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Introduction:

Analysis of the Bunker Interpretive Center (BIC) began during the spring of 2011 with the
Engineering 382 Instrumentation Lab. To determine the energy use at the BIC, sensing
equipment was placed on 44 different energy consuming devices, ranging from pumps to lights
to heating and ventilation (HVAC) equipment. These data were collected over the spring and
summer and then analyzed by the Engineering 333 Thermal Systems Design class during the fall
of 2011. The class was tasked with determining whether or not the BIC was eligible for Energy
Star certification. While the building was built to be LEED Gold certified, meaning that it had
an energy efficient design and used environmentally friendly materials, the actual use of the BIC
is covered by Energy Star, not LEED. Thus, the central question posed to the class was: Does
the Bunker Interpretive Center currently qualify for Energy Star certification, and if not, how can
it be improved until it does? Unfortunately, the BIC does not fall into one of the predefined
categories required for Energy Star certification. As such, the class decided that a new category
designed especially for the BIC had to be created and used as a metric for determining the BIC's
Energy Star status.

Project Organization:

The original plan for the class to acquire data to compare the BIC against was to research similar
buildings in the United States, contact the facilities, and use the acquired data to calculate an
energy use intensity, or EUI, for each building. The collected data would serve as the reference
against which the BIC would be compared. This body of data would allow the class to calculate
the 75" percentile that would serve as the goal for a unique “BIC Star” equivalent of Energy Star
certification. If the BIC achieved an EUI better than the 75" percentile, meaning the EUI was
lower than the corresponding value for the 75" percentile of the collected data, then it would
qualify for BIC Star, and would satisfy the objective of the problem statement. The team was
organized into five different work groups: Total Building EUI, Natural Gas EUI, Electricity EUI,
Energy Cost Index (ECI), and Renewables and External Comparisons. Each group focused on a
different aspect of acquiring data, evaluating the BIC, and proposing improvement projects to
reduce the BIC’s EUI by either 15%, or to the point that it would qualify for BIC Star if it did not
meet the requirements initially.

After combining, collecting, and analyzing energy data for the BIC, along with calculating the
BIC Star’s 75" and 50" percentiles, the class concluded that the BIC had an EUI of 132
kBTU/ft>-yr. The 75" percentile was calculated to be 127.5 kBTU/ft?-yr. The BIC did not qualify
for BIC Star, and needed to be improved, as shown by the boxplot in Figure 2.

Project Direction:

As the project progressed it became clear that most other buildings would not be able to report
the correct data or they would not respond with data. This was one reason for a shift in focus of
the project away from comparing the BIC to similar buildings and towards comparing it to
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national averages. Another reason for this is the discovery of national average data in Portfolio
Panager. With this data the class was able to construct boxplots showing where the BIC’s
performance is against these national averages. Since the BIC doesn’t fit into any of the Energy
Star predefined categories the class created BIC Star; a new category based on categories most
similar to the BIC and weighted with a floor space average (see Figure C-2).

Improvements:

In order to try and reach the BIC Star energy rating the class had to research different ways to
reduce the total EUI. Improvements that were considered for electricity included regulating the
on-time for a circulating pump, replacing household appliances with Energy Star rated ones, and
changing the type of lighting that is used in the hallway lighting. The renewable energy group
also focused on ways to create more electric power with the addition of more solar panels or the
addition of a wind turbine, but found these to be far too expensive. For the natural gas, the
majority of this energy is used in heating so the class looked for ways to reduce heat loss. Some
improvements that were considered included replacing the boiler with a more efficient one,
replacing the windows with high efficiency windows, and replacing the insulation used in the
walls of the BIC.

Recommendations and Future Work:

The two improvements that had a high enough impact on our EUI and were cheap enough to
implement were better regulating the circulating pump in the floor and installing a solar water
heater for use in heating domestic hot water. Both of these systems require further analysis and
design for implementation. Two other areas of possible improvement zoned ventilation and
moving the banners, which activate the motion sensors on the lights whenever the ventilation
system turns on. The zoned ventilation is expensive but the benefits need further investigation,
while the banner problem would likely see a small improvement but at no cost.
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Figure 1: EUI Reduction and Cost Comparison for Improvement Ideas.

EIC
232 kBTUA-yr
NPIC
196 kBTU/At>-yr
Degraaf
8 99 KBTUA?-yr
BIC
= ®
109 kBTUAt -yr 132 kBTUA -yr
75th 50th
| percentile | percentile | |
I I I |
100 150 200 250

Total Source EUI (kBTU/ft2-yr)

Figure 2: Comparison Plot for Similar Buildings with Original and Improved BIC EUI.



BIC Energy Use by Source

Figure 3: BIC Energy Breakdown by Source
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APPENDIX A: Total Energy Use Intensity
Objective:

The purpose of this group was to develop statistical analyses on the total building Energy Use
Index (EUI) for the Tertiary Academic: Mixed Use category and to calculate and compare the
BIC’s total building EUI to other buildings in the new category.

Procedure:

The main focus of this group was to input acquired data into an interactive energy management
tool, called Portfolio Manager, which is available on the Energy Star website. One capability of
Portfolio Manager that this group will be using is the ability to assess energy and water
consumption for different types of buildings. Some other information that Portfolio Manager
factors in to the energy assessment is the number of workers as well as the size and geographic
location of the building.

Once a Portfolio Manager account was set up for the Bunker Interpretive Center (BIC),
necessary data on energy and water use was acquired from the other project subgroups. Twelve
consecutive months of data are required for an assessment of the building EUI. This data was
then entered and assessed by Portfolio Manager as K-12, Office, and Mixed building types.
Because the BIC is being classified as Tertiary Academic: Mixed Use, the actual EUI and
percentiles must be calculated by multiplying the weighted floor percentage with the EUI and
percentiles for that building type and then summed together. There is some subjectivity in the
decided floor percentages, so a sensitivity analysis was done to account for the possible values.
Table A-1 shows the weighted floor percentages along with the minimum and maximum

accepted values of each.
Table A-1: Varying Floor Weights

Minimum GWE“.LEZLFPEEE Maximum
K-12 40% 68% 100%
Office 0% 23% 50%
Other 0% 9% 10%

The three other buildings that the BIC was compared to are the DeGraaf Nature Center,
Environmental Interpretive Center (EIC), and the Nature Park Interpretive Center (NPIC). These
buildings were added into the existing Portfolio Manager account and the EUI and percentiles
were calculated for each.



Results and Conclusions:

Figure A-1 compares the EUI and percentiles of each building. EUIs for the buildings compared
to the BIC were calculated using data that was provided by a contact person from each building
as well as assuming weighted floor percentages of 70% and 30% for K-12 and Office building
types respectively. The BIC is not doing as well as DeGraaf, but is doing much better than the
NPIC and the EIC.
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Figure A-1: Total Source EUI Comparison (kBTU/ft?-yr)

Figure A-2 shows the upper range for the sensitivity analysis and Figure A-3 shows the lower
range. The 50™ and 75" percentile numbers have units of kBTU/ft>-yr. Table A-2 in Appendix
A-1 shows all the variations of floor weight combinations as well as EUI and percentile values.
The upper range values come from modeling the BIC building type as 100% K-12. The lower
range values come from modeling the BIC as the given floor space weight with 40% K-12, 50%
Office, and 10% as shown in Table A-1.
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APPENDIX A-1: Tables

Table A-2 Varying Floor Weights

Minimum GWE"J;::;L?WCE Maximum
K-12 40% 100%
Office 0% 50%
Other 0% 10%
Table A-3: Sensitivity Analysis for the BIC
K-12 Office Mixed 50th 75th
100% 0% 0% 171.0 134.0
90% 10% 0% 1683 131.3
80% 20% 0% 1656 128.6
80% 10% 10% 165.7 131.0
70% 30% 0% 1629 1259
70% 20% 10% 163.0 128.3
60% 40% 0% 160.2 123.2
60% 0% 10% 1603 1256
50% 50% 0% 167 .5 120.5
50% 40% 10% 157 6 122 9
40% 50% 10% 154.9 120.2

Table A-4: Individual Building EUI Ranges with Assumptions

ASSUME
70% K-12
30% Office K12 Office Weighted
50th 75th 50th 75th S0th 15th
Degraaf Mature Center 145 139 164 94 1607 1265
Environmental Interpretive Center| 148 114 152 113 1492 114 4
Mature Park Interpretive Center 148 116 119 od 139.3 107.6
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Figure A-5: Upper BIC-Star Range
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Figure A-8: Environmental Interpretive Center Assessment
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APPENDIX B: Total Energy Cost Intensity
Introduction:

The main focus for the team’s work this semester was Energy Cost Intensity (ECI). This is
calculated by applying energy costs to the EUI numbers to further understand how much it costs
to use the building. In addition to this task, the team acted in support of other groups, contacting
external sources and researching improvement ideas.

ECI:

As stated above, the main focus of the team’s work was to come up with ECI numbers for both
the BIC and for other buildings. This enabled the team to make energy comparisons between the
BIC and other similar buildings on a per-dollar basis. ECI is calculated by equation B.1, below:

ECI = Energy Cost _ $ B.1

Floor Space*Time ftZzyr

In order to effectively create these numbers, an “ECI Calculator” was created in excel. This
enabled users to input the required data (price of energy, amount used, and floor space), and the
ECI would be calculated. Please see Appendix B-1 for this ECI Calculator, and for graphical
illustrations of how the BIC compared to other building’s ECI.

External Sources:

At the beginning of the semester, the class decided that contacting other nature centers and
similar buildings was an important task, as it would allow the comparison of the BIC to outside
sources. Class members compiled a large list of buildings known in different parts of the
country, and then they were divided amongst the groups. The ECI team was responsible for
contacting three centers: the DeGraaf Nature Center in Holland, Michigan, the Nature Park
Interpretive Center in Beaverton, Oregon, and the Environmental Interpretive Center in
Dearborn, Michigan. Another classmate developed an Excel worksheet that was sent to all
external sources that allowed them to enter their energy usage information. Each of the team’s
sources returned with completed sheets and this data was used to compare with the BIC, using
the Portfolio Manager tool. When compared, the DeGraaf Nature Center performed better than
the BIC, and the Nature Park Interpretive Center and Environmental Interpretive Center
performed poorer. Appendix B-2 contains comparison graphs and data.

Improvement Ideas:

In addition to the ECI, this group considered several improvements to the BIC to improve the
overall efficiency and the ECI of the BIC. The first idea proposed was to have zoned ventilation
throughout the building. This idea would close off certain parts the BIC during different parts of
the day and only supply heating and cooling to those areas. This would cut down on the overall
heating and cooling costs and would cost somewhere in the range of $5,000-$8,000. The second
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suggestion was to install air conditioning systems in the windows of the offices only to save on
cooling the whole building. These two ideas are valid, but in the end were decided as
ineffective. They would save energy, but the whole build still needs to be air conditioned and
heated.

The third improvement idea proposed was a look into the usage habits of the building. These
ideas involved turning off lights, cutting building hours, and turning off the fireplace. These
ideas are not valid because the BIC still has to be used. The hours cannot be changed and the
fireplace is in the BIC so it can be used. See Figure B-1, in Appendix B-1, for a graph of the
ECI of the BIC after all of the improvements from each group were implemented.

Conclusion:

To conclude, the work done by the group this semester was important to the overall analysis of
the BIC. The external comparisons data was the most reliable data obtained by any of the other
groups. The ECI calculations gave a useful look at the cost of energy per area. Improvement
ideas researched by the team were considered to be feasible, but would require more research
and consulting with outside sources to implement.
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APPENDIX B-1: ECI Data
Table B-1: An ECI Calculator, Showing the Results of the BIC and Other Buildings

Floor Area Nat. Gas Nat. Gas Price Elect. (kw- Price ($/kW-
Building: (ftr2) (ccf/yr): (BTU/yr) (S/BTU): hr/yr): hr):
BIC 522684 | = -—--- 328170000 6.46E-06 42538 0.12
Improved
BIC 522684 | = -—--- 328170000 6.46E-06 35058 0.12
DeGraaf 3111 1000 102900000 6.46E-06 17508 0.12
NPIC 7700 18514 190509060 6.46E-06 114920 0.12
EIC 13000 14879 1531049100 6.46E-06 123682 0.12
Nat. Gas ECI ($/yr-ftA2): | Elect. ECI (S/yr-ftA2): | Total ECI ($/yr-ft"2):
0.41 0.98 1.38
0.41 0.80 1.21
0.21 0.68 0.89
0.16 1.79 1.95
0.76 1.14 1.90
ECI Comparison
s
& ® Nat. Gas
E M Elec
0.50
0.00

BIC Improved DeGraaf
BIC

NPIC

EIC

Figure B-1: ECI Comparison of the BIC with Other Nature Centers
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APPENDIX B-2: External Comparison Data and Graphs.

Table B-2: External Building EUI Data

ASSUME
70% K-12
30% Office K12 Office Weighted
50th 75th 50th 75th 50th 75th
Degraaf Nature Center 145 139 164 94 160.7 125.5
Environmental Interpretive Center| 148 115 162 113 149 2 114.4
Mature Park Interpretive Center 148 116 119 88 1393 107 6
EIC
232 KBTU/-yr ®
NPIC
196 KBTUA -yr )
Degraaf
99 k];%!%igz—}w @
BIC
Tnital: 132 KBTUM .yr (X ®
Improved: 105 kKBTUMZ-yr
75th 50th
I percentile I percentile I I
100 150 200 250

Total Source EUI (kBTU/ft2-yr)

Figure B-2: Source EUI of External Buildings Compared to BIC
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APPENDIX C: Renewable Energy and External Comparisons

The goal of the Renewable Energy and External Comparisons Group was to review how
renewable technologies affect building’s total energy balance and to determine how to utilize
renewable energy production for the total EUI for the building. This group was also responsible
for evaluating the effects of site, weather, and occupancy on the EUI levels of the BIC, as well as
researching and comparing the Bunker Interpretive Center to other similar buildings in the
United States. Another goal of the group was to research the similarities and differences
between LEED and Energy Star® certification. The final goal was to propose renewable energy
options that would help achieve an Energy Star® rating.

