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Objective:  
¢ƘŜ ǎǘǳŘŜƴǘǎ ƻŦ /ŀƭǾƛƴ /ƻƭƭŜƎŜΩǎ 9ƴƎƛƴŜŜǊƛƴƎ ооо ŀƴŘ Biology 354 classes were given the task of 

ŘŜǘŜǊƳƛƴƛƴƎ ά²Ƙŀǘ ǿƻǳƭŘ ƛǘ ǘŀƪŜ ǘƻ ƳŀƪŜ /ŀƭǾƛƴ /ƻƭƭŜƎŜ /ŀǊōƻƴ bŜǳǘǊŀƭΚέ !ǘ ŦƛǊǎǘ ƎƭŀƴŎŜΣ ƛǘ ǿƻǳƭŘ ƴƻǘ 

appear that classes on Advanced Thermal System Design and Investigations in Plant Ecology would have 

much in common. However, the biology and engineering students comprising these classes banded 

together to tackle the problem. Coming to a satisfactory conclusion would require: 

 Creating an inventory of Green House Gas (GHG) emissions and sequestration potential 

 Coming up with detailed solutions to achieve Carbon Neutrality 

 Working out a practical schedule to implement those solutions, and 

 Developing a realistic plan to finance the process of achieving Carbon Neutrality 

Approach:  
In order to tackle this semester-long project, the students subdivided into five groups, each targeting a 

specific area to inventory GHG emissions and sequestration. The five groups, taking a cue from Calvin 

/ƻƭƭŜƎŜΩǎ {ǘŀǘŜƳŜƴǘ ƻŦ {ǳǎǘŀƛƴŀōƛƭƛǘȅ1, investigated the following five areas: 

 Energy Use and Purchasing 

 Land Use and Waste Water Management 

 Recycling and Solid Waste Management 

 Construction and Renovation 

 Transportation 

While creating the inventory, each group also researched potential solutions to the problem of GHG 

emissions. For the sake of consistency, all groups reported results in Metric Tons Carbon Dioxide 

Emitted per year, abbreviated MTCE. 

During the course of the project, it became clear that some areas of study contributed far more to 

/ŀƭǾƛƴΩǎ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘ ǘƘŀƴ ƻǘƘŜǊǎΦ ¢Ƙe two groups working on land use and waste water 

management and recycling and solid waste management wrapped up their investigations and focused 

on the financial aspect of the project. All groups had been encouraged to brainstorm solutions, both 

frivolous and realistic. The students working on Finance filtered through these suggestions, selecting 

projects and objectives that were both feasible and marketable. Once these had been selected, a 

financial plan; which took into account inflation, the time-value oŦ ƳƻƴŜȅΣ ŀƴŘ ǘƘŜ ŎƻƭƭŜƎŜΩǎ ǘƻǘŀƭ 

budget, was drawn up. 

Results: 
Achieving Carbon Neutrality is possible but quite a challenge. And it will remain that way as long as we 

burn fossil fuel to produce heat and electricity and to power our vehicles. Figure 1 shows the results of 

the Emissions and Sequestration inventory. 

                                                           
1
 http://www.calvin.edu/admin/provost/environmental/ 
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Figure 1: Results of the Inventory 

.ŜŎŀǳǎŜ /ŀƭǾƛƴΩǎ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭ ƛǎ ǎƻ ƳǳŎƘ ƭƻǿŜǊ ǘƘŀƴ ƛǘ ŜƳƛǎǎƛƻƴǎΣ ǊŜŘǳŎƛƴƎ /ŀƭǾƛƴΩǎ /ŀǊōƻƴ 

footprint to zero required creativity. Ultimately, it is not currently feasible to become Carbon Neutral 

without looking off campus. Calvin can reduce its emissions by reducing consumption, increasing 

efficiency, using renewable power and finally making up the difference by purchasing Carbon offsets 

from a third party. Details on methods to reduce consumption and increase efficiency on campus can be 

found in the following appendices.  

The main thrust of the proposed plan to achieve Carbon Neutrality centers around the installation of 

wind turbines on property owned by Calvin. These wind turbines would generate clean, renewable 

ŜƴŜǊƎȅ ŀƴŘ ǊŜŘǳŎŜ /ŀƭǾƛƴΩǎ ŘŜǇŜƴŘŜƴŎŜ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘŜŘ ōȅ ōǳǊƴƛƴƎ Ŧƻǎǎƛƭ ŦǳŜƭǎΦ ¢ƘŜ ǊŜǎǘ ƻŦ 

/ŀƭǾƛƴΩǎ ŦƻƻǘǇǊƛƴǘ ǿƻǳƭŘ ōŜ ŎƻǳƴǘŜǊŜŘ ōȅ ǇǳǊŎƘŀǎƛƴƎ /ŀǊōƻƴ hŦŦǎŜǘǎ ŦǊƻƳ ŀ ǘƘƛǊŘ ǇŀǊǘȅ ǎǳch as 

TerraPass.com. Other projects, such as Calvin-owned bikes, would play into the overall plan, doing a 

small part to decrease emissions and playing a significant role in raising public awareness. 

This plan outlined here and explained in greater detail in the appendices, could be achieved by 

ŘŜŘƛŎŀǘƛƴƎ мΦмс҈ ƻŦ /ŀƭǾƛƴΩǎ Ϸ86 million budget each year for 11 years toward a Green Energy Fund. Any 

monetary savings resulting from campus improvements would be deposited back into this Green Energy 

Fund to provide capital for future carbon reduction projects. 
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Appendix A: Energy Use and Purchasing 

Introduction  

As a part of the Calvin College Neutrality Project, the Energy Use and Purchasing group was responsible 

for 4 tasks. First, determine Calvin's carbon footprint due to energy use on campus. Second, determine 

and validate different energy conservation methods that would offset Calvin's carbon footprint. Third, 

explore possible renewable energy options that would as well reduce the carbon footprint. Fourth, 

develop a plan to bring carbon emissions due to energy use on campus to zero. How these four tasks 

were accomplished is explained in the following report. 

