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ABSTRACT 

 This thesis focuses on an in medias res financial feasibility assessment and 

benefit-cost analysis of the Enterprise School District biomass thermal energy system 

located in Wallowa County, Oregon. Two main conclusions are drawn from the analysis 

of the biomass project. First, the in medias res financial feasibility assessment shows that 

the project had lower than expected savings for the first operational year, but that in 

following years, the project’s actual savings matched or exceeded those expected by the 

ex ante assessment, and the initial investment in the system may be paid back in the 

originally estimated 20 years. Second, the in medias res benefit-cost analysis of the 

project’s net benefits for society reveals the importance of assumptions regarding 

biomass carbon neutrality, the social cost of carbon, discounting, and other factors. 

Moreover, depending on the assumptions made, the project’s net present value of social 

benefits can be up to $570,754 more than the net present value of private benefits to the 

Enterprise School District. 
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I. INTRODUCTION  

Biomass heating systems are only beginning to be widely implemented, and the 

extent of the benefits and costs of such systems is still relatively unknown. Depending on 

the efficiencies of heating technologies and their costs in a particular region, biomass 

heating is potentially economically competitive with propane, heating oil, and 

occasionally electrical heating. While it is not competitive with natural gas at the current 

natural gas prices, many rural communities do not have access to natural gas, so biomass 

heating is a viable option. Additionally, in the face of climate change, the need for less 

polluting options becomes increasingly pressing, and biomass thermal energy has the 

potential to produce less carbon dioxide related damages per unit of heat than other 

commonly used heating options. Furthermore, increased use of biomass heating could 

reduce the pressure on non-renewable resources currently used for heating.  

In 2008, the Enterprise School District (ESD) in Wallowa County, Oregon 

installed a biomass thermal energy system after preliminary feasibility analyses showed 

the potential for upwards of $76,000 per year in savings. This thesis focuses on an in 

medias res (IMR) benefit-cost analysis (BCA), so it occurs after the project has been 

installed but while the project is still ongoing. The analysis includes both a comparison of 

the actual costs and benefits realized with the predictions of the performance of the 

project when it was proposed, as well as an updating of the previous predictions using the 

new information gained in the years during which the boiler system has been in 

operation.  

As Wallowa County enterprises consider switching to biomass thermal heating for 

their facilities, a better understanding of the benefits and costs of existing biomass 
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heating systems becomes essential for informed decision-making regarding future 

biomass systems. Furthermore, in medias res analyses can be useful for investigating how 

well ex ante analyses estimate benefits and costs, by allowing for comparison of the 

actual benefits and costs realized up to that point to the projected benefits and costs. Such 

analyses also provide the opportunity for reflection on how and why actual and projected 

benefits and costs differ, and can offer insight on how future ex ante analyses might 

better predict benefits and costs of potential projects. In medias res analyses also have the 

potential to influence changes in the direction of a project if it is not projected to attain 

positive net benefits.  

 I draw two conclusions from the IMR analysis of the ESD’s biomass heating 

system project. First, an in medias res financial feasibility analysis (FFA) shows that the 

ESD project had lower than expected savings for the first year of the project, but that in 

following years, the project’s actual savings matched or exceeded those expected by the 

ex ante assessment, and the initial investment in the system may be paid back in the 

originally estimated 20 years. Second, an in medias res BCA of the project’s net benefits 

for society (and not merely the ESD’s net benefits) reveals the importance of assumptions 

about biomass carbon neutrality, the social cost of carbon, discounting, and other factors. 

Moreover, depending on the assumptions made, the project’s net present value of social 

benefits can be up to $570,754 more than the net present value of private benefits to the 

ESD.  

After this introduction, the second chapter will establish a theoretical basis for the 

BCAs in general. To create a foundation for this BCA in particular, the third chapter will 

review literature related to biomass energy and IMR benefit-cost analyses, and place the 
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Enterprise Biomass Project within that literature. The fourth chapter will contain 

background on the Enterprise School District project and the fifth chapter will include 

methods and findings on the IMR financial feasibility analysis and compare the results 

with the ex ante assessment. The sixth chapter will extend the feasibility analysis, which 

considers the ESD’s private benefits and costs of the project, to a social BCA. Finally, the 

seventh chapter will contain concluding remarks and thoughts for future biomass thermal 

energy projects. An appendix with additional tables and figures can be found following 

the references.  
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II. ECONOMIC THEORY  

In a benefit-cost analysis, all potential gains and losses from a proposed project 

are converted into monetary units to evaluate the desirability of the project from society’s 

perspective, based on certain decision criteria (Nas 1996, 1-2). A financial feasibility 

analysis, on the other hand, evaluates projects from a private perspective, and considers a 

decision-maker’s expected revenues or savings as the benefits of the project and direct 

payments as the costs of the project, without regard for the costs or benefits to third 

parties. A BCA attempts to measure benefits and costs in terms of gains and losses to 

society, thereby including benefits and costs both to the private decision maker and to 

external parties. This BCA is based on the theoretical framework of welfare economics 

(Nas 1996, 3; Johansson 1993, 1), an area of economics that attempts to define and 

measure the welfare of society as a whole.  

This section will discuss economic theory relevant to BCA. First, it will define 

economic efficiency through Kaldor-Hicks efficiency. Next, it will cover conditions for 

efficiency and market failures that lead to inefficiency. Finally, it will provide basic 

principles of BCA.  

Economic Efficiency 

An allocation of resources to an activity is Kaldor-Hicks efficient if no changes in 

the allocation could increase net social benefits (Zerbe 2006, 12-14). Kaldor-Hicks 

efficiency is based on the premise that if net social benefits are increased from a 

reallocation, then “winners” could hypothetically compensate “losers” so that all 

individuals are at least as well off as they were initially, and some individuals are better 
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off. For the remainder of this analysis, I will employ the Kaldor-Hicks efficiency 

criterion of maximized net social benefits.  

Figure 1a illustrates this efficiency concept of net benefit maximization. Net 

benefits to society (NB
S
) are the total benefits to society minus total costs to society 

resulting from some allocation of resources (Q). Total benefits can be computed as the 

sum of marginal benefits to society (MB
S
) for all units of a resource in an allocation, and 

is given as the area under the MB
S
 function at a given quantity Q; and total costs can be 

computed as the sum of marginal costs to society (MC
S
) for all units of a resource in an 

allocation, and is given as the area under the MC
S
 function at a Q level. Thus, net benefits 

at quantity Q* are the shaded area labeled NB*. All units for which society’s marginal 

benefits exceed society’s marginal costs contribute positively to society’s net benefits. 

Consequently, the area of NB
S
 is maximized at the Q at which MB

S
 = MC

S
 which, in the 

case of Figure 1a, is Q*.  

Any project with a reallocation of resources that yields an increase in total 

benefits that exceeds the increase in total costs will increase net benefits, and is therefore 

desirable from the perspective of Kaldor-Hicks efficiency. This is the basic principle of 

BCA, and attempting to identify such projects is the goal of the analysis itself. Figure 1b 

illustrates an inefficient allocation of resources at level Q0. For all units between Q0 and 

Q*, MB
S
 exceeds MC

S
, so Q0 results in a loss of net benefits compared to the efficient 

allocation Q*. This loss of net benefits is referred to as dead weight loss (dwl), shown in 

Figure 1b as the shaded area to the left of Q* and labeled as dwl0. A project that increases 

the allocation from Q0 to Q* results in Kaldor-Hicks efficiency. 
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Similarly, Figure 1c illustrates an inefficient allocation of resources at Q1. For all 

units between Q* and Q1, MC
S
 exceeds MB

S
, so every unit beyond Q* decreases net 

social benefits. Hence Q1 is inefficient from a Kaldor-Hicks standpoint. The dead weight 

loss is the shaded triangle to the right of Q* labeled dwl1.  

 
Figure 1a: The efficient allocation, Q*. 

 

 

 
Figure 1b: An inefficient allocation of Q < Q*. 
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Figure 1c: An inefficient allocation of Q > Q*. 

 

We’ve seen that Kaldor-Hicks efficiency underlies BCA. But the concept of 

Kaldor-Hicks efficiency can also be applied to assess the performance of a market, and 

plays a role in understanding the effect of externalities and other market failures, and a 

government’s policies to address them.  

In a perfectly functioning competitive market, it is assumed that consumers’ 

marginal benefits are equal to MB
S
 and producers’ marginal costs are equal to MC

S
. 