The group determined the impacts of renewable energy systems on the EUI by evaluating how
the solar panels on the BIC affect total energy usage. This was done by utilizing the data
collected for the solar panels since its installment in order to compare solar production with
average energy needs. A graph showing the relationship of solar power energy production and
average energy requirement for the BIC is found below in Figure C-1.
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Figure C-4: Solar Power Energy Production vs. Energy Need

The green line shows the percentage of BIC energy needs that were supplied by the solar array,
and the magenta line shows the average amount percentage of BIC energy needs met. As shown,
the solar panels produce roughly 25% of the BIC energy needs since installation.

One of the group’s goals was to determine how site information affects the BIC EUI. This was
completed by obtaining and analyzing weather data in order to determine cooling and heating
degree days for Grand Rapids, MI. A heating degree day is a measurement of the energy
demand needed to heat a building. Conversely, a cooling degree day represents the energy
demand needed to cool a building. For example, if the outside air temperature was 45 degrees
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and the building was heated to 65 degrees then that day would be a 20 degree heating day. The
value for heating degree days was 7909 days°F, and the value for cooling degree days was 358
days°F. This was a required input in order to evaluate the EUI of the BIC with Portfolio
Manager.

The group addressed how occupancy affects the EUI by breaking the BIC up into three different
subsections that were predetermined by Energy Star criteria. The categories were K-12 school,
office, and other. A graph showing the floor space breakdown by category is shown below in
Figure C-2.

B K-12 (68%)
B Office (23%
B Other (9%)

Figure C-5: Floor Space Breakdown

This was another criterion necessary in order to accurately calculate the BIC EUI using Portfolio
Manager.

Another goal was to contact similar buildings for comparisons. This goal was not met as two of
the nature centers did not reply, and one provided unusable information (estimates too rough to
be reliable.)

The second to last objective for the renewables group was to determine the difference between
LEED and Energy Star® ratings. The largest difference is that LEED certification only takes into
account the design of the building (must utilize Best Available Technology), and not how the
building is operated. Energy Star® certification is dependent on the energy usage of the building
in comparison with the energy usage of other similar buildings, which is why the BIC was
broken into subcategories.

The final goal of the project was to propose renewable energy systems in order to secure an
Energy Star® rating for the BIC. The best solution is the JXIP480-58/1800-10 solar water heater,
which would achieve approximately 100% of the required hot water during the summer months.
This would allow the BIC to reach an Energy Star® rating. A major benefit is the system only
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costs $614.78; compared to other renewable energy systems this is much cheaper. Other options
considered are: adding onto the current solar array system, installing a wind turbine, and
removing snow off the panels during the winter months. For each of the other options
considered the solar water heater is the only one whose benefits outweigh the costs. For
comparison a wind turbine would cost approximately $34,000, additional solar panels would cost
approximately $23,600 dollars, and snow removal would cost $844 per winter. Because the
solar arrays save approximately $300 per winter the cost to remove snow outweighs the worth of
removing snow.
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APPENDIX C-1: LEED Versus Energy Star
Introduction:

The ENGR333 BIC project focuses on the energy usage of the already-gold certified LEED
Bunker Interpretive Center at Calvin College. The LEED certification and Energy Star program
are similar in that they can be considered “green” programs, but different in that they consider
different aspects of the building. This report discusses what LEED and Energy Star certification
is and how you get it as well as some differences in how EUI can be calculated.

LEED:

The Leadership in Energy and Environmental Design (LEED) certification considers 5 main
building design components: Sustainable Sites, Water Efficiency, Energy and Atmosphere,
Materials and Resources and Indoor Environmental Quality, as well as Innovation in Design and
Regional Priority. Each category is split up into subcategories with a point value; if your building
design meets the requirement for the subcategory you obtain the point(s). With 100 total points, a
design will fall into one of the 4 categories:

Certified: 40-49 points

Silver: 50-59 points
Gold: 60-79 points
Platinum: 80+ points.

It can be said that LEED certification mainly considers building design, but it does consider
energy use as well. In the Energy and Atmosphere point category a building can obtain up to 31
points just from installing monitored renewable energy systems and optimizing the building’s
energy use. However, the other 69 points are concerned with materials, recycling, land, water
use, and those which do not directly affect the building’s energy use. As Peter C. D’ Antonio
summarizes in his online article, “LEED was created as a way to define high performance green
buildings, set quantifiable targets and goals, recognize leaders, promote improvement over time,
stimulate green competition, and raise consumer awareness.”

Energy Star:

The Energy Star program was administered by the Environmental Protection Agency (EPA) and
the Department of Energy (DOE) in the early 1990’s to promote the use of energy efficient
products and building use. Using a statistical approach to energy efficiency, Energy Star uses the
DOE’s Commercial Buildings Energy Consumption Survey (CBECS) to determine how much
energy buildings in a certain category fall in to. These categories are: Government, Healthcare,
Higher Education, Hospitality/Entertainment, Industrial, K-12, Real Estate/Multifamily, Retail,
Small Business, Congregations, Service & Products Providers, Utilities & Energy Efficiency
Program Sponsors and Waste/Wastewater Utilities. Any building outside of these categories
cannot receive Energy Star certification unless they divide up their floor layout into
subcategories as seen on the Energy Star website?. Energy data is entered into an online program
offered by Energy Star called Portfolio Manager, which will then calculate your building’s

! http://contractingbusiness.com/feature/cb_imp_6605/
2 http://www.energystar.gov/index.cfm?c=eligibility.bus_portfoliomanager_eligibility
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Energy Usage Index (EUI). Buildings are compared by their EUI numbers, and those that find
themselves in the top 25% receive Energy Star certification.

Energy Use Comparison:

Do the LEED and Energy Star certification programs help improve building energy efficiency?
Does one or the other do a better job? Because its metrics are based on more than just energy
use, LEED certification itself does not guarantee that a building will be any more or less energy
efficient. In fact, 28-—35% of LEED certified buildings in the US are currently using more
energy than their non-certified counterparts (Newsham 903). And the level of certification,
silver, gold, and platinum seems to have only a mitigated effect on energy efficiency within the
LEED certification itself. According to statistical t-tests performed on 159 different buildings in
the US, anywhere from 31—54% of the variance in energy performance could be explained by
differences in certification level for medium energy use buildings and offices respectively
(Newsham 902).

However, the LEED certification process does seem to show a general societal benefit with the
average trends showing an EUI reduction of anywhere from 29—35% for LEED certified
buildings compared to their non-certified CBECS counterparts (Newsham 902). The 29—35%
reduction calculation is based on an average EUI for a set of 'N' buildings calculated as:

_ wEuly

EUlgyg = X~ C.1
Critics contend that the 29—35% EUI reduction cited is not an accurate representation of the
energy saving effectiveness of LEED certification. They argue that the method involving
equation C.1 does not take into account the weighted effect of buildings with larger floor space.
In other words, an EUI reduction for a building with only ~5,000 ft? will be weighted equally
with one having say ~27,000 ft? even though an EUI reduction in the larger building would
result in a greater reduction in societal energy use. By comparison they suggest taking the
average EUI as:

Y Energy Usey
EUIavg ~ Total Areay C2

This affects the overall EUI reduction to a range of 10—17%, (Scofield) still indicating an
overall reduction of societal energy use. Every analyst, however, warns against drawing too
many conclusions from small sample sizes but notes that LEED certification shows trends in the
right direction. Energy Star certification by comparison requires the building in question to be
within the top 25% most efficient in terms of EUI. Primarily, Energy Star differs from LEED on
both focus and usage. LEED certification is design based. It provides a means for designers to
evaluate and optimize their building plans with energy, sustainability, and environmental impact
before the structure is built. Energy Star, on the other hand, focuses on improvement to energy
efficiency specifically and provides a means for measuring behavioral impacts. In addition to
being energy use specific, Energy Star certification provides a means of “filling the gaps” in
LEED certification which its critics are quick to point out. Namely:

1. Occupancy Behavioral Assumptions

2. Discrete Analysis vs. Holistic Approach
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Conclusion:

In comparison, Energy Star is clearly much more concerned with energy usage and efficiency
while LEED is concerned with building materials and design. These two programs should not be
completely exclusive as discussed above, but should be considered separate programs with
different goals. One can assume that a LEED certified building was designed and built to be a
“green” building with its lifecycle in mind while an Energy Star building is attempting to
minimize energy use.
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APPENDIX D: Electricity Group
Introduction:

The electricity team's goal was to analyze the electricity use at the Bunker Interpretive Center
(BIC) and to research and propose methods for reducing this electricity use to comply with the
BIC-Star requirements. The data used for the analysis performed on the BIC was the product of
a previous engineering class, ENGR 382 Instrumentation Lab. The project for this class was to
accurately map the energy usage of the BIC. The electrical mapping consisted of the electrical
and small appliances, air and water flow, and lighting teams.

Procedure:

The electrical and small appliance team used Kill-a-Watt® meters to measure each outlet’s
energy consumption. The air and water flow group used Hobbs meters to measure the time the
pumps were turned on and the startup energy consumption. Air conditioning compressor was
measured with an enV meter and the ventilation fan records its total energy used. The lighting
group used Hobbs meter to determine the on-time for each lighting area and calculated the
energy used based on the wattage rating on the bulbs. The electricity use at the BIC for the past
two years is shown in Figure D-1.

Results:

Based on 6 months' of collected data, the team discovered that the four most electricity-intensive
components at the BIC are, in descending order of electricity use: the circulation fan, the air
conditioning compressor, the hallway track lights, and the hallway indirect lights. The
circulation fan is used for cooling and heating, as well as general ventilation to comply with
LEED certification. The air conditioning is used for cooling in the summer, and the hallway
lights are used about six to seven hours per operating day to light the main exhibit hallway.
Figure D-2 shows the top 12 electricity consumers at the BIC.
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Improvements:

The electricity team has proposed three options for reducing the electricity use of the BIC:
replacement of energy-intense appliances with more efficient ones, installing LED lights in place
of the current hall track compact fluorescent (CFL) bulbs, and turning off the radiant floor
heating pumps during the summer months.

Currently, the BIC has 2 refrigerators and one microwave. While these appliances are not major
electricity consumers (the refrigerator is ranked 20 out of 44, see Table ), the team investigated
the effects of replacing them with more efficient versions. As shown in Table D-2, the large
fridge could be replaced by Replacement 1 for $680, saving 90 kWh per year. However, this
reduction is not cost effective based on its negligible impact on EUI. The microwave is used so
infrequently that the team determined that replacement is not feasible.

Installing LED bulbs in the hall track light fixtures was another option. By replacing the existing
CFL bulbs, approximately 204 kWh per year could be saved. This equates to about $43.80 less
per year in operating costs. However, the initial cost of LED bulbs is too large to produce a
payback within 20 years, as shown in Figure (bulb replacement costs annualized for CFL and
incandescent bulbs).

The final option analyzed by the electricity team was shutting down the floor heating pumps
during the summer. The cost to implement this solution would be approximately $155, as a
pump control would be required to run the pumps for five to ten minutes every week to prevent
them from binding due to nonuse. This option would save approximately 824 kWh over the
summer months, which is a significant reduction in electricity consumption.
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APPENDIX D-1: Lighting

Lighting was one of the things that the team tried to improve in the BIC. Based on our research
and findings, both the Hall track and Hall indirect lighting are the main consumers of electricity
throughout the air. Although the Air conditioning is high during the summer, it drastically takes
a decline during the winter because of the reduced usage.

Currently the light fixtures used in the Bunker Interpretive Center’s (BIC) hall track and indirect
fixtures are the compact fluorescent lamp (CFLs). The BIC was built with an energy efficient
mindset, that’s why the CFL are used in the BIC track and indirect because of the hours that
those lights are on and the effect of having those kinds of fixtures on the total electricity usage of
the building

For improvements, we as a group considered two other possible light fixtures that could be seen
as improvements above the ones that the building has right now. Those fixtures are the
Incandescent and the LED lighting fixtures. Below is a table that shows a comparison between
all three light fixtures looking at both the pros and the cons for each light system? The analysis is
based on the 14 bulbs/year that are currently in the track and indirect fixtures. Our decision was
based on which lighting fixture will be most effective and energy inefficiency for the BIC in the
long run. We as a group also wanted to honor the motive of building the BIC, so our analysis
could not consist of shutting off the lights or closing the building for a while, because that will
not help the BIC serve its purpose.