Carbon Footprint  

The carbon foot print due to energy use on campus is a significant part of the overall carbon emitted by 

Calvin. Carbon emission are incurred by Calvin College due to energy use through two ways, natural gas 

combustion used for heating campus, and production methods used to create the electricity Calvin uses. 

Table 1 presents the composition of energy production used to generate the electricity that Calvin 

purchases, and its respective emission carbon emission. 

Table 1: Energy Composition and Carbon Emission  

Energy Composition Percent of Energy Carbon Emission [lbm/kWh]  

Coal 0.57 2.117 

Gas 0.18 1.314 

Renewable 0.035 2.015 

Nuclear 0.2 0 

Wind 0.015 0 

    

Current Carbon Footprint  

Currently on average Calvin purchases 16000 mmBTU of natural gas, and 21,500,000 kW-hr annually. Do 

to the warming climate in Michigan in recent years there has been a trend of decrease natural gas use, 

and increasing electricity use. This energy purchasing and use results in 43,000 MTCE per year. 

New Field House Complex and Boilers  

This year Calvin began construction the new field house complex, and replaced two boilers in the 

science division power plant for more efficient ones. GMB engineers have calculated that the new field 

house complex will increase electricity use by 100%, and natural gas use by 50%. This has a serious 

impact on increasing the carbon emission that Calvin is responsible for. It was believed that boiler 

replacement would result in a "wash", but it was found that was not the case. A model was developed 

to best imitate the complex use of Boilers on campus. The estimates calculated by this model for the 

MTCE by the field house complex addition and more efficient boiler swap out are presented in Table 2 

(see appendix 4 for calculations): 
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Table 2: Boiler System Model Results 

Existing Infrastructure [kg] 482331 

New Boilers Swap [kg] 470952 

New Boilers + Additional Load [kg] 643211 

Additional MTCE 1332 

 

Future Carbon Emission Estimation  

A mathematical model was developed to account for the new field house complex, and electricity and 

gas use escalation. We assumed positive escalation rate for electricity and gas use because Calvin 

continues to purchase properties, and there is an ever increasing use of technology needing electricity 

(e.g. computers). See appendix 5 for this model. 

Carbon Reduction Options  

{ŜǾŜǊŀƭ ƳŜǘƘƻŘǎ ƻŦ ǊŜŘǳŎƛƴƎ /ŀƭǾƛƴΩǎ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘΦ  ¢ƘŜǎŜ ƛƴŎƭǳŘŜŘ ǳǎƛƴƎ ǿƛƴŘ 

turbines as a non-fossil fuel source of energy, lowering heating levels in campus buildings to reduce 

energy use, and purchasing carbon offset credits to mitigate the rest of the energy use which could not 

be accounted for.  Wind turbines, though not a perfect solution, would allow Calvin to produce much of 

its own electrical energy (depending on the number of turbines installed), which is otherwise a major 

source of carbon emissions.  Reducing heat loads in campus buildings would allow the campus to save 

both money and carbon emissions, just by a simple operational change.  On the other hand, it might 

require some behavioral changes on the part of the occupants of the buildings; for example, it may 

ōŜŎƻƳŜ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ǎƻƳŜ ƻŎŎǳǇŀƴǘǎ ǘƻ ǿŜŀǊ ŀ ǎǿŜŀǘŜǊ ƛƴŘƻƻǊǎΦ  CƛƴŀƭƭȅΣ Ƴŀƴȅ ƻŦ ǘƘŜ ŎƻƭƭŜƎŜΩǎ ŎŀǊōƻƴ 

emissions simply cannot be cut out without drastic impacts on the lives of those at the college, which 

would be intolerable for many of them.  As such, it becomes necessary to mitigate the remaining carbon 

emissions.  One of the easiest and best ways to accomplish this is with the use of carbon offset credits.  

Purchasing these credits from a certified supplier essentially pays for them to make an investment which 

will reduce carbon emissions relative to the status quo (See Appendix 2).  By purchasing enough such 

credits to offset its remaining emissions, the college could legitimately claim carbon neutrality.  A 

possible solution could incorporate any or all of these options, though a combination of several 

strategies is typically found to be most effective.   

Carbon Neutrality Plan  

Our group has developed a plan which yields carbon neutrality from its start.  The plan requires 

significant upfront costs however pays extreme dividends in the long run.  Our plan has three major 

components, renewable energy in the form of wind turbines, conservation of energy in the form of an 

indoor temperature drop, and carbon offsetting through www.terrapass.com 

¢ƘŜ ŦƛǊǎǘ ǎǘŜǇ ǘƻ ƻǳǊ Ǉƭŀƴ ƻŦ ŎŀǊōƻƴ ƴŜǳǘǊŀƭƛǘȅ ƛǎ ǘƻ ƛƴǎǘŀƭƭ п ǿƛƴŘ ǘǳǊōƛƴŜǎ ƻƴ /ŀƭǾƛƴΩǎ ōŜƘŀƭŦΦ  ¢ƘŜ 

research of previous ENGR 333 classes was adapted to our research in order to find what types of costs 

and production we could expect to see from the wind turbines.  A plan was developed to implement 4 

ǿƛƴŘ ǘǳǊōƛƴŜǎ ƻƴǘƻ /ŀƭǾƛƴΩǎ ŎŀƳǇǳǎ ƻǾŜǊ ŀ нл ȅŜŀǊ ǇŜǊƛƻŘΦ   ¢ƘŜ п ǿƛƴŘ ǘǳǊōƛƴŜǎ ǿƻǳƭŘ ƻƴƭȅ Ŏǳǘ ŀōƻǳǘ 

мл҈ ƻŦŦ ƻŦ /ŀƭǾƛƴΩǎ ŎŀǊōon footprint however they would lead to significant profits that are later used for 

the purchase of Carbon credits. 
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The next step in our plan is to adopt another suggestion from a previous ENGR 333 class in the adaption 

of a temperature drop on campus.  Thƛǎ ǘŜƳǇŜǊŀǘǳǊŜ ŘǊƻǇ ƴƻǘ ƻƴƭȅ ƭƻǿŜǊǎ ǘƘŜ ŎŀƳǇǳǎΩ Ǝŀǎ ǳǎŀƎŜΣ ŀƴŘ 

thus shrinking our carbon footprint, but it also saves large amounts of money which again can be 

applied toward carbon credits at the construction of the wind turbines. 

