NATIONAL MANUAL OF GOOD PRACTICE FOR BIOSOLIDS

Chapter 20 - Economic Considerations

20.1 Introduction

For the biosolids generator, biosolids management has two principal components: the dollar
costs associated with capital and operating expenses, and the more subjective component that
deals with the activities and environmental values of the final recycling or disposal method(s)
employed by a generator. Ideally, biosolids programs should be managed in a way that
minimizes costs, while also considering other important factors. However, in the final analysis,
support for a biosolids program will be garnered through economic justifications that can pass
review of municipal officials and the sewer system customers.

This chapter provides guidance on establishing biosolids program goals, determining program
costs, comparing alternative management methods, and developing secondary management
options.

20.2 Components of an Effective Biosolids Program

When asked, most biosolids program managers and officials often say that several factors are
important in evaluating the effectiveness of their biosolids program. They are:

Cost

Reliability

Flexibility

Public Acceptance

e Regulatory Compliance

Biosolids program managers may not always agree that “cost” is the factor that most often
determines the direction of the biosolids program. However, overall program costs alone often
drive the decision-making process. Operating a cost-effective biosolids program, one that
considers the “other factors”, will result in a better program than a program that considers costs
alone. These other factors should be given equal weight when deciding on program priorities.

Historically, biosolids recycling programs have included a certain degree of risk. The biosolids
manager must be prepared to address the risks and factor them into program evaluations.

Changing regulations and low public acceptance are two of the significant risk factors. When
working through the challenges of these concerns, and the level of risk is lowered, program costs
are generally reduced.

Consider alternative processes that contribute to good performance, reduce risks and offer
reasonable costs. Thickening and dewatering equipment can reduce handling costs for final
biosolids product. Storage facilities give flexibility to hold biosolids during periods of inclement
weather. Good digestion facilities reduce the risk of nuisance odors from land-applied biosolids
and thereby reduce the risk of public acceptance issues. Although these processes may have
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associated capital costs, making these changes may result in a more reliable and flexible
biosolids program.

20.3 Setting Program Goals

Managers and operators are expected to guide their biosolids program management toward cost
effective solutions. However, evaluations of management options should combine information
about program goals and costs.

To set program goals, begin by listing the factors that are important in operating the program. All
of the “factors” listed in Section 20.3 should all be considered. Or there may other important
factors that are not listed here. Survey the officials (decision-makers) and have them rank this list
of factors in terms of importance. Schedule a meeting with the officials to review the results of
the survey, and discuss in detail how all of the factors will effect the overall effectiveness of the
program. Once there is a consensus among the officials regarding the factors that are important
to the program, the basis for a biosolids program evaluation can be established.

Do not put all your biosolids eggs "in one basket™ is an old adage to keep in mind. Even the best
of programs can become undone by unforeseen events. The solution is to have several outlets
for biosolids. Options typically include land application, landfilling, incineration, and further
processing at another treatment facility. Knowing the costs related to each of these options
within a region is important. This information is available from colleagues at other facilities or
the utility's consulting engineer.

20.4 Economic Considerations

One of the factors to be considered in evaluating the effectiveness of a biosolids program is cost.
Cost analyses, or economic evaluations, can be conducted for a variety of reasons such as,
determining current day program costs, comparing different program alternatives, or identifying
areas for program improvement.

Several steps are required to carry out an evaluation. They are; predicting solids production,
calculating operation & maintenance (O&M) costs, and estimating capital costs. Based on the
information generated in these first steps, the unit costs for the biosolids program and for other
possible program alternatives can be calculated.

The project engineering consultant is trained to conduct economic studies. Don’t hesitate to call
upon them for assistance in making biosolids program decisions. Or, for additional information
regarding estimating costs for land application systems, refer to the EPA Process Design Manual
for Land Application of Municipal Solids (EPA-625/K-95/001).

20.5 Estimating Solids Production

To begin an economic evaluation, the current solids production rate at the facility being
evaluated must be established. For most evaluations, it is also helpful to estimate current peak
and future solids production rates. Generally, historic plant operating data can be used for solids
production estimations, such as:
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Waste solids volume (gpd)

Waste Total Solids (%TS)

Waste Volatile Solids (%VS)

Volatile solids reduction through your digestion process (%VS)

Refer to Chapter 2 — Wastewater Treatment Overview, for guidance in estimating solids
production.

If the service area for the facility is growing, it is important to estimate future solids production
rates as well. Future solids production information can be useful in evaluating the economic
benefit of proposed capital projects or considering alternative management practices. The steps
needed to estimate the future solids production are summarized as follows.