Table D-1: Hall Track Light Replacement Cost and Energy Savings (at $0.12/kWh)

Life span 50,000 hrs 1,200 hrs 8,000 hrs

Lumens (light 6-8 watts 60 watts 13-15 watts

output) 800

Kilo Watt of 154 kWh/vyr 1533kWh/yr 358kWh/yr

electricity used

(14 bulbs/year)

Initial Cost $335.58 $18.62 $41.58

Annual operating $32.85/yr $328.59/yr $76.65/vyr

cost

Durability LEDs can handle  Glass or filament  Glass can break
jarring and can break easily easily
bumping
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The figure below analyzes the three sources of lighting in graphical form. Figure shows the cost
of electricity for the next twenty years for each lighting system assuming the cost of electricity
($0.12/kWh) remained constant. From the graph, an Incandescent bulb seems to be the next
option for the first seven years in cost. After that time the LEDs conserve more electricity in the
long run based on life span of the bulbs. Unlike the Incandescent bulbs that have to be replaced
twice a year, one LED can last for twenty years. Based on our research, it will take a hike in
electricity price ($0.47/kWh) for LEDs to be more cost efficiency than CFLs in five years.
Illustration of this trend can be seen in Figure .
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Figure D-3: Cost Analysis of Hall Track Light Bulb Replacement at $0.47/kWh
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Figure D-4: Cost Analysis of Hall Track Light Bulb Replacement at $0.47/kWh
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CFLs which are currently in use in the BIC are the best option going forward. They have a
reasonable life span (3-4 years before replacement) and produce a little higher cost values than
the LEDs. Also the CFLs are also the best choice for the BIC because all the light fixtures in the
hall track and hall indirect will have to be replaced in order to install the LEDs which will be an
additional cost added to the price of LEDs.
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APPENDIX D-2: Refrigerators and Microwave

The large fridge in the BIC uses an average of about 500 kWh/year and the small one uses about
150 kWh/year. After doing some research on appliance sights the best case scenario found
regarding the large fridge would save about 90 kWh/year and cost about $680. No suitable
replacement for the mini fridge was found. All options had projected energy usages above what
is being currently used. The data can be seen in Table D-2 below and the sources are listed at the

end of the document

Table D-2: Refrigerator Replacement Cost and Energy Savings

Kenmore 76203 $1319.99

Kenmore 6215 $679.99

Kenmore 6880 $423.99

Frigidaire $164.99
BFPH33M4LM
Frigidaire $209.99
BFPH44M4LM

After talking to Jeanette it was established that the microwave is not used frequently, about once
or twice a day maximum. Alternative options were researched but none were found specifying
the total kWh/year usage. It comes down to usage: the more used by the appliance the more

energy consumed overall.
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APPENDIX D-3: Collected Data

Table D-5: Individual Component Electricity Use Over Last 6 Months

Electricity Used in Last

Component 6 Months (kWh)

Circulation Fan 2,376.00
Air-Conditioning 1,935.00
Hall Track 1,192.91
Hall Indirect 1,005.49
Office 826.4
Conference 813.3
Pump 4 623.92
Compost Dehumidifier 611
Communication Room 486.03
Lab 2 464.6
Lab1 462.4
Terrarium 423
Pump 2 347.41
Lab 3 312
Men's Room 305.5
Pump 1 304.87
Lab 4 292
Pump 3 290.69
Lab Terrariums 277
Compost #1 197
107 Fridge 181
Classroom 3 168.2
Classroom 1 166.1
Classroom 4 158.7
Classroom 2 151.9
Kiosk 141
Fish Tank 134
114 Copier 130
108 A #1 116
108 B 103
Well Pump 97
107 Computer 93.9
Pump 6 76.14
114 Fridge 63.19
107 Printer 62.32
108 Projector 49.21
108 A #2 47.08
108 Podium 42.73
107 Projector 39.12
Pump 5 36.78
114 Microwave 35.81
Compost #3 1.31
Gray Water Pump 0.88
Compost Pump 0.13
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APPENDIX E: Natural Gas Group
Introduction:

Calvin College is becoming more mindful of its energy usage and ways that they can reduce it.
This is evident in one of the buildings on its campus called the Bunker Interpretive Center (BIC).
Leadership in Energy and Environmental Design (LEED) is a rating system devised by the
United States Green Building Council to evaluate the environmental performance of a building
and encourage market transformation towards sustainable design. The system is credit-based,
allowing projects to earn points for environmentally friendly actions taken during construction
and use of a building. The BIC is LEED certified, however, LEED certification does not take
into account Energy use within the building.

Energy Star rating on the other hand evaluates how efficiently energy is used in buildings,
relative to similar buildings nationwide. The rating system’s 1-100 scale allows everyone to
quickly understand how a building is performing — a rating of 50 indicates average energy
performance, while a rating of 75 or better indicates top performance.

The aim of this project was to evaluate the energy usage of the Bunker Interpretive Center to
determine if the BIC met Energy Star requirements and if not, to propose energy saving ideas to
help it achieve a rating of 75 or better. This project built on an instrumentation class which
placed measurement devices with which one can evaluate energy usage within the building. This
report highlights the actions of the team focused on the consumption of natural gas within the
BIC.

Consumption and Collection:

Natural gas in the BIC is used in two distinct locations: the boiler and the fire place. The boiler is
used to heat water which is run through the building to heat the floors of the building and also for
domestic use. The fire place on the other hand is manually controlled by a switch and only runs
when activated, used to heat a meeting room within the BIC. However, the pilot light for the fire
place is constantly running and was calculated to consume 5.1 x 107 ft®/hr.

There is a DTE meter located on the outside of the building already recording the total usage of
the building and HOBBs meters were installed to record the amount of times that both of the
boiler and fire place are running. The data was collected on the 7" of each month and then
analyzed, as discussed in the section below.

Interpretation:

The data collected on gas usage within the building helped us evaluate how gas is being used
within the building and what the major player is as seen in Figure E-1 below. Figure E-1 shows
that approximately 90% of the gas entering the building was used in the boiler and only about
10% was used at the fire place.

Understanding the energy breakdown at the BIC would help in coming up with improvement
ideas but it did not help us understand how the natural gas effected our potential Energy Star
rating. In order to understand the buildings Energy Star status a program called Portfolio
Manager was used. This program takes all the different energy aspects of a building into account
and compares it against buildings of similar nature. To generate an Energy Use Index number
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however, twelve months of energy data is required. Since the installation of the measurement
instruments in May, only 6 months of data has been collected. This required the team to use
previous gas usage data obtained from electricity bills to predict future gas usage for the BIC.
This data could then be plugged in the Portfolio Manager and used for calculations. Figure E-2
below shows the calculated gas usage in the BIC. The data was calculated using the natural gas
consumption log for the past five years for the entire campus of Calvin College. With the data
we had collected we were able to find the ratio of gas used at the BIC on a monthly basis
compared to the gas used by the entire campus. With the ratio, and based on the trend of gas
usage over the years, future monthly gas usage was predicted.

With the data for all the energy forms consumed within the BIC was plugged into Portfolio
Manager it was found that the BIC had an Energy Use Index of 132 kBTU/ft>-yr. And with the
calculated Energy star rating for the building, we find that the BIC missed an Energy Star rating
by 4.5 kBTU/ft“-yr. This meant that we had to come up with improvement ideas to reduce the
energy used at the BIC. Knowing that the boiler was the major consumer of natural gas we
focused most of our attention in that direction.

Improvements:

We investigated several options for reducing the natural gas consumption of the BIC which are
discussed below. However, none of the following options are recommended for implementation.

The first option was to replace the boiler with a higher efficiency boiler, which better utilizes the
heat generated by the natural gas. Since the current boiler has a 95% efficiency rating, there is
little room for improvement. The replacement boiler would save up to 2.5% of the natural gas
consumption from the boiler. The cost of the equipment was estimated to be $4,500, which does
not include installation costs. This option is not feasible, because the low impact is outweighed
by the initial costs of the equipment.

Another option was augmenting the existing cellulose insulation by adding insulation in the air
gaps in the bricks of the outer walls. Perlite insulation was chosen because it is a common form
of insulation with a high insulating value. This option made a large reduction of the current EUI
however, it was much too expensive due to the cost of the insulation, and the very high
installation costs.

Replacing the existing windows with insulating glass was the third option that the Natural Gas
group investigated. This would reduce the heat loss through the windows by 50%. This figure is
low due to the high efficiency of the current windows making a very small impact on the
performance of the building. This was weighted with the high cost of the windows which made it
obvious that this option was not feasible.

Conclusion:

In conclusion the quest for achieving Energy Star rating of the BIC would require a lot of capital
investment for any gas usage improvements to be implemented. Because of the cost of
implementation and the long payback period, no gas usage improvements are recommended.
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APPENDIX E-1: Data Collected and Calculated

Table E-1 Recorded Gas Consumption

Fire Place Water Heater DTE Meter
Date  Time  Energy CoiMeasured EndTime Volume CcPercentag Energy CorMeasured End Time Volume Cc PercentagiMeasured Volume Consumed [ft*3]
21-Apr-11 N/A 0.2 03 N/A N/A N/A 0.2 80 N/A N/A 449300 N/A

*Fire Place 3-May-11 N/A 153.904 03 04 049 0001 11970000 80 10011162136 88.041 462500 13200
*Fire Place 6-May-11 N/A 39.519 04 05 0038 0001 3150000 100 2058 305825 78417 466400 3900
*Fire Place 7-Jun-11 11:30AM  408.285 05 06 03% 000215720000 2058 2794 1526214 87.212 483900 17500
*Fire Place  7-Jul-11 11:30AM 382852 0.6 07 0372 000311040000 2794 33271071845 94.001 495300 11400
*Fire Place 5-Aug-11 11:30AM  370.136 0.7 08 0359 0005 7995000 3327  406.2 776214 106331 502600 7300
*Fire Place 7-Sep-11 1:30PM 421,001 08 21 0409 000412025000 4062  527.8 10,703.88 102.922 513000 10400

7-0ct-11 11:30AM 399304 21 119 0388 000218240000 5278  707.217,708.74  90.351 532600 19600

§-Nov-11 11:30AM 54127 119 052 0002 26910000  707.2 2612621 78222 566000 33400
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Calulated Gas Usage for the BIC ‘

Table E-2: History of Natural Gas Usage

n 0t ot it 4ot AT T s gt ST S TATA
Cost/MCF %2 %59 %79 %8 %9 %9 %1
Bile! Gas Usage VICF) 17558 20782 199484 138129 103613 04382 625.2
Biled Gas Usage BTU) | 275580000000 267832000000 199484000000 138729000000 103613000000 64382000000 65252000000 v
BICGasUsage(BTU) | SGAOB36747  SSOMABS542  AOTSGRLTY 2049062 13891 1570408 LI040383 T995310 1100501 18240399 261041
BIC Gas Usage (MCF %41 50 0% 285 18 V)] 110
BIC Monthy GasExpenses | $3%0.15 Q3 EN §67.18 512606 SN G
ldaig 51142662 {am0amnd 37020621 1574559 1992869
newaig 56606367 53014865 40975632 2845602 181%1 4963863807
5463705 5310092 3955010 1750469 1354253
new valles for PM 56606.37 5501487 4097563 18496.06 WR% B4 1104038 19531 104 1824040 2691054 193,10
0 112010 21000 300 U] 1010 T g o 91010 0y o R
Cost/MCF anu Ipi 5108 %9 918 a5 %36 Ay %18 %79 %65 %353
Biled Gas Usage MCF) | 232418 1001 169705 94304 8306 1053 8.2 §922 7863 116138 183263 1%
Biled Gas Usage BTU) | 232418000000 212000000000 169705000000 S4304000000 85306000000 70253000000 80712000000 64922000000 787000000 116133000000 183263000000 241951000000
BICGasUsage(BTU) | 477A05d254  3STSAD  JABSWTEIE)  I9MT0B0GS8  UISAA39  AIS0B L6TBROSSD  ISWOSOSAL IGUIRSEOLL  D3SERT9  TGA3MAS AS6SREBR(
BIC Gas Usage (MCF an 35 3486 137 15 148 1658 By 1618 B 4 810
BIC MonthyGas Expenses |~ 3897 B8 eI 33 1586 N 5088 %555 eI 516200 5041 U8
209 112009 2100 312009 41 512009 T 0 9112009 000 111209 1/1/2009
Cost/MCF 82 %30 9% %10 %16 %M g4 95 §.09 a0 %% am
Biled Gas Usage (CF) | 286332 21784 194124 150594 10489, 8426 1459 110535 13588 10881 111499 B3
Biled Gas Usage (BTU) | 286332000000 201786000000 134124000000 150594000000 10481000000 85426000000 74355000000 10535000000 143588000000 120881000000 111495000000 222233000000
BCGasUsage(BTU) | SBO3816035 430256238 MOGTMBMA3L  09NS  MSMSUGLDG  UATIR3D ISITIGG6  QNONTESSL  DSMMINGT MSGHIST 10906 dSABd6OS
BIC Gas Usage (MCF 589 R 147 0% 1% 175 1540 n L U3 29 58
BIC MonthyGas Expenses | 48300 L0 Q1820 Q5065 1750 5 Iy §164.70 00 518051 95943 Q13
208 112008 21008 312008 41 512008 oUNG 7 80 9/1/2008 0N 1s 1100
Cost/MCF %68 93 S0 IR EA 1458 $128 a8 S0 978 %65 %3
Biled Gas Usage \MCF) | 231725 PR 179216 130659 89574 5748 6585.2 50485 %8 148023 16093 4814
Biled Gas Usage (BTU) | 231725000000 223456000000 179216000000 130655000000 89574000000 SEPABOO0000 65852000000 SOBE000000  T790B000000  14B23000000 16030000000 244814000000
BICGasUsage (BTU) | 475oR194T2  dS8O067S04  3GBIMN0LT 26841849 130961 INGET6 3698 103085 16000908 JMOSIASH  30SE4 50878l
BIC Gas Usage (MCF 440 59 34l 18 1840 0 33 03 1600 04t .06 5029
BIC MonthyGas Expenses |~ 41320 w39 936060 L6 UL a5 anYy 0.8 6246 9.3 2890 4189
pi) 11207 0 30 4w 1207 AT A 0 9100 oy 100 JUiTo0
Cost/MCF 80 %7 950 %67 Al ®7 %4 Y %40 %3 %8 %59
Biled Gas Usage \CF) | 233027 U1 16502 142538 109865 6058 7802 054 ToM9 110%2 151866 186694
Biled Gas Usage (BTU) | 233027000000 243831000000 165020000000 142568000000 109865000000 60580000000 72802000000 7054000000 7944000000 110902000000  15I86A000000 185694000000
BICGasUsage(BTU) | 4786563608  SOOGABG532  3300GAd662  J00Bd6D369  MSOTIELM LMD MOIN36  1R00NT09  1GICAES08  2OINAD 3IMS083  3gadpdentd
BIC Gas Usage (MCF 0g 5008 39 PN 051 4 1% 1480 1632 AL 3119 383
BIC MontyGas Expenses |~ 43242 315 QUK 5381 54 00 079 e JEAN 88 683 3857
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APPENDIX F: Portfolio Manager Results

BIC K-12

Building 1D: 2905832

For 12-month Peried Ending: September 30, 20117
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Grand Rapids, M| 42548
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Figure F-6: BIC Base Case K-12
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OME Mo, 2060-0347
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BIC Office
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EPA Form S900-16

Figure F-7: BIC Base Case Office
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OME Mo. 2060-0347

h STATEMENT OF ENERGY PERFORMANCE
BIC K-12

Bmldlng ID: 2905832
or 12-month Period Ending: September 30, 20117

NERG? ST,G,IH I]ate SEP becomes ineligible: N/A Date SEP Generated: Mowember 13, 2011

Facility Facility Owner Primary Contact for this Facility
BIC K-12 Calvin College NiA

1750 East Beldine Ave SE 3201 Burton St

Grand Rapids, M1 40543 Grand Rapids, Ml 49545
Year Built: 2004

Gross Floor Area (ft3: 5,227

Energy Performance Rating? (1-100) 58

Site Energy Use Summary®

Electricity - (3rid Purchase(kBtu) 145,143
Electricity - On-Site Solar(kStu) i
Matural Gas (kBtu)4 328,168
Total Energy (kBtu) 473,311

Energy Intensitys

Site (kBtuftayr) |
Source (kBtwfiayr) 158
Emissions (based on site energy use)
Greenhouse Gas Emissions (MC O, elyear) 49 | Stamp of Certifying Professional

o - Based on the conditions observed at the
Electric Distribution Utility . . . ? :
Consumers Energy Co [CMS Energy Corp) uming mf UE:I:DDHWS bu'lrﬂ:]igu;i!ﬂiwsmm

statement is accurate.