The final step in our plŀƴ ƛǎ ƻŦŦǎŜǘǘƛƴƎ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ǇƻǊǘƛƻƴ ƻŦ /ŀƭǾƛƴΩǎ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘ ŘǳŜ ǘƻ ŜƴŜǊƎȅ 

purchasing and use with carbon credits from www.terrapass.com.  The credits would be purchased in 

early years of the plan at the schools expense however at later years the plan will pay for itself and even 

surpass the funds required for complete carbon neutrality through offset credits. 

Figure 1 shows the projected annual costs for our college to achieve carbon neutrality through our three 

step plan. 

 

Figure 1: Annual Payments for Carbon Neutrality 

Conclusion 

As a conclusion to the energy purchasing and use groups plan for carbon neutrality we would like to 

point out that while carbon neutrality is not impossible, it is by no means easy.  Complete carbon 

neutrality will not only have a cost but will also require lifestyle changes by members of the community 

at large.  While acknowledging the difficulty in achieving carbon neutrality one must also acknowledge 

the incredible opportunity for Calvin College to be a leader in our community here in west Michigan and 

iƴ ǘƘŜ ŀŎŀŘŜƳƛŎ ŎƻƳƳǳƴƛǘȅ ŀǘ ƭŀǊƎŜΦ  /ƻƳǇƭŜǘŜ ŎŀǊōƻƴ ƴŜǳǘǊŀƭƛǘȅ ƻƴ /ŀƭǾƛƴΩǎ ŎŀƳǇǳǎ ǿƻǳƭŘ ƳŀƪŜ ŀ 
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ǎǘŀǘŜƳŜƴǘ ŀōƻǳǘ /ŀƭǾƛƴΩǎ ǾŀƭǳŜǎ ŀƴŘ ƛǘǎ ŘŜǎƛǊŜ ǘƻ Ƴŀƛƴǘŀƛƴ ƎƻƻŘ ǎǘŜǿŀǊŘǎƘƛǇ ƻŦ ŀƭƭ ƻŦ DƻŘΩǎ ǊŜǎƻǳǊŎŜǎΦ  

/ŀǊōƻƴ bŜǳǘǊŀƭƛǘȅ Ƴŀȅ ōŜ ŘƛŦŦƛŎǳƭǘΣ ōǳǘ ƛǘΩǎ ŎŜǊǘŀƛƴƭȅ ƴƻt impossible. 
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Appendix A.1: Boiler System Model Explanation  
Through conversation will Paul Pennock a model was developed to estimate the energy use of the 

existing boiler infrastructure, and new boiler infrastructure with the increased heating load of the new 

field house complex. To develop very accurate model of the boiler system would take a few heating 

seasons of carful study on boiler operation on campus. This is due to the fact there is now record of how 

boilers exactly operate throughout the year on campus. For example, the boiler in the library runs 100% 

of the year, yet it automatically adjusts its flame intensity to match the load, but there is no record of 

how and when it does this.  

As a result, this model is based on how Paul Pennock described the existing boiler operate on campus. 

This information was used to calculate the actual heating load of campus. The actual heat load was used 

in a model with new boiler efficiencies to see how much the new boilers reduced the MTCE on campus. 

Last, the existing load number was increased by 50% for the increase load presented by the new field 

house complex (this percentage was provided by GMB engineers). The results are presented in the main 

appendix text.  

This model may not give an exact number or MTCE increase by the new field house and boilers swaps, 

but it does confidently show that these things do not cancel each other out. There will increase in 

/ŀƭǾƛƴΩǎ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘΦ CƛƴŘ ǘƘŜ ŘƛǎŎǳǎǎŜŘ ƳƻŘŜƭ ƛƴ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘƛǎ ŀǇǇŜƴŘƛȄΦ  
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Appendix A.2: Carbon Offset Credits Discussion  
Carbon offset credits, often referred to as carbon offsets or carbon credits, are essentially a tradable 

commodity which are used as part of a carbon trading system, whether it be mandatory or voluntary.  

They are typically sold in units of dollars (or Euros, pounds, or other currencies) per metric ton of carbon 

dioxide emitted.  Carbon credits can come either from projects which remove carbon dioxide (CO2) from 

the atmosphere or from projects which reduce the amount of CO2 which would otherwise have been 

released to the atmosphere.  An example of the former is reforestation projects, wherein people plant 

young trees in areas which were previously cleared.  This obviously can have significant environmental 

benefits, including increase in wildlife habitat, watershed health, erosion control, and many more.  An 

example of the latter type of carbon credit-generating project is the construction of a wind turbine 

άŦŀǊƳέ ǘƻ ǊŜǇƭŀŎŜ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ŀ Ŏƻŀƭ-fired power plant.  In contrast to the reforestation, this is 

detrimental to the environment, although much less so than the coal-powered generating facility it 

replaced.   While this is a major difference, it is not always apparent to people who buy carbon offsets, 

nor is the information always made available by vendors of the credits.  Nevertheless, the two methods 

share a common principle, which involves reducing the greenhouse gas emissions from current values.   

Carbon offsets allow the people who can most easily reduce carbon emissions to be compensated for 

their efforts, and thereby make sure that carbon emission reductions are made in the most cost-efficient 

way possible.  This is particularly useful in a system where carbon emissions are limited, and industries 

must find ways to reduce their carbon emissions or to offset them with purchased credits.   At that 

point, it becomes very important to weigh the cost of equipment or operations upgrades versus the cost 

of carbon offset purchasing.  Whichever option is determined to be most cost-effective will most likely 

be adopted. 

