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Background  

4ÈÅ #ÁÌÖÉÎ #ÏÌÌÅÇÅ %ÎÇÉÎÅÅÒÉÎÇ σσσ ÃÌÁÓÓ ÏÆ ςππψ ×ÁÓ ÃÈÁÌÌÅÎÇÅÄ ×ÉÔÈ ÔÈÅ ÑÕÅÓÔÉÏÎȟ Ȱ7ÈÁÔ ×ÏÕÌÄ ÉÔ 

ÔÁËÅ ÔÏ ÉÍÐÌÅÍÅÎÔ ÁÎ ÅÎÅÒÇÙ ÅÆÆÉÃÉÅÎÃÙ ÆÕÎÄ ÁÔ #ÁÌÖÉÎȩȱ  "ÅÆÏÒÅ ÁÄÄÒÅssing this question, another 

ÈÁÄ ÔÏ ÂÅ ÁÓËÅÄȡ Ȱ7ÈÁÔ ÉÓ ÁÎ ÅÎÅÒÇÙ ÅÆÆÉÃÉÅÎÃÙ ÆÕÎÄȩȱ  !Î ÅÎÅÒÇÙ ÅÆÆÉÃÉÅÎÃÙ ÆÕÎÄ ÉÓ Á ÒÅÖÏÌÖÉÎÇ ÆÕÎÄ 

which takes seed money from donations, tuition, or grants and invests it into projects that save 

energy.  Energy cost savings from 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 

ÏÒÇÁÎÉÚÉÎÇ ÁÎÄ ÁÎÁÌÙÚÉÎÇ ÔÈÅ ÆÅÁÓÉÂÉÌÉÔÙ ÏÆ ÃÁÒÒÙÉÎÇ ÔÈÉÓ ÏÕÔ ÏÎ #ÁÌÖÉÎȭÓ ÃÁÍÐÕÓȢ   

Intro duction  

The Calvin College Statement on Sustainability ÓÔÁÔÅÓ ÔÈÁÔ ÉÔ ÉÓ ÔÈÅ ÃÏÌÌÅÇÅȭÓ ÉÎÔÅÎÔ ÔÏ ȰÃÈÁÌÌÅÎÇÅ ÁÌÌ ÏÆ 

us to lead lives of meaning and purpose in a relationship to the physical world, lives that promote 

ÈÅÁÌÉÎÇ ÁÎÄ ÒÅÃÏÎÃÉÌÉÁÔÉÏÎ ÁÍÏÎÇ ÁÌÌ ÅÌÅÍÅÎÔÓ ÏÆ ÔÈÅ ÃÒÅÁÔÉÏÎȢȱ !Ó ÍÅÍÂÅÒÓ ÏÆ #ÁÌÖÉÎ #ÏÌÌÅÇÅȭÓ 

%ÎÇÉÎÅÅÒÉÎÇ σσσ ÃÌÁÓÓȟ ÓÔÕÄÅÎÔÓ ÕÎÄÅÒÔÏÏË ÔÈÉÓ ÔÁÓËȟ ÆÏÃÕÓÉÎÇ ÓÐÅÃÉÆÉÃÁÌÌÙ ÏÎ #ÁÌÖÉÎȭÓ ÓÔÁÔÅÍÅÎÔ ÔÈÁÔ 

ÔÈÅÙ ȰÃÏÎÔÉÎÕÁÌÌÙ ÉÎÖÅÓÔÉÇÁÔÅ ÎÅ× ÔÅÃÈÎÏÌÏÇÉÅÓ ÆÏÒ ÉÍÐÒÏÖÅÄ ÅÎÅÒÇÙ ÓÙÓÔÅÍÓ ÁÎÄ ÍÏÒÅ ÅÆÆÉÃÉÅÎÔ ÕÓÅ 

ÏÆ ÅÎÅÒÇÙ ÒÅÓÏÕÒÃÅÓȢȱ 4ÈÉÓ ÃÌÁÓÓ ÉÎÖÅÓÔÉÇÁÔÅÄ ÔÈÅ ÐÏÓÓÉÂility that a revolving energy fund, the Calvin 

Energy Efficiency Fund, or CEEF, could be introduced to the campus community.   

Description  

4ÈÅ ÐÕÒÐÏÓÅ ÏÆ ÔÈÅ #ÁÌÖÉÎ %ÎÅÒÇÙ %ÆÆÉÃÉÅÎÃÙ &ÕÎÄ ÉÓ ÔÏ ÐÕÒÓÕÅ ÏÕÒ ÃÁÌÌÉÎÇ ÔÏ ÂÅ ÓÔÅ×ÁÒÄÓ ÏÆ 'ÏÄȭÓ 

creation by implemeÎÔÉÎÇ Á ÐÒÏÃÅÓÓ ÔÈÒÏÕÇÈ ×ÈÉÃÈ #ÁÌÖÉÎȭÓ #ÁÍÐÕÓ ÃÁÎ ÐÒÏÍÏÔÅ ÁÎÄ ÒÅÁÌÉÚÅ Á ÇÏÁÌ ÏÆ 

energy stewardship and accommodate renewable and sustainable energy- and costs-saving projects. 