Mational Median Comparison

Mational Median Site ELI Ba

Wational Median Source ELI 171

e Difference from Mational Median Sowrce EUI -T%

Building Type E-12
School

Meets Industry Standards® for Indoor Environmental Cenifying Frofessional
Conditions: i

Ventlation for Acceptable Indoor Air Quality MiA
Acceptable Thermal Environmental Conditions MiA
Adequate lllumination MiA

Lelii

1. Eppheation I e ENERSY STAR et be subesBed 1o EPA sifan 4 monti of lhe Peficd Ending date. Sweid of i ENERGY ETAR b not i untll apeioval b necekveed fiom EP&
I. Tha EPA Ersigy’ Parformsncs Ralng b Beded on kel Sosios aeigy. A maling of TS s fe mismes o be aigibe lor Be ENERDY STAR

A, 'vihses Tacresan efmigy corsumplor, efnusibe 1o @ 1-monh parod

4. ‘v fastessen] o gy ity an el e Do a1 2menth peried.

£ Baiad o Maslig ASHFAE =35 e I i guislity, ASHRAE Elandaid 55 fof [haital oximiat, aid IESME LighnG Hamdbook foi Rghling guaity.

The ;w-un-i: it D irvering L nisecid b B oul B lorm i S houn (nchedin the See fof emeiing sneigy Seie, Licensd Prolesscnsl leclity Ir-E-.'! e nobarizing The SEF) and
W et mul: E-tlm.ﬂdm mi vl of eflonl. Band conments (releiancing OB contral rusbai) o e Divecer, Colledtion Strateghe Dhison, U8, EPA R E T
M ngion,

EPA Form S900-16

Figure F- 8: BIC All Energy Purchased, K-12
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OME Mo. 2060-0347

h STATEMENT OF ENERGY PERFORMANCE
BIC Office

Bmldlng ID: 2905882
or 12-month Period Ending: September 30, 20117

NERG? ST,G,IH I]ate SEP becomes ineligible: N/A Date SEP Generated: Mowember 13, 2011

Facility Facility Owner Primary Contact for this Facility
BIC Office Calvin College NiA

1750 East Beldine Ave SE 3201 Burton St

Grand Rapids, M1 40543 Grand Rapids, Ml 49545
Year Built: 2004

Gross Floor Area (ft3: 5,227

Energy Performance Rating? (1-100) 41

Site Energy Use Summary®

Electricity - (3rid Purchase(kBtu) 144,084
Electricity - On-Site Solar(kStu) i
Matural Gas (kBtu)4 328,170
Total Energy (kBtu) 473,134

Energy Intensitys

Site (kBtuftayr) |
Source (kBtwfiayr) 158
Emissions (based on site energy use)
Greenhouse Gas Emissions (MC O, elyear) 49 | Stamp of Certifying Professional

o - Based on the conditions observed at the
Electric Distribution Utility . . . ? :
Consumers Energy Co [CMS Energy Corp) uming mf UE:I:DDHWS bu'lrﬂ:]igu;i!ﬂiwsmm

statement is accurate.

Mational Median Comparison

Mational Median Site ELI B2
Mational Median Source ELN 144
e Difference from Mational Median Sowrce EUI 10%
Building Type Ciffice

Meets Industry Standards® for Indoor Envirenmental Certifying Frofessional
Conditions: i

Ventlation for Acceptable Indoor Air Quality MiA
Acceptable Thermal Enwircnmental Conditions MiA
Adeqguate lllumination MiA

it

1. Agplcation fof e ENERGY STAR masl be subsibed 1o EPA wifin 4 montin of the Peicd Ending dete. Sweid of the EREROY ETAR i ot firal untll apeioval & ecshaed frem EPA
I. Tha EPA Ersigy’ Parforssncs Ralng b Beded on kel Sosios aeigy. A maling of TS s fe minmes o be aigibe lor Be ENERDY STAR

. e e e gy corsumpbon, afrl Ped 1o @ 10-Fondh parod

4. ‘vl s seerd ere [y vty an il 2ed te @ ] 2erenth peried.

£ Bl on Maetng S5HRAE B e o It i guality, ASHRAE Slandaid 55 fof theisal cermior, afd IESME Lighting Hafdbook for Bghing guiity.

The ;w-un-i: it D irvering L nisecid b B oul B lorm i S houn (nchedin the See fof emeiing sneigy Seie, Licensd Prolesscnsl leclity Ir-E-.'! e nobarizing The SEF) and
W et mul: E-tlm.ﬂdm mi vl of eflonl. Band conments (releiancing OB contral rusbai) o e Divecer, Colledtion Strateghe Dhison, U8, EPA R E T
M ngion,

EPA Form S900-16

Figure F-9: BIC All Energy Purchased, Office
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OME Mo. 2060-0347

STATEMENT OF ENERGY PERFORMANCE
BIC K-12

Bmldlng ID: 2905832
or 12-month Peried Ending: September 30, 20117
NERG? ST,QH I]ate SEP becomes ineligible: N/A Date SEP Generated: Movember 13, 2011

Facility Facility Owner Primary Contact for this Facility
BIC K-12 Calvin College MiA

1750 East Beldine Ave SE 3201 Burton St

Grand Rapids, M| 42548 Grand Rapids. Ml 439548
Year Built: 2004

Gross Floor Area (ft3- 5,227

Energy Performance Rating? (1-100) 87

Site Energy Use Summary?

Electricity - (Grid Purchase(kBhu) 00,370
Electricity - On-Site Solar{kSu) 45772
Matural Gas (kBtu)4 183,880
Total Energy (kBtu) 339,032

Energy Intensitys

Site (kBufayr) 65

Source (kBiuftayr) 111

Emissions (based on site enengy use)

Greenhouse Gas Emissions (MtCO,efyear) 32 | Stamp of Certifying Professional
e - Based on the conditions observed at the

Electric Distribution Utility . . . ? :

Consumers Energy Co [CMS Energy Corp) uming mf "E:I:D':'nmls M'Iﬂ:]jgﬁi!mmsmm

statement is accurate.

Mational Median Comparison

MWational Median Site ELI 100

MWational Median Source ELI 17

e Difference from Mational Median Sowrce EUI -36%

Building Type K-12
Schoaol

Meets Industry Standards® for Indoor Environmental Certifying Professional
Conditions: NiA

Ventlation for Acceptable Indoor Air Quality MiA

Acceptable Thermal Environmental Conditions MiA

Adequate lllumination MiA

Ll

1. Apgpdcation o tha ENERGY STAR muasl be subsited 1o EPA wiffin 4 montha of tha Peilcd Ending data. Swaid of the ERERGY STAR i not inal untll apeioval i necsbaed Trom EPA
2. Tha EP# Ermigy Parfareancs Raling i G on lobs oo ey & aing of 75 5 S miarmss i be sighie fo e ENERTY STAR

A, vihses Tacresan efmigy corsumplor, efnuslibe 1o @ 1-mon parod

4. ‘v soss acressand e gy islerity, an il 2ed to @ 12-menth pericd

£ Gl on Maebng A5=RAF =3P e et gualifp, ASHRAE Slandaid 55 o lheimal cemion, and IESAA Lightng Harmbeah for bghbng guaity

The ;w-un-i: iriies: U rvennge Lim fssced o B oul this form i S houns (nchedes e See for srmedng snergy Seie, Licenisd Prolessionsl taclity Ir-E-.'! and notarizing the SEF) and
w q;—i:l\:ll::-hlﬂ.l:lru i vl of efor. Sard commants (relerancing OME contral rusbar] i the Direcler, Coledtion Srateghes Divison, U 8., EPA | 2229T), 1200 Penfrivie
W, Wasfangion, i

EPA Fomm S800-16

Figure F-10: BIC Improved Insulation, K-12
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OME Mo, 2060-0347

STATEMENT OF ENERGY PERFORMANCE
BIC Office

Building ID: 2005282
For 12-month Peried Ending: September 20, 20117
EME RG'\" Date SEP becomes ineligible: M/A Date SEP Generated: Movember 13, 2011

TR
onf .
EEER

Facility Facility Owner Primary Contact for this Facility
BIC Office Calvin College WA

17560 East Belfine Ave SE 3201 Burton 5t

Grand Rapids, M| 48544 Grand Rapids, Ml 49546
Year Built: 2004

Gross Floor Area (ft%: 5,227

Energy Performance Rating? (1-100) 72

Site Energy Use Summary?

Electricity - Grid Purchase(kBhu) 0,370
Electricity - On-Site SolarkStu) 45772
Natural Gas (kBtu)4 183,880
Total Energy (kBtu) 230,032

Energy Intensity®

Site (kBtuftaiyr) G5

Source (kBtwftayr) 11

Emissions (based on site energy use)

Greenhouse Gas Emissions (MEC O edyear) 32 [ Stamp of Certifying Professional

E ic Distribution Utility Based on the conditions observed at the

timee of miy visit to this building. | certify that
the information contained within this
statement is accurate.

Consumers Energy Co [CMS Energy Corp)

Mational Median Comparison

National Median Site ELI B4
Mational Median Source EUI 144
%% Difference from Mational Median Source EUI -23%
Building Type Oiffice

Meets Industry Standards® for Indoor Environmental Cenrtifying Frofessional
Conditions: NIA

Ventlation for Acceptable Indoor Air Quality MiA
Acceptable Thermal Envircnmental Conditions MiA
Adequate [llumination MiA

el ]
1. Applcation for ths ENERGY STAR must be subsstied o EPA witin 4 months of the Parod Ending date. Sward of th ENERGY ETAR i not sl until sperival i recsived from EP&
2. Tha EPs Ereigy Parformsncs Ralng b Beded on kel Sosios aneigy. & nating of 75 s fe mimmuss o be aigibde o fe ENEROY STAR
A Wies et el ereigy CofmumpEo s, asrl teel 1o @ 1d-ry
A Visoes s edenn] ered gy ety an el 2ed b a1 2-meenth perked.
£ S oo Meebneg ASRAE =3 E e Trwdenni i qualifp, ASHRAE Slariaid 5 for el el aid |ESP0A L ighbng Haresh o bghBng quaity

The guresneend matmsbes s aeer g e s e 81 oul Bis form w8 | I i S for prites TR e —Y v rodarEing The 557 ard
wi;c:rr_"rl:—i:lurl::-h nicirg gn il of afof). B cofavirth (b ranei DM oniral Faifsbi] B e CHrecaor, Celetion Eiutigien Dbvtsion, L 5. EPA (BT), 1200 Patiivatia Ars.
VY, Wineangion,

EPA Form S900-16

Figure F-11: BIC Improved Insulation, Office
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OME Mo, 2060-0347

STATEMENT OF ENERGY PERFORMANCE
BIC K-12

Bmldlng ID: 2005832
or 12-month Peried Ending: September 30, 20117
NERG'\" ST,ﬂ,H I]:ne SEP becomes ineligible: M/A Date SEP Generated: Movember 12, 2011

Facility Facility Owner Primary Contact for this Facility
BIC K-12 Calvin College MiA

1750 East Beltfine Ave SE 3201 Burton St

Grand Rapids, MI 42548 Grand Rapids. Ml 40545
Year Built: 2004

Gross Floor Area [ft3): 5,227

Energy Performance Rating? (1-100) 72

Site Energy Use Summary®

Electricity - Grid Purchase(kBu) 26,838
Electricity - On-Site Solar kBtu) 45,772
Natural Gas {kBtu)4 328,168
Total Energy (kBtu) 472778

Energy Intensitys

Site (kBtwFtayr) B0

Source (kBtufi2yr) 138

Emissions (based on site energy use)

Greenhouse Gas Emissions (MC O efyear) 39 [ Stamp of Certifying Professional

L - Based on the conditions observed at the

et D bution LT, time of my visit to this building, | certfy that
ensumers Energy Co [CMS Energy Corp] the information contained within this

statement is accurate.

National Median Comparison

National Median Site EUI 113

National Median Source EUI 17

% Difference from Mational Median Source EUI -20%

Building Type K-12
School

Meets Industry Standards® for Indoor Environmental Certifying Professional
Conditions: HiA

Ventllation for Acceptable Indoor Air Quality MiA
Acceptable Thermal Enwironmental Conditions MiA
Adequate lllmination MiA

Pt

1. Applcation for tha EMERGY STAR must be subevbed 1o EPA witan 4 montin of lha Peied Ending dete. fevard of the ERERCY ETAR b not Sl untl agpioval & recekved from EPA
Z. Tha EFA Ermigy Pafoimenoe Ralsg b Sl on ok sousioe energy & ialing of 75 (s e mimrmues b be alglie fon e EMEROY STAR

A, isle faSeienl efmigy cofeumpbon, anuelibed 10 @ 12-Rorh paiod

A ‘i tecresean ered gy ooty o sl e be a2 nth perkcd.