1. Develop an average production “ratio” using your facility’s current influent BOD
loading (Ibs/day) and monthly average “total solids production” (Ibs/day) from the
example above.

2. Predict the future influent BOD loading and apply the average production ratio (from
1 above) in order to estimate future total solids production.

3. Make assumptions regarding future plant performance, such as: total solids (%TS),
volatile solids (%VS), and additional VS reduction (%VS). Consider the effect of
increased production levels on process detention time. You may want to assume a
lower volatile solids reduction efficiency, if process detention times decrease.

4. Using the information in 3 & 4 above, calculate the future net solids production rate.

It may be important to also take other factors into considerations when thinking about the
economic impact of the facility’s future needs. For example, future increases in biosolids
production and seasonal limitations to access land application sites may cause the storage
capacity at the facility to be exceeded at certain times of the year. It may be wise to look at other
options in dealing with temporary storage problems, such as making arrangements to transport
biosolids to a local landfill, incinerator, or other treatment facility with excess storage capacity.
Even though these options may be more expensive on a unit cost basis, biosolids program
reliability may be more important in this situation.

20.6 Factors Impacting O&M Costs

The cost of labor and materials consumed in producing a product is classified as operating and
maintenance expenses. Biosolids program operation and maintenance (O&M) costs typically
include labor, vehicle operating cost (fuel, maintenance, etc), electrical power, chemicals, spare
parts, analytical testing, insurance, training, public relations, and permitting fees. Labor,
transportation, and/or alternative end use (especially disposal) typically account for the largest
portion of the O&M annual cost. Establishing O&M costs can be useful in looking at current
program efficiencies or in comparing different management alternatives.
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Both operation and maintenance costs are frequently expressed in terms of dollars per unit of
product on an annual basis. Section 20.9 describes how to determine unit costs (cost per dry ton).
All biosolids programs should have established methods for determining the annual O& M unit
costs. All costs associated with the biosolids program, as noted above, should be included.
Establishing line items in the annual operating budget for biosolids O&M costs is an easy way to
determine annual costs associated with the biosolids program.

When comparing alternative management methods, the O&M costs associated with each
individual component (labor, fuel, chemical, etc) need to be compiled. The primary *“controlling”
cost factor for any alternative managment method can be identified by comparing the individual
O&M component costs. This can be an interesting exercise, whereby overall program costs may
be reduced by concentrating on reducing the controlling cost. Costs common to all alternatives in
the same period of time (eg year) may be eliminated for convenience since their difference will
be zero. It is important that care be exercised in estimating the dollars that will be spent for
O&M under all plans.

20.7 Establishing Capital Costs

The principle that $1 today is more valuable than $1 in 5 or 10 years later is called the “time
value of money”. The time value of money is just one of the factors to consider when
establishing capital (building) costs. The methods used to compute capital costs are “present
worth” and “equivalent annual worth”.

Capital costs usually consist of expenses associated with building construction, the purchase of
equipment with a life cycle greater than five years and costing more than $5,000, and purchase of
land, along with related professional service expenses (administrative, financial, legal, and
engineering) for these components. Capital costs are expressed in an annual budget as debt
service or capital improvement expenses. It is important to understand how to work with capital
costs if considering a construction project or equipment purchase, or in evaluating several
management alternatives that involve capital costs. In order to develop a biosolids program
capital cost, you will also need to separate the biosolids treatment portion from other treatment
system capital expenses. This separated cost can be called the biosolids capital cost.

Two of the most commonly used methods of computing capital costs are “present worth” and
“equivalent annual cost”. In using either method of calculating capital costs, the “life’ of the
project must be considered. In other words, how long will the equipment last? Present Worth and
equivalent annual cost also consider annual disbursements for O & M over the “life” of the
project.

Present worth can be defined as the value of a project at time 0, or when a future amount of
money is converted into its equivalent present day value. It is preferred for making economic
decisions related to setting a price for project alternatives. Equivalent annual cost can be defined
as the uniform dollar amounts at the end of a defined period that are equivalent to a project’s
cash flow. It is a method of calculating annual capital costs where capital costs remain the same
each year until the debt is paid. When comparing process or equipment alternatives, the annual
capital cost values will vary with the total cost, interest rate, and loan or bond term.
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When correctly applied, all methods used to calculate capital costs should lead to the same
conclusion. There are many good texts that provide a detailed explanation of the ways to
establish capital costs. Engineering Economy (Ted G. Eschenbach, 1995) is one textbook that
may be helpful. Facility engineers and consultants are also an excellent resource to tap when
evaluating capital costs. For additional information regarding estimating capital costs for various
solids treatment processes, refer to the EPA Process Design Manual for Solids Treatment and
Disposal (EPA-625/1-79-011).