Since the consumers’ marginal benefits reflect the maximum they would pay for an 

additional unit of a good or service, the market demand function of consumers (D) is 

equal to their MB function. Analogously, the producers’ marginal costs reflect the 

minimum they would accept as payment for an additional unit of a good or service, so the 

supply function (S) of producers is equal to their MC function.  

Consumer surplus is the total benefits consumers receive from the purchase of 

some quantity of a good or service above their cost of acquiring those units, which can be 

calculated as the area above the price and below the demand curve; this can be seen in 
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Figure 2a, where A is the area of consumer surplus. Producer surplus is the total revenue 

producers receive from the production and sale of some quantity above the cost of 

production, which can be calculated as the area below the price and above the supply 

curve; this is shown in Figure 1b, where B is the area of producer surplus. Economic 

surplus is the sum of consumer and producer surplus, or the area above marginal cost and 

below marginal benefits for all units up through the allocated quantity. Then economic 

surplus is equal to the net benefits to society if D = MB
S 

and S = MC
S
. 

In a perfectly competitive market, consumers will buy units for which the price is 

less than their marginal benefits and producers will supply units for which the price 

exceeds their marginal costs. Therefore, an equilibrium price and quantity will be reached 

at a point of intersection between S and D. Figure 2c depicts this equilibrium with price 

P* and quantity Q*, with consumer surplus the area labeled A and producer surplus the 

area labeled B. The equilibrium quantity is also the allocation that maximizes net benefits 

to society, assuming that market demand reflects society’s marginal benefits (D = MB
S
) 

and market supply reflects society’s marginal costs (S = MC
S
).
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Figure 2a: Consumer surplus. 

 

 
Figure 2b: Producer surplus. 
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Figure 2c: Consumer and producer surplus in market equilibrium. 

 

This leads to us to the first fundamental theorem of welfare economics: the 

equilibrium in a perfect market of self-interested individuals and firms is Kaldor-Hicks 

efficient. The requirements for a perfect market are that (1) there are sufficiently many 

buyers (consumers) and sellers (producers) in the market that none have enough market 

power to influence the market price, and therefore all are price-takers, and (2) the 

consumer marginal benefits, and therefore D, reflects MB
S
,
 
and the producer marginal 

costs, and therefore S, reflects MC
S
. The first requirement implies that the market is 

perfectly competitive, and the second requirement implies that there are no benefits or 

costs from the allocation that are external to the consumers and producers, respectively, 

and that all agents in the market have perfect information. If these conditions are met, an 

equilibrium price and quantity will be reached in the market where MB
S
 = MC

S
, thereby 

meeting the conditions for Kaldor-Hicks efficiency. 

Notably, neither consumers nor producers are seeking efficiency for this outcome 

to occur. Rather, the system within which they interact causes their self-interested choices 
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to result in efficiency, provided that the necessary assumptions are met. However, as the 

following section demonstrates, there are many cases in which the assumptions for a 

perfect market are not met, which leads to inefficiency and market failure.  

Inefficiency and Market Failure
1
 

Market failures refer to conditions in a market that result in an equilibrium output 

which is not efficient. Two types of market failure are particularly important for this 

thesis. The first is imperfect information. If the benefits or costs perceived by producers 

and consumers are not accurate, then S and D will not be representative of the MC
S
 and 

MB
S
, and efficiency will not be reached. For example, if potential consumers of biomass 

heating systems are poorly informed about the benefits because they do not know the cost 

savings associated with switching from heating oil to wood chip biomass, they might 

perceive marginal benefits lower than the MB
S
 for each unit of biomass thermal heating. 

This would result in a lower quantity of biomass heating systems than is efficient and an 

associated deadweight loss (Figure 3). Fixing this information problem by distributing 

information regarding the true benefits of biomass heating systems could rectify the 

situation and lead to an efficient level of biomass heating systems. 

                                                 
1
 While there are many other sources of market failure, they will not be considered in this thesis, 

as they are less relevant to the BCA of biomass thermal energy. 
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Figure 3: Market failure due to imperfect consumer information. 

A second market failure is externalities, or uncompensated benefits or costs that 

affect a party that did not choose to incur those benefits or costs. For example, the 

production of energy from fossil fuels imposes many negative externalities in production, 

including the damages to water, ecosystems, and air caused by the extraction of fossil 

fuels. Thus MC
S
 is greater than S for all levels of fossil fuel energy production as the 

producers do not bear these costs alone. Figure 4 illustrates how MC
S
 > S results in 

higher than efficient production of fossil fuel-based energy at a lower than efficient price 

with a deadweight loss. As a result of this inefficiency in the market for fossil fuel based 

energy, there are indirect external benefits in renewable energy markets, including the 

market biomass thermal systems.  In these markets, the benefits of any reductions in 

greenhouse gas (GHG) emissions as fossil fuel based energy is displaced by, say, 

biomass produced energy, are shared by all of society so the consumer does not feel these 

benefits. As a result, D is lower than MB
S 

so the equilibrium quantity and price reached 

in the market will not be efficient.  

Biomass thermal 

energy (units) 
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Figure 4: Market failure due to negative externalities in production. 

In addition to market failure, another source of inefficiency relevant to this thesis 

is government failure. One example of government failure is the U.S. government 

subsidies for fossil fuel production. Fossil fuel companies can receive a generous tax 

deduction for the depletion of fossil fuel reserves (U.S. Treasury 2014). This reduces the 

MC to the producers below the MC
S
, resulting in an increase in equilibrium quantity 

relative to the efficient quantity, a decrease in equilibrium price relative to the efficient 

price, and a deadweight loss in the market for fossil fuels, similar to that seen in Figure 4. 

While this form of government intervention pushes the market equilibrium away from an 

efficient level, not all government intervention causes market failure. In fact, some 

government interventions aim to correct a market failure.  For example, if D < MB
S 

in the 

biomass energy market due to information problems or the indirect external benefits of 

reducing CO2 emissions, then a government subsidy for consumers might increase the 

benefits that consumers felt from the installation and use of biomass thermal systems, 

resulting in a new equilibrium price and quantity that is closer to the efficient allocation 

Fossil fuel 

(units) 
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and therefore reduces deadweight loss. On the other hand, if D = MB
S
 in the market for 

biomass heating systems to begin with and the government subsidized biomass energy, or 

if the government subsidy exceeds the difference between D and MB
S
, then the resulting 

shift would cause D > MB
S
,
 
which would result in an equilibrium price and quantity that 

exceed the efficient price and quantity. Rent-seeking is the use of resources in activities 

aimed at securing a social of political environment in which more profitable outcomes 

will result for those funding the activities (Tietenberg & Lewis 2015, 35). These two 

examples suggest that while government intervention in the market can push the 

equilibrium market output towards an efficient output, a lack of information or rent-

seeking activities can cause government failure if inappropriate intervention is applied.  

Basic Principles of BCA 

There is a very large body of literature on the principles of BCA, which the U.S. 

Office of Management and Budget (OMB) attempts to crystalize in Circular No. A-94 

(OMB 1992). Of this large body of literature, the three concepts most relevant to this 

analysis are (1) non-market valuation techniques may be necessary to estimate the value 

of changes in amounts non-market goods and services, (2) discounting is necessary for 

projects spanning multiple years, and (3) the role of BCA in decision-making as a tool 

rather than a criterion. A project yielding an increase in benefits that exceeds any increase 

in costs is desirable from the standpoint of KH efficiency. This is the foundation of BCA: 

systematically quantifying the benefits and costs to society allows for the identification of 

projects that increase net benefits and bring us closer to KH efficiency. In this section on 

the principles of BCA, I will first discuss how benefits and costs can be quantified using 

market prices for market goods and services, and shadow prices for non-market goods 
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and services. Next I will provide information on discounting relevant to BCAs. Then I 

will consider the differences between BCAs and financial feasibility assessments (FFAs), 

especially as relevant to this project. Finally, I will discuss some critiques of BCAs and 

the role of BCAs in decision-making as a tool rather than as a narrow criterion. 

Some benefit and cost elements of a project are easily measured using market 

prices. If a new biomass thermal energy system is proposed to replace an old heating oil 

system, benefits include the avoided costs of heating oil fuel that is no longer necessary. 

This benefit is simply be the market price of heating oil per gallon times the number 

gallons of heating oil that would have otherwise been required, assuming that the market 

price of heating oil accurately reflects the value of a gallon of heating oil to society. 

Similarly, a cost of the project would be the expenditures for biomass fuel that will be a 

replacement for the heating oil, which can be calculated as the price of biomass fuel per 

unit time the number of units needed.   

