Chapter 4: Energy
4.1 Introduction
Energy consumption is one of the largest expenditures for businesses and Chapman
University is no different. During the 2010-2011 fiscal year, Chapman University spent nearly $1.9
million dollars on energy costs. The total cost was broken down into electrical energy and natural gas.
Of the total amount spent $1.4 million was for electrical energy and $500,000 for natural gas.
Heating and cooling costs typically are responsible for half of the total energy cost for businesses (55
Interesting Facts About Energy, 2012). This means there are huge economic benefits to reducing the
amount of energy used.
In addition to the economic benefits the reduction of energy usage results in fewer greenhouse
gases being released into the atmosphere. Not only does this help mitigate and slow down climate
change it also has the added benefit of reducing atmospheric pollution. This is important because the
impact that some predict climate change will have could be catastrophic for the continuation of human
life on Earth.
Here at Chapman University the Facilities Management Department is responsible for the
energy management at Chapman University. The mission of the department is to create an energy
efficient and environmentally sustainable campus through the development and implementation of
energy conservation practices and programs (Chapman University). The goal of the department is to
reduce the total amount of energy consumed at Chapman which will inevitably lead to substantial cost
savings for the university.
By progressing towards a more sustainable energy usage Chapman can lead the way in
sustainable colleges and will also help it save money. Due to this energy is an extremely important
component to an audit and often times is the main cost savings part of these type of audits. With just
simple awareness of ways to cut back energy usage and some modifications in appliances used there
can be a dramatic cost savings.

4.2 History of Energy at Chapman
Historically Chapman has lacked sophistication when collecting data about its energy usage. It
wasn’t until the summer of 2012 that it began to install sub-metering into its buildings. Sub-metering
allows for each building that it is installed in to have its own individual electricity monitoring.
Previously the university only had a single energy meter for the entire campus which isn’t very useful
for determining areas that could provide savings. Because of the rapid growth Chapman has
experienced the electricity usage has gone up in recent years. Partially responsible for the increase is
the addition of more buildings and the acquisition of more property. The installation of sub-metering is
a significant step forward as now individual buildings can be monitored and the results of any
programs to reduce usage can be determined accurately at the building level.
Natural gas already had individual meters installed into most buildings and thus allows for a
clearer picture of where the majority of the usage stems from.

4.2.1 How Chapman University is Charged for Electricity
Chapman University receives its electricity from Southern California Edison (SCE). The
university is billed for a peak usage as well as kilowatt hour (kWh) usage. SCE determines generation
costs based upon peak usage. Peaks are defined under three categories: off peak, mid-peak and onpeak (Southern California Edison, 2013). Thus Chapman University pays the most during on-peak
billing; for example during the summer months during when demand is higher the cost also rises
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especially during the warmest parts of the day. The ability to respond to peak pricing and turn off
unnecessary electricity requires smart meters that can help Chapman determine things that can be
turned off to reduce consumption.
For this audit the price of electricity is not broken down by peak usage numbers but is
combined together in what is called a blended rate to an average price for the fiscal year. To
determine the average cost of a kilowatt hour that Chapman pays per year was calculated by taking
the total amount paid and dividing it by the total consumption for the year giving a non-aggregated
total average paid per kilowatt hour. Based upon that the average amount paid per kilowatt hour was
$0.119 for the 2010-2011 fiscal year. This amount is nearly the average of the past eight years, which
during that time period was $0.125 per kWh.
Solar Power
Solar panels have been looked into as an option for Chapman University; currently they don’t
make enough financial sense for the university. Chapman would be locked into a 20 year contract
with the company who installs the panels and currently the price of electricity from SCE is much
cheaper than it would be from solar panels, the price of electricity would have to significantly increase
for that to even make sense for Chapman. According to Mackenzie Crigger there are several reasons
why solar panels are not a real option. One reason is the university lacks the surface area to install
enough solar panels to make it a viable option. Solar panels are not a cheap option and because they
would have a high price without a break-even point they currently are not a good option for Chapman
to spending resources on.