£ B on Maebng ASHFAE Sasceid B2 1o eerliation o acoepie bk | mn guel by, ASHRAE Slaoce id 55 for el cormion, amd IESMA Lightng Haribesk foi bghbng quaity

The giresiment malimses D e Lirren Fraachd b Bl oul this lodm S houne [chudin e S5 o emedng eheigy Gl Lb--dﬁuf—w-‘h:lnlr?-l%ﬂnmm1h5& i
W\N'-'iwml:lﬂ %ﬂdm I“u‘ll:'l.ﬂi-nl:nrn.ﬁl,r*mﬂm::lnumrl.-llmllnﬁtﬂlCal-:n:l Exvabagh Dhimcn, LS T1. 1280 Pefiviyval
L i i,

EPA Form S903-16

Figure F-12: BIC Light Timer, K-12
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OME Mo, 2060-0347

STATEMENT OF ENERGY PERFORMANCE
BIC Office

Building ID: 2005282
For 12-month Peried Ending: September 30, 20117
ENERG'\" S Date SEP becomes ineligible: MA Date SEP Generated: Movember 13, 2011

TR
onsrf
EEER

Facility Facility Owner Primary Contact for this Facility
BIC Office Calvin College NIA&

1750 East Beldine Ave SE 3201 Burton St

Grand Rapids, M1 42548 Grand Rapids, Ml 40546
Year Built: 2004

Gross Floor Area (ftf): 5,227

Energy Performance Rating? (1-100) 54

Site Energy Use Summary?

Electricity - 5rid Purchase(kBhu) DB,238
Electricity - On-Site SolarkBtu) 45772
Natural Gas (kBtu)4 328,170
Total Energy [¥Btu) 472,780

Energy Intensity®

Site (kBbuftayr) BO

Source (kBiuftayr) 133

Emissions (based on site energy use)

Greenhouse Gas Emissions (MEC O efyear) 38 [ Stamp of Certifying Professional

E it Distribution Utility Based on the conditions observed at the

time of miy visit to this building. | certify that
the information contained within this
statement is accurate.

Consumers Energy Co [CMS Energy Corp]

Mational Median Comparison

National Median Site ELI a5
National Median Source EUI 144
% Difference from National Median Sowrce EUI 4%
Building Type Ciffice

Meets Industry Standards® for Indoor Environmental Certifying Professional
Conditions: i

Ventllation for Acceptable Indoor Air Quality MiA
Acceptable Thermal Envircnmental Conditions MiA
Adequate [llumination MiA

=]

1. Agplication for tha ENERSY ETAR il be subsibed 1o EPA witin 4 montin of e Peried Ending dite. S of [he EHERGY ETAR b rot el untll epeioaal i necekaed from EPA
3 Th EP# Ershigy Prfofaress R b s oy vkl cosiesn arvirgdy. S rafiiy o] 75 b W Frivirrasms i B i e e ENERIPY STAR.

A Yo et el ereigy o fmumpEo s, asvl teel 1o @ 1d-rny

4. Wies e piennd ere gy lemTy | el 2ed Do @ S renth perkcd.

£, Bk 31 Wilifng ASHRAE B2l -] I i iy, ASHRAE Slandaid 55 fof thaifal comfat, afd IESMA LgNnG Hafdbook faf bghling ity

The goresmment matimsies B eeings lms nsscded o 81 ol this fom S hours (inchde e T emeing eheidy Seis, Licernsd Proessonl b:-nlmE-.-: i nobaizing The SEF) and
wi::rr—w m-mnn %ﬂum i vl of efloil. Band conmaents (leiencing OB contral fusbei) o the Directer, Collection Srateghes Dbaaon, U8 PA:&HT_L 120 Patimrvarms Aen,
FW fgisn,

EPA Form S900-16

Figure F-13: BIC Light Timer, Office
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OME Mo, 2060-0347

STATEMENT OF ENERGY PERFORMANCE
BIC K-12

Building ID: 2005232
For 12-month Peried Ending: September 30, 20117
ENERG'\" S Date SEP becomes ineligible: MA Date SEP Generated: Movember 13, 2011

Facility Facility Owner Primary Contact for this Facility
BIC K-12 Calvin College NIA&

1750 East Beldine Ave SE 3201 Burton St

Grand Rapids, M1 42548 Grand Rapids, Ml 40546
Year Built: 2004

Gross Floor Area (ftf): 5,227

Energy Performance Rating? (1-100) 77

Site Energy Use Summary?

Electricity - 5rid Purchase(kBhu) BB, 154
Electricity - On-Site SolarkBtu) 45772
Natural Gas (kBtu)4 328,188
Total Energy [¥Btu) 452,004

Energy Intensity®

Site (kBbuftayr) B3

Source (kBiuftayr) 13

Emissions (based on site energy use)

Greenhouse Gas Emissions (MEC O efyear) T [ Stamp of Certifying Professional

E it Distribution Utility Based on the conditions observed at the

time of miy visit to this building. | certify that
the information contained within this
statement is accurate.

Consumers Energy Co [CMS Energy Corp]

Mational Median Comparison

National Median Site ELI 118

National Median Source EUI 171

% Difference from National Median Sowrce EUI -24%

Building Type K-12
School

Meets Industry Standards? for Indoor Environmental Certifying Frofessional
Conditions: i

Ventllation for Acceptable Indoor Air Quality MiA

Acceptable Thermal Envirenmental Conditions MiA

Adequate [llumination MiA

Ptk

1. Eppleation for b ENERSY STAR sl be suberBed 1 EPA sifan 4 montin of e Peried Envding date. Savaid ol [ ERERGY ETAR b not il ot apeioval & iecekved liom EPE
2. Tha EFA Ermigy Parformencs Rilng b Baeed on okl sousios anengy. & mating of 75 b B mimmus 1o be aigible o e ENERDY STAR

A e i veend ey rmumpbun, afowebed 1o 8 13-l parid

4. Wies e el ered gy Ty el 2e Do @ | Srenth pericd.

5. Biied o Maeling ASHRAE B2 e e It i uility, ASHRAE Slandaid 55 o thaimal ol and IESMA Lighiing Hardbeok fof ghing guaity

The goresmment matimsies B eeings lms nsscded o 81 ol this fom S hours (inchde e T emeing eheidy Seis, Licernsd Proessonl b:-nlmE-.-: i nobaizing The SEF) and
wi::rr—w m-mnn %ﬂum i vl of efloil. Band conmaents (leiencing OB contral fusbei) o the Directer, Collection Srateghes Dbaaon, U8 PA:&HT_L 120 Patimrvarms Aen,
FW fgisn,

EPA Form S900-16

Figure F-14: BIC Pump Usage, K-12
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OME No. 2060-0347

h STATEMENT OF ENERGY PERFORMANCE
BIC Office

Building ID: 2805282

.20

For 12-month Peried Ending: September 30, 20117
ENERG? il Date SEP becomes ineligible: N/A Date SEP Generated: Movember 12
Facility Facility Owner Primary Contact for this Facility
BIC Office Calvin College NiA
1750 East Beldine Ave 5E 3201 Burton St
Grand Rapids, Ml 48543 Grand Rapids, Ml 49548
Year Built: 2004

Gross Floor Area (ft3: 5,227

Energy Performance Rating? (1-100) 52

Site Energy Use Summary®

Electricity - Grid Purchase(kBtu) 87,550
Electricity - On-Site SolarkBtu) 45,772
Matural Gas (kBtu)4 328,170
Total Energy (kBtu) 481,501

Energy Intensitys

Site (kBtuftayr) B3

Source (kBtwftayr) 130

Emissions (based on site energy use)

Greenhouse Gas Emissions (MtCO elfyear) ar [ Stamp of Certifying Professional

E i Distribution Utility Based on the conditions observed at the

time of miy visit to this building. | certify that
the information contained within this
statement is accurate.

Consumers Energy Co [CMS Energy Corp)

Mational Median Comparison

Mational Median Site EUI ar
Mational Median Source EUI 144
% Difference from Mational Median Sowrce EUI -B%
Building Type Ciffice

Meets Industry Standards® for Indoor Environmental Certifying Frofessional
Conditions: MiA

Ventlation for Acceptable Indoor Air Quality MiA
Acceptable Thermal Environmental Conditions MiA
Adequate lllemination MiA

el

1. Egplcation o B ENERDY STAR misl be subsibed 1o EPA wifin 4 montiv of the Peied Ending date. Swaid of the EREROY ETAR i fot frel untll apeioval b eceheed freem EPA
2. Tha EP Erigy Paformencs Rang i Sk on ol S oo enengy. A aling of 75 [a B milmss o e eligible for e ENERDY STAR

4 W e o] gy torsumpbon, il fed 19 @ 13-l ol

A Wil e vee] e Iy rlereety | an il 2ed e @ ) 2ereenth perked

£ B on Maeling ASHRAE =35 e i wr gualty, ASHRAE Slandaid 55 for theimal oarmfon, and IESMA Lighting Handbook for Rgiing quiity.

The guressirent et sles e aeerag Lt nosced 1 ol s toim &S hous ok B See f eedog snengy dete Lcersssd Probeso tecib i et rotardeieg The 557 anmd
& EPA (i i fove.,

:mmnnnlmh Tty s s of ofiol. S comemards (eleiencing Ol contra numtei] o e Directer, Cobection Smateges Divimon, 1

EPA Form S900-16

Ti 1200 Pasrigtva:

Figure F-15: BIC Pump Usage, Office
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OME No. 2060-0347

STATEMENT OF ENERGY PERFORMANCE
BIC K-12

Building ID: 2905832
For 12-month Peried Ending: September 20, 20117
EME RG'\" Date SEP becomes ineligible: MA Date SEP Generated: Movember 13, 2011

Facility Facility Owner Primary Contact for this Facility
BIC K-12 Calvin College MiA

1750 East Beldine Ave SE 3201 Burton St

Grand Rapids, M1 42548 Grand Rapids. Ml 49548
Year Built: 2004

Gross Floor Area (ft%: 5,227

Energy Performance Rating? (1-100) 82

Site Energy Use Summary?

Electricity - Grid Purchasa{kBhu) 73,883
Electricity - On-Site SolarkStu) 45772
Matural Gas (kBtu)4 328,168
Total Energy [kBtw) 447,603

Energy Intensity®
Site (kBtuftayr) Ba
Source (kBtwftayr) 122

Emissions (based on site energy use)
Greenhouse Gas Emissions (MEC O efyear) 34 [ Stamp of Certifying Professional
e e e - Based on the conditions observed at the
Electric Distribution Utility . L . - .
Consumers Ensrgy Co [CMS Enengy Corp] uming mf vﬁgtfsnmls M.':j‘;gg&i!mﬂsmm
statement is accurates.

Mational Median Comparison

National Median Site ELI 121

National Median Source EUI 171

% Difference from National Median Sowrce EUI -28%

Building Type K-12
School

Meets Industry Standards® for Indeor Envirenmental Certifying Frofessional
Conditions: i

Ventllation for Acceptable Indoor Air Quality MiA

Acceptable Thermal Envircnmental Conditions MiA

Adequate [llumination MiA

L]

1. Agplication for tha ENERSY ETAR il be subsibed 1o EPA witin 4 montin of e Peried Ending dite. S of [he EHERGY ETAR b not el untll epeioaal i necekeed from EPA
2. Thea EPA, Ersnigy Parforesanos g b Exed on bkl sousos snengy. £ nating of 75 s T mirimues o be sigibis for e ENERTY STAR

A i e e oy cormumpbon, afrol el 1o 8 10-molh pariod

A ioes g eienn] e gy Flermly | an el 2ed b a1 2 nth perked.

£ Bmecd oo Meebng ASRAE =3 P fer Trwsen i mr qualify, ASHRAE Sandeid 85 for lheimal cxmion, and (ESA0A Lightng Hardbooh foi bghBng quaity

b o elimiales e Lirren ek e i oul His fo & b [inchucdrs tm §ee o erded y b, Licersed Protessorl taciry | it obare ing The BEF and
um; Wl;r-mnn [ |ﬂﬂ“r:ﬂln-"|.l‘ ol Si'rl.lml:nrn-'-n I?*Imm. faT¥ 1] :::u:rl.-llmlrl'z -Dl'ﬂ_ 1, Colmdion Shateges Drvimon, u.aﬁﬂﬁu"ﬂm h’lm’ll“h_
VY, VWinetargion, D,

EPA Form S900-16

Figure F-16: BIC Solar Water Heater, K-12
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OME No. 2060-0347

STATEMENT OF ENERGY PERFORMANCE
BIC Office

Building ID: 2805282
For 12-month Period Ending: September 20, 20117
ENERG\" =) Date SEP becomes ineligible: WA Date SEP Generated: Movembsr 13, 2011

N
Oy
ENERGY STAR

Facility Facility Owner Primary Contact for this Facility
BIC Office Calvin College MiA

1750 East Beldine Ave SE 3201 Burton St

Grand Rapids, M1 42548 Grand Rapids, Ml 49545
Year Built: 2004

Gross Floor Area (ft: 5,227

Energy Performance Rating? (1-100) &5

Site Energy Use Summary?

Electricity - Grid Purchase(kBtu) 73,850
Eleciricity - On-Site SolarkStu) 45,772
Matural Gas (kBtu)4 328,170
Total Energy (kBtu) 447 802

Energy Intensitys

Site (kBbuftayr) Bd

Source (KBiuftahyr) 122

Emissions (based on site energy use)

Greenhouse Gas Emissions (MbCO efyear) 34 [ Stamp of Certifying Professional
e - Based on the conditions observed at the

Electric Distribution Utility . L . Hir :

Consumers Energy Co [CMS Energy Cormpl time of my visit to this building. | certify that

the information contained within this
statement is accurate.