On the other hand, if the project benefits also include a reduction in GHG 

emissions, the market price does not reflect the marginal cost or indirect marginal benefit 

to society that these emissions reductions prevent losses of a range of non-market goods 

and services (for example, avoided human deaths and species losses) and market goods 

and services (for examples, avoided crop losses). In the case of imperfect competition, 

externalities, government intervention, or the absence of a market for a good or service, a 

monetary value can be calculated for the value of the change in goods or services using 

alternative methods. Values for the non-market goods and services must be calculated 

using non-market valuation methods rather than through market prices, and are 

sometimes called shadow values (Nas 1996, 62). This BCA relies on the social cost of 



 

 16 

carbon (SCC) to capture the collection on market and non-market benefits of the projects 

reduction in GHG emissions. The SCC is intended to represent the costs to society of a 

unit of carbon dioxide emissions, or a carbon dioxide equivalent unit of GHG emissions. 

Then a benefit of switching to a biomass heating system would be the avoided costs of 

carbon dioxide emissions as the switch reduces the use of heat oil. 

Additionally, BCA must account for the fact that a project’s benefits and costs 

occur in the year of implementation and continue through all of the years for which the 

project remains. When discussing benefits and costs that occur at different points in time, 

a difficulty arises due to the fact that not only is one dollar today not equal in value to a 

dollar a year from now due to inflation, but having a dollar today also allows one to 

invest that dollar and receive interest in a future year. If r is the real (that is, inflation-

adjusted) interest rate that can be earned on a dollar in a year, then an investment of X0 

now and held for n years, will be have a future real value of Xn = X0 (1+r)
n
. Similarly, a 

sum with real value Xn that is received n years from now will have a real present value 

PV(Xn) = Xn/(1+r)
n
. The process of calculating the present value is called discounting 

and the rate r is called the discount rate (Tietenberg and Lewis 2015, 52). As money 

received today has a greater value than the same amount of money received a year from 

now even without inflation, one way to understand discounting is to think of it as 

incorporating the time value of money (OMB 1992). By discounting all future monetary 

values in a BCA, a summation of project benefits and costs can be expressed in the same 

present value terms, regardless of the time period in which the benefit or cost item 

occurs.  
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The discount rate can alter the outcome of a BCA, so choosing a discount rate 

becomes an important issue in BCAs. The discount rate is intended to reflect the 

opportunity cost of applying financial capital to the project. In 1992, the OMB issued a 

circular requiring that government agencies use a discount rate of 7 percent, but in recent 

years BCAs have begun using lower discount rates. The use of an incorrect discount rate 

will result in present value of benefits and costs that does not accurately reflect society’s 

benefits and costs, which leads to inefficiency.  

The choice of interest rates for this BCA is discussed in the next chapter’s 

literature review, but I will note here that the discount rates used in this analysis are all at 

most 5 percent, which is lower than the OMB suggestion of 7 percent. This is consistent 

with the decreasing trend in the real interest rate, which is a representative for the real 

discount rate. From 1979 to 1989 the real U.S. Treasury interest rate ranged from 3.7 

percent to 7.9 percent. But from 1990 to 2016, the real U.S. Treasury interest rate never 

rose above 4.9 percent. In the past ten years, from 2007 to 2016, the real interest rate has 

never risen above 3 percent and in the past four years has remained less than 2 percent 

(OMB 2016). This trend indicates that the 7 percent discount rate initially suggested by 

the OMB in 1992 is much higher than reasonable for use in current BCAs.  

While discounting is common to both BCAs and FFAs, there are a few 

differences between BCAs and FFAs that will be included in this thesis. First, transfer 

payments, or one-way payments of money for which no money, good, or service is 

received in exchange, are not included in a BCA. Since benefits and costs are identified 

from the perspective of society, transfer payments should be excluded as they provide no 

benefit or cost to society, but simply transfer money from one group or individual to 
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another. Therefore, any government subsidies or taxes on a project may be included in 

the financial feasibility analysis, but not in the BCA (Nas 1996, 167). Second, a FFA 

rarely includes values of non-market goods and services or values of other items external 

to the private decision maker’s benefits and costs, while a BCA considers all benefits and 

costs to society. Within this analysis, the avoided cost of carbon dioxide emissions is a 

non-market good that is external to the private decision maker, but relevant to the social 

net benefits of the project. Therefore, it is included only in the BCA. 

One criticism of BCA is that is “reflects existing patterns of wealth” and will 

therefore result in unfair decision (Zerbe 2006, 17). This is true, in many ways, as BCA 

with Kaldor-Hicks efficiency as the decision-making criterion assumes the status quo 

distribution of wealth, and goods and services. As Kaldor-Hicks efficiency seeks only to 

maximize net benefits, it does not place value on redistribution of wealth. Moreover, due 

to the wealth effect, individuals with greater wealth may place greater monetary value on 

a change from a proposed project than an individual with less wealth, which can impact 

the outcome of a BCA. For example, suppose a BCA is considering which neighborhood 

a coal power plant should be constructed in. If one neighborhood has individuals with 

greater wealth, those individuals will likely be willing to pay more to ensure the power 

plant is not built in their neighborhood than the individuals in the less wealthy 

neighborhood. This is problematic because it suggests that simply due to their greater 

initial wealth, some individual’s values are weighted more heavily than others in BCAs.  

Despite this, as any measurement of change must be from a baseline, the initially 

assumed wealth distribution and the existing set of rights is one of the few widely 

accepted baselines for measuring the effect of a project (Zerbe 2006, 18).  
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An important caveat to BCA is that such analysis offers only a very narrow 

decision-making criterion, for the assessment of a proposal based solely on Kaldor-Hicks 

efficiency. Ideally, BCA should only be a tool to be used for decision making, rather than 

the determining criterion. While the theoretical principle behind BCAs is simple, in 

practice, concerns about equity within and across generations may be an important factor 

not accounted for in the BCA that still merit consideration (Arrow et al. 1996). In 

particular, Arrow et al. (1996) state, “Care should be taken to assure that quantitative 

factors do not dominate important qualitative factors in decision making.” Additionally, 

for some proposed project, benefit-cost analysis cannot be used to conclude how the 

economic benefits of the project will compare to the economic costs of the project 

because of the high degree of uncertainty in the estimates of benefits and costs (Arrow et 

al. 1996). This is particularly relevant in the case of decision-making that relates to 

environmental issues and climate change, where uncertainties are numerous (Heal & 

Millner 2014). In such instances, the quantitative analysis of a BCA may not fully capture 

the entire set of benefits and costs of the project. In these situations, allowing a BCA to 

be the sole decision-making criterion is socially irresponsible (DeMartino 2002, 80). All 

of these criticisms and warnings should be kept in mind when using BCA for decision-

making, and when determining how much weight should be given to the results of the 

analysis. For the ESD project, I consider this BCA only a useful tool to help inform 

decision-makers rather than a decisive criterion.  
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III. LITERATURE REVIEW 

While the financial feasibility analysis is, for the most part, a straight-forward 

accounting of the costs and benefits accruing to the ESD, the BCA draws from a range of 

literature mostly within environmental and energy economics. This chapter seeks to 

review the literature on biomass thermal energy and BCAs, and place this thesis within 

that context. I first offer an overview of how typical biomass boiler systems work, then 

consider very broadly the economics of biomass energy. Next, I present the greenhouse 

gas emission considerations for biomass energy, including the carbon neutrality 

assumption of biomass energy and the social cost of carbon. Finally, I will conclude with 

a short section on discount rates and in medias res BCAs.  

Biomass Boiler Systems 

There are a wide variety of biomass boiler systems, but in this thesis, I will focus 

on wood chip heating systems, as this is the system currently in use at the ESD. These 

systems operate by using combustion of wood chips as fuel to heat water or steam. While 

there are many different system configurations, all require a (usually indoor) fuel storage 

facility, fuel-handling equipment to move the fuel from storage to the boiler, a boiler 

room for the combustion equipment, the boiler itself, a chimney for exhaust, ash disposal 

equipment, and controls to keep the equipment running smoothly and optimally (Maker 

2004, 20). Figure 5 contains the schematic for a biomass thermal system with these 

components.  
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Figure 5: A schematic of a basic biomass thermal system from SolaGen, Inc. (as seen 

in Kauffman & Ojerio 2008). 

Biomass heating systems tend to have capital costs much higher than those of 

conventional fuel systems, but fuel cost savings of biomass are, in many cases, enough to 

cover the higher initial costs in a period shorter than the heating system lifespan, which is 

usually around 30 years (Maker 2004). Wood chips are often produced as a by-product in 

sawmills or from chipping scrap wood or small trees, and are therefore relatively 

inexpensive, even compared to other forms of biomass, which tend to be more processed. 