At an educational institution, the use of purchased carbon offsets becomes more ambiguous, 

particularly if there is no mandated cap on carbon emissions in the region.  In that case, purchasing 

carbon offsets becomes something very similar to paying taxes: a necessary evil which contributes very 

little real value to the institution beyond possible advertising claims.  In such a case, it may be regarded 

as more worthwhile to pay slightly more for carbon offset costs in order to support a program which is 

more visible to students, staff, and the community.  In the unique environment of an educational 

institution, the focus is indeed on education, and it might well be said that carbon credits would not be 

the most advantageous way to pursue carbon emissions reductions.   
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Appendix A.3: Energy Use Raw Data 

 

 

  

2003

Jan Feb Mar Apr May Jun

Gas (mmBTU) 21550 17653 15297 21908 13866 10457

Gas (kWh) 6.32E+06 5.17E+06 4.48E+06 6.42E+06 4.06E+06 3.07E+06

Cost* $139,644.00 $114,391.44 $99,124.56 $141,963.84 $89,851.68 $67,761.36

Jul Aug Sep Oct Nov Dec

11083 10546 13913 15297 15874 20115

3.25E+06 3.09E+06 4.08E+06 4.48E+06 4.65E+06 5.90E+06

$71,817.84 $68,338.08 $90,156.24 $99,124.56 $102,863.52 $130,345.20

Electicity (kWh)

Cost

Emission Break down (lbm/kWh)

coal 2.117

gas 1.314

energy Compostion Percent of Energy lbm CO2

Coal 0.57 0

Gas 0.18 0

Nuclear 0.2 0

Renewable 0.05 0

Yearly Analysis Total

Gas (mmBTU) 100731

Gas (kWh) 29523000

Cost* $652,736.88

Electicity (kWh) 0

Cost $86,828.00

$/kWh #DIV/0!

Total Cost* $739,564.88

Yearly Carbon Analysis

Gas (lbm) 38793222.00

Gas (metric tonnes) 17596.49

Electricty (lbm) 0.00

Electricity (metric tonnes) 0.00

Total (metric tonnes) 17596.49
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2004

Jan Feb Mar Apr May Jun

Gas (mmBTU) 24504 23352 21554 16322 13053 13332

Gas (kWh) 7.18E+06 6.84E+06 6.32E+06 4.78E+06 3.83E+06 3.91E+06

Cost* $158,785.92$151,320.96$139,669.92$105,766.56 $84,583.44 $86,391.36

Jul Aug Sep Oct Nov Dec

11596 12194 13097 14626 18208 20236

3.40E+06 3.57E+06 3.84E+06 4.29E+06 5.34E+06 5.93E+06

$75,142.08 $79,017.12 $84,868.56 $94,776.48 $117,987.84$131,129.28

Electicity (kWh)

Cost

Emission Break down (lbm/kWh)

coal 2.117

gas 1.314

energy Compostion Percent of Energy lbm CO2

Coal 0.57 0

Gas 0.18 0

Nuclear 0.2 0

Renewable 0.05 0

Yearly Analysis Total

Gas (mmBTU) 112117

Gas (kWh) 32858000

Cost* $726,518.16

Electicity (kWh) 0

Cost $89,957.00

$/kWh #DIV/0!

Total Cost* $816,475.16

Yearly Carbon Analysis

Gas (lbm) 43175412.00

Gas (metric tonnes) 19584.24

Electricty (lbm) 0.00

Electricity (metric tonnes) 0.00

Total (metric tonnes) 19584.24
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2005

Jan Feb Mar Apr May Jun

Gas (mmBTU) 23593 19945 21624 16781 15283 10883

Gas (kWh) 6.91E+06 5.85E+06 6.34E+06 4.92E+06 4.48E+06 3.19E+06

Cost* $152,882.64$129,243.60$140,123.52$108,740.88 $99,033.84 $70,521.84

Jul Aug Sep Oct Nov Dec

11139 12327 7707 10391 15863 19766

3.27E+06 3.61E+06 2.26E+06 3.05E+06 4.65E+06 5.79E+06

$72,180.72 $79,878.96 $49,941.36 $67,333.68 $102,792.24$128,083.68

Electicity (kWh)

Cost

Emission Break down (lbm/kWh)

coal 2.117

gas 1.314

energy Compostion Percent of Energy lbm CO2

Coal 0.57 0

Gas 0.18 0

Nuclear 0.2 0

Renewable 0.05 0

Yearly Analysis Total

Gas (mmBTU) 108109

Gas (kWh) 31682000

Cost* $700,546.32

Electicity (kWh) 0

Cost $77,193.00

$/kWh #DIV/0!

Total Cost $777,739.32

Yearly Carbon Analysis

Gas (lbm) 41630148.00

Gas (metric tonnes) 18883.31

Electricty (lbm) 0.00

Electricity (metric tonnes) 0.00

Total (metric tonnes) 18883.31
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2006

Jan Feb Mar Apr May Jun

Gas (mmBTU) 19933 20106 17563 11203 10229 7537

Gas (kWh) 5.84E+06 5.89E+06 5.15E+06 3.28E+06 3.00E+06 2.21E+06

Cost* $129,165.84 $130,286.88$113,808.24 $72,595.44 $66,283.92 $48,839.76

Electicity (kWh) 1733210 1693594 1737504 1891044 1977043 1712523

Cost $101,219.86 $105,069.15$119,057.59$131,215.35$135,549.32$119,042.68

Jul Aug Sep Oct Nov Dec

Gas (mmBTU) 7054 11920 10444 13847 14559 17663

Gas (kWh) 2.07E+06 3.49E+06 3.06E+06 4.06E+06 4.27E+06 5.18E+06

Cost* $45,709.92 $77,241.60 $67,677.12 $89,728.56 $94,342.32 $114,456.24

Electicity (kWh) 1992280 1691539 1952033 1994287 1742391 1336487

Cost $134,662.96 $122,475.97$137,418.40$131,268.28$124,643.49$108,356.15

Emission Break down (lbm/kWh)

coal 2.117

gas 1.314

energy Compostion Percent of Energy kWh

Coal 0.57 6124603

Gas 0.18 1934085

Nuclear 0.2 2148984

Renewable 0.05 537246

Yearly Analysis Total

Gas (mmBTU) 86571

Gas (kWh) 25371000

Cost* $560,980.08

Electicity (kWh) 10744918

Cost $711,153.95

$/kWh $0.07

Total Cost $1,272,134.03

Yearly Carbon Analysis

Gas (lbm) 33337494.00

Gas (metric tonnes) 15121.79

Electricty (lbm) 15507173.11

Electricity (metric tonnes)

