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I. Introduction
The Orange Water and Sewer Authority (OWASA) is a public, non-profit utility that
provides drinking water, wastewater treatment, and reclaimed water services for Orange County,
North Carolina, including the towns of Chapel Hill, Carrboro, and the University of North
Carolina at Chapel Hill. All told, OWASA serves about 85,000 customers with two reservoirs, a
drinking water treatment plant, a wastewater treatment plant, and the associated infrastructure.
OWASA was established in 1977, and pays for the cost of operating its drinking water and
wastewater treatment plants with user fees.
OWASA has demonstrated a progressive mindset in regard to greenhouse gas emissions
and energy use, and recognizes the potential financial and environmental benefits of reducing its
energy use. This commitment can be seen in OWASA‘s facilities and practices in various ways.
OWASA‘s Mason Farm Wastewater Treatment Plant uses anaerobic digestion to produce
methane gas, which is captured and used to generate renewable energy for a portion of plant
operations. This digestion system also yields class A biosolids, which can be used as agricultural
fertilizer; OWASA‘s digestion system was the first in the United States to produce this usable
end product in a fully anaerobic process. At the support facilities that accompany the treatment
facilities, OWASA has implemented energy-efficiency practices including compact fluorescent
light bulbs, solar water heating, daylighting, pervious parking areas, drought-tolerant
landscaping, reflective roofing materials, and recycled building materials. OWASA operates a
sizeable vehicle fleet for maintaining its distribution and collection infrastructure, and a number
of these vehicles run using biodiesel fuel and hybrid technology. OWASA is even developing a
Sustainable Forestry Management Plan to manage forested tracts surrounding its facilities and
reservoirs.
Total carbon emissions from OWASA‘s operations have been estimated at 14,100 metric
tons per year. While energy-saving practices have been applied to a certain extent across
OWASA‘s operations, including the support facilities, wastewater treatment plant, and fleet,
these three components of the utility still represent a significant fraction of its total greenhouse
gas emissions:
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The two support facilities, which house all of the utility‘s management and
planning operations, can account for as many as about 8000 metric tons of carbon
dioxide emissions per year.



The wastewater treatment process is also energy-intensive, and can account for as
much as 75% of annual natural gas usage by OWASA, and more than 1,000
metric tons of carbon dioxide emissions.



The vehicular fleet uses about 27,000 gallons of gasoline, 48,000 gallons of
diesel, and 30,000 gallons of biodiesel each year, which translates to over 1,000
metric tons of carbon emitted.

Available data for each of these three components of OWASA‘s energy use will be
analyzed in section II. Efficiency-improving alternatives and practices are explored in section
III-V. The financial and energy-use implications of large-scale changes to energy use and
generation in the wastewater treatment area are analyzed in detail in section VI. OWASA also
recognizes that the ways in which customers use its product, finished water, incur significant
energy costs, and hopes to increase awareness among customers about the energy-use
implications of their water-use habits. To this end, an outreach program, intended to educate
OWASA employees and consumers about energy and water use, is outlined in section III.
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II. Data Collection and Analysis
A.

Operations Energy Use

An important first step in this project was to analyze current energy use trends in
OWASA operations. OWASA has compiled all natural gas and electricity billing statements
from PSNC and Duke Energy into a database referred to as the Energy Dashboard. The Energy
Dashboard provides an interface for analyzing trends in electricity and natural gas use by
OWASA‘s various accounts with each utility, which correspond to different facilities (Figure 1).

Figure 1: An example of the natural gas Energy Dashboard interface.
This resource was used to characterize OWASA‘s energy use at its water treatment and
distribution plants in terms of energy used for 1000 gallons of wastewater or drinking water
treated, or raw water pumped. These values were obtained by summing the energy use per fiscal
year of all plants contained within one of three distinct categories (raw water, finished water
6

treatment/finished water distribution, and wastewater treatment and collection), and exclude
energy used by support facilities, service fleet activities, and other non-plant applications. Next,
a value was obtained for total water demand (or wastewater treated) per fiscal year for each
category. By dividing the latter value into the former, we obtained a value for the average
kWh/1000 gallons/day for each fiscal year. We then broke this number down further by using
the same method to find average kWh/1000 gallons/day for each month in the period July 2006
through June 2010. With monthly values, it is easier to spot trends in usage, especially seasonal
trends. It should be noted that the values obtained for energy use per 1000 gallons per day do not
include energy used for outdoor lighting. This energy is purchased via flat-rate accounts, and so
was not included in this analysis because it does not vary between months, and therefore cannot
be directly linked to raw water and wastewater demand.
Of the three plant types (raw water, finished water, and wastewater), the wastewater plant
consumed the least electricity over the course of four fiscal years, July 2006-June 2010
(4,654,701 kWh); finished water plants had the highest consumption over the same time period
(17,560,115 kWh). It follows, then, that finished water pumping uses the most electricity per
1000 gallons per day, with an average of 45.46 kWh used per 1000 gallons of product produced
per day between July 2006 and June 2010. Similarly, wastewater treatment and pumping used
an average of 13.13 kWh per 1000 gallons treated per day, the lowest normalized electricity
usage. These findings are summarized in Table 1 and Table 2.

Table 1: Total Electricity Consumption by Facility Type, July 2006-June 2010
Facility
Raw Water
Finished Water
Wastewater

Total Electricity Consumed (Jul 2006-Jun 2010) (kWh)
12,264,929
17,560,115
4,654,701

Table 2: Electricity Used per 1,000 Gallons of Product Produced, July 2006-June 2010
Facility
Raw Water
Finished Water
Wastewater

kWh/1000 gallons/day (July 2006-June 2010)
31.59
45.46
13.13
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The discrepancy in electricity use between the water treatment plant and the wastewater
treatment plant can be explained by two different factors. Raw water is pumped from numerous
locations several miles away from OWASA‘s water treatment plant. Once the raw water has
been treated, the finished water is pumped to customers. In order to maintain an acceptable
water pressure, the water is pumped into elevated storage tanks, a process which requires
considerable energy to overcome the force of gravity. A second factor is that, while raw and
finished water must be pumped to their destinations, the wastewater collected by OWASA flows
downhill to the wastewater treatment plant, taking advantage of gravity. This reduces the need
for wastewater pumping significantly. Generally speaking, most of the energy used by OWASA
is used to pump water. As a result, OWASA has taken steps to increase pump efficiency at both
the water treatment and wastewater treatment plants.
A considerable amount of electricity used at the wastewater treatment plant is used to
power blowers that provide air for the aeration basins where biological process treatment is used
to produce waste activated sludge that feeds into the anaerobic digesters. Thus, we decided that
improving biogas production volumes and utilization rates at the wastewater treatment plant
would be a logical advancement that would allow OWASA to save electrical energy and increase
the use of renewable energy.
When demand for finished water and wastewater collection increases, electricity used per
1000 treated gallons per day tends to decrease. The plants use the same equipment regardless of
demand, so during times of peak usage, electricity use is more efficient and cost-effective.
Electricity use for raw water treatment and finished water treatment and pumping follows a
distinct seasonal pattern, with more electricity per 1000 gallons per day being used in the winter,
when water demand is at its lowest. No seasonal trend for electricity use in wastewater
treatment is apparent over the time period examined, though electricity use tends to be lower in
the summer months. Overall, there is little fluctuation in electricity use at OWASA‘s water
treatment plants.
Natural gas is used for energy at OWASA to a much lesser extent than electricity, and as
a result, the energy use per 1000 gallon yield is much lower for natural gas than for electricity.
The values for natural gas energy used per 1000 gallons per day were obtained in the same
manner as the values for electricity. The accounts documenting natural gas use were separated
into water treatment plants and wastewater treatment plants. In contrast to the results for
8

electricity, wastewater plants used much more natural gas than water treatment plants, both
overall and per 1,000 gallons treated. These findings are summarized in Table 3 and Table 4.

Table 3: Total Natural Gas Consumption by Plant Type, July 2006-June 2010
Facility
Water Treatment
Wastewater

Total Natural Gas Consumed (July 2006-June 2010) (MMBtu)
6,676
31,921

Table 4: Natural Gas Consumption per 1,000 Gallons Product, July 2006-June 2010
Facility
Water Treatment
Wastewater

MMBtu/1000 gallons/day (July 2006-June 2010)
0.0156
0.0896

The use of natural gas at OWASA‘s water treatment plants follows a very strong seasonal
pattern. More natural gas is used in the winter, when there is also a higher demand for water,
and less natural gas is used in the summer, when demand for water is decreased. The wastewater
treatment plant, however, does not seem to follow a seasonal pattern.
These results are detailed in Appendices A-D.
In summary, OWASA‘s wastewater treatment plant consumes more energy per capita, in
both electricity and natural gas, than its other plants, and more natural gas overall. On the other
hand, electricity use is highest at the finished water plant. Therefore, we recommend that
OWASA investigate its wastewater treatment process to find approaches and methods that may
reduce energy use at this facility, especially natural gas use. We researched case studies on
energy efficient wastewater treatment plants. These findings are presented in section V.
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B.

Support Facility Energy Use

Figure 2: OWASA Administration Building (L) and Operations Center (R)
(Photos: OWASA and Davis 2010)
Having analyzed overall trends in the Energy Dashboard data for OWASA‘s water
treatment plants, we separated out electricity and natural gas usage data for the two non-plant
support facilities operated by OWASA, the Administration Building and the Operations Center.
Data on energy use in recent years in these buildings was analyzed with the purpose of
identifying trends and opportunities for energy savings.
Both facilities are located at the 400 Jones Ferry Road Water Treatment Plant. Each
building uses both natural gas and electricity to meet its energy needs. OWASA‘s Energy
Dashboard was used to investigate natural gas use (over the past five years) and electricity use
(over the past four years) in each building, in order to identify potential areas for reduction.

The Administration Building is 22,300 square feet and houses approximately forty two
employees, including managers, engineers, receptionists, and customer service representatives. It
also contains six kitchenettes, each with a microwave, coffee pot, toaster, and mini refrigerator.
There are ten conference rooms, six reception areas, one break room, two printer/copier rooms,
locker rooms and restrooms, and one computer training room. There are many seldom-used open
spaces, such as open stairwells and lobby areas.
Electricity in this support facility is used for lighting, air conditioning, computers,
monitors, printers, copiers, plotters, coffee pots, toasters, mini refrigerators, projectors,
10

televisions, and similar items. The use of electricity has decreased since 2006. Although the
minimum and maximum kilowatt-hours used have decreased in 2010 from 2006 levels, there is
only a slight decrease in overall electricity usage. This decrease may be attributable to the efforts
OWASA has made thus far to change light bulbs and purchase more energy-efficient computers
and copiers. Figure 3 illustrates trends in electricity use (units are explained in Appendix E):

Figure 3: Electricity use (kWh) in the Administration Building, and total Heating and Cooling
Degree Days per month

The seasonality in this trend is the same throughout the past five years. The most
electricity is used in the summer and the least in the winter. The average maximum usage is
46,570 kWh and the average minimum usage is 34,003 kWh. This makes sense because
electricity is used for air conditioning in the summer. The data also line up well with heating and
cooling degree days. When cooling degree days are higher than heating degree days, more
electricity is used. The opposite is true of heating degree days. When heating degree days
exceed cooling degree days, less electricity is used. This is consistent with the seasonal trend in
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electricity use. For example, in 2007, August had the highest average temperature of the year,
82ºF; electricity use peaked in this month (See Figure 3). Appendix E contains a table of
temperature values for each month, highlighting the minimums and maximums.
The use of natural gas in the Administration Building has increased overall since 2005. In
2005 the maximum use was 180.3 MMBtu; in 2010 it was 221.9 MMBtu. The minimum values
have also increased. From year to year there was a decrease from 2005 to 2006, an increase
between 2006 and 2007 and 2007 and 2008, a decrease from 2008 to 2009, and another increase
from 2009 to 2010. The natural gas is mainly used for heating in winter. A possible explanation
for the overall increase in natural gas use between 2005 and 2010 is the average winter
temperatures. In 2005, the average winter temperature was 43ºF, but in 2010 it was 37ºF. This 6º
difference could be responsible for the increased use natural gas in the building. Figure 4 below
shows these trends in natural gas use.

Figure 4. Natural Gas use (MMBtu) in the Administration Building and total Heating and
Cooling Degree Days per month
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The seasonality in this trend also seems to be consistent from year to year, with the most
natural gas consumed during the winter months. The average maximum value is 179.95 MMBtu
and the average minimum value is 25.77 MMBtu. The maximum values occur in either January
or March, depending on the year. The minimum values occur in the summer, from June to
September, in each of the years. This is to be expected since the natural gas is used for heating
in the winter and not in the summer. The data also correspond well to heating degree days and
cooling degree days. Heating degree days are at their highest during the winter when it is cold
and heat is needed; this is also when natural gas use is highest. In contrast, cooling degree days
are greatest in the summer months, when natural gas use is lowest. This makes sense and is
consistent with what is expected. Appendix E contains a table of values for each month,
highlighting the minimums and maximums.