The trade-off for less expensive wood chips is that chips are much less consistent than 

alternatives like wood pellets, and the systems to handle wood chips tend to be more 

complex, more expensive, more space-intensive, more time-consuming to design and 

install, and require more maintenance (Kauffman & Ojerio 2008). Hence wood chips 

often only become a cost effective fuel source in heating systems for larger facilities 
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requiring quantities of fuel sufficient for low fuel costs to offset otherwise higher costs 

(Kauffman & Ojerio 2008).  

The source of wood chips also plays an important role in biomass systems due to 

the moisture content of chips from different suppliers. All biomass contains water and the 

moisture content is expressed as the percent of total weight that water makes up in the 

fuel. Fuels with high moisture levels burn less efficiently because water in the fuel is not 

burnable, and a large fraction of the energy in the wood is used to evaporate off the 

moisture from the fuel itself. As fuel-drying equipment is very expensive, facilities with 

an annual heating load below 10 mmBTU
2
 rarely use enough fuel to make such 

equipment financially viable (Maker 2008, 16). At the same time, fuel with too low a 

moisture content can also cause problems if the system was not designed to handle such 

fuel. Fuel is often considered the most important aspect of the project (Hamilton 2011), 

and these combined factors, of fuel availability, proximity, quality, and pricing, are 

critical for economic feasibility of biomass systems. 

The main forms of maintenance required for biomass systems are visual 

inspection of the system to ensure things are running as expected, emptying the ash 

disposal equipment, and brushing of the flueways (Palmer et al. 2011). Most other 

processes for the system can be automated for user ease. For example, systems can be set 

up with automated feeders for the biomass. Maker (2008) points out that simpler systems 

with only on/off controls cost substantially less than more sophisticated systems, but the 

more sophisticated systems with additional features have technical and maintenance 

advantages. Sophisticated automated boilers can use nightly turn down to reduce output 

                                                 
2
 The units of heat used in this discussion of biomass thermal systems are British thermal units (BTU), 

thousand British thermal units (kBTU), and million British thermal units (mmBTU). One BTU is amount of 

heat needed to raise the temperature of one pound of water by one degree Fahrenheit 
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while maintaining a fire at low load levels. This allows more rapid turn on in the morning 

without the lag time usually associated with a simpler biomass thermal system’s start-up 

(McKinstry 2009).  

Another critical component of biomass systems is the chimney for exhaust, as 

mentioned previously. Biomass energy, like all forms of combustion, produces emissions 

including sulfur dioxide, nitrous oxides, carbon monoxide, carbon dioxide, volatile 

organic compounds, and particulate matter (PM). While the pollutant emissions from 

currently available advanced biomass boilers are typically less than those from residential 

wood stoves and sometimes less than from fossil fuel boilers, biomass systems do have 

higher PM emissions than gas and oil systems, resulting in the need for a smoke stake 

appropriately designed to maintain ground-level air quality (Kauffman & Ojerio 2008). 

The pollutant emissions are an important factor for a BCA, but do not typically enter a 

decision maker’s financial analysis.  

Economics of Forest-Based Biomass Energy 

Sedjo (1997) explores the economics of generating energy from forest-based 

biomass, considering the environmental effects of biomass usage compared with fossil 

fuels. The total potential energy from forest-based biomass is restricted to the wood not 

used for industrial products, a quantity that is decreasing as more raw materials are used 

in the production of wood products. Furthermore, he posits that for biomass to be 

competitive, it must be priced low enough to compete with fossil fuels, but high enough 

to compete wood resources away from industrial uses. Sedjo proposes that a global 

afforestation scheme could stabilize atmospheric carbon dioxide levels, but concludes 

that such a scenario is highly unlikely due to the limited potential for woody biomass to 
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contribute to world energy in the absence of substantial financial subsidies, but that the 

most promising opportunity for wood power is in small scale facilities that are free from 

competition with the industrial wood sector for wood resources.  

However, Sedjo’s discussion shows only that biomass energy cannot compete 

with the forest industry for round wood. Kåberger (1997) notes that round wood is not the 

entirety of potential forest-based biomass supply. Different parts of trees go to different 

purposes, and branches and tops of trees that were conventionally left in the forest can 

now taken out and used for energy purposes. Thus, modern biomass energy serves to 

utilize residues that did not previously have any economic value.  

Kåberger also notes that this presents a sustainability problem, as removing 

nutrient rich branches leads to the deterioration of nutrient levels in soils. Sjölin (1997) 

expands on this to point out that if biomass residues are removed from forestlands, they 

must be replaced using fertilizers and/or by returning ashes to the forest, an expensive but 

necessary proposition if biomass residues are used for energy on a long-term basis. 

Another difficulty that he notes is that woody biomass use can conflict with other 

ecologically valuable uses as, for example, partly rotten wood is an inexpensive source of 

biomass but is also home to many species. He closes with the fact that biomass is more 

efficient as a substitute for oil and coal in heating in local communities than directly as a 

fuel in the production of electricity.  

Soil nutrient depletion and habitat preservation are not the only concern in the use 

of forest-based biomass for energy. Fitzpatrick (2016) assesses the environmental 

sustainability of woody biomass for energy and comments on the emissions of 

particulates and NOX. In a life-cycle assessment (LCA) of emissions, wood combustion 
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has significantly higher emissions of particulates and NOX than heating oil but much 

lower CO2 emissions, assuming that CO2 emissions from wood combustion is zero as 

reforestation would hypothetically reabsorb emissions. Another concern is the 

nonrenewable resources required in the life cycle of biomass energy, including fossil 

fuels used in the harvesting and processing of the woody biomass. 

In line with Kåberger’s analysis, the ESD project makes woody biomass fuel use 

economically feasible by using existing forest wood wastes, so as not to compete with 

industrial uses of wood. This is in keeping with a 2003 Memorandum of Understanding 

between the Secretaries of the U.S. Departments of Agriculture, Energy, and Interior 

which establishes woody biomass as “the trees and woody plants, including limbs, tops, 

needles, leaves, and other woody parts, grown in a forest, woodland, or rangeland 

environment that are the by-products of restoration and hazardous fuel reduction 

treatments” (Norton et al. 2003). A ready supply of woody biomass for the ESD biomass 

boiler comes from the nearby Wallowa-Whitman National Forest, where thinning of 

small diameter trees that have little other use is necessary to reduce forest fires and to 

provide certain ecological benefits, such as making overcrowded forests healthier and 

improving wildlife habitat. Despite the reduction in forest fires and ecological benefits, 

nutrient depletion from removal of woody materials remains an issue. However, little 

research is available on the long-term costs of such depletion so, while this concern is 

mentioned for the sake of a full exploration of the costs and benefits of woody biomass 

use, further exploration of this concern is beyond the scope of this thesis, and therefore 

not factored into any calculations for the analysis.  
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Carbon Dioxide Emissions 

Another major consideration for biomass thermal energy is whether or not it is 

considered carbon neutral, and the cost of potential carbon emissions from harvesting, 

processing, transporting, or combustion of the fuel. As this BCA is concerned with the 

installation and use of the biomass boiler as an alternative to continued use of the oil 

boilers, I consider avoided or additional emissions relative to 100% of the ESD building 

load met by heating oil. 

A large part of the appeal of biomass energy is its purported carbon neutrality 

(Davis & Cloughsey 2001), but multiple sources call that neutrality into question 

(Johnston et al 2015; Davis & Cloughsey 2001; Walker et al. 2013). Figure 6 shows the 

carbon dioxide emissions persisting in the atmosphere from a one-time emission from 

either biomass or fossil fuel. The dashed line at F is the emissions from fossil fuels which 

are considered to remain in the atmosphere forever while the solid line is the emissions 

from biomass that persist in the atmosphere as a function of the time since the initial 

release, and which decreases due to carbon uptake in new growth of forests (Walker et al. 

2013). Figure 7 shows the persisting CO2 emissions for fossil fuels and biomass for a 

certain amount of heat under a scenario of continued fossil fuel and biomass usage. The 

labels in capital letters along the horizontal time axis match in Figure 6 and Figure 7. 
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Figure 6: Carbon dioxide in the atmosphere from biomass and fossil fuels with a 

one-time emission (Walker et al. 2013). 

 

 

Figure 7: Carbon flux associated with biomass and fossil fuel energy production 

over time (Walker et al. 2013). 