Total (metric tonnes) 15121.79
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2007

Jan Feb Mar Apr May Jun

Gas (mmBTU) 23303 24383 16502 14257 10987 6058

Gas (kWh) 6.83E+06 7.15E+06 4.84E+06 4.18E+06 3.22E+06 1.78E+06

Cost* $151,003.44$158,001.84$106,932.96 $92,385.36 $71,195.76 $39,255.84

Electicity (kWh) 1368371 1383898 1763767 1814449 2018586 1943657

Cost $106,137.92$111,682.49$138,158.43 $141,201.87$143,902.00$139,254.71

Jul Aug Sep Oct Nov

Gas (mmBTU) 7280

Gas (kWh) 2.13E+06

Cost* $47,174.40

Electicity (kWh)

Cost

Emission Break down (lbm/kWh)

coal 2.117

gas 1.314

energy Compostion Percent of Energy lbm CO2

Coal 0.57 444792.329

Gas 0.18 140460.736

Nuclear 0.2 156067.484

Renewable 0.05 39016.871

Yearly Analysis Total

Gas (mmBTU) 95490

Gas (kWh) 27984000

Cost $618,775.20

Electicity (kWh) 780337.42

Cost $0.00

$/kWh $0.00

Total Cost $618,775.20

Yearly Carbon Analysis

Gas* (lbm) 36770976.00

Gas* (metric tonnes) 16679.21

Electricty (lbm) 1126190.77

Electricity (metric tonnes) 510.84

Total (metric tonnes) 17190.04
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Figure 3.1 Monthly Electricity Use 

 

 Figure 3.2: Monthly Gas Use  
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Appendix A.4: Boiler System Model EES Worksheet 
 

"!Knowns" 
"Fuel Information" 
LHV_CH4=50010[kJ/kg]  
Heating_season=.58[year]*convert(year,s) 
 
"Boiler Efficiency" 
 "Existing Setup" 
Eta[0]=.65 "Apartments" 
Eta[1]=0.67 "Commons" 
Eta[2]=0.67 "Commons" 
Eta[3]=0.67 "Commons" 
Eta[4]=0.92 "Library" 
Eta[5]=0.67 "KDH" 
Eta[6]=0.67 "KDH" 
Eta[7]=0.65 "SDPP" 
Eta[8]=0.65 "SDPP" 
Eta[9]=.62 "PE" 
Eta[10]=.62 "PE" 
 
 "New Setup" 
Eta[11]=.65 "Apartments" 
Eta[12]=0.67 "Commons" 
Eta[13]=0.67 "Commons" 
Eta[14]=0.67 "Commons" 
Eta[15]=0.92 "Library" 
Eta[16]=0.67 "KDH" 
Eta[17]=0.67 "KDH" 
Eta[18]=0.97 "SDPP" 
Eta[19]=0.97 "SDPP" 
Eta[20]=.62 "PE" 
Eta[21]=.62 "PE" 
 
 
"Boiler Power Rating" 
P[0]=300[hp]*convert(hp,kW) "Combined Apartments" 
P[1]=338[hp]*convert(hp,kW) "Commons" 
P[2]=338[hp]*convert(hp,kW) "Commons" 
P[3]=338[hp]*convert(hp,kW) "Commons" 
P[4]=300[hp]*convert(hp,kW) "Library" 
P[5]=150[hp]*convert(hp,kW) "KDH" 
P[6]=150[hp]*convert(hp,kW) "KDH" 
P[7]=300[hp]*convert(hp,kW) "SDPP" 
P[8]=300[hp]*convert(hp,kW) "SDPP" 
P[9]=125[hp]*convert(hp,kW) "PE" 
P[10]=125[hp]*convert(hp,kW) "PE" 
 
 "New" 
P[11]=300[hp]*convert(hp,kW) "Combined Apartments" 
P[12]=338[hp]*convert(hp,kW) "Commons" 
P[13]=338[hp]*convert(hp,kW) "Commons" 
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P[14]=338[hp]*convert(hp,kW) "Commons" 
P[15]=300[hp]*convert(hp,kW) "Library" 
P[16]=150[hp]*convert(hp,kW) "KDH" 
P[17]=150[hp]*convert(hp,kW) "KDH" 
P[18]=400[hp]*convert(hp,kW) "SDPP" 
P[19]=400[hp]*convert(hp,kW) "SDPP" 
P[20]=125[hp]*convert(hp,kW) "PE" 
P[21]=125[hp]*convert(hp,kW) "PE" 
 
 
 
"Operation Variable - This method assumes that the most effcient boiler is being used flat out, and then 
next most efficient boiler is brought online and the process repeats" 
f[0]=.7 "Apartments" 
f[1]=.4 "Commons" 
f[2]=.2 "Commons" 
f[3]=0 "Commons" 
f[4]=.75 "Library" 
f[5]=.75 "KDH - Dorm loop" 
f[6]=.75 "KDH - Dorm loop" 
f[7]=.5 "SDPP" 
f[8]=.5 "SDPP" 
f[9]=.5 "PE" 
f[10]=0 "PE" 
 "New" 
f[11]=1 "apartments" 
f[12]=1 "Commons" 
f[13]=0 "Commons" 
f[14]=0 "Commons" 
f[15]=1 "Library" 
f[16]=1 "KDH - Dorm loop" 
f[17]=1 "KDH - Dorm loop" 
f[18]=1 "New SDPP" 
//f[19]=0.2812 "New SDPP" 
f[20]=0 "PE" 
f[21]=0 "PE" 
 