To achieve this purpose the semester long project was broken down into the tasks of 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 

×ÈÉÃÈ ×ÏÕÌÄ ÂÕÉÌÄ ÔÈÅ #%%& ÉÎÔÏ #ÁÌÖÉÎȭÓ ÏÒÇÁÎÉÚÁtional structure and ensure the long term 

sustainability of the fund.  The projects analyzed are as follows: 

 Upgraded light bulb and fixture replacement 

 Motion Sensors as lighting control 

 Light Harvesting to reduce artificial lighting use in Hekman Library 

 Additional airlock on Chapel doors 

 Solar water heating on the roof the Venema Aquatic Center 

 Implement software to remote shut down computers after hours 

 Tunnels to re-route the HVAC system and disconnect the dated Knollcrest boilers 

 Window replacement in Commons Dining Hall 

 Additional shut-off times for unnecessary residence hall lighting 

These projects are representative of the plethora of potential savings projects which can be 

ÉÍÐÌÅÍÅÎÔÅÄ ÁÌÌ ÏÖÅÒ #ÁÌÖÉÎȭÓ ÃÁÍÐÕÓ ÁÎÄ ÐÒÏÖÉÄÅ ÔÈÅ ÃÏÌÌÅÇÅ ÓÁÖÉÎÇÓ ×ÈÉÃÈ Ãan be routed into the 

CEEF.  All individual project reports and results are shown in Appendices C-K. 



 
 

The financial structure of the CEEF is critical to account for all savings determined by the analysis of 

these projects.   Financial projections for the fund 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). 

 

Figure 1:  Cash Flow Diagram 

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

ÐÒÏÐÅÒÌÙ ÁÃÃÏÕÎÔÅÄ ÆÏÒ ÁÎÄ ÁÐÐÒÏÖÅÄ ÂÙ #ÁÌÖÉÎȭÓ ÃÕÒÒÅÎÔ ÐÏÌÉÃÉÅÓȢ  4ÈÉÓ ÓÙÓÔÅÍ ÁÌÓÏ ÍÏÎÉÔÏÒÓ ÔÈÅ 

maintenance of past projects and their continued benefit to the Calvin 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 College.  Major tasks included the following: accurately accounting for energy savings; 

developing a financial system to translate these energy savings to cost-savings projections; and 

ensuring that the fund is equipped with an infrastructure that it could operate 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.  A student 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 Policies is shown 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 continues to grow and earn financial savings until the 
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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 project show that a Calvin Energy Efficiency Fund is not only 

ÆÅÁÓÉÂÌÅȟ ÂÕÔ ÁÌÓÏ Á ÕÎÉÑÕÅ ÏÐÐÏÒÔÕÎÉÔÙ ÆÏÒ #ÁÌÖÉÎ ÔÏ ÁÃÔ ÁÓ ÓÔÅ×ÁÒÄÓ ÏÆ 'ÏÄȭÓ ÃÒÅÁÔÉÏÎȢ  )Î ÏÒÄÅÒ ÆÏÒ 

implementation and growth of this fund, there must be dedication from Calvin leaders, both in the 

sÔÕÄÅÎÔ ÁÎÄ ÆÁÃÕÌÔÙ ÂÏÄÉÅÓȢ  4ÈÅ #ÁÌÖÉÎ %ÎÅÒÇÙ %ÆÆÉÃÉÅÎÃÙ &ÕÎÄ ÉÓ Á ÓÔÅÐ ÔÏ×ÁÒÄ ÂÅÔÔÅÒÉÎÇ #ÁÌÖÉÎȭÓ 

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 sustainable Calvin Energy Efficiency Fund, there requires a structure of policies which 

allows flexibility for the decision-makers and provides guidance to ensure growth and continuance 

of CEEF.  The policies described in this document are designed to provide the framework for the 

CEEF which integrates with the college governance structure and 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 policies is shown in Appendix A1. 