Electricity and natural gas use at the Operations Center, the second of two OWASA
support facilities, has also been examined. This building has a size of 36,000 square feet, and
houses service trucks and approximately forty-three staff members. There are two conference
rooms, one reception stand, one printer/copier room, one break room, eight offices, a large
training room, one storage garage, two warehouses, and a vehicle wash center. The people
working in this building are often out on call maintaining and checking water lines, sewers,
meters, and other infrastructure components, and are not always in the building.
The use of electricity in this support facility has decreased since 2006. Although the
minimum and maximum kWh have decreased in 2010 from the 2006 levels, there is only a slight
decrease in overall electricity usage. The electricity in this facility is used for lighting, air
conditioning, computers, printers, copiers, charging radios, televisions, mini refrigerators,
microwaves, toasters, and similar items. As with the observed trend in electricity use in the
Administration Building, the decrease in overall electric may be attributable to the measures that
OWASA has taken to improve energy efficiency. These include implementing compact
fluorescent light bulbs, purchasing more energy efficient equipment, and installing new energy
saving technology, such as automatic light switches. Figure 5 illustrates the trends in electric use.
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Figure 5. Electricity use (kWh) in the Operations Center, and the total Heating and Cooling
Degree Days per month.

The seasonality in this trend seems to be the same throughout the past five years. The
most electricity is used in the summer and the least in the winter. The average maximum is
28,528 kilowatt hours and the average minimum is 20,992 kilowatt hours. As mentioned above,
this is consistent with the data for heating and cooling degree days. Appendix E contains a table
of values for each month, highlighting the minimums and maximums.
While the general trends in electricity use at the Operations Center are consistent with
expectations, there are a few anomalous aspects to the data. For example, in 2007, the maximum
energy use occurred in January and the minimum in December. The maximum in January is not
what one would expect, as electricity use seems to correlate with air-conditioning use. A possible
reason for this is that the billing days for that specific month were 34, and generally the number
is based on a month of no more than 31 days. This also means that the month before or after is
short of days. Accounting for the extra days, electricity use for the month of January 2007 was
probably about 10% lower than is reported in the Energy Dashboard.
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The use of natural gas in the Operations Center has decreased overall since 2005. In 2005
the maximum use was 442.8 MMBtu; in 2010 it was 409.4 MMBtu. The minimum values have
not changed significantly over time. From year to year there was an increase from 2005 to 2006,
a decrease between 2006 and 2007 and 2007 and 2008, an increase from 2008 to 2009, and
another increase from 2009 to 2010. There is a large decrease from 2006 to 2007, by 205
MMBtu, and a large increase from 2009 to 2010, by 190.2 MMBtu. There were no additions to
the building that would have increased the space to be heated, but, as mentioned previously, a
relatively cold winter in 2007 could account for the increase in natural gas use. Figure 6 below
illustrates these trends.

Figure 6. Natural Gas use in MMBtu in the Operations Center and total Heating and Cooling
Degree Days per month.
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The seasonality in this trend also seems to be consistent from year to year, with the most
natural gas consumed during the winter months. The maximum values occur in either January or
March, depending on the year. The minimum values occur in the summer, from June to
September, each year. The average maximum value is 351.63 MMBtu and the average
minimum value is 4.33 MMBtu. In all years except 2007, the minimum natural gas use was in
August. As explained above, this is to be expected. The data also correspond very well to
heating degree days and cooling degree days, with natural gas increasing along with heating
degree days and decreasing as cooling degree days increase. This mirrors the trend seen for the
Administration Building. Appendix E contains a table of values for each month, highlighting the
minimums and maximums.
Overall, more electricity is used in the Administrative Building than in the Operations
Center. This difference can likely be explained by the time employees spend in the buildings. In
the Administration Building, employees spend most of their days in their offices or in meeting
rooms within the facility, while Operations Center employees are generally out in the field. We
would expect a building that is occupied for longer hours and by more people to use more
energy. In addition, there are about six times more offices in the Administration Building than in
the Operations Center, which house more computers, printers, and other office appliances. There
are also six times more kitchenettes in the Administration Building, which translates to more
kitchen appliances such as refrigerators and microwaves. These factors may also contribute to
the observed discrepancy in electricity use between the two facilities. However, there is a higher
natural gas usage in the Operations Center than in the Administration Building. A possible
reason for this is that there is more open space, in the form of warehouses and equipment storage
rooms, in the Operations Center, increasing its heating demand. In addition, it may be the case
that certain equipment stored there must be kept relatively warm while stored during winter,
increasing heating demand. The Operations Center is also larger than the Administration
Building by 13,700 square feet. Although this does not necessarily matter when considering
electricity, it may explain the much larger use of natural gas for heating in the larger building. As
already noted, the number of heating degree days has generally increased over the years
analyzed, which could explain in part why natural gas use has increased in both support
facilities.
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Generally, from 2006 to the present, natural gas and electricity use at OWASA‘s support
facilities have decreased. In 2006, the total electricity consumption was 13,084,314 kWh; in
2010 it was 9,417,637 kWh through October, and, based on averages from previous years, the
total will likely come in below the 2006 total. As for natural gas use, in 2005 it was 3,007
MMBtu for both facilities combined, while, as of August 2010, it was 1,903 MMBtu. Despite
the fact that on average the colder months include December, the total for 2010 should still come
in less than 3,007 MMBtu based on averages from the past. OWASA should aim to continue the
trends towards decreasing energy use at its support facilities, with possible approaches including
addressing employee energy-use habits and continuing to incorporate new, energy efficient
technologies at these facilities.
This data analysis suggests that it would be beneficial to obtain observational data of the
facility use in order to see what changes can be made to decrease the use of both electricity and
natural gas. The results of a walk-through assessment of energy use practices in these facilities
are explored in section III.
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C.

Fleet Energy Use

As mentioned, OWASA‘s fleet of vehicles contributes a significant portion of the
agency‘s greenhouse gas emissions, with fuel costs also a large expenditure. OWASA currently
collects monthly mileage data for each of the 125 vehicles in its fleet. The four principal
suppliers of fuel for OWASA‘s fleet—the Town of Chapel Hill, BP Oil, the University of North
Carolina, and Red Star Generator Fuels—were able to provide the gallons of gasoline, diesel,
and biodiesel fuels OWASA had purchased from them monthly since the fiscal year 2006.
Notable gaps and issues in collection of this data are discussed later; the available information
was used to examine trends in vehicular fuel usage with an eye toward reducing costs and
emissions in this area.
Using the available data, the gallons of each fuel type purchased in each fiscal year were
calculated. These values were then used with a greenhouse gas calculator formulated by the
Environmental Defense Fund and the NAFA Fleet Management Association to estimate the
footprint of OWASA‘s fleet. The calculator estimates the total greenhouse gas emissions from
the fleet‘s fuel consumption data. Carbon dioxide emissions are calculated using a fuel specific
carbon dioxide coefficient (Table 5).
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Table 5: CO2 Coefficients and OWASA Emissions by Fuel Type
Carbon Dioxide Coefficients
Fuel Type

Units

Carbon Dioxide (kg)

OWASA emissions (metric tons/y)

Motor Gasoline

Gallons

8.81

243.37

Diesel Fuel

Gallons

10.15

58.21

LPG

Gallons

5.79

-

Ethanol

Gallons

5.56

-

Biodiesel

Gallons

9.46

273.52 (B20)

Liquefied Natural Gas

Gallons

4.46

-

Compressed Natural Gas

Ft3

0.054

-

Electricity

KWH

0.6078

-

These coefficients were provided by the US Energy Information Agency (electricity) 1 and the EPA Office of Air and Radiation2.

Using these data, we calculated that, on average from 2005 to 2010, OWASA‘s vehicles
produced 243.37 metric tons of carbon dioxide per year from gasoline, 58.21 metric tons of
carbon dioxide per year from diesel fuel, and 273.52 metric tons of carbon dioxide per year from
B-20 biodiesel. The potential for reductions in these emissions, via alternative fuels,
technologies, and management practices, was evaluated. This evaluation is detailed in Section
IV.

1

U.S. Department of Energy, Energy Information Agency. Voluntary Reporting of Greenhouse Gases Program.
Average Electricity Factors by State and Region, April 2002.
2
U.S. EPA Office of Air and Radiation. Climate Leaders Greenhouse Gas Inventory Protocol Core Module Guidance.
Direct Emissions from Mobile Combustion Sources. EPA 430-K-08-004. May 2008.
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D.

Process Energy

As already mentioned, the wastewater treatment plant is the most energy intensive of
OWASA‘s facilities with regard to natural gas use. OWASA‘s wastewater treatment plant has a
maximum treatment capacity of 14.5 million gallons per day, and averages 7.7 million gallons
per day, serving about 85,000 customers. Solids by-products of steps in the wastewater
treatment process, known as sludge, are processed via anaerobic digestion to biosolids that are
applied as agricultural fertilizer. Gas produced during anaerobic digestion can be captured and
harnessed for energy due to its high methane content (methane is a primary component of natural
gas).
The digestion process is run in two stages, with three thermophilic and one mesophilic
digester used. The residence time for sludge in the digesters is about 40 days. Biogas produced
in the digestion process is combusted in two ways to help power the plant. Part of the gas is
diverted to a methane combustion engine, which direct-drives large blowers that aerate the
holding tanks used in aerobic stages of treatment. Another portion fires boilers that keep the
digesters at the proper temperatures for thermophilic and mesophilic microbes. OWASA‘s
thermophilic digesters are operated at about 135 degrees Fahrenheit, and thus require significant
energy for heating, especially in the winter months, when the feedstock sludge is at about 50
degrees Fahrenheit. Purchased natural gas is used to augment digester gas in these applications.
OWASA estimates its biogas production at 16 to 19 cubic feet per pound of volatile
solids. This translates to a potential daily methane production, based on the plant‘s average daily
volume of wastewater treated, of about 56,000 cubic feet, or roughly 56 MMBtu of energy.
(These calculations are summarized in Appendix G). Over the course of a year, therefore,
OWASA‘s anaerobic digesters could provide as much as about 20,000 MMBtu in energy from
digester gas. Natural gas usage at the wastewater treatment plant from July 2006 to June 2010
was 31,921 MMBtu, so the energy that could potentially be harvested from OWASA‘s anaerobic
digestion process exceeds current natural gas energy use. This is consistent with the findings of
Shizas and Bagley (2004), who estimate that raw sewage contains ten times the energy required
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to treat it1. Much of this potential energy currently goes unharnessed, due to low efficiencies and
reliability issues in the current digester gas utilization system, and as a result OWASA must
purchase large quantities of natural gas to operate the wastewater treatment plant.
Data from the Energy Dashboard reveals that the wastewater treatment plant accounts for
50-75% of OWASA‘s annual natural gas usage (Figure 7).

Figure 7: Relative Contributions of Support Facilities, Water Treatment Plants, and Wastewater
Treatment Plant to OWASA‘s Annual Natural Gas Use, 2007-2010

In each case, the wastewater treatment plant used a significant proportion of OWASA‘s
total purchased natural gas. The large variability in this proportion between 2007 and 2008
represents a drop in natural gas spending of around $35,000, while the subsequent increase from
2008 to 2009 represents an added expenditure of about $16,000. Accounting for this fluctuation,
therefore, is a financially important exercise.
The natural gas used at the Mason Farm Road Wastewater Treatment Plant is used in two
ways:


To run boilers that heat the anaerobic digesters used in destruction of volatile
solids in wastewater sludge

1

Shizas, J.I. and Bagley D. (2004). Experimental determination of energy content of unknown
organics in municipal wastewater streams. Journal of Energy Engineering, ASCE, 130(2), 45-53.
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To run an engine that drives the blower used to aerate sludge in the aerobic stage
of treatment.

Methane gas produced in the anaerobic digestion process is captured and used for both
these purposes. When this methane capture system is operational, it significantly reduces the
natural gas that OWASA must purchase from the grid. However, the methane engine currently
in use is roughly 40 years old, and was down for repairs for most of 2007 and 2009. This
downtime is correlated with the elevated natural gas purchasing observed in those years, though
it is likely only a partial explanation for that trend. Figure 8 shows runtime data for the methane
engine since April 2007.

Figure 8: OWASA Methane Engine Run-Time, by Month (April 2007-October 2010)

A period of elevated engine operation in 2008 may account for at least part of the
decreased wastewater treatment plant natural gas use observed for that year (Figure 7). In 2010,
after significant repairs in 2008 and 2009, amounting to about $80,000, the engine has been
running more consistently, and incomplete data for the year show natural gas use at the
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wastewater treatment plant to be about 50% of OWASA‘s total natural gas use, a decline from
2009‘s 67%.
These data appear to show that the effective production and utilization of anaerobic
digester gas at OWASA‘s wastewater treatment plant could have a large financial and energetic
benefit for the utility. We therefore recommend an upgrade to this system; options to this end
are explored in section V, with an accompanying financial analysis in section VI.
This financial analysis, which will provide insight into the energetic and economic
feasibility of various wastewater treatment process energy generation methods, is an essential
component of this report. As is always the case, it will be important for OWASA administrators
to make financially informed decisions regarding their energy use moving forward. There are
attractive alternatives to current OWASA practices that are not realistic for OWASA for
financial or logistical reasons. Similarly, there are likely alternative approaches that do not
provide sufficient savings in energy use to justify their cost of implementation. Our financial
analysis will enable us to provide quantitative support for our recommendations.
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III. Support Facilities
A.

Methods

To assess the current energy use situation and areas for energy efficiency improvement at
OWASA, and to better understand how OWASA‘s support facilities use natural gas and
electricity, we visited the support facilities.