"kg Nat Gas Used By Existing Campus" 
duplicate i=0,10 
m_used[i]=(P[i]/(LHV_CH4*eta[i])*f[i])*heating_season 
end  
 
m_GasUse[1]=SUM(m_used[i],i=0,10) 
 
"Useful Kg of Nat Gas" 
Duplicate i=0, 10 
m[i]=(P[i]/(LHV_CH4)*f[i])*heating_season  
end  
 
"Load Calculations" "Switch Out Load and New_load" 
Load=SUM(m[i],i=0,10)*LHV_CH4*convert(kJ,mmBTU) 
//Load=SUM(m[i],i=11,21)*LHV_CH4*convert(kJ,mmBTU) 
 
New_load=Load*1.5 
New_Load=SUM(m[i],i=11,21)*LHV_CH4*convert(kJ,mmBTU) 
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"Useful Kg of Nat Gas - Finds f for new boiler in SDPP" 
Duplicate i=11, 21 
m[i]=(P[i]/(LHV_CH4)*f[i])*heating_season  
end 
 
"kg Nat Gas Used By New Boiler Setup" 
duplicate i=11,21 
m_used[i]=(P[i]/(LHV_CH4*eta[i])*f[i])*heating_season 
end  
 
m_GasUse[2]=SUM(m_used[i],i=11,21) 
 
"Carbon Calculation" 
MTCE=((m_GasUse[2]*LHV_CH4)*1.314[lbm/kW-hr]*convert(kJ,kW-hr)-
(m_GasUse[1]*LHV_CH4)*1.314[lbm/kW-hr]*convert(kJ,kW-hr))*convert(lbm,mton) 
 
Increase = New_Load-Load 
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Appendix A.5: Carbon Neutrality EES Model  
 

"Calvin's Energy Use Projection" 
r_r_use=.02 
r_r_gas=0.00 
 "Electricity" 
Elect_use_2006=21453935[kW-hr/yr] 
Gas_use_2006=162058[mmBTU/yr] 
 
duplicate n=0,2 
 Use_elect[n]=Elect_use_2006*(1+r_r_use/m)^(n*m) 
end duplicate n 
 
duplicate n=3,50 
 Use_elect[n]=2*Elect_use_2006*(1+r_r_use/m)^(n*m) 
end duplicate n 
 
 "Gas" 
duplicate n=0,2 
 Use_Gas[n]=Gas_use_2006*(1+r_r_gas/m)^(n*m) 
end duplicate n 
 
duplicate n=3,50 
 Use_Gas[n]=(7920 [mmBTU/yr] + Gas_use_2006)*(1+r_r_gas/m)^(n*m) 
end duplicate n 
 
// 7920 mmBTU is the increased load due to the new spoelhof center less the savings from the installation 
of higher effeciency boilers 
 
 
"Fuel Cost" 
FC_2005=7.96[$/mmBTU] "Nat Gas Cost" 
EC_2006=0.07[$/kWh] "Electricity Cost" 
 
"Finacial Cost" 
r_r=0.02 "fuel escalation rate Nat Gas" 
r_r_elect=0.02 "Electricity escalation rate" 
r_i=.04 "inflation rate" 
r_n=(1+r_r)*(1+r_i)-1 "Nat Gas" 
r_n_elect=(1+r_r_elect)*(1+r_i)-1 "Electricity" 
i=.03 "interest rate" 
 
n=0 
x=50 
m=12 
"Natural Gas" 
duplicate n=0,x 
 FC[n]=FC_2005*(1+r_n/m)^(n*m) 
end duplicate n 
 
duplicate n=0,x 
 FC_pv[n]=FC[n]/((1+i/m)^(m*n)) 
end duplicate n 
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"Electricity" 
duplicate n=0,x 
 EC_elect[n]=EC_2006*(1+r_n_elect/m)^(n*m) 
end duplicate n 
 
duplicate n=0,x 
 EC_pv[n]=EC_elect[n]/((1+i/m)^(m*n)) 
end duplicate n 
 
"Energy Savings" 
Heat_savings=162000 [$/yr] 
Energy_saved=Heat_savings/FC_2005 
 
duplicate n=0,x 
 Cost_savings[n]=Energy_saved*FC_PV[n] 
end duplicate n 
 
 
"Carbon Savings" 
Carbon_emission=1.314[lbm/kWh] 
Carbon_emission_elect=1.44[lbm/kWh] 
Carbon_saved=energy_saved*convert(mmBTU,kWh)*Carbon_emission*convert(lbm,mton) 
 
duplicate n=0,x 
 Carbon_cost[n]=Cost_savings[n]/Carbon_saved 
end duplicate n 
 
"2007 price" 
PV_WindTurbine[1] = 820000[$/yr] 
 
duplicate i=2,17 
PV_WindTurbine[i] = PV_WindTurbine[1]*(1+r_i)^i 
end 
 
EnergyProductionPerTurbine = 2053 [MW-hr/yr] 
 
//  We will implement a plan to phase in 4 Wind turbines each being paid off in 5 year periods 
 
duplicate i=2,6 
WindTurbinePayment[i] = PV_WindTurbine[2]* (r_i*(1+r_i)^(5))/((1+r_i)^5 - 1) 
end 
 
duplicate i=7,11 
WindTurbinePayment[i] = PV_WindTurbine[7]* (r_i*(1+r_i)^(5))/((1+r_i)^5 - 1) 
end 
 
duplicate i=12,16 
WindTurbinePayment[i] = PV_WindTurbine[12]* (r_i*(1+r_i)^(5))/((1+r_i)^5 - 1) 
end 
 
duplicate i=17,21 
WindTurbinePayment[i] = PV_WindTurbine[17]* (r_i*(1+r_i)^(5))/((1+r_i)^5 - 1) 
end 
 
duplicate i=22,36 
WindTurbinePayment[i] = 0 



 
 