The major problem with implementing this type of fund is ensuring that 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. The 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, student senate 

ÒÅÐÒÅÓÅÎÔÁÔÉÖÅÓ ÁÎÄ #ÁÌÖÉÎȭÓ ÆÉÎÁÎÃÉÁÌ ÄÅÐÁÒÔÍÅÎÔȢ  4ÈÅ ÓÅÃÏÎÄ ÐÏÓÉÔÉÏÎ ÉÓ ÔÈÅ #%%& ÃÌÕÂȢ  4ÈÉÓ ×ÉÌÌ 

be a part of student organizations who will conduct the necessary analysis, both technical and 

financial, and will be instructed by a CEEF intern and 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 the final 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 and fossil 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 which might 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 (Appendix A2).  Once the proposal 

form has been filled out the 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 assigning 

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.  From there 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 
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its payback period is completed.  This entire cycle will be tracked by the CEEF intern and monitored 

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 could be some 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 CEEF fund.  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.  There are 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 be designated. The project allocation will be allocated so 

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

ÐÒÏÊÅÃÔÓȢ  4ÈÅ ÉÎÔÅÒÎ ×ÁÇÅÓ ×ÉÌÌ ÁÌÓÏ ÂÅ ÃÏÖÅÒÅÄ ÂÙ #%%& ÉÎ ÁÃÃÏÒÄÁÎÃÅ ×ÉÔÈ #ÁÌÖÉÎȭÓ ×ÁÇÅ ÓÔÒÕÃÔÕÒÅ 

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 the club, intern 

or board may encounter.  The goals of these policies were to 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 effectively 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 these 

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 of CEEF 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. 
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Appendix  A1: Calvin Energy Efficiency Fund Policies  

Introduction  

#ÁÌÖÉÎ #ÏÌÌÅÇÅ ÓÅÅËÓ ÔÏ ÂÅ Á ÃÏÍÍÕÎÉÔÙ ÏÆ ÃÁÒÅÔÁËÅÒÓ ÆÏÒ ÁÎÄ ÁÇÅÎÔÓ ÏÆ ÒÅÎÅ×ÁÌ ÉÎ 'ÏÄȭÓ ÃÒÅÁÔÉÏÎȢ  

The Environmental Stewardship Committee has already submitted a Statement on Sustainability 

(SOS) to the greater Calvin community as a proposal, exemplifying ȰÓÔÁÒÔÉÎÇ ÐÏÉÎÔÓ ÆÏÒ ÅÄÕÃÁÔÉÏÎ ÁÎ 

ÁÃÔÉÏÎȱ ÃÏÎÃÅÒÎÉÎÇ ÃÒÅÁÔÉÏÎ ÃÁÒÅ ÁÎÄ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙ ÉÎÉÔÉÁÔÉÖÅÓȢ  4ÈÅ 3/3 ÃÏÎÔÁÉÎÓ ÇÕÉÄÅÌÉÎÅÓ 

ÐÅÒÔÁÉÎÉÎÇ ÔÏ ρσ ÁÒÅÁÓȟ ÉÎÃÌÕÄÉÎÇ ÅÎÅÒÇÙȢ  4ÈÅ ÅÎÅÒÇÙ ÇÕÉÄÅÌÉÎÅÓ ÅÍÐÈÁÓÉÚÅ ÔÈÅ ÎÅÅÄ ÆÏÒ ȰÉÍÐÒÏÖÅÄ 

energy systems and more efficÉÅÎÔ ÕÓÅ ÏÆ ÅÎÅÒÇÙ ÒÅÓÏÕÒÃÅÓȱ ×ÈÉÌÅ ÁÌÓÏ ÐÒÏÍÏÔÉÎÇ ÅÎÅÒÇÙ 

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 Calvin College 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 to pÕÒÓÕÅ ÏÕÒ ÃÁÌÌÉÎÇ ÔÏ ÂÅ ÓÔÅ×ÁÒÄÓ ÏÆ 'ÏÄȭÓ 

ÃÒÅÁÔÉÏÎ ÂÙ ÉÍÐÌÅÍÅÎÔÉÎÇ Á ÐÒÏÃÅÓÓ ÔÈÒÏÕÇÈ ×ÈÉÃÈ #ÁÌÖÉÎȭÓ #ÁÍÐÕÓ ÃÁÎ ÐÒÏÍÏÔÅ ÁÎÄ ÒÅÁÌÉÚÅ Á ÇÏÁÌ 

of energy stewardship and accommodate renewable and sustainable energy- and cost-saving 

projects. 

Fund Management  

1. There shall be a CEEF Board which approves projects.  

a. The board must be comprised of the following individuals: 

i. !Î ÉÎÄÉÖÉÄÕÁÌ ÆÒÏÍ #ÁÌÖÉÎȭÓ ÆÉÎÁÎÃÉÁÌ ÄÅÐÁÒÔÍÅÎÔ 

ii. The Student Senate President or Vice President 

iii.  The Calvin Sustainability Coordinator  

iv. A representative from Physical Plant 

v. Up to three at-large 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 Calvin College Committee on Governance shall be responsible for assigning new 

members to the CEEF Board. 

d. The CEEF Board shall discuss project proposals, possible project modifications, 

validity of CEEF Club project economic calculations, and issues raised by the CEEF 

Intern. 

e. The CEEF Board may 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 a CEEF Club that 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 flows of the projects. Any ideas from the greater Calvin community 

for CEEF projects shall be brought to the attention of any member of the CEEF Club 

or submitted electronically to the club via the Project Proposal Form. 