 

 Johnston et al. (2015) criticize the notion of carbon neutrality and liken it to the 

assumption that climate change is not an urgent matter. This is because it can take many 

decades for new growth of trees to recover the CO2 released in combustion of woody 

biomass, so carbon neutrality hinges on counting CO2 removal equally regardless of the 

time period it occurs in. However, if the threat of climate change is viewed appropriately, 
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they argue, the long-term carbon neutrality of biomass is of minimal benefit, and woody 

biomass use may even add to greenhouse gas emissions, as it has a higher carbon content 

than all fuels other than industrial wastes and charcoal (IPCC 2006). Johnston et al. 

(2015) go on to discuss how a global warming potential (GWP) can be used to weight the 

emission of carbon dioxide from woody biomass, factoring in the radiative forcing effect 

of the time path of emissions and reabsorption of CO2 emitted from biomass relative to a 

unit of CO2 emitted from fossil fuels (which has no reabsorption within the relevant time 

frame).
3
 The paper suggests that a GWP of 0.43 for CO2 emissions from biomass based 

on a forest rotation age of 40 years and a time horizon of 100 years.  

Considering biomass for energy derived from an existing stream of biomass 

residues further complicates the emissions from woody biomass as such biomass would 

have carbon emissions even in a scenario without biomass energy (Lee et al. 2010). A 

U.S. Forest Service (USFS) study found that the use of biomass from restoration thinning 

for energy production decreased GHG emissions compared to the standard practice of 

open burning or decomposition of forest residual (USDA Forest Service 2009). A study 

by Walker et al. (2010) found that generation of thermal energy from logging residuals 

resulted in only five years for the initial carbon debt to be erased when replacing heat that 

was previously produced using petroleum based fuels.  

In order to incorporate the CO2 emissions reduction benefits of substituting 

biomass for heating oil, this BCA will consider three assumptions about net effective 

emissions from biomass combustion:  

                                                 
3
 While there is no actual difference in the CO2 molecules emitted from biomass relative to fuel oil, carbon 

neutrality is based in the idea that in a scenario where energy is provided by woody biomass rather than 

fossil fuels, there is CO2 reabsorption from regrowth of the forest that must be inherent in the plan for 

continued woody biomass supply. 
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1. No carbon neutrality: biomass is not carbon neutral and the emissions 

from biomass must be considered as a cost without any accounting for the 

fact that the carbon can potentially be reabsorbed by forest growth.
4
 Thus 

there is actually a negative carbon emissions reduction benefit to society 

from the project, as the carbon emissions from biomass are higher than 

heating oil per unit of heat produced. 

2. Intermediate carbon neutrality: Biomass is not carbon neutral for many 

years so the emissions from biomass should be considered as a cost but, to 

account for the fact that the emissions from biomass will be reabsorbed by 

forest growth, a GWP will be applied. That is, a unit of CO2 emissions 

from biomass is only considered to cause 57% less damage than a unit of 

CO2 emissions from fuel oil due to the different persistence times. 

Therefore, increased usage of biomass to replace heat previously provided 

by heating oil results in avoided carbon damages.  

3. Biomass is carbon neutral, as the carbon emitted will be reabsorbed in new 

forest growth. Thus CO2 emissions reductions benefits of the project are 

based upon the assumption that 100% of the heating oil emissions are 

avoided by the biomass project.   

Hereafter, assumption one will be described as no carbon neutrality, assumption two will 

be described as intermediated carbon neutrality, and assumption 3 will be described as 

immediate carbon neutrality.  

                                                 
4
 While it may seem extreme to consider the assumption of no carbon neutrality for carbon dioxide 

emission from woody biomass, it is a reasonable assumption because carbon neutrality depends both on a 

long time frame and on woody biomass as a long-term plan that involves regrowth through new forest 

planting.  
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In addition to the emission from the combustion of biomass fuel, an all-

encompassing BCA would consider the fossil fuel energy used to plant, harvest, 

transport, and convert biomass to energy products when determining the net greenhouse 

gas effects of biomass energy relative to fossil fuel. However, this BCA will not consider 

the harvest/extraction or transport costs for either of the fuel sources for two reasons. 

First, a full comparison of these parts of the life-cycle analysis is beyond the scope of this 

thesis. Second, Morris (2008) finds that woody biomass uses much less fossil fuel for 

harvest and transport than fossil fuels themselves. With regards to emissions from harvest 

and transport of woody biomass, the alternative to this project would have been heating 

the ESD buildings with heating oil. Therefore, taking into account Morris’s finding, the 

exclusion of harvest/extraction and transport GHG emissions for both fuels is a 

conservative assumption. That is, if the ESD project yields a positive present value of net 

benefits under this assumption, it will also yield positive PV of net benefits with the 

inclusion of extraction/harvest and transport GHG emissions. 

Social Cost of Carbon 

The social cost of carbon (SCC) is a measurement that attempts to monetize the 

damages from an incremental increase in emissions of carbon dioxide. The SCC is 

intended to include damages from, among others, changes in agricultural productivity, 

human health, increased flood risk, and ecosystem services (Greenstone et al. 2011) and 

utilizes market calculation and non-market valuation to estimate these damages. This 

monetary estimate of economic damages associated with CO2 emissions allows the social 

benefits of actions expected to reduce emissions to be incorporated in to BCAs. While the 

combustion of biomass and heating oil both cause emissions of other pollutants, some for 
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which social costs have been estimated, (Marten et al. 2015, Shindell 2015, Pervin 2008), 

for the purposes of this BCA, I will only consider the SCC.  

Calculating a SCC is a difficult process that requires many assumptions, and 

therefore there are many different SCC estimated. In general, estimating the SCC in a 

given year involves multiple steps. These steps are usually combined into an integrated 

assessment model (IAM). First, the path of future GHG emissions must be projected. 

Then the change in the emissions path given a one-ton increase in CO2 emissions in the 

given year must be estimated, along with the resulting change in climate scenarios. Third, 

estimates of the physical impacts of the changes in climate are made. Fourth and finally, 

the impacts are monetized using appropriate market and non-market valuation methods 

and the future damages are discounted back to the original year (Pizer et al. 2014). The 

SSC for the given year is then the difference in the monetary value of damage in the 

scenarios with and without the additional ton of CO2 emissions in the original year. With 

these considerations, it makes sense that the SCC is higher for later years as atmospheric 

concentrations of GHG and temperature are higher in later years, so the incremental 

damage from an additional ton of CO2 will also be greater (Ackerman & Stanton 2012). 

The first four columns of Table 1 show the IWG’s average estimate SCCs for different 

discount rates, illustrating the pattern of increases in the SCC in the later years, all other 

things equal, and of increases in the SCC for lower discount rates. 

An important element of the IWG’s SCC estimates and those of other integrated 

assessment models (IAMs) is the method of addressing the uncertainties underlying these 

estimates. IAMs introduce randomness into a model and perform many runs, generating a 

distribution of SCC estimated. Thus, the reported estimate of the SCC for a given year is 
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a statistic of the distribution of SCCs. For example, the researchers may choose to report 

the average SCC from the distribution of SCCs for a given year. Figure 8 shows three 

distributions of SCCs for three models, one for each of the different discount rates of 

2.5%, 3%, and 5%, and identifies the average SCC for each distribution, and the 95
th

 

percentile SCC rate for the 3% discount rate distribution.  

 

Figure 8: Distribution of SCC Estimates for 2020 (in 2007$ per metric ton CO2) 

from IWG 2015. 

Because of the variety of underlying assumptions and choices of particular 

damages included in different estimates of the SCC, there can be great variation between 

estimates (Ackerman & Stanton 2012, Moore & Diaz 2015, Greenstone et al. 2011, IWG 

2015). Although the idea of the social cost of carbon dioxide emissions has existed for 

some time in the economics literature, it was not until 2010 that a U.S. Government 

Interagency Working Group (IWG) published a report with calculations the SCC. The 

SCC in the report was intended for use in BCAs by federal agencies, and was updated 

with higher SCC values in a 2013 report (IWG 2015). The values from the report can be 

found in Table 1. 
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Table 1: The SCC from the U.S. government Interagency Working group with 

values presented in 2007 dollars (U.S. Government IWG on SCC 2015).  