23 

end  
 
duplicate i=2,6 
ElectricitySavings[i] = EnergyProductionPerTurbine*EC_elect[i]*convert(mW,kW) 
end 
 
duplicate i=7,11 
ElectricitySavings[i] = EnergyProductionPerTurbine*2*EC_elect[i]*convert(mW,kW) 
end 
 
duplicate i=12,16 
ElectricitySavings[i] = EnergyProductionPerTurbine*3*EC_elect[i]*convert(mW,kW) 
end 
 
duplicate i=17,21 
ElectricitySavings[i] = EnergyProductionPerTurbine*4*EC_elect[i]*convert(mW,kW) 
end 
 
duplicate i=22,26 
ElectricitySavings[i] = EnergyProductionPerTurbine*4*EC_elect[i]*convert(mW,kW) 
end 
 
duplicate i=27,31 
ElectricitySavings[i] = EnergyProductionPerTurbine*3*EC_elect[i]*convert(mW,kW) 
end 
 
duplicate i=32,36 
ElectricitySavings[i] = EnergyProductionPerTurbine*2*EC_elect[i]*convert(mW,kW) 
end 
 
duplicate i=37,40 
ElectricitySavings[i] = EnergyProductionPerTurbine*1*EC_elect[i]*convert(mW,kW) 
end 
 
"Wind Turbine Analysis" 
 
duplicate i=2,36 
Net_Turbine_Value[i] = - WindTurbinePayment[i] + ElectricitySavings[i] 
end  
 
"Carbon Footprint" 
 "Nothing" 
duplicate n=2,36 
 Carbon_Footprint[n]=(Use_elect[n]*Carbon_emission_elect+Use_gas[n]*convert(mmBTU,kWh)*Carbo
n_emission)*convert(lbm,mton) 
end duplicate n 
 
 "Less Heat Laod" 
duplicate n=2,36 
 Carbon_Footprint_heat[n]=Carbon_Footprint[n]-Carbon_saved 
end duplicate n 
 
 "Less Turbines" 
duplicate n=2,36 
 Carbon_Footprint_turbine[n]=Carbon_Footprint[n]-Carbon_saved-
(electricitysavings[n]/(EC_elect[n]))*carbon_emission_elect*convert(lbm,mton) 
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end duplicate n 
 
duplicate n=2,36 
 CarbonOffsetCost[n]=Carbon_Footprint_turbine[n]*11 [$/mton] 
end 
 
duplicate n=2,36 
CostOfCarbonNeutrality[n] = -(Net_Turbine_Value[n] - CarbonOffsetCost[n]) 
end 
 
duplicate n=2,36 
Year[n] = 2005+n 
end 
 
CarboneNeutralityNetValue = SUM(CostofCarbonNeutrality[n],n=2,36) 
 
duplicate n=2,36 
zero[n] = 0 
end 
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Appendix B: Land Use and Water and Wastewater Management Group  

Purpose 

 
The purpose of the Land Use and Water and Wastewater Management group was to analyze the impact 

of land and water use on the net carbon footprint of Calvin College.  Our group quantified the emissions 

attributed to consumption of potable water and emission of wastewater in addition to sequestrations 

on campus. After the carbon footprint was quantified, our tasks changed to minimizing this impact by 

proposing methods to reduce emissions and increase sequestrations. 

Procedure  

Land Use 

The impact of land use was measured primarily on the basis of the sequestration potential of the various 

plant communities on campus.  Much of this data was acquired from a previous study conducted by 

Professor Dornbos.  Professor Dornbos broke the campus up into general plant communities and 

provided area, sequestration potential, and total carbon sequestered per year of each community.  The 

data from this study can be found in Appendix A.1.  In order to determine the best method of improving 

the sequestration on campus, the plant community with the highest sequestration potential was 

ŘŜǘŜǊƳƛƴŜŘΦ  .ǳŎƪǘƘƻǊƴ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘΣ ōǳǘ ŘǳŜ ǘƻ ǘƘŜ ǇƭŀƴǘǎΩ ƛƴǘǊǳǎƛǾŜ ƴŀǘǳǊŜ ŀƴŘ ǘŜƴŘŜƴŎȅ ǘƻ ǎǇǊŜŀŘ 

uncontrollably buckthorn was found to be an unattractive option.  White oak was selected as the plant 

community for optimal sequestration.  In order to apply our theory, our group determined what 

portions of the campus are able to be converted to white oak.  The replanting of forested areas would 

require too much work and provide minimal results. Our group also decided that most of the areas 

planted with manicured grass are necessary for campus appearance.  It was determined that the best 

area for this improvement was the prairie.  Another method for improvement that was suggested 

utilized a newly developed fertilizer than sequesters one-quarter of its weight in carbon.  The fertilizer, 

however, is still in the design phases and not available for commercial purchase.  The daǘŀ ŦƻǊ /ŀƭǾƛƴΩǎ 

fertilizer use can be seen in Appendix B.2.  The article about the carbon sequestering fertilizer can be 

seen in Appendix B.3.     

Water Use 

Lƴ ǊŜƎŀǊŘ ǘƻ ǿŀǘŜǊ ǳǎŜΣ ƻǳǊ ƎǊƻǳǇ ōŀǎŜŘ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻƴ Řŀǘŀ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ ŎƻƭƭŜƎŜΩǎ ǳǘƛƭƛǘȅ ōƛƭƭǎΣ ǿƘƛŎƘ 

were ascertained from Dan Slager in the Physical Plant.  Our group found values for the amount of water 

consumed on campus and the water and sewer costs (see Appendix B.4).  In order to determine the 

carbon footprint of water and sewer use, our group made the assumption that half the costs for water 

and sewer charged by the utility company were a result of the energy costs to the utility company for 

treatment and pumping.  This value was converted to metric tons of carbon emitted using a conversion 