3. There shall be a CEEF Intern that is the hired liaison between the CEEF Board and the CEEF Club.  

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

b. 4ÈÅ ÉÎÔÅÒÎ ÓÈÁÌÌ ÂÅ ÐÁÉÄ ÉÎ ÁÃÃÏÒÄÁÎÃÅ ×ÉÔÈ #ÁÌÖÉÎȭÓ ÓÔÕÄÅÎÔ ×ÁÇÅ ÓÔÒÕÃÔÕÒÅȢ  

c. The intern shall report to the Sustainability Coordinator. 

d. 4ÈÅ ÉÎÔÅÒÎȭÓ ÄÕÔÉÅÓ ÓÈÁÌÌ ÉÎÃÌÕÄÅ ÔÈÅ ÆÏÌÌÏ×ÉÎÇȡ 

i. Presenting summaries of proposed projects to the CEEF Board for 

evaluation. 

ii. Managing analyses of projects and delegating research tasks to CEEF Club 

members. 

iii.  Facilitating decision making within the CEEF Club. 

iv. Conducting the final cost and cash flow analyses for proposed projects. 

v. Recruiting for the CEEF Club at Cokes & Clubs or other events. 

vi. Presenting a summary of CEEF projects once every semester in a seminar to 

bring awareness to the Calvin community, while also raising interest for the 

CEEF Club. 

vii. Expected to work 10-15 hours per week. 

e. The intern shall be selected by the CEEF Board after 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 the CEEF Board prior to 

implementation. 

a. Every project that is brought to the CEEF Board by the CEEF Intern must be 

approved or rejected. 

2. All CEEF projects shall be 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 energy promoting 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. 3ÈÁÌÌ ÈÁÖÅ Á ÃÏÍÐÌÅÔÅ ÐÁÙÂÁÃË ÉÎ Ѕ ρπ ÙÅÁÒÓ ÉÎ ÏÒÄÅÒ ÔÏ be approved.   
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b. Shall be submitted to the CEEF Board and 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 money 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 payback 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.e. projects cannot add 

to carbon emissions). 

c. Do not fully expend the CEEF project account. 

d. Do not promote increased usage of fossil fuels. 

e. Do not promote investment into non-renewable energy (e.g. nuclear energy, toxic 

materials, unsustainable alternatives, etc.). 

Project Life Cycle 

Phase I: Project Proposal  

1. Project proposers shall complete Phase I of the Project Proposal Form and electronically 

submit it to the CEEF Club. 

Phase II: Initial Project Review   

1. The CEEF Intern shall review project proposals and evaluate each based on the CEEF 

policies concerning project criteria. 

a. If passed, the CEEF Intern shall document reasons for approval in Phase II of the 

Project Proposal Form and delegate analysis and research tasks to members of the 

CEEF Club.  

b. If rejected, the CEEF Intern shall document reasons for rejection in Phase II of the 

Project Proposal Form and return to the proposer. 

i. The proposer can re-submit the project after modifying, and re-submitting a 

new Project Proposal Form with the initial (rejected) form attached. 

Phase III: Detailed Project Analysis   

1. The CEEF Club shall fully document findings (e.g. cost savings, energy usage, etc.) in Phase 

III of the Project Proposal Form. 
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Phase IV: Final Project Review  

1. The CEEF Intern shall gather all projects that have passed Phase III and present them to the 

CEEF Board. 

2. The CEEF Board shall evaluate the proposed projects based on financial savings, project 

feasibility, fund cash flow, etc.   

a. If passed, the board shall complete Phase 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, the CEEF Board 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 VI: Project Active Period  

1. Phase VI is the active period of a project ɀafter 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 VII 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 College. 

 
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 a CEEF Board approved 

project. 

a. If projects overlap with current Calvin College projects, only incremental labor or 

materials shall be paid by CEEF. 

2. The CEEF shall not be used for payment of CEEF Board members.  Being a member of the 

board is a voluntary activity. 

3. The CEEF shall pay for the CEEF Intern position. 

4. The CEEF shall not be used for other projects besides CEEF projects. 

5. Expensive maintenance on an existing CEEF project, as determined by the CEEF Board, shall 

be considered a new project. 

Fund Allocation Criteria  

 

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

1. The CEEF 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 Intern wages 

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. 

 
Figure A1-3. The dynamic CEEF contingency in relation to the total fund balance  
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Appendix A2: Project Proposal Form  
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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 implemented in 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 therms and 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: pessimistic, nominal, 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  ŷ  Nominal  -  Low   Ź  

Ongoing Costs  High   ŷ  Nominal  -  Low   Ź  

Energy Savings  Low   Ź  Nominal  -  High   ŷ  

Energy Cost Projection  Low   Ź  Nominal  -  High   ŷ  

Opportunity Cost of Capital  High   ŷ  Nominal  -  Low   Ź  

Inflation Rate  High   ŷ  Nominal  -  Low   Ź  

Fund Investment  Low   Ź  Nominal  -  High   ŷ  

Intern Costs  High   ŷ  Nominal  -  Low    Ź  

 

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 CEEF 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 10-15 hrs per week and 32 weeks per year.  The savings 

and costs are balanced annually.   