Year 
Average SCC 

from damage 

scenarios with 

5% discount rate 

Average SCC 

from damage 

scenarios with 

3% discount rate 

Average SCC 

from damage 

scenarios with 

2.5% discount 

rate 

 

95
th

 percentile of 

SCC distribution 

from damage 

scenarios with 

3% discount rate 

2009 9
 

31
 

49
  86

 

2010 10 31 50  86 

2011 11 32 51  90 

2012 11 33 53  93 

2013 11 34 54  97 

2014 11 35 55  101 

2015 11 36 56  105 

2016 11 38 57  108 

2017 11 39 59  112 

2018 12 40 60  116 

2019 12 41 61  120 

2020 12 42 62  123 

2021 12 42 63  126 

2022 13 43 64  129 

2023 13 44 65  132 

2024 13 45 66  135 

2025 14 46 68  138 

2026 14 47 69  141 

2027 15 48 70  143 

2028 15 49 71  146 

2029 15 49 72  149 

2030 16 50 73  152 

2031 16 51 74  155 

2032 17 52 75  158 

2033 17 53 76  161 

2034 18 54 77  164 

2035 18 55 78  168 

2036 19 56 79  171 

2037 19 57 81  174 

2038 20 58 82  177 
a
 The report from the IWG includes SCC estimates for 2010-2040. However, this 

analysis required the SCC for 2009 as well. To estimate the SCC for 2009, I fit a linear 

model to the data provided by the IWG for the 5% average (r
2 

= 0.949), 3% average (r
2 

= 0.996), 2.5% average (r
2 

= 0.998), and 3% 95
th

 percentile (r
2 

= 0.997) which I used to 

calculate the 2009 SCC for each. 
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While many authors have pointed out issues in the IWG’s estimated SCC, it is the 

SCC used for this BCA for a couple reasons.
5
 First, this measure of the SCC is 

conservative. That is, relative to other measures, it offers a lower estimate of the social 

benefits of reducing carbon dioxide emissions. This means that if the ESD’s project does 

reduce emissions, then its actual net benefits would be higher than those calculated in this 

BCA. Second, the interagency SCC is widely available, accessible, and aimed for use in 

benefit-cost analyses, while other calculations are less transparent about the exact cost 

per ton of CO2 emission for each year and about the assumed discount rate, and their 

purpose is often to illustrate the effect of some change in assumptions on the SCC 

estimate rather than providing usable values for the SCC.  

BCA Literature 

One of the most often discussed topics in BCA literature is the discount rate, as 

the choice of discount rate can have a significant impact on the outcome the analysis. In 

the previous chapter I explained how discounting is performed and in this section I will 

cover the choice and use of discount rate in this FFA and BCA, and then briefly discuss 

in medias res BCAs.  

Pizer et al. (2014) state that to use the SCC in a BCA, one should use the same 

discount rate in the BCA as was used in the SCC calculations. As the SCC used in this 

analysis were calculated with 2.5%, 3%, and 5% real discount rates, these are the real 

rates that should be used in this analysis. However, a real interest rate is only appropriate 

when the costs and benefits are specified in units of real goods (Zerbe 2006, 225-228).  

                                                 
5
 The ESD biomass boiler was installed in 2008 and each year considered in this BCA run from September 

of one year to August of the next year. The SCC applied to the emissions from an analysis year uses the 

SCC from the ending calendar year. For example, the first year of the project ran from September 2008 to 

August 2009 and carbon emissions from this period are weighted by the SCC for 2009.  
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While the SCCs used in the analysis are real values in terms of 2007 dollars, the 

ESD data for the first four years of operation are in nominal terms and the heating oil 

(real) price predictions are expressed in 2013 dollars. To deal with these difficulties, I 

make some simplifying assumptions. First, I use real values in terms of 2013 dollars for 

the analysis. Second, I ignore the modest inflation that occurred from 2007 to 2013. The 

assumption of 0% inflation for the first five years implies that the nominal values of data 

from 2008-2012 are equivalent to their real values in terms of 2013 dollars.
6
 Third, I treat 

the SCC data as if it is in 2013 dollars rather than 2007 dollars. This simplification is due 

to the fact that the SCC values are imprecise and potentially inaccurate estimates, so 

using a price index adjustment factor to account for the modest inflation from 2007 

dollars to 2013 dollars serves little purpose. The SCC values, adjusted for inflation to 

2013 dollars, would be higher. This simplification will yield conservative estimated of 

net benefits for the assumptions of intermediate and immediate carbon neutrality. 

This analysis of the ESD project is informed by the literature on in medias res 

BCAs. Florio and Vignette (2013) argue that a BCA that occurs after a project has been 

in operation for some years (i.e. an IMR BCA) allows for the greatest scope of uses 

(Table 2). Slob et al. (2008) note that while in medias res BCAs are limited in their 

ability to influence resource allocation decisions for projects with high sunk costs, they 

have much better estimations of the actual value of the project than ex ante BCAs and can 

be very useful for contributing to learning about the actual value of similar projects, but 

do not require waiting for the end of the project as ex post BCAs do. Florio and Vignette 

                                                 
6
 Using the Consumer Price Index for all urban consumers (CPI-U) as a measure of the inflation during 

these years, the annual inflation actually averages 2.06%. This is found taking an arithmetic average of the 

annual inflation available from the Bureau of Labor Statistics (U.S. Bureau of Labor Statistics 2016, 73). 

While this inflation is certainly not zero, it is low enough to suggest the simplifying assumption of no 

inflation from 2007 to 2013 will result in plausible finding from the analysis. 
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(2013) also note that comparison of ex ante and in medias res BCAs also provide useful 

feedback for future BCAs. For these reasons, I look at this analysis as both an updating of 

the ex ante FFA to better measure the value and impacts of the project as it has been 

informed by years of data from the project’s operations, and as a comparison of the 

prediction for the first four years of operations with the actual benefits and costs received.  

Table 2: Comparison on scopes of different BCAs (Florio & Vignette 2013). 

Scope 

Ex ante 

After 

project 

completion 

After some 

years of 

project 

operations (In 

medias res) 

Ex post 

Comparison 

ex ante/ex 

post or ex 

ante/in 

medias res 

Resource allocation *** ** *   

Re-direction  * **   

Measure impacts   ** ***  

Policy learning   * ** ** 

Accountability   * ** *** 

Feedback on future 

ex-ante 
  ** * ** 

 

 

 

 



 

 37 

IV. BACKGROUND ON THE ENTERPRISE SCHOOL DISTRICT PROJECT 

This section offers a brief history of and description of the ESD biomass thermal 

energy project. The Enterprise School District (ESD) is located in rural Wallowa County 

in the northwestern corner of Oregon. In Wallowa County, there is no access to natural 

gas, so prior to 2008, the ESD relied on U.S. No. 2 heating oil to heat the 130,000 square 

foot facility that served 380 students. The heating system existing prior to 2008 consisted 

of two oil-fired hot boilers that distributed heat using a combination of steam and hot 

water piping and radiators (Forward 2005).  

A preliminary analysis, prepared in 2005 by Jeff Forward at the Biomass Energy 

Resource Center, suggested that a woodchip boiler could be installed that connected to 

the pre-existing steam and water distribution system, so that the wood chip boiler 

provided the majority of heating and the existing oil boilers would be used supplement 

the woodchip boiler. The report pointed out that the ESD site was well-suited for a wood 

fired boiler because there was sufficient space on-site for a biomass boiler house and a 

chip storage building, the existing heating system could be “relatively easily adapted” to 

include a biomass boiler, and there were local fuel sources that could supply the boiler 

(Forward 2005). Additionally, the Wallowa-Whitman National Forest, which surrounds 

Wallowa County and the ESD facility, is a large potential reservoir of biomass, both from 

logging residues and from thinning of overcrowded forests (OFRI 2013). The analysis 

suggested the district could save “over $1,700,000 in operating costs over 30 years if they 

installed a fully-automated woodchip heating system” (Forward 2005).  

Following the preliminary analysis, the Enterprise School District invited firms to 

visit the facility. In 2006, McKinstry Co. audited the facility and submitted a proposal 
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indicating that biomass could be a financially viable option (Wallowa County Chieftain 

2006; Kauffman & Ojerio 2008). The biomass boiler design proposed by McKinstry was 

intended to meet 90% of the district’s heating needs (McKinstry 2009). Using a 7-year 

average annual heating oil usage of 50,441 gallons at a price of $2.27/gallon as a 

baseline, McKinstry predicted annual savings of over $84,000 in the initial Project 

Development Plan (PDP) published in 2007 (McKinstry 2009). Column B in Table 3 

contains the numbers for this calculation, where the upper part of the table contains the 

assumptions, and heat from a fuel source in kBTU is calculated as the product of the units 

of the fuel source used times the heat per unit fuel times the efficiency of the boiler for 

that fuel source.  