National Median Comparison

Mational Median Site ELI 101
Mational Median Source EUI 144
%% Difference from Mational Median Source EUI -16%
Building Type Office

Meets Industry Standards® for Indoor Environmental Certifying Professional
Conditions: MiA

Ventlation for Acceptable Indoor Air Quality MNiA

Acceptable Thermal Envireonmental Conditions MiA
Adequate [lleminaticn MiA

el ]

1. Applicatisn fof tha ENERGY STAR misl be subsited 1= EPA sifin 4 montiv of the Peicd Ending dete. Sweid of 1he ERERGY STAR b mot el untl speioval b iecekaed frem EPA
. Tha EFA Eraigy Paformence Ralng s besed on ol souioe energy & rating of 7€ js S mimmes e be dgibde or e EMEREY STAR

4 S (e esend ey s, afoul bed 1o @ 18- caricl

A Vi | esenn ot [y Felerety, an el el e g ] 2reenth perked.

£, Baiid on Masbing ASHRAE [ =35 (=] ireseai wr qualty, ASHRAE Standard 55 fof theimal commfort, amd IEEMA Lighing Handook foi Ighbing uaity.

The guressniend matirises Dan et g v rooschincd e 81 oul s boim w08 fous |inchocins U Sree fon erded og ene gy dele Leermend Frobemsonl il |r-E-.-z et AolaE g Th S5 ard
W-cl:l'l'_w \\'-'i.ml:lﬂ %ﬂnm‘ﬂ’l“ of izl Safd oo (relsiancing OB contia rurl.-llmlln Direcior, Colection Smateges Divincn, LS T 1200 Patiriysar S
A, rghzn,

EPA Form 5200-16

Figure F-17: BIC Wolar Water Heater, Office
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OME Mo, 2060-0347

STATEMENT OF ENERGY PERFORMANCE
BIC K-12

Building ID: 2805832
For 12-month Period Ending: September 30, 20117
ENERG'\" Date SEP becomes ineligible: MA Date SEP Generated: Movember 14, 2011

Facility Facility Owner Primary Contact for this Facility
BIC K-12 Calvin Collegs MiA

1750 East Beldine Ave SE 3201 Burton St

Grand Rapids, MI 42548 Grand Rapids. Ml 49546
Year Built: 2004

Gross Floor Area (ft%: 5,227

Energy Performance Rating? (1-100) 74

Site Energy Use Summary®

Electricity - Grid Purchase(kBtu) 93,230
Electricity - On-Site Solar(kStu) 45772
Electricity - On-Site Wind{kBtu) B.142
Matural Gas (kBiu)* 328,170
Total Energy (kBtu) 473,314

Energy Intensitys
Site (kBtuftayr) ]
Source (kBtuftyr) 135

Emissions (based on site energy use) | Stamp of Certifying Professional
Greenhouse Gas Emissions (MC O, elyear) 38 Based on the condions obs Zthe
Electric Distribution Utility fime of my wsh io this bullding, | certty that
Consumers Energy Co [CMS Energy Corp] ctalement is e

Mational Median Comparison

MWational Median Site ELI 115

MWational Median Source EUI 171

e Difference from Mational Median Sowrce EUI -21%

Building Type K-12
School

Meets Industry Standards® for Indoor Environmental Cenifying Frofessional
Conditions: MiA

Ventlation for Acceptable Indoor Air Quality MiA
Acceptable Thermal Environmental Conditions MiA
Adequate lllumination MiA

Lelii

1. Apgpdcation o tha ENERGY STAR muasl be subsited 1o EPA wiffin 4 montha of tha Peilcd Ending data. Swaid of the ERERGY STAR i not inal untll apeioval i necsbaed Trom EPA
Z. Tha EPA Ersigy’ Parformsncs Rang b Beded on kel Sosios aeigy. A maling of TS s fe minmes o be aigibe lor Be ENERDY STAR

A, Wi ses Tacresan efmigy corsumplor, efnuslibe 1o @ 1-menth parod

A, v sess el e gy islermity, an il 2ed to @ 12-menth pericd

£ Gl on Maebng 5=RAF =3P e et gualifp, ASHRAE Slandaid 55 o lheimal cemion, and IESAA Lightng Harmbeah for bghbng guaity

H i e U tirve Fromachined te B st i o o i Mo S fon pretes v e Liermerd Protemorl tecily @ v otarieing The 557 ard
wdc:l'n-; '""l"'m.un Tor neirg 10 v o ot S o (nadataeseing ILIE STl Felibar B e Dot Clion Eratighed Cidsion, L 8. EFA (ST 1200 Parsivaris vk,
MW, Wamangion, BT

EPA Fomm S200-16

Figure F-18: BIC 1.5kW Wind Turbine, K-12
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OME Mo, 2060-0347

STATEMENT OF ENERGY PERFORMANCE
BIC Office

Building ID: 2005282
For 12-month Peried Ending: September 30, 20117
ENERG'\" Date SEP becomes ineligible: MIA Date SEP Generated: Movembser 14, 2011

N
r oYL
[ENERGY STAR|

Facility Facility Owner Primary Contact for this Facility
BIC Office Calvin College MiA

1760 East Beldine Ave SE 3201 Burton 5t

Grand Rapids, M1 48544 Grand Rapids, Ml 49545
Year Built: 2004

Gross Floor Area (ft3: 5,227

Energy Performance Rating? (1-100) 55

Site Energy Use Summary?

Eleciricity - Grid Purchase(kBtu) 03,230
Eleciricity - On-Site Solar(kBiu) 45772
Eleciricity - On-Site Wind(kEtu) B.142
Natural Gas (kBtu)4 328,170
Total Energy [¥Btu) 473314

Energy Intensitys

Site (kBbwftayr) g

Source [kBtuftyr) 135

Emissions (based on site energy use) | Stamp of Certifying Professional
Greenhouse Gas Emissions (MECO efyear) 38 Eased on the conditions obs e
E i Distribution Utility time of my visit to this building. | certify that

the information contained within this

Consumers Energy Co [CMS Energy Corp) statement is rate

National Median Comparison

National Median Site EUI Ba
National Median Source EUI 144
% Difference from National Median Sowrce EUI -6%
Building Type Cffice

Meets Industry Standards® for Indoor Environmental Certifying Professional
Conditions: NiA

Ventlation for Acceptable Indoor Air Quality MiA

Acceptable Thermal Enwircnmental Conditions MiA

Adequate [llumination MiA

1]

1. Applcation for tha ENERTY BTAR sl be subfited 1o EPA wifin 4 montia of L Peied Ending dite. Swaid of 1he ERERGY BTAR b not el untll apeioval b necekved fiom EPA
2. T EPA Eraigy Parfoimencs Ralng b Baked on ol dosice anengy. & ating of TS [ e minmus e be digible for te ENERDY STAR.

A Wimes eceeieenl ereigy cofmumpbon, afrl ted 1o @ 1d-ron pariod

4. Wimes ece il ere gy ety e el 2ed Ee @\ Smenth pericd.

5. Bkt 2 Maaling ASHRAE B2 e L It i cuality, ASHRAE Slandaid 55 o thaimal coimiot, and IESMA Lighiing Hamdbesk fof Bghng guality

The gremn e e G tirve Framachincd e B pnst thim i o |inchuchn t Sew for ertes w5y it Liprmend Frotessorl teci by i v rodarieing The S5 ard
w.'nw'm'l"..;_?n.h il s i f G Eiatel Cotathasti i ing OV Soriis piiatea] 1 Ao, EoSlanich Emiatioghes Csion, L) 8. EPA (EET], 1200 Pasivybvaris vk,
VY, Winfanigion, Foi Lol

EPA Form S900-16

Figure F-19: BIC 1.5kW Wind Turbine, Office
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OME Mo, 2060-0347

STATEMENT OF ENERGY PERFORMANCE
BIC K-12

Building ID: 2005232
For 12-month Peried Ending: September 20, 20117
EME RG'\" Date SEP becomes ineligible: M/A Date SEP Generated: Movembsr 14, 2011

Facility Facility Owner Primary Contact for this Facility
BIC K-12 Calvin College WA

17560 East Belfine Ave SE 3201 Burton 5t

Grand Rapids, M| 48544 Grand Rapids, Ml 49546
Year Built: 2004

Gross Floor Area (ft%: 5,227

Energy Performance Rating? (1-100) 756

Site Energy Use Summary?

Electricity - Grid Purchase(kBhu) 5,730
Electricity - On-Site SolarkStu) 45772
Eleciricity - On-Site Wind(kEtu) 13,634
Matural Gas (kBtu)4 328,170
Total Energy [¥Btu) 473315

Energy Intensity®

Site (kBtuftaiyr) "

Source (kBtuftayr) 132

Emissions (based on site energy use) [ Stamp of Certifying Professional
Greenhouse Gas Emissions (MECO edyear) 38 Eased on the conditions obs e
E it Distribution Utility timee of miy visit to this building. | certify that

the information contained within this

Consumers Energy Co [CMS Energy Corp) statement is rate

National Median Comparison

National Median Site EUI 118

National Median Source EUI 171

% Difference from National Median Sowce EUI -23%

Building Type K-12
School

Meets Industry Standards® for Indoor Environmental Centifying Frofessional
Conditions: MiA

Ventllation for Acceptable Indoor Air Quality MiA
Acceptable Thermal Envirenmental Conditions MiA
Adequate [llumination MiA

Nl.h
1. Applcation fof thi ENERDY ETAR it be subsiBed 1o EPA sifin 4 monti of lhe Pericd Ending dite. Swveid of ths ENERGY ETAR b nol Sl untl speiowl i necsbed from EPA
2. Tha EPA Ermigy Parfoimancs Ralng b Besed o okl souios anengy. & ialing of 75 i De mifmus 5 be aigide fof e ENERDY STAR
A, il | eieen] efegy CofEUMpEon, afnuelOed 10 @ 13-mont paiod
-l ol el o gy FRlereTy, o roel el e @ 12—rr:|ﬂ|u-1m.l.
£ B on Maebng AS-RAE 2 e e quality, ASHRAS Slandard 55 fo el comior, and (ESMA Lightng Sardbec foi bghbng guaity

The guresneend matmsbes s aeer g e s e 81 oul Bis form w8 | I i S for prites TR e —Y v rodarEing The 557 ard
wi;c:rr_"rl:—i:lurl::-h nicirg gn il of afof). B cofavirth (b ranei DM oniral Faifsbi] B e CHrecaor, Celetion Eiutigien Dbvtsion, L 5. EPA (BT), 1200 Patiivatia Ars.
VY, Wineangion,

EPA Form S900-16

Figure F-20: BIC 3kW Wind Turbine, K-12
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OME Mo, 2060-0347

STATEMENT OF ENERGY PERFORMANCE
BIC Office

Building ID: 2005282
For 12-month Peried Ending: September 20, 20117
EME RG'\" Date SEP becomes ineligible: M/A Date SEP Generated: Movembsr 14, 2011

TR
onf .
EEER

Facility Facility Owner Primary Contact for this Facility
BIC Office Calvin College WA

17560 East Belfine Ave SE 3201 Burton 5t

Grand Rapids, M| 48544 Grand Rapids, Ml 49546
Year Built: 2004

Gross Floor Area (ft%: 5,227

Energy Performance Rating? (1-100) 58

Site Energy Use Summary?

Electricity - Grid Purchase(kBhu) 5,730
Electricity - On-Site SolarkStu) 45772
Eleciricity - On-Site Wind(kEtu) 13,634
Matural Gas (kBtu)4 328,170
Total Energy [¥Btu) 473315

Energy Intensity®

Site (kBtuftaiyr) "

Source (kBtuftayr) 132

Emissions (based on site energy use) [ Stamp of Certifying Professional
Greenhouse Gas Emissions (MECO edyear) 38 Eased on the conditions obs e
E it Distribution Utility timee of miy visit to this building. | certify that

the information contained within this

Consumers Energy Co [CMS Energy Corp) statement is rate

National Median Comparison

National Median Site EUI Ba
National Median Source EUI 144
% Difference from National Median Sowrce EUI -B%
Building Type Ciffice

Meets Industry Standards® for Indoor Environmental Centifying Professional
Conditions: NiA

Ventllation for Acceptable Indoor Air Quality MiA

Acceptable Thermal Enwironmental Conditions MiA

Adequate [llumination MiA

L]

1. Application for tha ENE RS STAR sl be subsibed 1o EPA witin 4 montin of the Peried Ending dite. Sevaid of hes ERERGY BTAR hi not el untll epeiosal @ iecekaed fiem EPA
2. T EPA Ermigy Parfoimancs Rilng b Baeed on ot sosice anengy. A mating of 75 b Se minmss o be digible o e ENERDY STAR

A Ve et el ereigy cofmumpEon, sl oeel 1o @ 1d-rely Do

4. Wies e el ered gy lermly | el 2e Do @ Srenth perkcd.

£, B on Masling ASHRAE B (= IS i quality, ASHRAE Slandard 55 fof il coimfort, and IESMA Lighing Hardbeosk fof Rghiing guaiity

The gremn e s G tirren Frosachindd te B st Ehim i o I i S for prites TR e —Y v rodarEing The 557 ard
wi;c:rr—l:rl:—i:lurl::-h iicing 10m iosal f AMon. ol cistaints (s oG CHLIE Scrir Flfbar B 1 CHseiot, OEion Srvatighes Civision, LIS EFA (AT 1200 Pasrrayhrarid fvs.
VY, Wineangion, AR

EPA Form S900-16

Figure F-21: BIC 3kW Wind Turbine, Office
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OME No. 2060-0347

STATEMENT OF ENERGY PERFORMANCE

BIC K-12
Building ID: 2805832
For 12-month Peried Ending: September 30, 20117
ENERG? il Date SEP becomes ineligible: N/A Date SEP Generated: Movember 13, 2011
Facility Facility Owner Primary Contact for this Facility
BIC K-12 Calvin College NiA
1750 East Beldine Ave 5E 3201 Burton St
Grand Rapids, Ml 48543 Grand Rapids, Ml 49548
Year Built: 2004

Gross Floor Area (ft3: 5,227

Energy Performance Rating? (1-100) 72

Site Energy Use Summary®

Electricity - Grid Purchase(kBtu) 00,370
Electricity - On-Site SolarkBtu) 45,772
Natural Gas (k)4 325,551
Total Energy (kBtu) 470,703

Energy Intensitys

Site (kBtuftayr) oo

Source (kBtwftayr) 137

Emissions (based on site energy use)

Greenhouse Gas Emissions (MtCO elfyear) 39 [ Stamp of Certifying Professional

E i Distribution Utility Based on the conditions observed at the

time of miy visit to this building. | certify that
the information contained within this
statement is accurate.