Figure 9: A typical kitchenette at an OWASA support facility (Photo: Davis 2010)

During this visit, we gathered observational data from a convenience sample of work
areas and informal anonymous interviews. Our team members were guided on a tour throughout
both the Administration Building and the Operations Center at the end of a work day. By going
at the end of the employees‘ work day, we were able to take note of how many lights, computer
monitors, CPUs, printers, and other appliances were left on at night on a typical work day. Our
team recorded how many computers were left on or on stand-by (including monitors) out of a
sample of the total number of computers in the facilities. Also, we observed actions that were
already being taken to decrease energy consumption, and asked a few of the employees that were
still around about the measures OWASA has taken to inform the staff of ways they can minimize
their energy use around the office. OWASA Sustainability Manager Pat Davis was able to give
us exact numbers and models of computers and other office appliances in the support facilities.
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In addition to our findings in individual offices, we also noted areas for improvement in common
areas, meeting rooms, and in the parking lot for the OWASA support facilities.

B.

Findings

Before our walk-through of the OWASA support facilities, our team gathered
information on what was already being done in these buildings to reduce energy-use, and
compiled this with what we found during the tour. We found that little was being done to inform
employees about minimizing energy use. Employees reported to our team members that they are
occasionally told to turn off lights when they leave a room or the building for the day and to
either put to sleep or turn off their computers at the end of the day. For staff members that use
their computers and e-mail a lot throughout the day (typically staff members located in the
Administration Building), mass e-mails are occasionally dispersed with this information, but for
those who work in the Operations Center and in the field, and do not sit in an office all day,
information about energy consumption comes largely from supervisor comments. However,
these suggestions are not always followed, as evidenced by the number of computers and
monitors that were left on or in sleep mode the afternoon of our visit. We observed two signs in
bathrooms reminding staff to turn off the lights when they left; even so, the lights had been left
on in one of these bathrooms.
The team learned of various energy-management techniques that OWASA has
implemented, such as:
 Programmable thermostats that are set to limited temperature settings at night and
during the weekends, in order to reduce energy used for heating and cooling
when staff are not in the support facilities.
 Plastic plates added to light switches to prevent certain switches that provide
excess light from being turned on (Figure 10).
 Phasing out incandescent light bulbs in favor of the more efficient compact
fluorescent light bulbs (CFLs), and replacing T-12 fluorescent light bulbs with
more efficient T-8 models.
 Installing motion sensors in bathrooms and copy rooms that turn the lights on
when someone is detected entering the room, and turn them off after a certain
amount of time without detection
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 Sensors in the Operations Center that can detect sunlight and only turn on
overhead lighting when natural lighting is insufficient. Configuring these sensors
takes time, but OWASA plans to install them in the Administrative Building as
well.

Figure 10: OWASA Light Switch Plate (Photo: Davis 2010)
Additionally, OWASA‘s Operations Center has several design features that take
advantage of solar energy, including:
 Large windows and skylights throughout the building provide daylighting, so that
on sunny days, electric lights are not necessary (Figure 11).
 Rooftop solar panels that are used for hot water heating, but have unfortunately
been neither effective nor reliable.
 Window shades that allow employees to regulate incoming sunlight for optimal
lighting and heating.

Figure 11: Daylighting at OWASA (Davis 2010)
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Although OWASA has been taking important steps to increase its energy efficiency in its
support facilities, we noted several areas for improvement during our walk-through of these
buildings:








Programmed thermostats are not always set to appropriate temperatures when
employees are not in the buildings; on a weekend visit to the Administrative
Building during a hot week in September, our team noticed that the building was
remarkably cold and that the air conditioner had been set to a much lower
temperature than necessary, considering no staff members were on site.
OWASA‘s support facilities, particularly the Administrative Building, were built
with many open spaces in the form of meeting areas and kitchenettes. These open
areas are heated and cooled with the rest of the building, even though they remain
empty for much of the time.
On a similar note, many more lights than necessary are engineered to stay on in
hallways at all times for safety purposes. For example, the spotlights focused on
plants in the Administrative Building are superfluous, and possibly inefficient
given the sky light situated above these plants.
Furthermore, there is an abundance of street lights in the OWASA support
facilities‘ parking lots, and these are often on at unnecessary times of the day and
week; efforts to change the bulbs in these lights to more efficient types are
underway.

During the walk-through, we noticed several areas in which changing employee behavior
could result in decreased energy use. The personal space used by OWASA‘s staff is the source
of much of the energy misuse in the support facilities:





Some employees had their own mini-refrigerators in their offices, even though
kitchen areas are available within a short distance; at least one personal office had
a space-heater in it at the time of our walk-through.
As previously noted, despite signs on the bathroom doors, employees still leave
the lights on in the bathrooms, as well as other unoccupied rooms.
We noted several computers and monitors that were left on: 7 of the 27 computers
and 22 of the 27 monitors that were observed. Even in sleep mode, computers,
computer monitors, and computer speakers consume energy. It should be noted
that some computers are left on at night for practical reasons. Some software used
by engineers has very long load times, and it would be a poor use of their time to
wait for the programs to load each morning. Similarly, many copiers and printers
are left on at night because they take a long time to start up in the morning.
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C.

Recommendations
1.

Management Practices and Energy Efficiency

We found, through the Federal Energy Management Program‘s Office Energy Checklist1,
that several simple alternatives could be implemented in OWASA office buildings to increase
energy efficiency. This U.S. Department of Energy program states that to save energy, office
buildings can take note of and adhere to the following policies:

(1) EnergyStar computers and monitors save energy only when the power management
setting is on. Check to see if there are any EnergyStar computers or monitors and
assess the current settings on them. If the settings are not correct, fix them.
(2) Plug appliances like coffee pots, microwaves, TVs, computers, etc. in to power strips
that can be turned off when they are not in use. This is considered ―phantom‖ energy.
Leaving these appliances plugged in to the wall outlets consumes energy even if the
appliances are off or idle.
(3) Turn off computers and monitors when they are not in use. Even a screensaver uses
more energy than putting the computer to sleep or turning it off completely. Also,
unplug them when they are not being used, unless they are in a power strip that can be
switched off.
(4) Install and appropriately set programmable thermostats. These thermostats can be set
to change the temperature setting on a schedule that accommodates the hours of use
for each building.
(5) Use drapes and curtains to your advantage. Opening blinds, shades or curtains during
the day will not only let light in, but can warm up a room. Closing them at night will
create the opposite effect.
(6) There are several suggestions for lighting in the office.
(a) Use high intensity discharge (HID) or low-pressure sodium lights.
(b) For outdoor lights, use lights with a photocell unit or motion sensor so they
are only on when they need to be. There might be security reasons for having
certain outdoor lights on at all times.
(c) Lighter colors reflect light. If any painting needs to be done, it would be good
to consider using a lighter, more reflective color.
(d) If a light will be on for more than 2 hours a day, install fluorescent light
fixtures for all ceiling and wall-mounted fixtures.

1

< http://www1.eere.energy.gov/femp/services/energy_aware_oec.html>
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(e) ―Use compact fluorescent light bulbs (CFLs) in place of comparable
incandescent bulbs to save about 50 percent on your lighting costs. CFLs use
only one-fourth the energy and last up to 10 times longer.‖1
(f) Turn off lights when a room is not occupied, or when there is enough daylight
to work without them. Use timers for lights that do not need to be on at all
times.
OWASA has already undertaken efforts to improve energy-efficiency in their support
facilities. Switching from T-12 to T-8 fluorescent light bulbs can save OWASA $10.24 per
fixture annually2. The change from incandescent light bulbs to CFLs can save an estimated
$1,787.70 annually per 100 bulbs; furthermore, changing incandescent bulbs to LED bulbs saves
$1,902.10 annually for every 100 bulbs switched3.
Based on what we have found, we have several suggestions that could help OWASA
increase the energy-efficiency of their support facilities. Some of these are to continue
implementing current energy-efficiency initiatives, such as transitioning light bulbs to more
efficient models. Likewise, OWASA should continue to install plastic plates to light switches in
order to keep unnecessary high-intensity lighting from being used, purchase plates for vertical
light switches, and expand the use of motion- and light-detecting sensors. To further reduce
electricity use for lighting, the client should consider reconfiguring the lighting system to reduce
the number of ceiling lights that stay on at all times for security reasons. A master computer
network turn-off system should be taken into consideration along with installing programmable
power-strips4. Electricity used by computing systems could be reduced by installing a network
turn-off system, which would eliminate the need to keep certain computers on at night by
allowing computer systems to be set to turn on in time to be fully loaded when employees arrive
in the morning. To lower heating costs, we suggest that OWASA consider closing off some of
the open areas in the Administrative Building. If this is not feasible, they should look into
closing off some of the vents located in these parts of the building.

1

< http://www.energy.gov/lightingdaylighting.htm>
Based on OWASA‘s 4₵/kwh rate. < http://www.unvlt.com/nema_retrofit.html>
3
< http://www.easywebcalculators.com/cf.htm>
4
<watt-stopper.com>
2
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2.

Staff and Customer Outreach

To gather more information about ways to minimize energy-use at OWASA‘s support
facilities, we looked at a 2000 study by Henk Staats, Esther Van Leeuwen, and Arjaan Wit: ―A
Longitudinal Study of Informational Interventions to Save Energy in an office Building.‖ This
study is a behavioral analysis of the efficacy of environmental informational interventions in
improving natural gas efficiency. There were two information interventions, including a
brochure requesting that heating vents be cleared of books and other belongings, and that all
thermostats be set to the same temperature. Feedback on employees‘ habits in covering vents
was collected and posted on bulletin boards, posters were put up reminding staff to lower
thermostat settings during the winter holiday, and individual feedback was given in the form of a
letter to each employee assessing their thermostat setting and habits in vent blockage. The results
of the study showed that there was a 6% decrease in natural gas use and a savings of about $6000
over the two years the program was in place, and that it continued to decrease when a
reevaluation was done two years after the intervention. It was an effective strategy for informing
employees and convincing them to change their behavior in order to use less natural gas. We
found that the tactics used in the study to gather information about employee habits and to
disseminate information to employees was useful and could be applied in OWASA‘s support
facilities.
We recommend that OWASA begin a similar staff outreach program that disseminates
information about optimizing energy-efficiency throughout the support facilities. This could be
done through several avenues, including mass e-mails, materials provided to supervisors to
distribute to employees, signs on bulletin boards (which are already in place throughout the
facilities), and signs posted on the doors of bathrooms and in common spaces. An example of a
sign that could be posted on bulletin boards is provided in Appendix E (figure 1). Important
messages to spread to OWASA staff would be:
 Focus on turning off lights in unoccupied rooms, such as bathrooms, conference
rooms, and break rooms, as you leave
 Remove personal space heaters and mini-refrigerators from offices
 Unplug kitchenette appliances when not in use
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 Encourage staff to completely turn-off computers, monitors, and computer
speakers at night.
These behavioral changes by OWASA‘s employees would greatly reduce natural gas and
electricity consumption and cost.

Similarly, it is important for OWASA to include their customers in energy management
considerations. There are several ways in which this can be accomplished. One of the simplest
ways for OWASA to reach their customers is through inserts in mailed billing notifications. The
insert could also be attached to, or included in the text of, e-billing notifications. In addition to
information about water use and ways in which water can be conserved, it is important to share
some information on energy use and ways to reduce use. The number of kilowatt-hours/gallon
water treated/day that OWASA uses should be included so that customers can have an idea of
how much energy goes into providing their water. Figure 12 below is a suggested template for
such an insert that could be sent out to customers. This sample is not specific to OWASA, but
can be used as a guideline for what an OWASA consumer mailing could look like. It may also
be useful for OWASA to survey their customers. This would take time and preparation to
complete, but it would be beneficial in understanding current customer water and energy use
pattern. A sample of consumers could be used to simplify the process. A sample of survey
questions can be found as Figure 2 in Appendix E. Although these are just two methods
OWASA could use to reach its consumers, they could prove effective for OWASA because they
invite consumers to be thoughtful about their habits.
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Did you know…
•The average dishwasher uses 12 gallons/load.
•The average washing machine uses 43 gallons/load.
•The average lawn care water use is 90 gallons/10 minutes.
•The average shower uses 4 gallons per minute. (about 28
gallons/day)
•The average hand wash of dishes uses 4 gallons per minute. (about
20 gallons/day)
•The average toilet uses 4 gallons per flush. (about 20 gallons/day)

This totals to an average of 258 gallons/person/day. It takes OWASA
4.83 kwH of energy to provide this amount of water/day.

With 4.83 kwH you could…
•Make 14.5 brews of coffee
•Microwave 63 meals
•Listen to 10,351 songs
•Watch 63 sitcoms
•Use a laptop for 97 hours
•Make 174 pieces of toast
•Iron 24 shirts

Ways to reduce use:
•Take shorter showers
•Run only full loads of laundry
•Run only full loads of dishes
•Turn off the water when brushing
your teeth

Figure 12: An example of a customer mailing insert.
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IV.

Fleet Management
A.