4.2.2 How Chapman University is Charged for Natural Gas
Chapman University receives its natural gas from The So-Cal Gas Company. The university is
charged based upon the amount of therms it uses and this is also on a tiered system. A therm is a
unit of measurement that The So-Cal Gas Company uses; one therm is equivalent to 100 cubic feet of
natural gas at standard temperature and pressure (Convertunits.com). A therm is equivalent to 29.3
kWh. The gas company charges one rate until a predetermined baseline consumption amount is
reached and then Chapman is charged at the second tier for anything beyond the limit and there is an
additional third tier that is reached again once the second tier limit has been surpassed. These
numbers vary from month to month due to the fact that the gas company does not produce any of its
own natural gas but instead buys it on the open market (The So-Cal Gas Company, 2013).
Table 4.1. The pricing tier breakdown for natural gas.

Cost

Therms

Tier 1

$0.50

0-250

Tier 2

$0.25

251-3917

Tier 3

$0.08

< 3918

4.2.3 Past accomplishments
Sub-Metering
The most impactful accomplishment that Chapman completed was the installation submetering into its buildings at the end of 2012. By doing this Chapman will now be able to monitor the
energy usage by an individual building basis; previously the only data available was the total
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consumption for the entire campus. The impact of this change has yet to felt but it is a huge step
forward for Chapman to start creating energy saving plans on a per building basis.
Hot Water Recirculation
Also in 2012 Chapman University installed hot water recirculation systems into the dorms.
These systems allow for hot water to be delivered on demand instead of constantly being heated
even when it was not needed. Before these were installed in all the dorms a test run was done in the
Morlan dorms and based upon the data collected nearly 2,000 therms could be saved per year for
that one dorm. Based upon that data the remaining dorms also had the hot water recirculation units
installed near the end of 2012.

4.3 Current Status of Energy at Chapman
4.3.1 Electrical Energy
The university itself has no control over the energy it gets and cannot influence if the energy that it
receives is from renewable energy sources. Fortunately California has some of the strictest legislation
in the United States in place to increase the amount of renewable energy being created. In 2002
Senate Bill 1078 established that 17% of retail sale of energy be from renewable source by 2017
(California Renewable Energy Overview and Programs, 2013). In 2011 Governor Jerry Brown signed
into law Senate Bill X1-2 which increases the goal amount of renewable energy to 33% by 2020
(Senate Energy, Utilities and Communications Committee , 2011).
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Figure 4.1. Sources of energy for SCE.
*Sources of renewable energy.

Figure 4.1 shows the distribution of sources of energy that SCE produces. Nuclear and natural
gas lead the way for SCE, but neither are renewable. It is reassuring to see that coal is a very small
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percentage of the energy that SCE produces. Interestingly small hydroelectric sources are considered
renewable but large hydroelectric are not. This is likely due to some legislation for the state of
California.
The electric energy that Chapman uses is of major importance because of the financial
implications it has upon the university. As can be seen from Figure 4.2, the total amount of kilowatt
hours that Chapman consumes was growing and reached a peak in 2009.
Since the 2008-2009 fiscal year the total consumption is on a downward trend which is
promising and could indicate some change in consumption patterns by the university. The total cost of
electricity also follows the same trend as the consumption. This is mostly to be expected assuming
the cost of kilowatt hours hasn’t change drastically. As can be seen in Figure 4.3, the average cost of
kilowatt hours peaked in 2002 and 2006.
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Figure 4.2. Total electric consumption per fiscal year.
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Figure 4.3. Average cost per kilowatt hour.
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As shown in Figure 4.3, the cost of kilowatt hours has been on the decline since 2006 which
explains the slowing of costs for electricity for Chapman. Total consumption was trending towards a
peak and then decreased which shows that some of the cost savings is not solely from the decreased
price of electricity. Figure 4.2 best illustrates that because it vividly shows the total consumption of
energy which is not affected by price so it gives a real idea of how the campus is doing and shows
that the electricity bill should be on the decline for price.
The cost of electricity that Chapman pays for is probably the most important data and is shown
in Figure 4.4. The cost has slowly been on the rise since 2002-2003 with the total cost $1.05 million
dollars to a peak in 2008-2009 with a total cost of $1.49 million dollars, a 42% increase over a span of
six years. The most current complete data for total cost was for the fiscal year of 2010-2011 with the
cost of $1.4 million dollars.
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Figure 4.4. Total electricity expenses per fiscal year.

