch line voltage in response to signals from the connected
controller.

Low voltage and control signalling is passed between the controller
and power pack using a quick connect cable fitted with RJ12
connectors at each end. Do not connect the quick connect cable to the
controller until all other wiring is complate and you are ready to power-
up the system.

WIRING

..100-277VAC 50/80Hz
1A @24VDC
..B20W @120 or 277VAC
.32°-104°F (D-40°C)
L2787 X 357" K 2,367
(70.0mm x 20.5mm X 60.0mm)

A WARNING A

TURN THE POWER OFF AT THE CIRCUIT EREAKER

BEFORE INSTALLING POWER PACKS
ONLY QUALIFIED ELECTRICIANS SHOULD ATTEMPT TO INSTALL
'WATT STOPPER POWER PACKS

Mot used —
NSO

BT-203

R

LightSaver®

Power
Indicator —

Quick Connect
Jack
to LCD-203

2 .
e Wall Sfopper® <2 sossas
or LCO-203 d

Line Voltage [ WS-

Terminals ———@ ®
2

|

=2 el
SO
=%

L,
SIS

3 |4

b=l
Line A g
.|

Chan 1
Load
Chan 2
Load
Chan 3

Line B

Line C

MNeutral

BT-203
Power Pack

LCD-203 or LCO-203
Controller

DIN Rail

OPERATION

The BT-202 supplies 24VDC to the controller. If the cumrent
drawn from the BT-203 exceeds specifications the +24VDC
output shuts down and the LED tums off. After the fault condition
is cleared and the power is cycled, the BT-203 automatically
attempts to restors the +24VDC output.

LED Indicator

The BT-202 has a green LED indicator. It iluminates when
power is applied and the power pack is operating within
specifications.

Installation Notes

+ BT-203 power packs are designed for installation inside
lighting panels or electrical enclosures that are fitted with a
DIN-rail.

Line and low voltage must be separated. Line and low voltage
wires must not enter the enclosure through the same
knockout.

Power packs must be installed in accordance with state, local
and national electrical codes and requirementz.

The quick connect cable ig 127 long (30.5mm). It is supplied
with the controller, which is either the Lightsaver LCD-203 or
LCO-203,

After initial wiring is complete, check wiring diagram to verify
power pack is wired correctly. Improper wiring can cause
damage to power pack, lighting system, and the Lightsaver
controller.

2800 De La Cruz Boulevand, Santa Clara, CA 95050
Technical Support: 200,879.8585 - 972.578.1600
wiww. wattstopper.com
0425001 02/2005
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Appendix E5: LS-290C v2 Photocell

LightSa\rer@

" WattStopper LS-290C v2 Photocell
Qlegrand’

SPECIFICATIONS

UL and cUL Listed, Class 2

Voltage e 24VDC
Signal range .. 0-10VDC
Light level range...selectable, 3 to 300fc, 30 to 3000fc, 60 to 6000fc

DESCRIPTION b
The LS-290C v2 is a low voltage photocell used with a LightSaver

LCD-203 or LCO-203 dayighting controller. The LS-2200 w2

photocell senses light levels and signals this data to the controller.

The LS-290C v2 is powered by the controller. ;

Photocell Placement

The photocell is designed for mounting in a dry location that views
davlight. The photocell should not directhy view illumination from an
electric light =ource. Figure 1 shows the LS-290C 2 field of view.

) . ! Figura 1: Field of view & mounting
Where windows are the primary source of daylight, the photocell

typically mounts on the ceiling between the window and the first row
of fitures (ses Figure 2). The photocell points toward the window.

For skylight applications, the photocell mounts in the lightwell

of the skylight and should view the incoming daylight. Typically,

the photocell is aimed toward the skylight. The: light level range
adjustment jumper may nesd to be changed to 60-6000fz for skylight
applications.

Light Level Testing

Before installing the photocell, verify the daylight levels on a sunmy
day at the proposed location of the photocell. With the lights
switched off, use a light meter to read the daylight level. Orient the
light meter in the same direction that the photocell will view. The light

Igvals uncler sunny conditions must be at least 35 fqotcandles_. If the Figure 2: Placemant
light levels are less, you should select ancther location or rearient the
photocell.
d

f 15 LS-200C v2
INSTALLATION K\
Wiring and Testing Poak

2l
Mazirmum wire distance from the contraller to the LS-290C +2 is 250 Sensitivity Light Fisxtura
feet. Use 22 AWG 3-conductor twisted cable, egual to Belden 8443,
1. To access the LS-290C v2 wiring terminals, insert a small, flat-

Winconw

blade screwdriver into a slot on the housing and remove the base
from the lens assembly.

r

Review the Mounting section to determine how the cable to the
controller will enter the photocell housing. Madify either the lens
housing or the base as instructed in Final Mounting, step 2A or 2B.

[

. Gonnect wiring to the contraller as shown in Figure 4. (f flush

mounting, feed the cable through the baze before terminating.) Figure 3: ng basa from

lans assombly
4. Make sure the footcandle range jumper iz in the comrect position for

the expected light level. (See Ranges Adjustment on the next page,

and the controller instructions for information about photocell

range adjustrment.)

w

. Return the base to the lens aszembly.
a) Align the arrow and sun icon inside the base with the lens.
b} Use gentle pressure to snap the parts together.

]

Power-up the controller. Verify the photocell wiring by reading the
controller display. As you cover and uncover the photocell, the
reading should change. The controller reading shows the minimum
value of the programmed range if the light level is below the range,
or if the photocell is not properly connected.
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