Methods

The emissions calculator tool described above was also used to assess fleet emissions of
greenhouse gases besides carbon dioxide (see Appendix F for a description of all greenhouse
gases). Methane and nitrous oxide emissions are not as easily estimated as carbon dioxide.
These emissions depend on miles driven and pollution control technology, and are predicted by
the calculator as a fraction of carbon dioxide emissions. The factor used for a mixed vehicle
fleet for methane is 0.10% of carbon dioxide emissions. For nitrous oxide this percent is 1.65%1.
Emissions of hydrofluorocarbons, ozone-depleting chemicals used in air-conditioning, are also
highly variable and tough to estimate. The calculator approximates emissions of these
compounds as 3.53% of carbon dioxide emissions. Finally, the emissions calculator takes into
account the global warming potential (Appendix F) of each of the different greenhouse gases.
The greenhouse gases that we used differ in their ability to reflect infrared radiation and thus
contribute to global warming. Every unit of hydrofluorocarbon (HFC-134a), for example, is
estimated to have the same global warming impact as 1,300 units of carbon dioxide. To compare
emissions of different fuels, the calculator uses global warming potentials to report all emissions
as carbon dioxide equivalents.
The calculator gives a rough estimate of tailpipe greenhouse gas emissions and thus does
not include emissions accrued in the production, refining, or transportation of fuel into its results.
Thus, we did not take into account the fleet‘s indirect sources of greenhouse gas emissions.
Electricity as an alternative fuel was an exception because there are no tailpipe emissions from a
vehicle the runs solely on electricity. As a result, we used the emissions based on the kWh
required to run the electric vehicles, which correspond to greenhouse gas emissions at a power
plant.

11

U.S. EPA. Office of Air and Radiation. Climate Leaders Greenhouse Gas Inventory Protocol Core Module
Guidance. Direct Emissions from Mobile Combustion Sources. EPA430-K-08-004. May 2008

33

B.

Findings

The approach used to evaluate the potential emissions savings for converting the
OWASA fleet to alternative fuels involved using energetically proportional amounts of
alternative fuels for each year, and calculating the resulting emissions compared to gasoline,
diesel and B-20 biodiesel. The results of the alternative fuel emissions output indicate that the
best replacement for gasoline on a per gallon emissions basis would be a pure electric fleet, with
an average yearly savings of 65.5 percent on total emissions which equates to 159.4 metric tons
of carbon. Other possibilities for alternative fuels include liquid petroleum gas with an average
yearly emissions savings of 34.3 percent, E85 ethanol gasoline mix with an average yearly
emissions savings of 31.4 percent, and compressed natural gas with an average yearly emissions
savings of 23.4 percent. The emissions savings of using B-100 biodiesel was also calculated as
an alternative for regular diesel and B-20 biodiesel, which many of the fleet vehicles currently
use. If B-100 were used in place of diesel there would be an average yearly emissions savings of
3.8 percent which equates to 2.2 metric tons of emissions per year. To replace B-20 with B-100
would result in a 5.5 percent average yearly emissions savings, equal to 15.1 metric tons.
Table 6 uses emissions of the principle greenhouse gases, calculated from the total annual
gallons of fuel used, and the global warming potential, to arrive at the total annual emissions in
metric tons of carbon. The next column lists the average emissions in metric tons per gal for an
average year. Estimated emissions savings are calculated for each alternative fuel type in metric
tons. The last column shows the calculated percent emissions saved from the original fuel source.
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Table 6: Comparison of Emissions from Alternative Fuels and Current
Fuels
2005-2006
Gasoline gallons
Gasoline Emissions mt
Est E85 mt (gasoline)
Est LPG mt (gasoline)
Est Electric mt (gasoline)
Est CNG mt (gasoline)
Diesel gallons
Diesel Emissions mt
Estimated B100 mt (diesel)
B-20 gallons
B-20 Emissions mt
Estimated B100 mt (B-20)

C.

27,446.73
254.57
174.74
167.30
87.81
195.05
8,040.00
83.22
80.07
31,122.48
328.04
309.95

2006-2007 2007-2008 2008-2009 2009-2010
26,858.65 25,558.82
249.11
237.05
171.00
162.72
163.72
155.79
85.93
81.77
190.87
181.63
4,007.00 6,558.00
41.48
67.88
39.91
65.31
31,150.73 27,212.03
328.34
310.23

286.84
271.03

25,421.60
235.78
161.85
154.96
81.34
180.66
4,220.00
43.68
42.03
19,306.11
203.50
192.27

Avg/year

25,912.22 26,239.60
240.34 243.37
164.98 167.06
157.95 159.94
82.91
83.95
184.14 186.47
5,292.00 5,623.40
54.78
58.21
52.71
56.01
20,955.87 25,949.44
220.88
208.70

273.52
258.44

avg emissions Estimated emissions
% Savings
(mt)/gal/year savings (mt)
0.0093
0.0064
0.0061
0.0032
0.0071

76.31
83.43
159.42
56.90

31.36
34.28
65.50
23.38

0.0104
0.0100

2.20

3.78

0.0105
0.0100

15.08

5.51

Recommendations

In order to accurately analyze the effectiveness of replacing fuel types, the emissions
must also be calculated on a per mile basis. Because fuel efficiencies (miles per gallon) vary
between fuel types, the emissions may be higher in terms of gallons but lower in terms of total
miles driven per gallon. Once the emissions per mile are calculated for each fuel type, a costbenefit analysis can be applied to the data to help determine which fuel type is most feasible for
OWASA.
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Figure 13: Average Emissions in kilograms per mile for each of OWASA‘s currently
used fuels (green) and their possible replacement(s) (blue).

From the average emissions per mile of each fuel type, shown in Figure 13, it is apparent
that electric vehicles have a much lower average emissions output than any other fuel type.
Figure 13 was calculated using an average miles per gallon equivalent for light duty trucks using
each fuel type1.

1

U.S.Department of Energy Energy Efficiency & Renewable Energy. 2010. <Fueleconomy.gov>.
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Figure 14: Percent emissions savings for alternative fuels at OWASA‘s current usage
levels of gasoline (blue), diesel (green), and B-20 (red).

To determine how OWASA could achieve the greatest reduction of greenhouse gas
emissions from its fleet, a percent of emissions savings calculation was performed. The results
of this calculation are illustrated in Figure 14. Current annual average use of gasoline was
compared with E85 ethanol, liquid petroleum gas, electricity and compressed natural gas using a
gasoline gallon equivalent. OWASA‘s current use of diesel and B-20 biodiesel was compared
against the use of B-100 biodiesel. A 100 percent biodiesel blend has many advantages over
petroleum diesel or a 20 percent biodiesel blend, such as being non-toxic, biodegradable, and
produced from renewable sources1. Despite these benefits, the lower fuel economy of B-100
compared to petroleum diesel means that on an emissions per mile basis, B-100 is more
emissions-intensive, and therefore cannot be recommended as a replacement.
As Figure 14 shows, the highest emissions savings (73.9%) can be achieved by replacing
gasoline vehicles with pure electric vehicles. Although diesel usage was not directly compared
to electric power, a pure electric conversion for diesel vehicles would also result in the highest
emissions savings. While some cars and trucks using internal combustion engines can be
converted to pure electric engines, the age of and mileage on many OWASA vehicles make them
1

U.S.Department of Energy Energy Efficiency & Renewable Energy. 2010. <Fueleconomy.gov>.
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poor candidates for conversion. Instead, we recommend that new electric powered vehicles be
purchased. Several fleet vehicle manufacturers now specialize in electric powered vehicles,
including light duty trucks, so this could be a viable option for OWASA to consider when it
looks to purchase new vehicles (assuming that OWASA would install an on-site charging
station). Several case studies of government fleets and utility providers indicated that liquid
petroleum gas and compressed natural gas are also viable alternatives that are currently in use by
other fleets.

There are other fuel-efficiency improving strategies that OWASA can pursue with regard
to its vehicular fleet. Currently, the fleet data that OWASA collects consist of the monthly
mileage for each of the 125 vehicles that the company operates. The data separates the vehicles
into their respective departments, and then reports the mileage traveled for each vehicle. In
addition, OWASA records the cost and the amount (in gallons) of gasoline, diesel, and biodiesel
that is purchased from four different suppliers (the Town of Chapel Hill, BP Oil, University of
North Carolina, and Red Star Generator Fuels). Providing more detailed data, such as fuel
consumption per vehicle or fuel economy, would help to fully assess the fleet‘s greenhouse gas
emissions and track fuel consumption. Furthermore, detailed data would improve OWASA‘s
ability to develop goals and report progress.
There are many simple, fuel-efficient driving practices that can significantly increase the fuel
economy of any vehicle; some suggestions are listed below. Training, contests, and monitoring
can be useful strategies to change inefficient driving behaviors.
1) Drive Slow and Steadily -- Reducing hard accelerations, eliminating speeding, and
anticipating stops can have a high positive impact in terms of fuel economy and
emissions. Certain digital gauges can provide real time and average fuel economy
and can visually represent and record certain driving habits.
2) Minimize Idling – Idling a car for more than 10 seconds emits more greenhouse
gases and uses more fuel then starting the vehicle. For larger vehicles, it becomes
more efficient to restart the vehicle after several minutes. Idle Shutdown Timers
are available that limit the amount of time a vehicle can remain idle while in park.
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3) Lighten the Load – Maintenance vehicles often carry a large amount of weight
that is unnecessary for the current tasks. The more weight hauled, the less
efficient the vehicle becomes.
4) Service and Maintenance – Proper tire inflation, clean air filters, and regular oil
changes are a few examples of how an enlarged vehicle maintenance program can
increase fuel efficiency.
Telematic technology uses telecommunications to send, receive, and record the
movement of any remote object. For OWASA, this could provide insight into how the vehicle is
both performing and being driven. Telematics can detect speeding, idling, and engine
performance. For large heavy-duty trucks, opportunities to save are great and monitoring driving
behavior can mean large savings in cost and fuel consumption.
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V.

Anaerobic Digestion and Process Energy

Figure 15: Anaerobic Digesters at OWASA‘s Mason Farm Wastewater Treatment Plant
(Image: OWASA)

There is significant room for improvement in energy efficiency and energy production in
the anaerobic digestion sector of OWASA‘s wastewater treatment operations. Current methane
generation is about 56,000 ft3 per day. Assuming 1000 BTU per cubic foot, this represents 56
MMBtu of available energy per day. Unfortunately, much of this energy currently goes
unharnessed. There are essentially two factors that influence the energy produced from a biogas
utilization system. The first is the production of the gas, which is a function of digester
operating protocols and the quantity and quality of digester inputs. Operating protocols include
the temperature of the digesters and the residence time of sludge in the system; digester input can
vary in the relative proportions of waste activated sludge and primary sludge fed to the system,
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and in some cases the incorporation of non-sludge substrates. The second factor in WWTP
energy production is the system used to convert the biogas to energy once it is produced. There
are many approaches to this component of the process. We built our analysis of potential
improvements to OWASA‘s energy generation capacity around these two system components,
investigating technologies that could replace the current methane engine to more effectively
utilize digester gas, as well as the potential for co-digesting food waste in OWASA‘s anaerobic
digesters to increase methane production.

A.

Background
1.

Anaerobic Digestion

Anaerobic digestion is the process by which microbes break down volatile organic
material in the absence of oxygen. In wastewater treatment, anaerobic digestion is used to break
down primary sludge and waste activated sludge. Primary or raw sludge is the result of the
mechanical treatment process, by which grit and large objects are removed from the wastewater.
Waste activated sludge is sludge settled from wastewater that has been aerated to facilitate
aerobic microbiological activity and coagulation of organic solids. The relative proportions of
these sludge types used in anaerobic digestion dictates the time the sludge must remain in the
digesters for volatile solids to be reduced adequately for discharge of the resulting biosolids1.
Anaerobic digestion consists of four steps. The first step is hydrolysis, in which polysaccharides
(e.g. carbohydrates, fats, and proteins) are broken into smaller, more soluble molecules (e.g.
sugars, volatile fatty acids, and amino acids). In the second step, acidogenesis, these molecules
are fermented by bacteria into carbonic acids, alcohols, hydrogen, carbon dioxide, and ammonia.
The third step is acetogenesis, in which these compounds are converted to acetic acid, carbon
dioxide, and hydrogen by acetogens2. The final step is methanogenesis, in which methanogenic
bacteria produce methane and carbon dioxide via two pathways:
1)

The acetotrophic pathway
CH3OOHCO2 + CH4

1

Water Environment Association. (1987) Activated Sludge, Manual of Practice #9.
“The Anaerobic Digestion Process.” Anaerobic Digestion. 2010. <http://www.anaerobicdigestion.com/html/the-anaerobic-digestion-proces.php>.
2
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2)

The hydrogenotrophic pathway
4H2 + CO2CH4 + 2H2O

The overall reaction for anaerobic digestion is:
C6H12O6 (sludge)3CO2 + 3CH4
The resulting gas will contain some portion of methane1, the principle component of
natural gas, and can be combusted as a source of renewable energy.

2.