To guarantee the functioning of the boiler system, the ESD and McKinstry 

entered into an Energy Savings Performance Contract (ESPC) developed by the Oregon 

Department of Energy. In this contract, McKinstry guaranteed 90% of the predicted 

annual savings, or $76,141 annually in energy savings, as identified in the initial audit, as 

well as operational performance standards (McKinstry 2009). An ESPC is a partnership 

between an energy service company (ESCO) and a client wherein (some) risks associated 

with designing, bidding, and building of the project are shifted to the ESCO. 

Additionally, the ESPC project is outcome based, so it focuses not only on the initial cost 

of installation, but the total cost of ownership for the client. The client assumes 

operational risks after the installation of the project but the ECSO bears the energy 

savings and equipment performance risks (Hamilton 2011).  

The guaranteed cost for the ESD was $1,519,586 and consisted of a biomass 

boiler building and a 2.5 mmBTU/hour automated wood chip boiler made by the Oregon-
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based company, SolaGen Inc. (Kauffman & Ojerio 2008). Construction began in 2007 

and in September of 2008, the project was completed (Hamilton 2011). 

Table 3: Ex Ante FFA Fuel Cost Savings Predictions (adapted from McKinstry 

2009). 

  

A 

Baseline  

(100% 

Heating Oil) 

B 

Project 

 (90% 

biomass,  

10% heating 

oil) 

C 

Guaranteed 

(81% 

biomass, 19% 

heating oil) 

Average Annual Heat Production (kBTUs) 5526971.69 5526971.69 5526971.69 

from heating oil 5526971.69 552697.17 1050124.62 

from biomass 0.00 4974274.52 4476847.07 

        

Oil Boiler Efficiency 79% 79% 79% 

Heat/Oil (kBTU/gal) 138.70 138.70 138.70 

Heating Oil Required (gal) 50441.00 5044.10 9583.79 

Heating Oil Price ($/gal) $2.27 $2.27 $2.27 

Heating Oil Fuel Costs $114,501.07 $11,450.11 $21,755.20 

        

Biomass Boiler Efficiency   79%
a 

79%
a 

Heat/Biomass (kBTU/ton)   10800.00 10800.00 

Biomass Required (kBTU/ton)   583.01 524.71 

Biomass Price ($/ton)   $32.00 $32.00 

Biomass Fuel Costs   $18,656.44 $16,790.80 

        

Total Fuel Costs  $114,501.07 $30,106.55 $38,546.00 

Predicted Fuel Cost Savings of Biomass 

System   
$84,394.52   

Guaranteed Fuel Cost Savings of Biomass 

System    
$75,955.07

b 

a 
The original project development plan (PDP) used the same efficiency of the oil boiler for 

the biomass boiler. However, the actual biomass boiler had an efficiency of 71.4%, which 

decreased the guaranteed annual fuel savings predictions to $74,168. 
 

b
 While McKinstry’s PDP lists an annual fuel savings of $76,141, using the same 

assumptions I calculated $75,955.07 in annual fuel savings. I attribute the difference in 

these figures to rounding errors.  
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V. FINANCIAL FEASABILITY ASSESSMENT 

This section presents an accounting of the private benefits and costs that accrued 

to the ESD as a result of the biomass boiler project to determine the financial feasibility 

of the project. Data was available on the first four years of operation of the biomass 

boiler system. The IMR FFA is a revision of the ex ante FFA that updates values of 

benefits and costs for Years 1 through 4 with actual benefits and costs and updates the 

forecasted benefits and costs for Years 5 through 30 based on the values from Years 1 

through 4. 

The primary savings of the project are the fuel cost savings of the mixed biomass 

and heating oil system relative to the 100% heating oil system. Private costs include the 

system costs for the project, operation and maintenance (O&M) costs, financing costs in 

the form of the interest payment part of the loan repayments, and initial fees for the 

project. Private cost-offsets include an Oregon Renewable Business Energy Tax Credit 

(BETC) of $448,000 received in the first year of the project, receipt of public purpose 

funds collected as charges by utility companies and applied to the project, and transfer 

payments from McKinstry to meet the guarantees in the Energy Savings Performance 

Contract (ESPC). 

First I will consider fuel savings benefits, comparing the actual fuel savings 

benefits in Years 1 through 4, and then updating the forecasts of fuel savings for Years 5-

30. I then repeat the process with costs and cost-offsets. I calculate the net benefits for 
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each year and finding the discounted present value of net benefits for the project. Lastly, I 

compare the IMR FFA with the revised ex ante FFA.
7
 

Comparison of Realized and Predicted Fuel Savings Benefits  

The ESD boiler’s performance, from its opening in September 2008 to August 

2012, was tracked in the measurement and verification (M&V) reports published by 

McKinstry as part of the ESPC. Table 4 shows the data from year one, which includes 

fuel oil usage and cost, building heating load contributed by the fuel oil, wood chip usage 

and cost, building heating load contributed by wood chips, total building heating load, 

total fuel cost, and the percent of the heating load that was met by wood chips.
8
  

The ESD project’s actual costs differed from the predicted benefits and costs for 

several reasons. I identify a few main sources of the differences, some of which overlap:  

(1) problems of fuel availability, costs, and quality, 

(2) boiler efficiency problems, and  

(3) extra (possibly unnecessary) time spent running the oil boiler.  

Some of these can be characterized as anomalies that are unique to the early years of the 

project, and some are systematic differences from the predictions that will continue in 

future years and should are therefore relevant in updating of the FFA and the BCA. 

Fuel savings depend upon fuel biomass availability, wood biomass and heating oil prices, 

and wood chip quality. With regards to the fuel availability, in the first three years of 

operations, there were days when no wood chips were on the ESD premises and therefore 

fuel oil had to carry the building load (McKinstry 2009, 2010, 2011). In particular, the 

                                                 
7
 A revised ex ante FFA is required because the initial PDP did not perform a full FFA including all project 

costs and benefits with discounting. The revised ex ante FFA is constructed using the assumptions on 

benefits and costs in the PDP along with additional assumptions about O&M costs.  
8
 Similar data for years two, three, and four is available in the appendix.  
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Year 3 M&V Report points out the ten day stretch in February when the school’s wood 

chip provider was unable to deliver biomass due to a mechanical failure of their chip 

grinder and identifies this period as the potential cause for the biomass boiler failing to 

meet the guaranteed heating load of 81% by just 1.28% (McKinstry 2011). However, in 

the fourth year of operations, wood chip availability did not present a problem for the 

ESD project, suggesting that and reliable supply chain of biomass fuels was obtained. For 

this reason, potential lack of fuel availability is not factored in when updating the FFA 

and BCA predictions for Years 5-30.   

Fuel prices are an important factor in actual and predicted savings. The average 

actual wood chip price in the first year of operation was $58.52 per ton. The wood chip 

prices fell significantly in Year 2 and again fell slightly in Year 3. Year 4 saw an increase 

in wood chip prices relative to year 4 but there was a general downward trend from Year 

1 to Year 4 in wood chip prices (Table 5). The actual Year 1 heating oil prices was 

$2.25/gallon of oil and increased to $3.63/gallon in the fourth year (Table 5). The 

predicted fuel prices of the ex ante FFA are less straightforward. In the first year, the 

predicted wood chip price and fuel price were $32.00 per ton and $2.27 per gallon, 

respectively (McKinstry 2009), but the ex ante FFA’s predictions of fuel prices in later 

years are less obvious. The simple payback for the system is calculated using the fuel 

savings of $76,141 that assumed $32.00 per ton for biomass and $2.27 per gallon for 

heating, suggesting that real fuel prices were assumed to be constant in the PDP and ex 

ante FFA. These are the values I use as the ex ante predicted prices for all years of the 

project.  



 

 

4
3
 

Table 4: Data from Year 1 (September 2008 to August 2009) on annual fuel consumption, fuel costs, and boiler load 

(McKinstry 2009). 