20.8 Determining Unit Costs (cost per dry ton)

Evaluating the cost effectiveness of a biosolids program should include calculating the unit cost
for the biosolids management alternative being used. This is an important exercise because it:

e allows comparison of the current management alternative to other possible alternatives
(such as comparing the cost of landfilling to land application)

e assists in making critical decisions about the future direction of the biosolids program
(such as deciding whether to land apply liquid biosolids or land apply dewatered
biosolids)

e assists in predicting the cost of adding other end use options (such as adding a drum
thickener to reduce the amount of water being transported)

e allows comparison of the biosolids program with other local and regional biosolids
programs

e helps in making annual biosolids program budget decisions

e encourages managers to think about all aspects of the current biosolids program and how
cost effective improvements can be made

When biosolids production data and total program costs (capital plus O&M) are known, unit
costs (in dry tons) can be easily calculated. This is simply the total cost (amortized capital costs
plus annual O&M costs) divided by dry solids production annually for a unit cost in dollars per
dry ton. The costs for processing (such as digestion or dewatering) and off-site handling (such as
can land application) should both be established. These costs can be compared among biosolids
program alternatives or to unit costs of biosolids programs at other facilities. It is also interesting
to compare program unit costs to those reported in professional magazines or industry reports.

Calculating the unit cost for the current biosolids program is generally the first step in evaluating
a program. Once the time is spent to calculate the unit cost, compare that cost to the cost of other
management alternatives. It may be surprising to find out that the current operating method is
cost effective. Or, maybe with only a few minor changes, the program costs can be reduced.

Historically, agricultural land application of biosolids has been among the more cost-effective
programs. Costs for using biosolids for reclamation work and landfill disposal costs tend to be
higher. These above comparison costs are for off-site handling alone, and do not include
processing costs necessary to prepare a recyclable product.
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20.9 Consider all Factors Associated with Alternative Management Methods

Generate a list of all the positive factors associated with the management alternative selected.
But, don’t overlook the value of selecting a secondary management method, as an option. For
example, contracting with another local treatment facility to take liquid biosolids when access
to land application sites is not possible may be wise. Most options require some sort of pre-
qualification. Don’t wait until the need for the secondary option becomes apparent before
investigating pre-qualification criteria.

Decisions should not be made on the basis of economic considerations alone. The choice of
alternatives should be based on considering all of the consequences that are likely to come from
each alternative. When a more costly alternative is selected, the assumed economic value of the
non-economic consideration(s) is the differential price between alternatives. In other words,
non-economic items have an economic value or weighted cost value.

The problem is choosing from among a variety of alternatives in order to best satisfy the decision
makers’ immediate and longer-term objectives. Section 20.4 discusses setting biosolids program
goals where the decision-makers take part. The principles and procedures of the selection
process, especially when the economic characteristics of alternatives are of significant concern,
require use of a consistent procedure. In general, the process of making decisions consists of a
number of well-defined steps. These same steps can be applied to all types of decision-making.
They are listed below.

e Define problem — Don’t define the problem too broadly or the problem may seem
insurmountable; don’t define the problem too narrowly or better solutions may be
overlooked. The key skill is to ask the right questions.

e Select objective — The correct objective is to consider the time value of money and all
costs and benefits.

e |dentify alternatives — Choose as many alternatives as possible. Brainstorming is usually
a helpful process.

e Evaluate consequences — The first round of consequences should be evaluated broadly.
Consequences for the better alternatives should be evaluated in greater detail.

e Selection — Selecting the best alternative is related to selecting the best objective. If the
wrong objective is chosen, then the selection will not be the best. Often the process is
selection of the best choice from the best alternatives...but the lowest cost alternative
may not be the one selected.

e Implementation — The key to implementation is to involve all those who will be affected
by the selection.

e Follow-up — The results are monitored and refinements or changes are made according to
the data collected.