Codigestion of Food Waste

We chose to examine the co-digestion of food waste with wastewater sludge as an option
for increasing methane production. This is a unique approach that not only has energetic benefits
for wastewater treatment plants, but also diverts food waste from landfills. Anaerobic digestion
of wastewater sludge as a process is thought to be well-understood and is widely used in
wastewater treatment; biogas production can be enhanced by increasing the carbon to nitrogen
ratio of the feedstock used as a substrate for methane production, as the availability of carbon is
one limiting factor in the production of methane. Human waste has a relatively low C:N ratio
because it has been highly processed biologically2; adding carbon-rich feedstocks such as food
waste has been shown to enhance methane production. In our analysis, we examined the foodwaste codigestion program at the East Bay Municipal Utility District (EBMUD) in California‘s
Bay Area, as well as Orange County Solid Waste Management‘s recently-adopted food-waste
composting program.
The EPA estimates that 12.7% of municipal solid waste (MSW) is food waste; each year,
31 million tons of food waste are thrown away in landfills, out of the total 32 million tons of
food waste produced. In North Carolina, 16% of MSW is composed of food waste (5.9 million
tons). In landfills, food waste is a key contributor to methane production. Most methane from
landfills enters the atmosphere, where it is 25 times as strong a greenhouse gas as carbon
1

Whalen, S.C. “Biogeochemistry of Methane Exchange between Natural Wetlands and the Atmosphere.”
Environmental Engineering Science, Vol. 22, No. 1, 2005.
2
UN FAO Agriculture and Consumer Protection Department. “The effects of environmental factors on anaerobic
digestion.” Biogas Process for Sustainable Development. 1992.
<http://www.fao.org/docrep/t0541e/t0541e06.htm>.
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dioxide. Landfills are the second-largest anthropogenic source of atmospheric methane,
contributing 20% of all emissions. Food waste contributes so strongly to methane production
due to its high carbon to nitrogen ratio and the rapid action of microbes on it. Even though
diverting food waste from landfills can go a long way towards meeting EPA, state, and local
mandates on solid waste diversion, only 2.5% of wood waste is recycled nationwide, mainly via
composting. Composting prevents landfilling of food waste, but requires large land areas, leads
to the release of VOCs to the atmosphere, and requires energy1. Anaerobic co-digestion of food
waste with wastewater sludge is thus an attractive option.
If 50% of American food waste were anaerobically digested, enough electricity could be
generated from the resulting gas to power 2.5 million homes each year. The EPA and EBMUD
collaborated to produce a study on the benefits of co-digestion of wastewater sludge and food
waste. The study team concluded that food waste provides a higher normalized energy benefit
than municipal wastewater solids (730 to 1300 kWh per dry ton of food waste applied; 560 to
940 kWh per dry ton of wastewater solids applied), and that adding food waste allowed for a
shorter residence time of the substrate in the digesters (which translated to faster treatment rates).
Additionally, with the shorter required residence time, the study team noted that smaller digester
volumes were necessary, reducing capital costs2.
Orange County Solid Waste Management has been attempting to provide alternatives to
landfilling food waste for roughly a decade. Part of the fee that county residents pay goes
towards the collection of food waste from sources such as grocery stores, restaurants, UNC
dining halls, and schools, and the shipping and delivery of the waste to a composting operation in
Chatham County. Here it is composted to Class A compost, which is approved for use on crops
intended for direct human consumption. The entire process of transporting and composting costs
$80/ton. The composting company sells this material back to OCSWM or to a dealer such as
Southern States. OCSWM recycles roughly 2000 tons of food waste each year in this way3. In
short, there is a precedent for food waste infrastructure in Orange County, and there is no
shortage of supply. OWASA‘s Mason Farm Road WWTP is much closer to Orange County‘s
population centers, so diverting some food waste flow to the WWTP could be financially
1

EPA. “Food Waste.” 2010. < http://www.epa.gov/wastes/conserve/materials/organics/food/>.
Gray, Donald, Cara Peck, and Paul Suto. “Anaerobic Digestion of Food Waste.” EPA Funding Opportunity Report
No. EPA-R9-WST-06-004. March 2008. < http://www.epa.gov/region9/organics/ad/EBMUDFinalReport.pdf>.
3
Orange County Solid Waste Management 2008-2009 Collection Statistics.
<http://www.co.orange.nc.us/recycling/stats.asp>.
2
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feasible. Limitations include the need for pre-processing and homogenization of the food waste
prior to anaerobic digestion, the impact of the new substrate on the microbiological communities
currently used in OWASA‘s digesters, and the fact that anaerobic digestion involving human
biosolids yields a product with fewer approved end-uses (Class A biosolids) than the Class A
compost currently produced with Orange County food waste.
3.

Digester Gas Utilization

Anaerobic digestion as a process is thought to be well-understood and is widely used in
wastewater treatment; however, many WWTPs that use anaerobic digestion differ in the manner
in which they choose to utilize the resulting biogas. OWASA uses biogas from its digesters in
two ways. One portion of the gas is combusted in a methane engine that direct-drives a blower,
which contributes to the aeration of primary sludge. A smaller portion is used to fire boilers,
which maintain thermophilic conditions in three of the four digesters. The methane engine
converts the biogas to energy at only about 30% efficiency, with much of the methane‘s energy
potential lost as waste heat; the boilers are more energy efficient, at around 80%1. In recent
years, maintenance problems with the plant‘s aging methane engine have led to a high frequency
of shutdowns, resulting in a proportion of biogas being flared off instead of being utilized to
reduce energy use and costs at the plant. For the one year period from July 2008 to July 2009,
the methane engine was run virtually not at all.
Technology for utilizing digester gas is evolving rapidly as the potential of biogas as a
renewable energy source is realized. A commonly used, highly efficient method is cogeneration,
also known as combined heat and power. In these systems, digester gas is used to run an
electrical generator of some type (e.g., internal combustion, steam micro-turbine). The
conversion of the potential energy of the gas to electricity is about 30-35% efficient for internal
combustion generators, and about 26-27% efficient for micro-turbine generation. Electricity
produced by the generator is sold to the grid, with the resulting funds applied to the operating
costs of the wastewater treatment plant. An additional 40-45% (internal combustion) or 45-60%
(micro-turbine) efficiency is gained by harnessing heat given off by the generator system to heat
digesters and facilities1.
1

Kalogo, Y., and H. Monteith. 2008. “State of Science Report: Energy and Resource Recovery from Sludge”. Report prepared for the Global
Water Research Coalition.
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A still-developing method of digester gas utilization involves using fuel cells to produce
electricity using digester gas. Fuel cells produce electricity via an electrochemical reaction,
using hydrogen derived from digester as a substrate, and offer efficiencies as high as 85% with
waste-heat capture. Molten carbonate fuel cells, which operate at very high temperatures using
liquefied carbon species, have been installed at several wastewater treatment plants1. Example
applications of these digester gas utilization technologies are explored later in this section; the
results of a financial feasibility analysis of these technologies, as well as food waste digestion,
are detailed in section VI.

B.

Methods
1.

Food Waste Co-digestion Feasibility Assessment

We first investigated the total amount of food waste in Orange County, North Carolina
that could be used by OWASA. To calculate the food waste estimate, we used the
Environmental Protection Agency Region 9 Co-Digestion Economic Analysis Tool (CoEat)1.
The CoEat tool allowed us to assess the initial economic feasibility of food waste co-digestion at
wastewater treatment plants for the purpose of biogas production. Co-digestion is when energyrich organic waste materials are added to an anaerobic digester currently processing less rich
energy (e.g. sewage and manure). Co-digestion allows facilities with excess digester capacity to
save and make money while reducing greenhouse gas emissions, providing a renewable energy
source, and diverting valuable resources from landfills and sewer pipes.
This model brings together the currently available data on the emerging practice of food
waste co-digestion at wastewater treatment plants. While some commercial vendors offer
systems for processing solid waste, municipalities are increasingly evaluating the viability of
implementing food waste co-digestion at a wastewater treatment plant in their service area. This
economic model is a screening tool for initial evaluation. The model identifies various logistical
and equipment considerations within an economic cost model.
The CoEat tool uses a Microsoft Excel platform. With this tool, we were able to simulate
the status quo and alternative scenarios, given the availability of food waste. The purpose of

1

Available at < http://www.epa.gov/region9/organics/coeat/index.html>.
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using the CoEat tool was to provide an initial economic feasibility assessment of food waste codigestion with wastewater sludge for the purpose of biogas production. The model helped us
calculate the potential food waste, fixed and recurring costs of food waste collection, fixed and
recurring costs of food waste anaerobic digestion, and potential for biogas production.
To use the food waste estimate function of the CoEat Excel tool, we calculated both
household and non-household (commercial and industrial) food waste. For household food
waste availability, the model uses a per-capita calculation. For non-household food waste
availability, the model calculates the amount based on a per-capita calculation and the type of
food-waste generating facilities. This calculation will also incorporate non-household fats, oils,
and grease (FOG). Before we were able to use the CoEat tool, we had to calculate the population
of the residential area being considered for food waste collection. After consulting the North
Carolina Census Bureau, we estimated that 130,000 people live in Orange County. The second
step was to identify sources of food waste. To do this, we used Google maps to locate all of the
manufacturers/processors, wholesalers/distributors, hospitals, nursing homes, colleges and
universities, schools (K-12), correctional institutions, resort/conference facilities, supermarkets,
and restaurants in Orange County, North Carolina. Table 7 illustrates the findings.
Table 7: Food Waste Producers in Orange County, NC
Manufacturers/Processors
6
Wholesalers/Distributors
0
Hospitals
3
Nursing Homes
3
Colleges and Universities
1
Schools (K-12)
18
Correctional Institutions
1
Resorts/conference facilities
2
Supermarkets
15
Restaurants
450
Total
499
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After we collected our data, we simulated three scenarios:




Scenario One: Best Case Scenario - Trash pick-up from all 130,000 people plus 499
establishments
Scenario Two: 499 establishments, without households
Scenario Three: No households, no establishments, some (200) restaurants

The CoEat tool, and the assumptions that we made in order to use it, are explored in detail in
Appendix G.
2.

Digester Gas Utilization

We took a similar approach to investigating potential improvements to OWASA‘s
utilization of its biogas. In the near-term, the cost of simply replacing the plant‘s current
methane engine with a newer model that would be more consistently operational was
investigated. Longer-term system overhauls were examined through case studies of wastewater
treatment plants known for their advanced energy practices. We gathered information on the
capital and operating costs of these systems, as well as the energy each produces and saves.
From there, we could attempt to assess the feasibility of installing each system at OWASA. The
systems examined were a molten carbonate fuel cell system, an internal combustion generator
cogeneration system, a micro-turbine cogeneration system, and replacing the current methane
engine. For the internal combustion cogeneration system, we were fortunate enough to be able
to use the findings of the consulting firm Hazen and Sawyer, which had conducted a preliminary
cost analysis for applying this technology at OWASA‘s wastewater treatment plant.

C.

Findings
1.

Food Waste Co-digestion

After collecting the necessary information, creating three different scenario models, and
running the numbers, we ran the model. Scenario three, with the least extensive collection
scheme, was the least expensive overall; however, per MMBtu per year gained in energy,
scenario one was the least expensive by a much greater percentage. The results are summarized
in Table 8.
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Table 8: OWASA Co-digestion Scenarios
Tons/day

Cubic feet of biogas/day

146.30
78.65
27.76

944,161.95
506,831.12
178,878.17

Scenario One
Scenario Two
Scenario Three

MMBtu/yr

209,045.95
112,216.97
39,605.24

Cost

$1,401,897
$1,308,571
$1,177,585

Cost/MMBtu/y

$6.71
$11.66
$29.73

It is clear from this data that co-digestion of food waste in OWASA‘s anaerobic digesters
could drastically increase the production of biogas, a renewable energy source, at OWASA‘s
wastewater treatment plant. Obviously, were co-digestion to be implemented in Orange County,
it would likely be to a much lesser extent than in the scenarios summarized above. However, the
results show that it would be in the interest of OWASA and OCSWM to start a small-scale pilot
co-digestion program, or at least collaborate on further investigation of co-digestion. Financial
analysis of the co-digestion scheme follows in section VI.
2.

Digester Gas Utilization

Case studies of wastewater treatment plants operating several modern digester gas
utilization systems were explored. All of the plants researched used anaerobic digestion to
produce methane for energy generation. Findings are summarized below, and were incorporated
into a financial analysis tool, detailed in section VI, so that the viability of each approach to
digester gas utilization for OWASA could be evaluated.


Replacing current methane engine. The price of a new engine would be roughly
$200,000,1 and operating costs would be roughly the same as they are currently.
Maintenance costs would be lower than with the current engine. The efficiency of
a new engine would improve to as much as 45% from 30% at present2. A new
methane engine would offer more consistent utilization of OWASA‘s digester
gas.

1
2

Personal Communication with Alvaro Escobar, Dresser-Waukesha mechanic

Kalogo, Y., and H. Monteith. 2008. “State of Science Report: Energy and Resource Recovery from Sludge”. Report prepared for the Global
Water Research Coalition.
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Micro-turbine cogeneration system. We investigated an example of this type of
digester gas utilization system at the Essex Junction, VT wastewater treatment
plant1. This plant handles only about 2 million gallons per day, and uses two
30kW micro-turbines to generate electricity with its digester gas. A heat
recovery system harvests waste heat from the turbines to heat the digesters. The
overall efficiency of the system, including heat capture, is greater than 80%; the
cost of the project was $303,000, with the turbines running about $30,000 each.
About 412,000 kWh are generated annually, saving $37,000 in energy costs. This
system would be scalable for OWASA‘s needs, as more turbines can be added.



Molten Carbonate Fuel Cell. The operating costs of a fuel cell can be as low as
$0.01/kWh2. A demonstration project at the Colorado Fuel Cell Center was
examined for this case study3, due to the size of the fuel cell (300 kW), which was
smaller than those employed at many wastewater treatment plants, and more
applicable to a plant the size of OWASA‘s. This DFC-300 fuel cell requires 1920
ft3 of methane or natural gas per hour, and produces 250 kW of electricity, and 0.3
MMBtu thermal energy per hour. This amounts to a total efficiency of about
65%. The cost of the system is about $1,200,000.