Results 

Based on a potential seed amount of $100,000, the potential project implementation schedule can 

be seen in Table B2. 
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Table B2: Project Implementation Dates  

2009 

Forced Computer Shutdown  

Dorm Hall Lights  

Dorm Tunnels  

2010 

Motion Sensors  

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 Water Heating 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.   

 

Figur e 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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Energy Projections 

Electrical Cost Outlook (diagram) 

Natural Gas Outlook (diagram) 

Multicase Project Summary 

Multicase Fund Cash Flows (diagram) 

Multicase Fund Cash Flow Summary 

Nominal Case 

Fund Cash Flow 

Project Payback Periods (diagram) 

Fund Cash Flows (diagram) 

Project Cash Flows (diagram) 

Project Cash Flow Summary 

Tech Group 1 ɀ Project 1:  Light Replacement 

Tech Group 1 ɀ Project 2:  Motion Sensors 

Tech Group 1 ɀ Project 3:  Light Harvesting 

Tech Group 2 ɀ Project 1:  Chapel Airlock 

Tech Group 2 ɀ Project 2:  Forced Computer Shutdown 

Tech Group 2 ɀ Project 3:  Solar Water Heating 

Tech Group 3 ɀ Project 1:  Dorm Hall Lights 

Tech Group 3 ɀ Project 2:  Commons Dining Hall Windows 

Tech Group 3 ɀ Project 3:  Dorm Tunnels 

Pessimistic Case 

Fund Cash Flow 

Project Cash Flow Summary 

Tech Group 1 ɀ Project 1:  Light Replacement 

Tech Group 1 ɀ Project 2:  Motion Sensors 

Tech Group 1 ɀ Project 3:  Light Harvesting 

Tech Group 2 ɀ Project 1:  Chapel Airlock 

Tech Group 2 ɀ Project 2:  Forced Computer Shutdown 

Tech Group 2 ɀ Project 3:  Solar Water Heating 

Tech Group 3 ɀ Project 1:  Dorm Hall Lights 

Tech Group 3 ɀ Project 2:  Commons Dining Hall Windows 
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Optimistic Case 

Fund Cash Flow 

Project Cash Flow Summary 

Tech Group 1 ɀ Project 1:  Light Replacement 

Tech Group 1 ɀ Project 2:  Motion Sensors 

Tech Group 1 ɀ Project 3:  Light Harvesting 

Tech Group 2 ɀ Project 1:  Chapel Airlock 

Tech Group 2 ɀ Project 2:  Forced Computer Shutdown 

Tech Group 2 ɀ Project 3:  Solar Water Heating 
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See the included CD for the excel file  containing this appendix:  

\ CEEF\ Financial Group \ finalanalysis.xlsx  
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Introduction  

Currently, the classrooms, computer labs, and faculty offices 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 fixtures, 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, and the 

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 already 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 has two T12 fixtures installed.  Don Winkle, an electrician at Calvin 

#ÏÌÌÅÇÅȭÓ ÐÈÙÓÉÃÁÌ ÐÌÁÎÔȟ ÉÎÓÔÁÌÌÅÄ Á ÓÉÎÇÌÅ 4υ ÆÉØÔÕÒÅ ÉÎ Á ÓÅÃÏÎÄ ÏÆÆÉÃÅ ÏÆ ÓÉÍÉÌÁÒ ÓÉÚÅȢ  ! ÌÉÇÈÔ ÍÅÔÅÒ 

was used to take the light level in each office in various locations.  The results of these 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. 

              (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 portions: 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 energy usage for each type of fixture 

was calculated. 
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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 kWh/yr  108 kWh/yr  

Annual Energy Usage (per office fixture)  226.8 kWh/yr  151.2 kWh/yr  

Total Annual Energy Usage 88030.8 kWh/yr  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 kW-hr per year.  However, there are additional benefits to changing 

from the current T12 fixtures besides just an energy savings.  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.  Another 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 air-conditioning during the 

summer months.  However, this energy 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 electronic 

ballast per fixture, while a T12 fixture requires two magnetic ballasts per fixture.  Lighting ballasts 

are used to control the starting and operating voltages of fluorescent lamps.  By reducing the 

number of ballasts involved in lighting, Calvin College 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. 
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Appendix  C1: Light Output Comparison  

 

Table C1-1: North Hall Office Light Illuminance Comparison 

 

Office of L. Van Drunen Office of B. Medema 

 

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

 

Illuminance [ fc] Illuminance [ fc] Illuminance [fc] Illuminance [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 Classroom Light Illuminance Comparison 

 

ROOM 064 ROOM 168 

 