The most important number from a budgetary perspective is the bottom line cost. In other
words what the university pays for electricity. Energy costs fluctuate over time, making it a wiser
choice to look at total consumption as the key point to focus on. By reducing consumption it nearly
guarantees that the amount paid will decrease over time. If there is a spike in energy prices a
lessening of consumption will reduce the impact of those rising prices.

4.4.2 Natural Gas
The other source of energy for Chapman University is natural gas and as with electricity the
university has very little control over this. The cost for natural gas is much higher than that of
electricity, with the cost of a single therm being at $0.91 for 2010-2011 compared to $0.12 for a
kilowatt hour. More energy is associated with a therm as one therm is equal to 29 kilowatt hours. So
for the cost of $0.91 for a therm it would cost $3.48 for the equivalent amount from kilowatt hours.
The cost of natural gas has slowly been decreasing from historic highs of a couple year ago.
Since the peak in 2007-2008 the price has decreased by 24%.
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Figure 4.5. Cost per Therm per fiscal year.

Despite the slowly decreasing price of natural gas the amount that Chapman University pays
has been increasing steadily since 2006. For the 2010-2011 fiscal year Chapman paid just under
$500,000 dollars for its total natural gas consumption. Looking at Figure 4.6, the amount paid seems
to be leveling off. However this is deceiving because it reflects historic highs of natural gas prices.
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Figure 4.6. Total cost per fiscal year from natural gas.
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Figure 4.7. Total natural gas consumption per fiscal year.

The total consumption of natural gas has been on the rise from 2006 and has increased by
76% since then. A large factor for this increase is due to the addition of the Sandhu resident hall and
dining commons that were constructed in 2009.
Originally it was thought that the resident buildings would have near the same amount of
consumption as the rest of campus. This turned out to be completely wrong as only 25% of the total
cost over the five year time frame was from the residential halls. For the data I separated the
residence halls and then the rest of the campus buildings to compare the two to show the area that
has the most opportunity to decrease economic cost. Figure 4.8 shows the comparison in cost for
residential buildings versus the rest of the campus owned buildings. From Figure 4.8, it is very
apparent when Sandhu was installed as the huge jump between 2008-2009 and 2009-2010.
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Figure 4.8. Natural gas consumption of residential buildings vs. non-residential.

4.4.3 Computer Cost Savings
Chapman has already actively taken step towards reducing the amount of energy consumed
by its computers and monitors. The Information Services and Technology department at Chapman is
in charge of all computer usage and anything related to computer usage.
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The university uses a company called Verismic that has a solution it calls “Power Manager” (Verismic
Software, Inc., 2013). Power Manager allows for the computers on campus to be set to sleep mode.
Computers are set to enter sleep mode after thirty minutes of inactivity and monitors enter sleep
mode after fifteen minutes of inactivity.
Power Saver is installed on all lab, classroom and public access computers which is about 700
total computers. The only area on campus where Power Manger is not installed on is the computers
in the film school.
Throughout the night select computers are turned back on to allow for system updates to occur
but otherwise when not in use the computers will enter sleep mode after thirty minutes of inactivity.
According to Chapman’s IS&T the university has saved 62% of its total energy costs associated with
the running of computers per year since using Power Manager since 2011.

Figure 4.2 Verismic Website.

4.4.4 Chapman University Sustainability Survey
As part of the audit a campus wide-survey was conducted among students, faculty and staff.
The goal of this was to determine the responsiveness of the campus community to sustainable
practices. Common complaints that are heard around the campus is that the classrooms are too cold.
Results from the survey convey that students do feel like the classrooms are too cold as 63% of
respondents said the classrooms are frequently or always too cold (Figure 4.9). Coupled with the
other results indicating that 68% of students frequently or always bring additional clothing to class,
(Figure 4.10) the data strongly point to a consensus that the classroom at Chapman University are
often times much to cold. In response to the same question faculty and staff responded that they
found the rooms frequently or always too cold 63% of the time. Only 45% complained of the room
being always or frequently too cold; although this question was worded in such a way that it could
have been mistaken for their office which they have more direct control over the temperature.
A common area between the two survey groups was the response to having motion activated
light sensors installed in classroom and in hallways. 84% of the staff and faculty and 86% of students
were accepting and somewhat accepting of such a feature.
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Figure 4.9. Students find classrooms too cold.