These examples were used, with the help of simplifying assumptions and OWASAspecific parameters, to create inputs for a financial analysis tool. The results of the resulting
financial analysis of the potential of these options for OWASA follow in section VI.

1

U.S. EPA. “Essex Junction (Vermont) WWTF: 60 kW CHP Application.” 2003.
<http://www.northeastcleanenergy.org/uploads/Essex%20Junction%20Project%20Profile.pdf>.
2

Kalogo, Y., and H. Monteith. 2008. “State of Science Report: Energy and Resource Recovery from Sludge”. Report prepared for the Global
Water Research Coalition.
3

Colorado Fuel Cell Center. “Molten Carbonate Fuel Cells.” 2006.
<http://www.energy.ca.gov/pier/conferences+seminars/2006-05-31_fuel_cell_workshop/presentations/2006-0531_REMICK.PDF>.
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VI. Financial Analysis
The digester gas utilization alternatives, as well as the food waste co-digestion
alternative, were examined using a financial analysis spreadsheet tool. The energy efficiency
benefits of these alternatives have already been explored; this tool is an investment cost analysis
that explores their potential financial costs and benefits.

The alternatives analyzed are defined as follows:


Alternative 0: No change; continue using OWASA‘s current system. This alternative is
necessary as a baseline for comparison with all other alternatives.



Alternative 1: Co-digestion of food waste. This alternative uses OWASA‘s current
digester gas utilization system with increased methane output from the addition of food
waste to the anaerobic digesters. Inputs for this alternative were calculated with the help
of the CoEAT EPA tool.



Alternative 2: Cogeneration system. The digesters and methane production are the same
as OWASA‘s current system, but digester gas is used to run two micro-turbines that
generate electricity. The heat byproduct is used to heat the digesters.



Alternative 3: Engine replacement. This alternative uses OWASA‘s current digesters and
digester gas utilization strategy, but replaces the present engine which fails frequently.
The benefit is increased run-time and digester gas use.



Alternative 4: Molten carbonate fuel cell. The fuel cell generates electricity using
digester gas. Waste heat from this high-temperature system is used to heat the digesters.

The first sheet of the spreadsheet, ―Inputs,‖ contains all of the inputs necessary for the
investment cost analysis (Figure 16). Values that need to be input by the user are shaded green.
All other inputs are calculated automatically. Our inputs are summarized in Appendix H.
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Figure 16: The ―Inputs‖ Interface of the Financial Analysis Tool

The fuel cell system has by far the highest capital cost, with the addition of food waste
having the lowest (Figure 17). The cogeneration system has the shortest payback period, at 1
year. The food waste co-digestion alternative never pays back (if used with OWASA‘s current
gas utilization system), and the fuel cell alternative has the next highest payback period, 71 years
(Figure 18). Interestingly, the fuel cell has the highest savings relative to alternative 0, and the
cogeneration system has the highest revenue from selling to the grid. These results are
summarized in Table 9.
Based on this analysis, the cogeneration system is an intriguing option for OWASA,
offering low capital cost and a brief payback period due to electricity sales to the grid. It
appears, also, that the molten carbonate fuel cell technology remains too expensive to be a viable
alternative for OWASA at this time. While we cannot recommend the food waste co-digestion
alternative based purely on this analysis, due to its lack of payback, we believe that the potential
of this option remains, and that OWASA should collaborate with OCSWM on further exploring
this practice, which would be beneficial to both organizations. Replacing OWASA‘s methane
engine seems to be a poor option, as it is more expensive than the cogeneration system from both
short- and long-term perspectives.
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Table 9: Results of Financial Analysis for Digester Gas Production and Utilization Alternatives
Alternative 4:

Cogeneration

Alternative 3:
Engine
Replacement

$59,880.00

$72,000.00

$248,815.20

$1,440,000.00

$63,391.75

$65,233.00

$35,794.10

$25,388.80

$20,000.00

$0.00

$6,169.29

$114,019.89

$71,312.87

$13,345.52

N/A

($1,841.25)

$27,597.65

$38,002.95

$43,391.75

never

never

1 year

3 years

71 years

Alternative 0:

Alternative 1:

Alternative 2:

No Change

Food Waste

None
Operating
Cost
Revenue,
Selling to Grid

Fuel cell

Capital Cost

Savings vs.
Alt. 0
Payback
Period

Figure 17: Capital Costs of Anaerobic Digestion Alternatives
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Figure 18: Payback Period for Anaerobic Digestion Alternatives
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VII. Conclusion
There are many energy-saving changes that OWASA could make to its current
operations. Based on our assessment, these changes range from expensive technological
upgrades to simply improving communication with employees. We recommend that OWASA
further investigate the following possibilities:









Cultivating a culture of energy-smart practices within the workplace by collaborating
with and informing employees.
Continuing to phase in energy efficient appliances, light bulbs, motion and light sensors,
etc.
Implementing the U.S. Department of Energy‘s suggestions for reducing energy use in an
office setting.
Initiating a dialogue with its customers regarding the relationship between their water use
and OWASA‘s energy use.
Integrating electric vehicles into its fleet when purchasing new vehicles, or converting the
existing fleet to run on liquid petroleum gas or compressed natural gas.
Initiating a smart driving education program for its maintenance staff, and expanding
upon its current methods of fleet energy use data collection.
Collaborating with Orange County Solid Waste Management on a pilot food waste codigestion program.
Installing a cogeneration system for digester gas utilization at the wastewater treatment
plant to reduce energy costs, and more completely utilize the digester gas currently
produced.
As a public, non-profit utility, OWASA has limited resources with which to pursue the

goals of improved energy efficiency and reduced greenhouse gas emissions. Therefore, further
study will be necessary to determine whether pursuing expensive upgrades in areas such as the
maintenance fleet and anaerobic digestion process energy are feasible at this time. For example,
the rough financial analysis performed in this report suggests that there would be significant
financial benefits to the installation of a cogeneration system to harness digester gas. However,
OWASA‘s recent investment in repairs to its methane engine may mean that it will want to wait
and see if the engine can operate more consistently before investing further in a cogeneration
system or similar upgrades.
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There are, however, many actions that OWASA can take to improve its energy efficiency
at comparatively little cost. These are centered on employee education regarding energy use in
support facilities and fuel-efficient practices in vehicular operations. Communicating energyefficiency goals and expectations more clearly with employees will improve electricity, natural
gas, and vehicle fuel use in OWASA‘s support facilities and fleet. Informing consumers about
the energetic costs of their water use for OWASA could also help reduce energy costs incurred in
water treatment. Similarly, strengthening OWASA‘s commitment to collecting and maintaining
data on the operations of its fleet will lend strength to future assessments of alternative fuel
options, while also allowing for the identification of simple changes in driver behavior and
management schemes that will reduce fuel consumption in the short term.
OWASA has already demonstrated its commitment to sustainability in many of its
current practices. Pursuing an energy management plan that incorporates some of the strategies
outlined in this report will allow OWASA to continue to set an example as a progressive-minded
utility into the 21st century.
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VIII. Appendices
A.

Appendix A – Electricity Use at OWASA
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B.

Appendix B – Electricity per 1000 gallons per day

Raw Water.
Fiscal Year

kWh/1000 gallons/day

2006-2007

29.85

2007-2008

33.26

2008-2009

29.83

2009-2010

33.41

Average: 31.59 kWh/1000 gallons/day
Maximum: 42.53 kWh/1000 gallons/day in March 2010
Minimum: 21.01 kWh/1000 gallons/day in June 2009

57

Finished Water.

Fiscal Year

kWh/1000 gallons/day

2006-2007

45.41

2007-2008

47.10

2008-2009

44.34

2009-2010

44.98

Average: 45.46 kWh/1000 gallons/day
Maximum: 55.66 kWh/1000 gallons/day in February 2008
Minimum: 36.49 kWh/1000 gallons/day in August 2006
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Wastewater.

Fiscal Year

kWh/1000 gallons/day

2006-2007

12.88303989

2007-2008

12.23983962

2008-2009

13.07762269

2009-2010

14.33726989

Average: 13.13444302 kWh/1000 gallons/day
Maximum: 16.458988 kWh/1000 gallons/day in October 2009
Minimum: 9.75517533 kWh/1000 gallons/day in October 2007
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C.

Appendix C – Natural Gas Use at OWASA
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D.

Appendix D – Natural Gas per 1000 gallons per day

Water Treatment Plants.

Average: 0.015649442 MMBtu/1000 gallons/day
Maximum: 0.0466823 MMBtu/1000 gallons/day in March 2010
Minimum: 9.349E-05 MMBtu/1000 gallons/day in October 2007
Wastewater Treatment Plants.

Average: 0.089618923 MMBtu/1000 gallons/day
Maximum: 0.23653445 MMBtu/1000 gallons/day in May 2009
Minimum: 0.0114941 MMBtu/1000 gallons/day in September 2008
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E.

Appendix E: Energy Use at OWASA Support Facilities

Relevant terminology:
Heating degree days are determined by subtracting the average of the high and low temperatures
for the day in question from 65ºF. In this analysis, the heating degree days (HDD) is a sum of all
heating degree days for that month.
Cooling degree days are determined by subtracting 65ºF from the average of the high and low
temperatures for the day in question. In this analysis, the cooling degree days (CDD) is a sum of
all the cooling degree days for that month1.
Table 1: Electricity use in the Administrative Building in MMBtu. The highlighted yellow
portions represent the annual high for the respective year and the blue highlight represents the
annual low for that same year.
Year/Month
Jan-06
Feb-06
Mar-06
Apr-06
May-06
Jun-06
Jul-06
Aug-06
Sep-06
Oct-06
Nov-06
Dec-06
Jan-07
Feb-07
Mar-07
Apr-07
May-07
Jun-07
Jul-07

Total
KWH
38,400.00
36,384.00
34,368.00
36,000.00
36,192.00
43,776.00
48,480.00
45,024.00
46,944.00
38,112.00
38,688.00
37,440.00
44,064.00
38,400.00
41,088.00
36,288.00
37,536.00
43,296.00
44,544.00

Year/Month
Aug-07
Sep-07
Oct-07
Nov-07
Dec-07
Jan-08
Feb-08
Mar-08
Apr-08
May-08
Jun-08
Jul-08
Aug-08
Sep-08
Oct-08
Nov-08
Dec-08
Jan-09
Feb-09

Total
KWH
45,504.00
45,408.00
40,992.00
44,256.00
37,728.00
41,760.00
39,648.00
37,152.00
40,128.00
41,568.00
42,720.00
47,520.00
43,680.00
45,984.00
40,896.00
35,136.00
36,576.00
41,568.00
36,864.00

Year/Month
Mar-09
Apr-09
May-09
Jun-09
Jul-09
Aug-09
Sep-09
Oct-09
Nov-09
Dec-09
Jan-10
Feb-10
Mar-10
Apr-10
May-10
Jun-10
Jul-10
Aug-10

Total
KWH
37,728.00
42,144.00
39,360.00
38,592.00
46,944.00
43,200.00
44,928.00
39,360.00
36,480.00
39,648.00
42,144.00
37,824.00
34,656.00
44,448.00
39,744.00
27,744.00
41,376.00
44,064.00

1

Manczyk, Henry. "Heating Degree Day Conversions." Monroe County, NY. Web. 10 Oct. 2010.
<http://www.energy.rochester.edu/units/Heating_Degree_Day_Conversions.pdf>.
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Table 2: Natural Gas use in the Administrative Building in kilowatt-hours. The highlighted
yellow portions represent the annual high for the respective year and the blue highlighted
portions represent the annual low for that same year.
Year/Month MMBtu Year/Month MMBtu Year/Month MMBtu
Jan-05
Feb-05
Mar-05
Apr-05
May-05
Jun-05
Jul-05
Aug-05
Sep-05
Oct-05
Nov-05
Dec-05
Jan-06
Feb-06
Mar-06
Apr-06
May-06
Jun-06
Jul-06
Aug-06
Sep-06
Oct-06
Nov-06

167.2
171.9
180.3
172.1
145.5
90.5
128.7
95.3
104.2
97.5
111.4
120.4
140.3
120.5
112.5
95.3
76.3
63.9
23.6
8.7
24.6
77.3
99.4

Dec-06
Jan-07
Feb-07
Mar-07
Apr-07
May-07
Jun-07
Jul-07
Aug-07
Sep-07
Oct-07
Nov-07
Dec-07
Jan-08
Feb-08
Mar-08
Apr-08
May-08
Jun-08
Jul-08
Aug-08
Sep-08
Oct-08

128.1
164.7
193
143.3
105.1
81.3
61.9
24.5
15.5
11.7
48.4
97.9
152.3
164.2
181.2
189.4
97.9
104.3
61.8
25.9
3.4
3.8
34.9

Nov-08
Dec-08
Jan-09
Feb-09
Mar-09
Apr-09
May-09
Jun-09
Jul-09
Aug-09
Sep-09
Oct-09
Nov-09
Dec-09
Jan-10
Feb-10
Mar-10
Apr-10
May-10
Jun-10
Jul-10
Aug-10