Illuminance [fc] Illuminance [fc] 

Middle  71.4 68.9 

Front  49.5 54.5 

Left  17.6 35.8 

Right 24.2 32.7 

Back 45.5 48.8 
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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 V   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 Energy Usage (per classroom 

fixture)  
162 kW-hr/yr   108 

kW-

hr/yr 

Annual Energy Usage (per office 

fixture)  
226.8 kW-hr/yr   151.2 

kW-

hr/yr 

Annual Energy Usage (North Hall) 88030.8 kW-hr/yr   42811.2 
kW-

hr/yr 

Annual Energy SAVINGS (North Hall)  0 kW-hr/yr   45219.6 
kW-

hr/yr 

 

Table C2-2: Upper and Lower Uncertainty Energy Calculations 

 

Lower 

Uncertainty 

 

Upper 

Uncertainty 

Current Draw (per fixture)  0.5 A   0.5 A 

System Voltage 120 V   120 V 

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 kW-hr/yr   86.4 kW-hr/yr 

Annual Energy Usage (per office fixture) 158.4 kW-hr/yr   122.4 kW-hr/yr 

Annual Energy Usage (North Hall) 52502.4 kW-hr/yr   34401.6 kW-hr/yr 

Annual Energy SAVINGS (North Hall)  35528.4 kW-hr/yr   53629.2 kW-hr/yr 
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Appendix  C3: Lithonia  Lighting® 24υΆ Features 
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Appendix  C4: Lithonia  Lighting® 24υΆ ,ÉÇÈÔ ,ÅÖÅÌ 4ÅÓÔÉÎÇ 
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Appendix  C5: Individual Component Pricing  

Table C5-1: Individual Component Pricing 

Cost Component 

$130  RT% Fixture (includes fixture, ballast, and two T5 lamps) 

$100  Replacement Ballast 

$5.21  Replacement T5 Lamp 
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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  $       1.30   $       2.00   $       6.50  

0  $       1.23   $       1.75   $       5.21  

3  $       1.40   $       1.75   $       5.00  

10  $       2.00   $       1.75   $       4.00  
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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 

areas of each basement wing:  the study room, the laundry room, and the common room.  The 

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

energy used with the proposed motion sensor system.  

Description  

The current energy consumption of the lights in the residence hall basements was calculated based 

on the equation: 

Eusage=IϽV     (D.1) 

where I is the current draw per lamp, V is the system voltage, and Eusage is the energy used per lamp.  

This value was multiplied by the total number of lamps to find the total energy usage 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 amount of time 

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 

set-ups.  This was repeated for best and worst case duration times, by adjusting the estimated time 

the lights will be on with the proposed set-up. 

 

Table D1:  Estimated Light Usage Time  

  Current  Nominal  Worst Case Best Case 

Daily Study Room Usage 16 hrs/day 10 hrs/day 12 hrs/day 8 hrs/day 

Daily Laundry Room Usage 12 hrs/day 4 hrs/day 6 hrs/day 2 hrs/day 

Daily Common Room Usage 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 throughout the academic year.   

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

ÆÒÏÍ $ÏÎ 7ÉÎËÌÅ ÏÆ #ÁÌÖÉÎȭÓ 0ÈÙÓÉÃÁÌ 0ÌÁÎÔȢ  -ÁÔÅÒÉÁÌ ÃÏÓÔÓ ÉÎÃÌÕÄÅ ÔÈÅ ÃÏÓÔ ÏÆ ÅÁÃÈ ÓÅÎÓÏÒ ÐÁÃËÁÇÅ 

(quoted by West Michigan Lighting) 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 MW-h/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 to pay 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 good investment for Calvin College. 
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Appendix D1:  Cost Data and Assumptions  

 

Table D1-1: Cost Data 

Installation/Material costs   

Material/Labor Cost, Study rooms [$/room]  300 

Material/Labor Cost, Laundry rooms [$/room]  150 

Material/Labor Cost, Larger Common rooms [$/room]  600 

  

Motion Sensor Cost  

DT-300 (dual technology, ceiling mounted) [$] 150 

DT-200 (dual technology, wall mounted) [$] 50 

 

 

Table D1-2: Assumptions  

No usage during summer months 

Price per unit= $150 (dual technology) 

Use dual technology for all applications (only $10 extra) 

One sensor (WattStopper DT-300) covers a 40' x 40'  
square area (detecting hand motion) 

Use wall-mounted sensor for laundry rooms ($50) 

Constant usage during academic year 

4 DT-300 sensors needed per wing for common room 
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Appendix D2:  Energy and Installation Cost Results  