Consumers Energy Co [CMS Energy Corp)

Mational Median Comparison

Mational Median Site ELI 112
Mational Median Source EUI 1M
% Difference from Mational Median Sowrce EUI -20%
Building Type K-12
School
Meets Industry Standards® for Indoor Environmental Centifying Frofessional
Conditions: MiA
Ventlation for Acceptable Indoor Air Quality MiA
Acceptable Thermal Environmental Conditions MiA
Adequate lllmination MiA
ot

1. Bppbeation fox e ENERSY STAR et be subesBed 1o EPA sifen 4 montin of lhe Pericd Ending date. Sweid of i ENERGY ETAR i not v untll apeioval i necekveed rom EP&
2. Tha EP# Eraigy Paformenos Ralng i Dk on ol S osice enengy. A aling of 75 [a B milmss i b eligible for e ENERDY STAR

3, Vilses aprement eheigy cofsumpion, afnuslized 19 @ 12-monh perod

A Wioes i el erd(ly rermty | an el 2ed Bea ) 2ementh perked.

£, Bliaed| 2y Mg ASHRIAE =15 e Ireieni ai gualty, ASHRAE Slandaid 05 fof lhaitaal oxfiat, aid IESMA Lighing Hafdbesk fof Rghbng guaily.

The geresiTiesent aatimsies D dedn g Lr rosded i 8l oul this form S hou (nched e Bone for emeing sneigy Gele, Licensd Prolessionl ‘h:ll'plr-E-.i i potazing T SE;LIM
walmn--qg-nﬁa?h Tt g s s of ofiol. S comemards (eleiencing Ol contra numtei] o the Directer, Cobection Snateges Divimon, 1.5 PA?&HTJ, 1250 Prardrrysama S,
MW, Whnsangion, F T

EPA Form S900-16

Figure F-22: BIC Window Improvement, K-12
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OME Mo, 2060-0347

STATEMENT OF ENERGY PERFORMANCE
BIC Office

Building ID: 2005282
For 12-month Peried Ending: September 30, 20117
ENERG'\" S Date SEP becomes ineligible: MA Date SEP Generated: Movember 13, 2011

TR
onsrf
EEER

Facility Facility Owner Primary Contact for this Facility
BIC Office Calvin College NIA&

1750 East Beldine Ave SE 3201 Burton St

Grand Rapids, M1 42548 Grand Rapids, Ml 40546
Year Built: 2004

Gross Floor Area (ftf): 5,227

Energy Performance Rating? (1-100) 54

Site Energy Use Summary?

Electricity - 5rid Purchase(kBhu) 80,370
Electricity - On-Site SolarkBtu) 45772
Natural Gas [kBtu)4 335,551
Total Energy [¥Btu) 470,703

Energy Intensity®

Site (kBbuftayr) Bo

Source (kBiuftayr) 137

Emissions (based on site energy use)

Greenhouse Gas Emissions (MEC O efyear) 38 [ Stamp of Certifying Professional

E it Distribution Utility Based on the conditions observed at the

time of miy visit to this building. | certify that
the information contained within this
statement is accurate.

Consumers Energy Co [CMS Energy Corp]

Mational Median Comparison

National Median Site ELI B4
National Median Source EUI 144
% Difference from National Median Sowrce EUI 4%
Building Type Ciffice

Meets Industry Standards® for Indoor Environmental Certifying Professional
Conditions: i

Ventllation for Acceptable Indoor Air Quality MiA
Acceptable Thermal Envircnmental Conditions MiA
Adequate [llumination MiA

=]

1. Agplication for tha ENERSY ETAR il be subsibed 1o EPA witin 4 montin of e Peried Ending dite. S of [he EHERGY ETAR b rot el untll epeioaal i necekaed from EPA
3 Th EP# Ershigy Prfofaress R b s oy vkl cosiesn arvirgdy. S rafiiy o] 75 b W Frivirrasms i B i e e ENERIPY STAR.

A Yo et el ereigy o fmumpEo s, asvl teel 1o @ 1d-rny

4. Wies e piennd ere gy lemTy | el 2ed Do @ S renth perkcd.

£, Bk 31 Wilifng ASHRAE B2l -] I i iy, ASHRAE Slandaid 55 fof thaifal comfat, afd IESMA LgNnG Hafdbook faf bghling ity

The goresmment matimsies B eeings lms nsscded o 81 ol this fom S hours (inchde e T emeing eheidy Seis, Licernsd Proessonl b:-nlmE-.-: i nobaizing The SEF) and
wi::rr—w m-mnn %ﬂum i vl of efloil. Band conmaents (leiencing OB contral fusbei) o the Directer, Collection Srateghes Dbaaon, U8 PA:&HT_L 120 Patimrvarms Aen,
FW fgisn,

EPA Form S900-16

Figure F-23: BIC Window Improvements, Office
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OME No. 2060-0347

STATEMENT OF ENERGY PERFORMANCE
BIC K-12

Building ID: 2905832
For 12-month Peried Ending: September 20, 20117
EME RG'\" Date SEP becomes ineligible: MA Date SEP Generated: Movember 13, 2011

Facility Facility Owner Primary Contact for this Facility
BIC K-12 Calvin College MiA

1750 East Beldine Ave SE 3201 Burton St

Grand Rapids, M1 42548 Grand Rapids. Ml 49548
Year Built: 2004

Gross Floor Area (ft%: 5,227

Energy Performance Rating? (1-100) 75

Site Energy Use Summary?

Electricity - Grid Purchasa{kBhu) 03,148
Electricity - On-Site SolarkStu) 45772
Matural Gas (kBtu)4 328,168
Total Energy [kBtw) 457,088

Energy Intensity®

Site (kBbuftayr) Bg

Source (KBiuftayr) 134

Emissions (based on site energy use)

Greenhouse Gas Emissions (MEC O efyear) 38 [ Stamp of Certifying Professional

E ic Distribution Utility Based on the conditions observed at the

time of miy visit to this building. | certify that
the information contained within this
statement is accurates.

Consumers Energy Co [CMS Energy Corp]

Mational Median Comparison

National Median Site ELI 114

National Median Source EUI 171

% Difference from National Median Sowrce EUI -22%

Building Type K-12
School

Meets Industry Standards® for Indeor Envirenmental Certifying Frofessional
Conditions: i

Ventllation for Acceptable Indoor Air Quality MiA

Acceptable Thermal Envircnmental Conditions MiA

Adequate [llumination MiA

L]

1. Agplication for tha ENERSY ETAR il be subsibed 1o EPA witin 4 montin of e Peried Ending dite. S of [he EHERGY ETAR b not el untll epeioaal i necekeed from EPA
2. Thea EPA, Ersnigy Parforesanos g b Exed on bkl sousos snengy. £ nating of 75 s T mirimues o be sigibis for e ENERTY STAR

A i e e oy cormumpbon, afrol el 1o 8 10-molh pariod

A ioes g eienn] e gy Flermly | an el 2ed b a1 2 nth perked.

£ Bmecd oo Meebng ASRAE =3 P fer Trwsen i mr qualify, ASHRAE Sandeid 85 for lheimal cxmion, and (ESA0A Lightng Hardbooh foi bghBng quaity

b o elimiales e Lirren ek e i oul His fo & b [inchucdrs tm §ee o erded y b, Licersed Protessorl taciry | it obare ing The BEF and
um; Wl;r-mnn [ |ﬂﬂ“r:ﬂln-"|.l‘ ol Si'rl.lml:nrn-'-n I?*Imm. faT¥ 1] :::u:rl.-llmlrl'z -Dl'ﬂ_ 1, Colmdion Shateges Drvimon, u.aﬁﬂﬁu"ﬂm h’lm’ll“h_
VY, VWinetargion, D,

EPA Form S900-16

Figure F-24: BIC Zoned Ventilation, K-12
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OME Mo, 2060-0347

STATEMENT OF ENERGY PERFORMANCE
BIC Office

Building ID: 2005282
For 12-month Peried Ending: September 20, 20117
EME RG'\" Date SEP becomes ineligible: M/A Date SEP Generated: Movember 13, 2011

TR
onf .
EEER

Facility Facility Owner Primary Contact for this Facility
BIC Office Calvin College WA

17560 East Belfine Ave SE 3201 Burton 5t

Grand Rapids, M| 48544 Grand Rapids, Ml 49546
Year Built: 2004

Gross Floor Area (ft%: 5,227

Energy Performance Rating? (1-100) 56

Site Energy Use Summary?

Electricity - Grid Purchase(kBhu) 03,148
Electricity - On-Site SolarkStu) 45,772
Natural Gas (kBtu)4 328,170
Total Energy (kBtu) 457,000

Energy Intensity®

Site (kBtuftaiyr) Bg

Source (kBtwftayr) 134

Emissions (based on site energy use)

Greenhouse Gas Emissions (MEC O edyear) 38 [ Stamp of Certifying Professional

E ic Distribution Utility Based on the conditions observed at the

timee of miy visit to this building. | certify that
the information contained within this
statement is accurate.

Consumers Energy Co [CMS Energy Corp)

Mational Median Comparison

National Median Site ELI Ba
Mational Median Source EUI 144
%% Difference from Mational Median Source EUI -T%
Building Type Oiffice

Meets Industry Standards® for Indoor Environmental Cenrtifying Frofessional
Conditions: NIA

Ventlation for Acceptable Indoor Air Quality MiA
Acceptable Thermal Envircnmental Conditions MiA
Adequate [llumination MiA

el ]
1. Applcation for ths ENERGY STAR must be subsstied o EPA witin 4 months of the Parod Ending date. Sward of th ENERGY ETAR i not sl until sperival i recsived from EP&
2. Tha EPs Ereigy Parformsncs Ralng b Beded on kel Sosios aneigy. & nating of 75 s fe mimmuss o be aigibde o fe ENEROY STAR
A Wies et el ereigy CofmumpEo s, asrl teel 1o @ 1d-ry
A Visoes s edenn] ered gy ety an el 2ed b a1 2-meenth perked.
£ S oo Meebneg ASRAE =3 E e Trwdenni i qualifp, ASHRAE Slariaid 5 for el el aid |ESP0A L ighbng Haresh o bghBng quaity

The guresneend matmsbes s aeer g e s e 81 oul Bis form w8 | I i S for prites TR e —Y v rodarEing The 557 ard
wi;c:rr_"rl:—i:lurl::-h nicirg gn il of afof). B cofavirth (b ranei DM oniral Faifsbi] B e CHrecaor, Celetion Eiutigien Dbvtsion, L 5. EPA (BT), 1200 Patiivatia Ars.
VY, Wineangion,

EPA Form S900-16

Figure F-25: BIC Zoned Ventilation, Office
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OME No. 2060-0347

h STATEMENT OF ENERGY PERFORMANCE

Nature Park Interpretive Center

Building ID: 2830110
For 12-month Peried Ending: September 30, 20117
NEHGY R I]ate SEP becomes ineligible: N/A Date SEP Generated: Movember 21, 2011

Facility Facility Owner Primary Contact for this Facility
Nature Park Interpretive Center Calvin College NiA
15655 Southwest Millikan Way 3201 Burton St
Beawverton, OR 87006 Grand Rapids. Ml 49545
Year Built: 2000

Gross Floor Area (ft3: 7,700

Energy Perfformance Rating? (1-100) 20

Site Energy Use Summary®

Electricity - Grid Purchase(kBtu) 202,080
Matural Gas (kBtu)4 180,500
Total Energy (kBtu) 582580

Energy Intensitys
Site (kBtuftatyr) 7
Source (kBtwfiyr) 198

Emissions (based on site energy use)
Greenhouse Gas Emissions (MtCO elyear) 55

[ Stamp of Certifying Professional
Electric Distribution Utility —
} Based on the conditions observed at the
Fortiand General Blectrc Co time of my wisit to this building, | certify that
the information contained within this

Mational Median Comparison

National Median Site EUI 57 statement is accurats.
National Median Source EUI 148
% Difference from National Median Sowrce EUI 32%
Building Type K-12
School
Meets Industry Standards® for Indoor Environmental Certifying Frofessional
Conditions: MiA
Ventlation for Acceptable Indoor Air Quality MiA
Acceptable Thermal Environmental Conditions MiA
Adequate lllemination MiA
el

1. Bppheation for e ENERGY STAR et be subriBed 1o EFA, sifun 4 monti of le Perod Ending date. fwver< of e ERERGY STAR m rot fra until speroval i ieceyed from EPA
2. Tha EFA, Ermigy Paformencs Ralng i Beed o ol sostos seergy. & miing of 75 5 T mimrmse i be alglie o Te EMEROY STAR

4 W e o] gy torsumpbon, il fed 19 @ 13-l ol

A Wi s eiee] e (ly rlerety | an ool 2ed e a 1ﬂ-rr:|ﬂ|u-'lm.l.

£ B on Maeling ASHRAE =35 i wr gualty, ASHRAE Slandaid 55 for theimal oarmfon, and IESMA Lighting Handbook for Rgiing quiity.
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Figure F-26: Nature Park Interpretive Center, Sheet 1
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FOR YOUR RECORDS ONLY. DO NOT SUBMIT TO EPA.

Please keep this Facility Summary for your own reconds; do not submit it to EPA. Only the Statement of Energy Performance
{SEP). Data Checklist and Letter of Agreement need to be submitted to EPA when applying for the ENERGY STAR.