95.1
147.5
159.1
155.8
168
143.8
66.1
50.4
28.7
17.6
36.6
60.8
101
140.2
221.9
165.5
166.1
109
65.8
42.3
22.7
22.8
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Table 3: Natural Gas use in the Operations Center in MMBtu. The highlighted yellow portions
represent the annual high for the respective year and the blue highlighted portions represents the
annual low for that same year.
Year/Month MMBtu Year/Month MMBtu Year/Month MMBtu
Jan-05
Feb-05
Mar-05
Apr-05
May-05
Jun-05
Jul-05
Aug-05
Sep-05
Oct-05
Nov-05
Dec-05
Jan-06
Feb-06
Mar-06
Apr-06
May-06
Jun-06
Jul-06
Aug-06
Sep-06
Oct-06
Nov-06

269.1
442.8
288.8
129.8
54.8
12.8
13.3
4.8
6.8
13.5
41.4
143.6
474.8
395
190.5
153.4
35.4
18
6.3
4.3
6.6
22.4
112.7

Dec-06
Jan-07
Feb-07
Mar-07
Apr-07
May-07
Jun-07
Jul-07
Aug-07
Sep-07
Oct-07
Nov-07
Dec-07
Jan-08
Feb-08
Mar-08
Apr-08
May-08
Jun-08
Jul-08
Aug-08
Sep-08
Oct-08

138.9
94.3
269.8
134.7
57.3
8.4
5.1
5.2
5
4.4
5.8
31.1
89.2
203.2
302
233.8
150.1
86.5
39.3
7.8
4.6
5.3
35.3

Nov-08
Dec-08
Jan-09
Feb-09
Mar-09
Apr-09
May-09
Jun-09
Jul-09
Aug-09
Sep-09
Oct-09
Nov-09
Dec-09
Jan-10
Feb-10
Mar-10
Apr-10
May-10
Jun-10
Jul-10
Aug-10

119.1
260.4
185.9
279.2
163.4
63.1
19.2
11.5
6
4.7
10.7
22.5
72.4
129.6
409.4
271.1
263.3
75.7
42.6
14.5
5.6
4.5
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Table 4: Electricity use in the Operations Center in kilowatt-hours. The highlighted yellow
portions represent the annual high for the respective year and the blue highlight portions
represent the annual low for that same year.
Year/Month
Jan-06
Feb-06
Mar-06
Apr-06
May-06
Jun-06
Jul-06
Aug-06
Sep-06
Oct-06
Nov-06
Dec-06
Jan-07
Feb-07
Mar-07
Apr-07
May-07
Jun-07
Jul-07
Aug-07
Sep-07
Oct-07

Total
KWH
24,640.00
23,040.00
25,360.00
24,560.00
22,160.00
26,800.00
30,240.00
29,120.00
28,480.00
22,480.00
25,440.00
25,040.00
27,760.00
24,240.00
23,840.00
21,040.00
22,400.00
22,960.00
25,120.00
24,320.00
26,160.00
21,040.00

Year/Month
Nov-07
Dec-07
Jan-08
Feb-08
Mar-08
Apr-08
May-08
Jun-08
Jul-08
Aug-08
Sep-08
Oct-08
Nov-08
Dec-08
Jan-09
Feb-09
Mar-09
Apr-09
May-09
Jun-09
Jul-09
Aug-09

Total
KWH
22,400.00
20,880.00
28,960.00
28,720.00
29,440.00
29,360.00
23,920.00
22,240.00
24,880.00
23,440.00
22,480.00
22,240.00
23,360.00
27,920.00
24,320.00
21,120.00
20,000.00
21,840.00
18,800.00
17,840.00
23,520.00
21,840.00

Year/Month
Mar-09
Apr-09
May-09
Jun-09
Jul-09
Aug-09
Sep-09
Oct-09
Nov-09
Dec-09
Jan-10
Feb-10
Mar-10
Apr-10
May-10
Jun-10
Jul-10
Aug-10
Sep-10
Oct-10

Total
KWH
20,000.00
21,840.00
18,800.00
17,840.00
23,520.00
21,840.00
25,200.00
20,080.00
21,520.00
26,080.00
25,680.00
23,920.00
22,560.00
26,480.00
21,840.00
24,480.00
27,120.00
26,560.00
29,120.00
29,120.00
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Table 5: Heating and Cooling Degree Days
Year/Month
Jan-05
Feb-05
Mar-05
Apr-05
May-05
Jun-05
Jul-05
Aug-05
Sep-05
Oct-05
Nov-05
Dec-05
Jan-06
Feb-06
Mar-06
Apr-06
May-06
Jun-06
Jul-06
Aug-06
Sep-06
Oct-06
Nov-06
Dec-06
Jan-07
Feb-07
Mar-07
Apr-07
May-07
Jun-07
Jul-07
Aug-07
Sep-07
Oct-07

CDD
6
0
0
23
80
351
544
481
339
85
12
0
0
0
18
76
101
294
464
485
168
29
5
0
1
0
34
65
163
352
430
602
311
194

HDD
662
564
527
193
77
3
0
0
0
154
368
748
524
591
432
135
76
0
0
0
19
217
357
524
603
670
312
207
59
0
0
0
3
116

Year/Month
Nov-07
Dec-07
Jan-08
Feb-08
Mar-08
Apr-08
May-08
Jun-08
Jul-08
Aug-08
Sep-08
Oct-08
Nov-08
Dec-08
Jan-09
Feb-09
Mar-09
Apr-09
May-09
Jun-09
Jul-09
Aug-09
Sep-09
Oct-09
Nov-09
Dec-09
Jan-10
Feb-10
Mar-10
Apr-10
May-10
Jun-10
Jul-10
Aug-10

CDD
19
22
8
12
30
76
149
482
444
430
261
77
19
9
1
12
42
108
254
407
460
483
218
73
17
3
1
0
24
123
267
502
549
510

HDD
439
527
727
509
384
212
99
7
4
5
26
248
480
547
767
538
434
182
53
2
2
0
40
215
367
755
837
763
419
180
47
0
6
0
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Figure 1: An example of a sign that could be hung on the bulletin boards in OWASA Facilities
to provide employees with basic energy saving tips and facts.
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Figure 2: Customer Survey Sample Questions
This survey will serve to better inform OWASA about its customers‘ water use. It will provide
feedback that could be useful, combined with information on the energy used per 1000 gallons of
water produced by OWASA, in determining the energy use implications of consumer water use
habits for OWASA. If water use by consumers were reduced, OWASA would consume less
energy.
1. Do you live in a detached home? (Please circle one)
Yes
No
2. How many people live in your home? (Please circle one)
0-1
2-3
4-5
6+
3. Do you have a washing machine in your home? (Please circle one)
Yes No
If yes, on average, how many loads do you do a week? (Please circle one)
0-1
2-3
4-5
6-7
8+
4. Do you have a dishwasher in your home? (Please circle one)
Yes No
If yes, on average, how many loads do you do a week? (Please circle one)
0-1
2-3
4-5
6-7
8+
5. On average, how many times does each person in your home flush the toilet? (Please circle
one)
0-1
2-3
4-5
6+
6. On average, how often does each person in your home take a shower per week? (Please circle
one)
0-1
2-3
4-5
6-7
8+
On average, how long is each shower, in minutes? (Please circle one)
0-1
2-3
4-5
6-7
8-9
10-11 12+
7. On average, how many times do you water your lawn per week? (Please circle one)
0-1
2-3
4-5
6-7
8+
For how long, in minutes? (Please circle one)
0-5
6-10 11-15 16-20 21-25 30+
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F.

Appendix F: Fleet Emissions

Vehicle Emissions
The principal greenhouse gas emissions that are emitted from vehicles and will be used for
evaluation include, Carbon dioxide, Methane, Nitrous Oxide and Hydrofluorocarbons.


Carbon Dioxide (CO2) -- Carbon dioxide enters the atmosphere through the burning of
fossil fuels (oil, natural gas, and coal), solid waste, trees and wood products, and also as a
result of other chemical reactions (e.g., manufacture of cement). Carbon dioxide is also
removed from the atmosphere (or ―sequestered‖) when it is absorbed by plants as part of
the biological carbon cycle.



Methane (CH4) -- Methane is emitted during the production and transport of coal, natural
gas, and oil. Methane emissions also result from livestock and other agricultural practices
and by the decay of organic waste in municipal solid waste landfills.



Nitrous Oxide (N2O) -- Nitrous oxide is emitted during agricultural and industrial
activities, as well as during combustion of fossil fuels and solid waste.



Hydrofluorocarbons -- (HFCs) hydrofluorocarbons, perfluorocarbons, and sulfur
hexafluoride are synthetic, powerful greenhouse gases that are emitted from a variety of
industrial processes. Fluorinated gases are sometimes used as substitutes for ozonedepleting substances (i.e., CFCs, HCFCs, and halons). These gases are typically emitted
in smaller quantities, but because they are potent greenhouse gases, they are sometimes
referred to as High Global Warming Potential gases (―High GWP gases‖).

Global Warming Potential
All greenhouse gases have what is called a Global Warming Potential (GWP). This value is
used to compare the abilities of different greenhouse gases to trap heat in the atmosphere. GWPs
are based on the heat-absorbing ability of each gas relative to that of carbon dioxide (CO2), as
well as the decay rate of each gas (the amount removed from the atmosphere over a given
number of years). GWPs can also be used to define the impact greenhouse gases will have
on global warming over different time periods or time horizons. These are usually 20 years, 100
years and 500 years. For most greenhouse gases, the GWP declines as the time horizon increases.
This is because the greenhouse gas is gradually removed from the atmosphere through natural
removal mechanisms, and its influence on the greenhouse effect declines. Some of the CFCs
however, have long atmospheric lifetimes, and the 100-year GWP may be greater than the 20
year GWP.
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G.

Appendix G: Anaerobic Digestion Process Energy
1.

Calculations

Figure 1: OWASA Digester Gas Production Calculation, based on OWASA Average Operations
Data
7,700,000 gallons treated
1520 lbs raw sludge
0.71 volatile solids 0.55 destructed
4570 lbs destructed




day
1,000,000 gallons treated
1.0 raw sludge
1.0 volatile solids
day
4570 lbs destructed 17.5 ft 3 digester gas
0.7 ft 3 CH 4
1000 Btu 56,000,000 Btu




day
1lb destructed
1 ft 3 digester gas 1 ft 3 CH 4
day
56MMBtu 365 days 20,000MMBtu


day
1 year
1 year

2.

EPA CoEAT Tool explained

Below is an illustrative example of CoEAT tool, demonstrating the interface, inputs, and outputs.
Assumptions
*For the sake of space, we decided to depict only Scenario One to delineate our assumptions. However,
for Scenarios Two and Three, we calculated the totals in the same method as seen below.

Population Based Feedstock Availability Source Data
This chart lists the availability of residential feedstock and food processing feedstock (food
scraps) in pounds per capita/per year for Orange County. This calculation took into account all
of the waste from households, school, restaurants, etc in Orange County.
Residential Feedstocks (supports Option 1 and Option 2)

Pounds Per Capita/Per Year

Household Food Scraps - Red Meat

37.01

Household Food Scraps - Poultry

27.26

Household Food Scraps - Fresh and Frozen Fish

3.62

Household Food Scraps - Canned Fish and Shellfish

4.02

Household Food Scraps - Total Tree Nuts

0.31

Household Food Scraps - Eggs

3.49

Household Food Scraps - Total Dairy

44.28

Household Food Scraps - Total Fats, Oils, Greases (FOG)

14.46

Household Food Scraps - Fruit

60.86

Household Food Scraps - Vegetable

84.87

Household Food Scraps - Grains

35.6

Household Food Scraps - Sugars, Honey, Sweeteners

24.3
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Food Processing Feedstocks (supports Option 1)

Pounds Per Capita/Per Year

Food Processing - Fruit

50.80

Food Processing - Vegetable

130.97

Food Processing - Red Meat Rendering Byproducts

48.92

Food Processing - Poultry Rendering Byproducts

43.25

Total Generation Household Feedstock from User Input (lbs./yr)
Meats, Nuts, Eggs and Dairy

15,599,899

7799.949665

1,879,712

939.8559585

23,572,513

11786.25625

3,153,821

1576.910732

FOG
Fruits, Vegetables, Grains

short tons/year

Sugars

USDA Analysis Per Capita Retail Loss Rates for Perishables
This is the total amount of food waste from grocery stores and super markets in Orange County
each year.