     Proposed Setup - Uncertainties  

 Current Setup  Proposed Setup Worst Case Best Case 

Current Draw (per lamp)  - ASSUMING 
T8 LAMPS 0.21 A 0.21 A 0.21 A 0.21 A 

System Voltage 120 V 120 V 120 V 120 V 

Energy Usage 0.0252 kW 0.0252 kW 0.0252 kW 0.0252 kW 

Daily Study Room Usage (current)  16 hrs/day 10 hrs/day 12 hrs/day 8 hrs/day 

Daily Laundry Room Usage (current)  12 hrs/day 4 hrs/day 6 hrs/day 2 hrs/day 

Daily Common Room Usage (current)  24 hrs/day 16 hrs/day 18 hrs/day 14 hrs/day 

# of Study Room Fixtures (avg)  20 fixtures 20 fixtures 20 fixtures 20 fixtures 

# of Laundry Room Fixtures (avg)  12 fixtures 12 fixtures 12 fixtures 12 fixtures 

# of Commom Room Fixtures (avg)  30 fixtures 30 fixtures 30 fixtures 30 fixtures 

Annual Energy Usage (per study 
room)  3919.104 kWh/yr  2449.44 kWh/yr  2939.328 kWh/yr  1959.552 kWh/yr  

Annual Energy Usage (per laundry 
room)  2645.3952 kWh/yr  881.7984 kWh/yr  1322.6976 kWh/yr  440.8992 kWh/yr  

Annual Energy Usage (per common 
room)  8817.984 kWh/yr  5878.656 kWh/yr  6613.488 kWh/yr  5143.824 kWh/yr  

Annual Energy Usage (per basement 
wing)  15382.4832 kWh/yr  9209.8944 kWh/yr  10875.5136 kWh/yr  7544.2752 kWh/yr  

Days lights on each year 243 days/yr 243 days/yr 243 days/yr 243 days/yr 

TOTAL ANNUAL ENERGY USAGE (total 
of all wings)  215354.7648 kWh/yr  128938.5216 kWh/yr  152257.19 kWh/yr  105619.853 kWh/yr  

TOTAL ANNUAL ENERGY SAVINGS 
(total of all wings)  0 kWh/yr  86416.2432 kWh/yr  63097.5744 kWh/yr  109734.912 kWh/yr  

         

Installation Cost (Materials+ Labor)  0 $ 25900 $ 23310 $ 28490 $ 
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Appendix D3:  Financial Submittal Sheet  

 
Table D3-1: Motion Sensor Project Financial Sheet  

Group Name Technical Group 1     

Project Name Lamp Replacement     

Description  Replace current North Hall light fixtures     

       

Implementation  Time-span ~1 month to install    

       

Electricity  Current Energy Consumption (kW-hrs/yr)  88,030.80  Min  Max 

  
Projected Energy Consumption (kW-
hrs/yr)  42,811.20 52502.4 34401.6 

       

Natural  Current Energy Consumption (Therms/yr) 0.00    

Gas 
Projected Energy Consumption 
(Therms/yr) 0.00   

# of 
fixtures 

      352 

Other  Current Energy Consumption (Units/yr)  0.00    

  Projected Energy Consumption (Units/yr)  0.00    

       

Installation  Labor Cost 
 $                     
6,160.00    

  Material Cost 
 $                   
53,260.00    

  Other Cost   Min  Max 

  Total Installation Costs  
 $                   
59,420.00  

 $  
53,478.00  

 $  
65,362.00  

       

       

       

  Ongoing Costs ($/yr)  
 $                           
87.92    
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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 a light 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 operating conditions 

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 walls, and 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. 

 

Figure E1. Hekman Library Lighting Control Zones  
For a good estimate of how much 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, the indoor 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 energy savings 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).  



  

 
 E2 

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

energy savings. 

 

Figure E2.  Indoor Light from  Fixture and Sunlight  
#ÏÓÔ ÄÁÔÁ ×ÁÓ ÏÂÔÁÉÎÅÄ ×ÉÔÈ ÔÈÅ ÈÅÌÐ ÏÆ +ÅÎÄÁÌÌ %ÌÅÃÔÒÉÃȟ 7ÅÓÔ -ÉÃÈÉÇÁÎ ,ÉÇÈÔÉÎÇȟ ÁÎÄ #ÁÌÖÉÎȭÓ 

Physical Plant.  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 the room. 

Results 

The total projected energy savings for this project comes to about 12.3 MW-h/year, assuming a 

3.7% light infiltration rate from available outdoor light, and a minimum indoor lighting cutoff of 

100 footcandles.  This is a conservative estimate as 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 the upfront  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 comes 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 slightly 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. 
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Appendix E1: Library Light Usage Energy Savings  

 

 

 

 

Outdoor Light Level 1000 Fc

Cutoff Light Level (ON/OFF) 100 Fc

Lights OFF 2021 hrs/yr

Zone

Avg. Night 

Light Level [Fc]

Light Level 

(Fixtures off) [Fc]

Ratio of Light

(Zone over Outdoor)