ŦŀŎǘƻǊ ŦǊƻƳ ǘƘŜ ŜƴŜǊƎȅ ŎƻƳǇŀƴȅΩǎ ǿŜōǎƛǘŜ όǎŜŜ !ǇǇŜƴŘƛȄ B.5).  Methods of water use reduction were 

then considered, as reducing the amount of water used would reduce the energy requirements on the 

utility company induced by the college.  The options included installing low-flow showerheads, low-flow 

toilets, improved irrigation systems, frontloading washers, and waterless urinals.  Low-flow 
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showerheads, low-flow toilets, and frontloading washers have already been implemented on campus 

and the irrigation system is already fairly efficient.  The one option that our group considered for water 

reduction was the waterless urinal. There is currently only one waterless urinal on campus (in the 

Bunker Interpretive Center).  This option was explored by assuming that 50 of the existing urinals on 

campus were replaced with waterless urinals; at a cost of $350 per urinal.  A previously conducted study 

provided the data on how much water would be saved per urinal.  Our group conducted an analysis on 

data from the water reduction study to determine how much carbon would be reduced by the resulting 

reduction in water use.   

Our group also discovered some research for a carbon seǉǳŜǎǘŜǊƛƴƎ άǘǊŜŜέ ǘƘŀǘ ǳǎŜǎ ŀ ŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴ 

of carbon dioxide and calcium hydroxide to sequester carbon.  The artificial tree is a purely theoretical 

option for Calvin at this time because the design seeing only conceptual.  However, the sequestering 

potential is great enough (estimates say 90,000 metric tons per year) that our group considered it.  The 

ōŜǎǘ ƻǇǘƛƻƴ ǿƻǳƭŘ ōŜ ǘƻ ŎƻƴǎǘǊǳŎǘ ǘƘŜ άǘǊŜŜέ ƻƴ ƭŀƴŘ ǇǳǊŎƘŀǎŜŘ ŀǿŀȅ ŦǊƻƳ ŎŀƳǇǳǎ ŘǳŜ ǘƻ ǘƘŜ ǳƴǎƛƎƘǘƭȅ 

ŀǇǇŜŀǊŀƴŎŜ ƻŦ ǘƘŜ άǘǊŜŜǎέΦ  ¢ƘŜ ŀǊǘƛŎƭŜ ǊŜƎŀǊŘƛƴƎ ǘhe tree can be found in Appendix B.6.        

Conclusion 

Land Use 

Based on research by Professor Dornbos, the group determined that current land use sequesters 51 

metric tons of carbon per year.  The breakdown between plant community sequestrations can be seen 

in Appendix A.1.  The land use research returned three viable options for increased sequestration.  The 

first, planting white oak trees, a technology that is currently available.  The other two options, the green 

fertilizer and the carbon sequestering άǘǊŜŜέ ŀǊŜ ǘƘŜƻǊŜǘƛŎŀƭƭȅ ŦŜŀǎƛōƭŜ ōǳǘ ƴƻǘ ȅŜǘ ƛƴ ǇǊƻŘǳŎǘƛƻƴΦ  

LƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǿƘƛǘŜ ƻŀƪ ǘǊŜŜǎ ƻƴ /ŀƭǾƛƴΩǎ ǇǊŀƛǊƛŜ ŀǊŜŀǎ ŎŀƳŜ ǘƻ ŀ Ŏƻǎǘ ƻŦ ŀōƻǳǘ $9709 per metric 

ton sequestered and would sequester a maximum of about 1.02 additional metric tons per year.  The 

experimental green fertilizer would cost about$6578 per metric ton sequestered and would sequester a 

maximum of about 1.03 additional metric tons per year.    The artificial tree is still very much a 

conceptual idea even in terms of cost, but a rough estimate said that when fully operational it would 

cost approximately $80-$100 per metric ton of carbon sequestered and would sequester a maximum of 

about 90,000 metric tons per year.  This idea seems a bit miraculous but if functional could secure 

CalvinΩǎ ŎŀǊōƻƴ ƴŜǳǘǊŀƭƛǘȅΦ 

Water Use 

The group determined that based on current water use and sewer production, Calvin creates about 

1756.5 metric tons of carbon per year in emissions from energy companies.  The calculations for this 

value can be found in Appendix B.5.  The only viable option researched by the group was the installation 

of waterless urinals on campus.  The waterless urinals would reduce emissions by about 53 metric tons 

of carbon per year, at a cost of about $330 per metric ton reduced (not including the variable cost of 

filters and maintenance).   
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Appendix B.1: Campus Sequestration Data 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sum of CO2 Sequestered

Species: CO2 (µg/m
2
/sec) CO2 *3600Sec: CO2 fixed µg/m

2
SPECIES

1 12265.61188 44156202.75 GRASS

2 33857.75691 121887924.9 GR = goldenrod

3 -9505.690852 -34220487.07 SB = wild strawberries

4 19351.09289 69663934.42 DOG = red-osier dogwood

5 29260.78629 105338830.7 HAW = downy hawthorn

6 32227.487 116018953.2 BT = common buckthorn

7 20218.28762 72785835.44 DW = gray dogwood

8 -7651.305078 -27544698.28 MAP = sugar maple

9 -1618.388002 -5826196.806 ASH = white ash

10 10774.4493 38788017.47 BEE = american beech

11 60859.75422 219095115.2 OAK = white oak

Areas of Communities

Community Areas in Square Feet Area in Square Meters

Maintained Lawn 5299944.498 492364.8439

Prairie 1415833.458 131530.9282

Shrub 1242236.178 115403.7409

Edge 939852.4385 87312.29154

Early Successional 2546533.92 236573.0012

Mature Forest 788744.5164 73274.36557

Community Mton/m^2/yr Total CO2 (Mton/yr)

Maintained Lawn 4.416E-5 2.17E+13

Prairie Grassland 4.383E-5 5.77E+12

Shrub 8.75E-5 1.01E+13

Edge 9.44E-5 8.24E+12

Early Succesional 1.669E-5 -3.95E+12

Mature Forest 12.894E-5 9.45E+12



 
 

28 

Appendix B.2: Fertilizer Data  
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