It is unrealistic and inappropriate to expect estimates of costs and revenues to always determine
the best alternative. The selection process will have to account for other factors, such as those in
Section 20.3, Components of an effective biosolids program.
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20.10 Program Costs

There are tradeoffs between processing costs and end use costs. Utilities have an important
choice to make between incurring processing costs or end use costs. Biosolids stabilization and
dewatering processes cost the utility capital, operations and maintenance expenses. Simpler
processes typically have lower treatment costs than more complicated processes. For example,
the production of Class A compost, advanced alkaline lime product, or heat dried pellets are
significantly more costly than production of digested cake. Class A products, however, may be
sold to customers, and thereby have low cost for handling outside the treatment plant. The
benchmarking study by the Water Environment Research Foundation (Benchmarking
Wastewater Operations—Collection, Treatment, and Biosolids Management, Project 96-CTS-5)
indicates that, even when the lower utilization costs of Class A products are considered, utilities
producing Class B products for beneficial use enjoy lower total costs for biosolids handling.

Comparing the cost of operation at one facility to the costs of utilities elsewhere in the state and
nation should be undertaken. While not a lot of information has been published that provides
useful comparisons, the Water Environment Research Foundation (WERF) sponsors national
conferences and research projects that provide up-to-date information. WERF's benchmarking
report provides a good basis for comparison. A paper presented at Water Environment
Federation’s Residuals and Biosolids Management Conference in 2000 reported a range of costs
for biosolids treatment and end use from a low of $144 to a high of $948 per dry ton. The
average cost was reported to be $419 (McMillon et al., 2000). This paper can be used as a guide
in looking at biosolids program costs and comparing costs from other facilities.

The cost of biosolids management is very much affected by the percent solids in the biosolids
material. One dry ton of biosolids is equivalent to 40 tons of liquid biosolidsat __ % TS, five
tons of biosolids cake at _ %TS, two tons of screened compost, or one ton of heat-dried
biosolids pellets. The cost of transporting biosolids products may constitute two-thirds of the
total biosolids utilization costs, which demonstrates that transportation of water can be a major
cost item for the utility.

20.11 Economic Benefits of Biosolids Recycling

As a manager of a biosolids program, it may be beneficial to talk about the economic value of
biosolids recycling. BioCycle magazine published a detailed analysis of the value of biosolids
produced by the Hampton Roads Sanitation District. The value of biosolids was calculated to be
$95 per acre. This is about $20 per dry ton of biosolids. The average dairy farming family, after
covering all direct expenses of operations, earns a "profit" of less than $8,000 annually. Clearly,
biosolids use is a better alternative to commercial fertilizers. Another benefit of biosolids is that
it helps replace soil organic matter lost from cultivated soils over time.

The equivalent fertilizer value of a facility’s biosolids can be calculated by applying the
commercial nutrient unit value to it. Table 9.1 provides an example of this exercise. Substitute
the facility’s biosolids nutrient quality analyses in the table.
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Table 20-1 Determining equivalent fertilizer value of lime-stabilized biosolids

Biosolids Equivalent Value, in $ (3)
Nutrient Quantity lbs/ton Unit Value
of biosolids (1) in $1b (2)
A X B = ¢

Total 76 0.18 13.68
Nitrogen, N

Phosphorus, 48 0.25 12.00
as P;0s

Potassium, as 6 0.15 0.60
K0

Lime,CaCCs 400 0.03 12.00
equivalent

Total = $38.28/ dry ton
Biosolids

Nutrient
Value

20.12

1. Based on biosolids quality analysis, expressed as percent of nutrient content times 2000 pounds per ton.
2. Based on commercial fertilizer values published in the Pa Bulletin, effective 7/1/99.

3. Calculated by multiplying column A and column B

4. Based on a factor of 2.3 times total P in lab analysis, to give P20s equivalence.

5. Based on a factor of 1.2 times total K in lab analysis, to give a K20 equivalence.

Common Sense Suggestions for Cost Effective Biosolids Programs

Some common sense suggestions to improve a biosolids program’s effectiveness are summarized
below. Most of the suggestions noted below were included earlier in this chapter.

Maximize on-site storage capacity (thicken liquid to reduce storage capacity
requirements, construct additional storage facilities, construct dewatering facilities)
Develop one or several management options to your primary method (land application,
land reclamation, landfill, compost, incinerate, or further treatment at another facility)
Plan to have proper paperwork for all management methods ahead of time (don’t wait
until the storage pad or tanks are full)

Consider program reliability, flexibility, public acceptance as well as cost (use a weighted
cost for non-economic variables)

Satisfy state and federal Part 503 Rule regulations (make sure the facility meet pollutants,
pathogen, and VAR with current treatment process — make plans to improve treatment
process if the facility doesn’t meet the requirements — be aware of changes in state and
federal regulations and respond to changes)
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e Develop a plan to satisfy future needs (compare projected storage and handling
requirements to existing storage and equipment capacities -Determine how much land is
needed for land application and schedule permitting new sites as they are needed)
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