North-Facing Wall 52.17 43.28 0.0433

East-Facing Wall 34.36 43.22 0.0432

South-Facing Wall 54.23 18.30 0.0183

West-Facing Wall 47.17 29.23 0.0292

Rev. HJ Kuiper Reading Room 46.84 52.51 0.0525

AVERAGE 0.0373

Proposed Setup

Zone Fixtures

Current Draw 

(per fixture) [A]

Zone Power 

Usage [kW]

Current Energy 

Usage [kW-hr/yr]

Projected Energy 

Usage [kW-hr/yr]

Energy Savings 

[kW-hr/yr]

North-Facing Wall 32 0.42 1.61 6930.20 3670.73 3259.47

East-Facing Wall 19 0.42 0.96 4114.81 2179.50 1935.31

South-Facing Wall 17 0.42 0.86 3681.67 1950.08 1731.59

West-Facing Wall 21 0.42 1.06 4547.94 2408.92 2139.03

Rev. HJ Kuiper Reading Room 32 0.42 1.61 6930.20 3670.73 3259.47

121 Total 26204.82 13879.96 12324.87

Uncertainty (Lower)

Zone Fixtures

Current Draw 

(per fixture) [A]

Zone Power 

Usage [kW]

Current Energy 

Usage [kW-hr/yr]

Projected Energy 

Usage [kW-hr/yr]

Energy Savings 

[kW-hr/yr]

North-Facing Wall 32 0.42 1.61 6683.44 3423.97 3259.47

East-Facing Wall 19 0.42 0.96 3968.29 2032.98 1935.31

South-Facing Wall 17 0.42 0.86 3550.58 1818.99 1731.59

West-Facing Wall 21 0.42 1.06 4386.01 2246.98 2139.03

Rev. HJ Kuiper Reading Room 32 0.42 1.61 6683.44 3423.97 3259.47

Total 25271.77 12946.90 12324.87

Uncertainty (Upper)

Zone Fixtures

Current Draw 

(per fixture) [A]

Zone Power 

Usage [kW]

Current Energy 

Usage [kW-hr/yr]

Projected Energy 

Usage [kW-hr/yr]

Energy Savings 

[kW-hr/yr]

North-Facing Wall 32 0.42 1.61 7176.96 3917.49 3259.47

East-Facing Wall 19 0.42 0.96 4261.32 2326.01 1935.31

South-Facing Wall 17 0.42 0.86 3812.76 2081.17 1731.59

West-Facing Wall 21 0.42 1.06 4709.88 2570.85 2139.03

Rev. HJ Kuiper Reading Room 32 0.42 1.61 7176.96 3917.49 3259.47

Total 27137.88 14813.01 12324.87

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 Room 35 8 500

Materials [$] Labor [$] Sensor Packages [$] TOTAL [$]

Total Initial Costs 420 1400 2500 4320

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
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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 76.5

Fall Sem. (Mon-Thurs) 60 17 1020

Fall Sem. (Fri) 15 13 195

Fall Sem. (Sat) 15 11.5 172.5

Interim (Mon-Thurs) 14 17 238

Interim (Fri) 4 13 52

Interim (Sat) 4 11.5 46

Spring Sem. (Mon-Thurs) 64 17 1088

Spring Sem. (Fri) 16 13 208

Spring Sem. (Sat) 16 11.5 184

Total 4297 hrs/yr

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 8.5 144.5

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 1056

Spring Sem. (Fri) 16 12.5 200

Spring Sem. (Sat) 16 11 176

Total 4144 hrs/yr

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 12 192

Total 4450 hrs/yr

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)
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Appendix E3: Library Measured Light Levels  

 

 

ENGR 333 - CEEF - TECHNICAL TEAM 1

Library Light Harvesting Project

Flourescent Light Levels

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

Zone Level [Fc] Avg [Fc] Zone Level [Fc] Avg [Fc]

41.5 47.2

36 48.1

29.8 41.7

34.5 47.1

32 50.1

28.5 25.1

38.2

52 22.5

55.4 22.3

52 21.6

34 17.5

67.7 13.1

64.3 12.8

46.3 18

54.3 30.6

50.5 33.4

41.8 29

40 33.9

50.1 30.5

51.5 41.8

68.2 47.1

58.7 50.1

28.7 42.8

53.5 37.4

52.4 40.5

52.6 89.8

42.4 75.7

57.1 51.3

54.2 41

42.2 36

46.1 45.1

28.6 28.7

51.5

AVERAGE AVERAGE

* Light levels measured  with 

Extech Model 401027 Pocket Foot 

Candle Light Meter

AVERAGE 

LEVEL
46.6 Fc

East 34.4

Reading 

Room
46.8

46.6

South 54.2

West 47.2

North 52.2

AVERAGE 

LEVEL
37.8 Fc

East 43.2

Reading 

Room
52.5

37.8

South 18.3

West 29.2

North 43.3
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Appendix E4: BT-203 Power Pack 
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Appendix E5: LS-290C v2 Photocell  
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