Facility Facility Owner Primary Contact for this Facility
Nature Park Interpretive Center Calvin College MiA

15655 Southwest Millikan Way 3201 Burton St

Beaverton, OR 87006 Grand Rapids, M| 49546

General Information

ross Floor Area Excluding Farking: (iT) 7.700
'ear Built 2000
For 12-month Evaluation Penod Ending Date: September 30, 2011
Fat:ilii Sice Use Summi
Bpace Tape K-12Z Soiend
Gross Floor Areaiftl) 7,700
Open Weskends 7 Tes
Mumber of PCs z

of walk-in

units o
Presemce of cooking Taciites =]
Percent Cooled =a
Feroent Heabed 0
Monifes" 1z
High Schoal? ]
Bchool Districe [LAEN

Miore than 50% of your bulkding ks defined as K-1Z 2chool. Fiease nobe that your Eing accounts for all of the spaces Isied. The Nabonal Misdian column presents
amargy parformance data your bulding wouild have & your buliding had a median riting of S0

Motes:
© - This aftrbute s opSonal.
d- A defaut valss Ras been suppiled by Porsiolo Marager,

Figure F-27: Nature Park Interpretive Center, Sheet 2



OME Mo, 2060-0347

STATEMENT OF ENERGY PERFORMANCE
Degraaf Nature Center

Building ID: 2930071
For 12-month Peried Ending: September 20, 20117
EME RG'\" Date SEP becomes ineligible: M/A Date SEP Generated: Movember 15, 2011

Facility Facility Owner Primary Contact for this Facility
Degraaf Natwre Center Calvin College NiA
&00 Graafschap Road 3201 Burton St
Holland, M| 48423 Grand Rapids. Ml 49548
Year Built: 2000

Gross Floor Area (ft35: 3,111

Energy Performance Rating? (1-100) N/A

Site Energy Use Summary?

Electricity - Grid Purchase(kBhu) 50,737
Natural Gas (kBtu)4 102, BO6
Total Energy [kBtu) 162623

Energy Intensity®
Site (kBtufft2yr) 52
Source (kBtwftayr) pg

Emissions (based on site energy use)
Greenhouse Gas Emissions (MC O elyear) 14

[ Stamp of Certifying Professional
Electric Distribution Utility —
- Based on the conditions obsersed at the
Holland Board of Public Works time of my visit to this building, | certify that
the information contained within this

National Median Comparison

National Median Site ELI 57 statement is accurate.
National Median Source EUI 145
"% Difference from National Median Sowrce EUI -32%
Building Type K-12
School
Meets Industry Standards® for Indoor Environmental Cenrtifying Frofessional
Conditions: NIA
Ventlation for Acceptable Indoor Air Quality MiA
Acceptable Thermal Envircnmental Conditions MiA
Adequate [llumination MiA
el ]

1. Applcation for ths ENERGY STAR must be subsstied o EPA witin 4 months of the Parod Ending date. Sward of th ENERGY ETAR i not sl until sperival i recsived from EP&
2. Tha EPs Ereigy Parformsncs Ralng b Beded on kel Sosios aneigy. & nating of 75 s fe mimmuss o be aigibde o fe ENEROY STAR

A Wies et el ereigy CofmumpEo s, asrl teel 1o @ 1d-ry

A Visoes s edenn] ered gy ety an el 2ed b a1 2-meenth perked.
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The guresneend matmsbes s aeer g e s e 81 oul Bis form w8 | I i S for prites TR e —Y v rodarEing The 557 ard
wi;c:rr_"rl:—i:lurl::-h nicirg gn il of afof). B cofavirth (b ranei DM oniral Faifsbi] B e CHrecaor, Celetion Eiutigien Dbvtsion, L 5. EPA (BT), 1200 Patiivatia Ars.
VY, Wineangion,

EPA Form S900-16

Figure F-28: DeGraaf Nature Center, Sheet 1
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FOR YOUR RECORDS ONLY. DO NOT SUBMIT TO EPA.

Please keep this Facility Summary for your own records; do not submit it to EPA. Only the Statement of Energy Performance
{SEP). Data Checklist and Letter of Agreement need to be submitted to EPA when applying for the ENERGY STAR.

Facility Facility Owner Primary Contact for this Facility
Degraaf Matuwre Center Calvin College NiA

£00 Graafschap Road 3201 Burton St

Holland, Ml 48423 Grand Rapids, M| 49545

General Information

ross Floor Area Excluding Parking: (iT) 3111
Year Built 2000
For 12-month Evaluation Penod Ending Date: September 30, 2011
Fat:ilii Sice Use Summi

Bpace Type K-12 Schwond

3ross Floor Areaiftl) 31

2pen Weeskends 7 Tes

MNumber of PCs z

of walk-in

units o

Fresemce of cooking faciites. Mo

Feroent Cooled 0

Fercent Heated 0

[ 1z

High 3chool™ =]

Bchool District* HiA,

More than S50% of pour bulkding s defined as K-1Z School. This bulding Is curenty inslgibie for & rating. Fiease noks e MaSonal Median colamn represents the:
CEECE national madan daba for K-12 3chool. This bulding uses 32% less enengy per squans foot than the CBECS national median for K-12 Sohool.

Noles

o - This afirbuie Is cpSonal.

d - A defaul vake: Fars been suppdied by PorSiollo Mansger,

Figure F-29: DeGraaf Nature Center, Sheet 2



OME Mo, 2060-0347

STATEMENT OF ENERGY PERFORMANCE
Environmental Interpretive Center

Building ID: 2030183
For 12-month Peried Ending: September 20, 20117
EME RG‘\" Date SEP becomes ineligible: M/A Date SEP Generated: Movember 15, 2011

TR
onf .
EEER

Facility Facility Owner Primary Contact for this Facility
Environmental Interpretive Center Calvin College NiA

4801 Evergreen Road 3201 Burton St

Dearbomn, Ml 43128 Grand Rapids. Ml 49548

Year Built: 2001
Gross Floor Area (ft%: 13,000

Energy Performance Rating? (1-100) 2

Site Energy Use Summary?

Electricity - Grid Purchase(kBhu) 472,003
Natural Gas (kBtu)4 1,531,048
Total Energy [kBtu) 1,052,052

Energy Intensity®
Site (kBtufft2yr) 150
Source (kBtwftayr) 232

Emissions (based on site energy use)
Greenhouse Gas Emissions (MC O elyear) 175

[ Stamp of Certifying Professional
Electric Distribution Utility —
p - Based on the conditions obsersed at the
Detroit Edison Co (The) [DTE Energy Co] fime of my visit to this building. | certify that
the information contained within this

National Median Comparison

National Median Site ELI DA statement is accurate.
National Median Source EUI 143
"% Difference from National Median Sowrce EUI B7%
Building Type K-12
School
Meets Industry Standards® for Indoor Environmental Cenrtifying Frofessional
Conditions: NIA
Ventlation for Acceptable Indoor Air Quality MiA
Acceptable Thermal Envircnmental Conditions MiA
Adequate [llumination MiA
el ]

1. Bgpbeation for the EMERGY STAR ot be subeaBed 1o EPA sifan 4 montin of i Pericd Ending dute. Swerd of the ENERGY STAR b ot Sl until speroval B iecebved from ERA
2. Thes EFA Esmigy Parformencs Ralng i B on ol sosioe eredgy. & el ng o 75 i e mirres b be alglde for Te EMNEREY STAR

A Wies et el ereigy CofmumpEo s, asrl teel 1o @ 1d-ry

A Visoes s edenn] ered gy ety an el 2ed b a1 2-meenth perked.
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VY, Wineangion, D
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Figure F-30: Environmental Interpretive Center, Sheet 1
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FOR YOUR RECORDS ONLY. DO NOT SUBMIT TO EPA.

Please keep this Facility Summary for your own reconds; do not submit it to EPA. Only the Statement of Energy Performance
{SEP). Data Checklist and Letter of Agreement need to be submitted to EPA when applying for the ENERGY STAR.

Facility Facility Owner Primary Contact for this Facility
Enwironmental Interpretive Center Calvin College MiA

4801 Evergreen Foad 3201 Burten St

Dearborn, Ml 43128 Grand Rapids, Ml 49546

General Information

ross Floor Area Excluding Farking: (iT) 13.000

'ear Built 2001

For 12-month Evaluation Penod Ending Date: September 30, 2011
Fat:ilii Sice Use Summi

Bpace Tape K-12Z Soiend

Gross Floor Areaiftl) 13,000

Open Weskends 7 Tes

Mumber of PCs z

of walk-in

units o

Presemce of cooking Taciites =]

Percent Cooled =a

Feroent Heabed 0

Monifes" M

High Schoal? ]

Bchool Districe [LAEN

Miore than 50% of your bulkding ks defined as K-1Z 2chool. Fiease nobe that your Eing accounts for all of the spaces Isied. The Nabonal Misdian column presents
amargy parformance data your bulding wouild have & your buliding had a median riting of S0

Mot

o - This afirbate Is opional.

d - A& defaut vakee Bas been supplied by Porsilio Manager.

Figure F-31: Environmental Interpretive Center, Sheet 2



APPENDIX G: Proposed Improvements Detail

Solar Water Heater:

The BIC uses its existing boiler for two main purposes: radiant heat flow from running hot water
through the floor pipes, and heating running water for domestic use. The boiler runs on burning
natural gas. The group received natural gas numbers from Paul Pennock and determined that the
natural gas usage is a leading source of energy use and EUI contributions in the BIC. The
Renewable Energy and External Comparisons group analyzed renewable sources to reduce the
BIC’s EUI and determined that a solar water heater could be effective in reducing significant
natural gas usage.

A solar water heater was found online, the specifications of which are contained below. A
notable specification is that the system promises to produce 100 liters of water at 60 degrees
Celsius per day under optimal solar conditions.

= Model Name: JX1P480-58/1800-10

m 10 parallel heating tubes (works if individual tubes are inactive)
®m (.8 square meter area

= 15/30/45/60 degree angle options

= 100L 60°C water supplied at max solar per day

m  $614.78 for system

= Approximately $5000 total cost with installation.

The BIC already has a solar array of PV panels on the East and West roofs, the energy of which
is monitored by Calvin data logging systems. From this data we are able to estimate the amount
of solar energy to expect throughout the year. The solar trend throughout the year is presented in
Figure G-1 which was used to calculate expected production of hot water.
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Figure G-32. Monthly Solar Trends in Grand Rapids from Solar PV Data

From prior study and knowledge of Michigan’s solar situation, a limiting factor of 70% was
implemented since Michigan never reaches optimal solar conditions that the website says the
system needs to produce the 100 liters of water per day. This limited solar factor in conjunction
with the monthly trend data allowed an analysis of the expected production of hot water per year.

The data taken from the BIC from the 382 class provided numbers for gallons of water flowing
through the boiler and the natural gas usage for prior months. A month was analyzed to produce
a constant for gas usage per gallon of hot water in order to convert hot water production to
natural gas savings. The expected numbers for the year are presented below.

Table G-5. Expected Natural Gas Savings Numbers

January |February [March April May June July August  |September |October |November |December|
Solar Trend 2010 11.2 1281 1521 1705.2| 21153 23294 71181 1973.1 1256.3 787.2 2712 281
Factor 0.004808| 0.054993| 0.652958| 0.732034| 0.908088 1| 0.90929| 0.847042( 0.539323431| 0.337941| 0.1164248| 0.0120632

Gallons/Day expected 0.088912| 1.016927| 12.07452| 13.5368| 16.7924| 1B.49204| 16.81463( 15.66354| 9.973192445| 6.249222| 2.1529331| 0.2230731
Gallons/month saved| 2.667351| 30.50782| 362.2357| 406.1041| 503.772| 554.7613| 504.4389( 469.9062 299.1957733| 187.4766| 64.587992| 6.6921923
BTU saved/month 151702.3] 1735095|20601719| 19297987| 15719999| 33583123 | 23420410] 16300129| 13181813.22) 10662507( 3673363.7| 380610.32

The numbers for expected savings were compared with the natural gas usage numbers for the
BIC, since savings cannot exceed usage. This comparison is framed in the figure below.

From running these savings through the Portfolio Manager program, we can expect a 16
kBTU/ft?-yr reduction in EUI from this solar water heater.
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Figure G-33. Expected Natural Gas Savings
Pumps:

The BIC is heated by a conventional duct heating system as well as a radiant floor heating
system. The radiant floor system uses networks of pipes carrying hot water to heat provide heat
to the floors. There are 4 pumps that circulate the water around the building that continuously
throughout the year. The electricity team suggests that a controller could be used to shut off the
pumps during the summer months when the building is not being heated and thus reducing the
electricity use of the pumps. If the pumps are turned off the electricity savings are calculated to
be 824 kwh/month. If the pumps are turned off for the summer months June, July, August, and
September the yearly energy savings are calculated to be 3296 kW/year. These estimates are
biased off of on time data provided by Hobbs meters for the months of June through November
2011. Kilowatt hours were then calculated using the wattage ratings of each pump. The wattage
ratings and power consumption of each pump used in the radiant floor heating system are listed
in Table G-2 and G-3 respectively.
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Table G-2: Radiant Floor Pump Wattage Ratings

Pump Number Pump 1 Pump 2 Pump 3 Pump 4
Wattage Rating 215 245 205 440
(W)

Table G-3: Radiant Floor Pump Power Consumption

Pump 1 -

Hobbs Pump 2 - Pump 3 - Pump 4 -

meter Hobbs meter | Hobbs meter | Hobbs meter

[kWh] [kWh] [KWh] [kWh]
June 166 189 158 339
July 154 176 147 316
August 170 193 162 347
September 152 172 144 311
October 153 175 146 313
November 176 200 128 360

The team consulted with Paul Pennock, an expert in mechanical projects, who suggested running
the pumps 10 to 15 minutes every 3 days to prevent the pumps from binding. For this reason a
programmable pump controller is suggested to be used to turn each pump off and on during the
summer months. Carlson meter PPC5001 is suggested to control each pump.
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