Figure 4.10. Students bring extra clothes to class.

Another area that received support was lowering the temperature of water in the facets. By
doing this the amount of natural gas used to heat the water is reduced thus saving money. Students
were much more accepting of this change with 54% supporting such a change. Faculty and staff were
a little more reluctant with 48% being in support of such a change. Still there is support for such a
change to take place and the result would be a savings in energy bills.
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Figure 4.11. Students willingness to accept cooler classes in the winter and warmer classes in the summer.

There were two survey questions directed at students to determine if they would be accepting
of slightly warmer classroom temperatures during warmer time periods and slightly cooler
temperatures during slightly cooler times. The responses for both were rather mixed as for both
responses the data shows a bell curve response and seemingly points to the fact that students are all
across the board for changes in classroom temperatures (Figure 4.11).
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4.4 Concluding Assessment
4.4.1 Areas of progress
Chapman University is doing well in the sense that more actions are being done to be a more
sustainable university even though the main reasoning behind that is to save money. The university
has installed electric car chargers and also hired a sustainability manager which demonstrates that
there is some interest in becoming more sustainable even if it’s for the money savings. Installing sub
metering in buildings also gives more insight into the total usage and where that number comes from.
That will allow for more fine-tuning approaches to help Chapman save money.

4.4.2 Areas in which to improve
Educating Chapman students to the impact of their actions could use improvement; this is
discussion mostly in the curriculum chapter. The amount of impact they have on consumption can be
reduced with some education to how much the school spends on utilities. I think there could be a way
to incentivize those living in the residence halls to reduce usage by having contests that reward the
hall with the lowest total consumption with some sort of prize or reduction in cost for living on campus
for those living in the winning dorm.

4.4.3 Existing gaps in knowledge
By installing sub-metering the major gap in knowledge that Chapman faced is being solved.
This is extremely important because it will allow for more customized solutions to reduce the total cost
of energy usage. However there is still a gap in knowledge because they have been in place for less
than a year making it premature to make any sort of conclusions based upon the limited data. This
will allow though for a lot more information to be precisely determined. Thus allowing for solutions to
be implemented and test to actually see if they do produce the energy savings that were predicted.

4.5 Recommendations
4.5.1 Low cost/effort
•

The replacement of old burnt out light bulbs need to be replaced with the most efficient bulbs
available. They also need to be aggressively replaced in buildings that are older and more
likely to have the older model bulbs.

•

Increase the temperature in classrooms by 1 or 2 degrees
o According to Energy Hub every 1 degree can save approximately 3% of the total energy
cost per year (Energy Hub, 2012)
o Based on current energy bills that would be $60,000 to $120,000 savings annually

4.5.2 Moderate cost/effort
•

Have all the computers on campus completely shut off for 6 hours at night

•

Confirm that all buildings have motion detectors for lights in all places that they are applicable

4.5.3 High cost/effort
•

Install a smart control system that allows for Facilities to see when Chapman is being charged
peak prices so that they may turn off unnecessary equipment throughout campus
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•

o Requires someone to be paying attention and make the decision that something isn’t
needed and to be turned off
Fundraise or find outside funding to purchase and install solar panels that can be connected to
Chapman’s power grid

4.5.4 Future areas of research
•

Look at individual buildings and plan unique strategies to reduce total energy consumption
based upon variety of factors of the building and resources it has available

•

Determine which buildings use the most energy and during what time period it occurs

4.6 Contacts
Dr. Christopher Kim, School of Earth and Environmental Sciences, Chapman University
(cskim@chapman.edu, 714-628-7363)
Mackenzie Crigger, Chapman University, Energy Conservation and Sustainability Manager
(crigger@chapman.edu, 714-628-7370)
Michelle Sypinero, Chapman University, IS&T, (sypinero@chapman.edu, 714-628-7250)
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