Supermarket Feedstocks (supports
Option 1)
Fresh Vegetables
Fresh Meats, Poultry, and Seafoods
Fresh Fruits

Total Generation of Supermarket
Feedstock from User Input (lbs./year)
Fresh
2,262,000.00
Vegetables

Retail Weight
(lbs per
capita/per
year)
180.3

Weight
Available to
Consumer
(lbs per
capita/per
year)
162.9

Feedstock available
(lbs per capita/year)
17.4

195.1
119.4

186.3
105.8

8.8
13.6

Short
tons/year
1131

Fresh Meats,
Poultry, and
Seafoods

1,144,000.00

572

Fresh Fruits

1,768,000.00

884
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Generating Establishments-Based Feedstock Source Data
This chart breaks down the feedstock numbers presented above by generator category. For
example, by looking at this chart, one can determine of the total amount of feedstock (food
waste), what proportion of the total amount comes from manufacturers, from hospitals, etc.
SSOM = Source Separated Organic Materials
Generator Category (supports Option 2)

Number of

Total SSOM

SSOM Generation Per

Percent of total

Generation of

Establishments

Generation (short

Establishment (short

SSOM

SSOM category

tons/yr)

tons/yr)

from User Input
(short tons/yr)

Manufacturers / Processors

727

493,698

679.09

56.12

4074.536451

Wholesalers / Distributors

304

44,688

147.00

5.08

0

Hospitals

126

14,538

115.38

1.65

346.1428571

Nursing Homes and Related

507

27,409

54.06

3.12

162.183432

Colleges, Universities

101

24,458

242.16

2.78

242.1584158

Independent Preparatory Schools

20

955

47.75

0.11

859.5

Correctional Institutions

17

1,762

103.65

0.20

103.6470588

Resorts / Conference Facilities

105

6,442

61.35

0.73

122.7047619

Supermarkets

0

Supermarkets (SIC 5411-0100, 0101, 0103, 9901)

408

90,604

222.07

10.30

0

Grocery Stores (SIC 5411-0000, 9902, 9904, 9905)

164

7,022

42.82

0.80

0

Restaurants

3,320

168,191

50.66

19.12

22796.97289

TOTAL

5,799

879,767

---

28,707.85

Food Waste Generation Estimates by Generator Category
Hospitals
Food waste (lbs/yr) = N of beds * 5.7 meals/bed/day * 0.6 lbs food waste/meal * 365 days/yr
Nursing Homes and Similar Facilities
Food waste (lbs/yr = N of beds *3.0 meals/bed/day * 0.6 lbs food waste/meal * 365 days/yr
Residential Institutions
Food waste (lbs/yr) = 0.35 lbs/meal * N of students * 405 meals/student/yr
Non-Residential Institutions (e.g., community colleges)
Food waste (lbs/yr) = 0.35 lbs/meal * N of students * 108 meals/student/yr
Correctional Facilities
Food waste (lbs/yr) = l.0 lb/inmate/day * N of inmates * 365 days/yr
Resorts / Conference Properties
Food waste (lbs/yr) = 1.0 lbs/meal * N of meals/seat/day 2 * N of seats * 365 days/yr
Supermarkets
Food waste (lbs/year) = N of employees * 3,000 lbs/employee/yr
Restaurants
Food waste (lbs/year) = N of employees * 3,000 lbs/employee/yr
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Transporting and Processing
This chart calculates the cost of waste transportation, disposal, and revenue each day given the
cost per mile and the average amount of miles per trip.
Feedstock Processing Costs
Waste Tons Requiring Processing

146.3

short
tons/day

Processing Costs/(short ton/day capacity)

$0

$/tpd

Total Feedstock Processing Costs

$0

$/day

Waste Disposal Costs
Initial Raw Biosolids Volume

153

Reduction Expected through the Process

86%

Output Waste Biomass
Transportation costs/ton-mile (from above)
Average miles /round trip
Waste Transportation Costs

22
$0.18
20

short
tons/day
short tons
$/short tonmile
miles/trip

$79

$/day

$10

$/short ton

Waste Disposal Costs
Landfill Tipping Fee per ton
Total Daily Tipping Fees Cost for biosolid
disposal

$220

$/day

Waste Revenue
Digester Tipping Fee per ton
Total Daily Tipping Fees Revenue at the
Digester
Avoided Daily Tipping Fees
Total Daily Transport Processing and Disposal
Cost

$0

$/short ton

$0

$/day

$1,463

$/day

($1,470)

$/day
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Procurement and Ancillary Equipment
This chart takes into account costs that were not accounted for in the other measurements.
Solids drying area ($/ft2) concrete slab

$30

Monitoring equipment (SCADA)

$100,000

Engineering Planning and Design

$250,000

Permitting

$100,000

Environmental Impact Statement

$250,000

New Full Solid Waste Permit

$6,300

Geotechnical analysis

$17,500

Wetland delineation

$17,500

Land Preparation

$30,000

Infrastructure (fencing) ($/linear foot)

$35

Infrastructure (roads) ($/ft2)

$12

Program Design
New Water Service
Access Gates

$100,000
$110
$10,000
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Digestor Sizing
This chart measures the waste capacity that the digester could hold in pounds per day.
Feedstock Parameter

Value

Units

Food Waste Mass

44

short tons/day
ft³ CH4/lb TS

Food Waste Biogas Yield

6.65

Food Waste Total Solids

29.98%

solids

Food Waste VS

89.69%

of total solids

Food Waste % of Total Waste

87.40%

total substrate

Weighted Total Feedstock Loading (TS)

87,725.74

lbs/day

Weighted Total Feedstock Loading (VS)

78,680.16

lbs/day

Wastewater Solids Mass

6

short tons/day

Wastewater Solids Yield

2.12

Wastewater Total Solids

1.00%

ft³ CH4/lb TS
solids

Wastewater VS

70.00%

of total solids

Wastewater % of Total Waste

12.60%

total substrate

Weighted Total Feedstock Mass

50

Weighted Total Feedstock Yield

short tons/day
6.08

Weighted Total Feedstock Concentration (% TS)

26.3%

Weighted VS Content of Total Feedstock

87%

ft³ CH4/lb TS
solids
volatile solids

Weighted Total Feedstock (TS)

12,643.4

lbs/day

Weighted Total Feedstock (VS)

8,850.4

lbs/day

Food Waste only
Digester Volume & Number Based Upon MCRT
Digester Volume
Assume Sludge SG (sg - specific gravity)
Constant (Specific Weight of Water)
Q (Sludge Flowrate)
θ (Mean Cell Residence Time)
Required Volume
Existing Cylindrical Digester Diameter
Existing Cylindrical Digester Height
Max Available Capacity - Total
Effective Digester Capacity %
Effective Digester Capacity
New Digester Capacity Required (+) or Available (-)
Number of New Digesters Required (+) or Available (-)

Foodwaste and Wastewater Wastewater only

Value

Value

Value

Units

V=Qθ

V=Qθ

V=Qθ

1.012

1.012

1.012

62.4

62.4

33,340.58

38,145.77

15

15

500,109

572,186

123.8

123.8

124

124

1,492,632.37

1,492,632.37

62.4 lb/ft³
4,805.18 ft³/day
15 days
72,078 ft³
123.8 ft
124 ft
1,492,632.37 ft³

100%

100%

1,492,632

1,492,632

1,492,632 ft³

100% %

-992,524

-920,446

-1,420,555 ft³

-0.66

-0.62

-0.95
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Feedstock Requirements
Biogas Production Rate

15

VS Destruction Efficiency (Food Waste)

80%

VS Destruction Efficiency (Wastewater Solids)

56%

Biogas Production based on VS Destroyed

1,018,505

Mass of Biogas

ft³ biogas/lb VS destroyed

ft³ biogas/day
30.92

short ton/day

COSTS (digester capacity)
Physical Plant Costs (installed)
Number of Digesters

0.00

Average Cost per Digester w/ ancillary equipment

$0

Physical Digester Plant Costs

$0

Annual Biogas Production

371,754,376

Methane to Biogas Ratio

Number
Dollars

ft³/yr
0.6
1011

Btu/ft3

Heat Value Estimate

225,506,204,674

Btu/yr

Heat Value Estimate

225,506

High Heat Value of Methane (Btu/cubic foot)

KWh Value Estimate

14,539,656

MMBtu/yr
KWh/yr
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Financial Model Output
ANALYSIS OF COGENERATION PROJECT COST/BENEFIT - FINANCED CAPITAL SCENARIO
Capital Cost (Digester)

$0

Capital Cost (Feedstock collection)

$49,900

O&M Cost (Digester)

$25,000

per year

O&M Cost (Feedstock)

$1,470

per year

Feedstock Access Cost

$0.00

per day

$2,634.00

per day

$0.00

per day

$79.20

per day

$220

per day

$1,463

per day

$0

per day

Feedstock Transportation Cost
Feedstock Processing Cost
Biosolids Transportation Cost
Biosolids Disposal Cost
Avoided Tipping Fees
Feedstock Tipping Revenue
Labor Cost

$13,978

CPI

0.00%

per year
percentage

ANALYSIS OF COGENERATION PROJECT COST/BENEFIT - FINANCED CAPITAL SCENARIO
Discount Rate (%)

0%

per year

Financing Rate

0%

per year

Project Costs

NPV

Capital Costs
Physical Plant (Digester)

$

Physical Plant (Processing)

$

49,900

Recurring Costs
Feedstock Access

$

Feedstock Transport

$

958,776

-

Biosolids Transport

$

28,829

Biosolids Disposal

$

80,080

Total Cost ($)

$

1,117,585
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H.
Appendix H: Financial Analysis of Digester Gas Production and
Utilization Alternatives
Inputs Summary:


―Analysis Inputs‖ are universal inputs that will apply to all alternatives.



Contingency is a measure of uncertainty. A value of 20%, a common contingency value, is
used.



The discount rate allows adjustments to be made for the time value of money. In comparative
analysis of the alternatives over time, equivalent values for the present and future need to be
calculated. The most basic reason for this is that a dollar today is more valuable than a dollar
received in the future (Ammons, 2009). Applying a discount rate through a net present value
calculation allows us to quantify this phenomenon.



The discount rate is distinct from the inflation rate, which is the rate of increase of a price
index. The discount rate was obtained from the Consumer Price Index Summary.



The inflation rate is set at the most current Municipal Cost Index, an index relevant to local
governments produced by American City & County magazine. It is compiled using the
Consumer Price Index, Producer Price Index, construction cost indexes, and independent data
to reflect changes in the cost of providing municipal services. (Ammons, 2009)



The 2010 OWASA electricity cost was obtained from the OWASA Energy Dashboard. The
rates charged per month were averaged over course of the year 2010 to produce one value to
use for this cost (OWASA is charged on a rate schedule). 2010 OWASA Natural Gas cost
was calculated in a similar fashion. Only the OWASA utility accounts that correspond to the
wastewater treatment plant were used. (Xiaoli & Davis, 2010)



The annual escalation factors for electricity and natural gas are usually different from the
overall inflation rate. These factors were obtained from the Consumer Price Index Summary.
(Bureau of Labor Statistics, 2010)



The escalation factor for grid revenue is set to the most current Consumer Price Index.
(Bureau of Labor Statistics, 2010) The amount of money that an electricity provider will pay
for receiving electricity will not be as high and will not escalate in the same way that fees
paid to them will.
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The capital costs entered into the ―Inputs‖ sheet include Equipment, Legal fees, Construction
costs, and Engineering costs and Contingency. When information about the specific
breakdown of capital costs was not known, the summed capital cost was inserted into the
‗other‘ category. These categories are totaled and represent the first year of expenses for each
alternative.



Operating Cost consists of the costs associated with operating each alternative including
natural gas cost, electricity cost, and maintenance cost.



―Methane generated‖ is the amount of methane generated from the digesters for the
alternative. This only deviated from the current value (Alternative 0) in the case of
Alternative 1, in which co-digestion of food waste increases methane production from the
anaerobic digestion system.



―% of time system is operational‖ is calculated by hours operated divided by total hours
elapsed over the given time period.



―Methane Captured‖ is the total methane produced multiplied by the percentage of time that
the system is operational.



―Total Gas required for system‖ is the total amount of gas that is required to operate the
system. Information for Alternative 0 was obtained from the OWASA Energy Dashboard.
Data from 2008 was used to supplement any data missing from 2010. Natural gas use was
unusually high in 2009 so data from that period was not used.



―Electricity requirement‖ is the electricity required to run the alternative. For Alternative 0,
this information was obtained from the OWASA Energy Dashboard. I used data from 2007.
See ―Total gas required for system.‖



―Total electricity cost‖ is ―Electricity Requirement‖ times the 2010 unit cost of electricity for
OWASA.



―Total energy cost‖ is the sum of ―Total electricity cost‖ and ―Total natural gas cost.‖ These
are then summed with ―maintenance cost‖ to produce the total ―Operating Cost.‖
There are a few logic expressions in the spreadsheet. The first is ―NG requirement after

methane.‖ This is additional natural gas requirement after taking methane production into
account. If the total gas required to run the system minus the methane captured is less than zero
(i.e. it produces more methane than what is needed to run the system), the result should not be a
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negative number, as you cannot require a negative amount of gas from a provider of natural gas.
The logic expression instructs Excel to output zero if this value is less than zero, and to output
the value itself if it is greater than zero. Also, when the output is less than zero, the spread sheet
inserts the output value into the ―Methane available for grid‖ cell and converts it to a positive
number. This is the amount of methane available to generate excess electricity that can be sold
back to the grid. If a value is present in ―Methane available for grid,‖ this value is multiplied by
the system efficiency, converted into its yield in kWh (―Methane yield in kWh‖), and multiplied
by the unit price for electricity sold back to the grid. This yields the total revenue from selling to
the grid (―Revenue from selling to Grid‖).
‗Total Natural Gas cost‘ also contains a logic function that only computes the cost of
natural gas when there is a natural gas requirement for the alternative (i.e., when it does not
produce enough methane to cover its own needs).
The sheet ―CashFlows‖ contains the cash flows associated with each alternative in the
investment cost analysis. Revenues and expenses are totaled for each year of an alternative‘s
designated life cycle. Revenues are the revenues from selling electricity to the grid and the
savings relative to alternative 0 (if the savings are positive), multiplied by the ―Annual
Escalation Factor for Grid Revenue‖ and compounded annually. If the savings relative to
alternative 0 are negative, the output is added to the ―Expense‖ column, along with capital costs
in year one. In alternative 0 each individual expense is multiplied by its respective escalation
factor, compounded annually, and summed. ―Expense – Income‖ gives the net expense for each
year. ―NPV‖ is the net present value of this value. In the year that the sum of the NPV equals
zero, the alternative has paid for itself.
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