Month/

Year 

Fuel Oil 

Usage 

(gal) 

Building 

load from 

oil 

(kBTU) 

Fuel Oil 

Cost 

Wood 

Chip 

Usage 

(tons) 

Building 

load from 

wood 

(kBTU) 

Wood 

Chip 

Cost 

Total 

Building 

Load 

(kBTU) 

Combined 

Cost 

% 

Load 

met 

by 

chips 

Sep-08 2,017.28 221,040 $7,762 6.61 50,938 $292 271,978 $8,053 19% 

Oct-08 3,927.75 430,376 $12,733 8.03 61,950 $357 492,326 $13,090 13% 

Nov-08 5,129.08 562,008 $12,161 11.15 86,015 $520 648,023 $12,681 13% 

Dec-08 1,832.63 200,807 $3,084 91.77 707,690 $5,785 908,497 $8,869 78% 

Jan-09 6,076.31 665,799 $10,164 31.66 244,121 $1,712 909,920 $11,876 27% 

Feb-09 1,078.28 118,150 $1,994 90.45 697,477 $5,084 815,627 $7,077 86% 

Mar-09 1,373.70 150,520 $2,234 104.12 802,888 $6,937 953,408 $9,171 84% 

Apr-09 898.24 98,423 $1,321 61.52 474,385 $3,038 572,808 $4,359 83% 

May-09 1,153.45 126,387 $1,696 9.27 71,457 $452 197,844 $2,149 36% 

Jun-09 114.39 12,534 $168 3.57 27,496 $244 40,030 $412 69% 

Jul-09 110.6 12,119 $163 3.68 28,412 $252 40,531 $414 70% 

Aug-09 194.47 21,309 $286 3.68 28,412 $252 49,722 $538 57% 

Totals 23,906 2,619,472 $53,765 426 3,281,243 $24,923 5,900,715 $78,688 56% 
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Table 5: Annual Predicted and Actual Fuel Prices (Data from McKinstry 2009, 

2010, 2011, 2012).  

  Year 1 

(08-09) 

Year 2 

(09-10) 

Year 3 

(10-11) 

Year 4 

(11-12) 

Predicted Wood Chip Unit Price 

($/bone dry ton) 
$32.00 $32.00 $32.00 $32.00 

Predicted Fuel Oil Unit Price  

($/US gal) 
$2.27 $2.27 $2.27 $2.27 

Actual Wood Chip Unit Price 

($/bone dry ton) 
$58.57 $38.92 $34.65 $45.89 

Actual Fuel Oil Unit Price 

($/US gal) 
$2.25 $2.22 $3.01 $3.63 

 

To predict future oil fuel prices for Years 5-30 of the IMR FFA, I use heating oil 

price predictions from the U.S. Energy Information Administration (2015).
9, 10

 U.S. EIA 

information on predicted wood chip prices are not available, so the IMR simply uses the 

Year 4 wood chip prices for its predictions for Years 5-30. Given that the nominal prices 

followed a general downward trend for the first four years of the project, this assumption 

is conservative and in line with the other conservative assumptions made in this analysis. 

The final source of differences between the predicted and actual costs and benefits 

that is related to the fuel is with regards to the quality of the biomass fuel. Oversized and 

long pieces in the fuel clogged augers, resulting in shut down of the biomass boiler for 

half a month in January 2009, and caused spills of fuel in the automated feeder. In 

November of 2009, modifications were made to the augers to handle the longer chips. 

However, manual clearing of clogs and extra man-hours are still required to keep the 

boiler running (McKinstry 2010). This increase in O&M costs is factored in to the 

                                                 
9
 A table of the heating oil price forecast can be found in 

Table 17 in the appendix. 

10
 The years in the analysis of the ESD project run from September of one year to August of the next year. 

For the September 2012 to August 2013 operational year, I use 2013 fuel prices to align with the usage of 

the SCC.  
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updated Year 5-30 figures of the IMR FFA.
11

  

Fuel quality also had an effect on the biomass boiler efficiency, creating another 

reason for differences between actual and predicted fuel savings in the ESD project for 

Years 1-4. Wood chips with too high a moisture content decreased the boiler’s efficiency. 

During the early years of the project, batches of wood chips had fuel moisture levels up 

to 56%, causing a decrease in boiler efficiency to 57% (Potnis 2010). By contrast, 

McKinstry suggested that as a general rule of thumb, the moisture content of the biomass 

fuel should be between 20% and 40% and should never exceed 45% (Potnis 2010).  Fuel 

quality had an impact on the biomass boiler efficiency. In the original Project 

Development Plan (PDP), an efficiency of 79% was assumed for the biomass boiler, the 

same efficiency as the oiler boiler that was already in use. However, after addressing the 

problems of high moisture content of the biomass fuel in the early years, the biomass 

boiler ended up having an efficiency of 71.4%. This resulted in an updated prediction of 

approximately $74,000 in yearly fuel savings, down from the previous estimates of over 

$76,000 in yearly fuel savings (McKinstry 2009). While the effect of excessive moisture 

content on the boiler efficiency has been dealt with through better fuel qualify, the 79% 

boiler efficiency has proven to be too be too optimistic and a lower efficiency of 71.4% 

has been factored into the updated FFA.  

Finally, the last source of divergence of actual fuel cost savings from predicted 

savings was extra (and possibly unnecessary) time spent running the fuel oil boiler. 

During the first year of operations, the ESD requested cycling of the two pre-existing oil 

                                                 
11

 More details in O&M costs in the ex ante FFA and IMA FFA can be found in the following section on 

costs and offsets.  
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boilers for an hour a week
12

 (McKinstry 2009). The boilers are rated to use 32 gallons of 

fuel oil per hour and during the first year each ran unnecessarily for half an hour per 

week, resulting in significant unnecessary fuel oil usage that was not accounted for in the 

ex ante FFA (McKinstry 2009). While this extra use of the fuel oil boiler has been 

rectified and such cycling no longer occurs, another operational choice by the ESD 

continues to require extra use of the oil boilers. During the “shoulder” months when the 

building heating load is lower, the ESD often relies entirely on the oil boilers as the 

biomass boiler has a slow start-up. McKinstry suggests that using the oil boiler to carry 

the entire building heating load during September, October, November, May, and June 

(as was done in Year 4) can cost the district up to $10,000 year. This seasonal variation in 

the mix of oil and biomass boilers means that even if the biomass boiler carries over 90% 

of the load during the winter months, on average over a given year, the portion of the heat 

load carried by wood chips will fall short of the 90% the boiler was designed for. Table 4 

shows the monthly percent of the heating load carried by biomass during Year 1 and 

Table 6 shows the actual annual percent of the heat load carried by biomass for the first 

four years. To account for the effect of lower wood chip heating load in shoulder months 

on the annual wood chip heating load, I used the 81% guarantee (which was met during 

Year 4) as the assumed percent of the load met by wood chips in Years 5-30 predictions 

rather than 90% that the system was designed for.  

My analysis first compares the predicted fuel cost savings from the ex ante FFA 

to the actual fuel cost savings for Years 1–4. The ex ante FFA fuel cost savings 

calculations match those presented in Table 3. The heating load contributions from oil 

                                                 
12

 The boiler cycling was intended to “exercise” the boilers for one hour per week (McKinstry 2009, 11). 
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and biomass are then calculated, using the same heat content of the two fuels and the 

boiler efficiencies as was used for the original FFA predictions (Table 6). The differences 

between my calculations and the values reported by McKinstry are minimal and I 

attribute the differences to rounding errors. Next, I update the predictions of fuel costs 

savings for years 5-30. Table 6 shows how this updating is performed, using Year 5 as an 

example. To update the original predictions of fuel usage, I calculated an updated average 

building heating load, using the 7-year average used in the original predictions and the 

heating load from the first four years of the project to get an updated 11-year average 

building heat load.  I used this new average heating load of 5,660,950 kBTU for the 

heating load for future years in the updating of the financial feasibility assessment.
13

 This 

11-year average heating load is higher than the 7-year average of 5,526,972 kBTU.
14

 

Most of this increase in average heating load is due to a very high heating load of 

7,061,733 kBTU in year 3 (September 2010-August 2011), which, in turn, is due to an 

above average annual Heating Degree Days (HDD) in that year (McKinstry 2011).  

For the updating of the FFA for Years 5-30, I assumed that wood chips would 

meet 81% of the annual heating load. This is the same heating load percentage assumed 

in McKinstry’s energy savings guarantee.
15

 While the wood chip system did not meet this 

level for the first year, it met 80%, 80%, and 86% of the heating load during operational 

years 2, 3, and 4, respectively. Thus it seems justified to assume that in future years, the 

                                                 
13

 Climate change has the potential to make winters warmer, decreasing the Heating Degree Days in 

Wallowa and therefore decreasing the building load, counter to the assumed average annual building load 

found by updating the 7-year average to a 11-year average. 
14

 The 7-year average oil use of 50,441 gallons/year (McKinstry 2009) was used to obtain a 7-year average 

heating load using the heating oil boiler efficiency of 79% and oil heat content of 138.7 kBTU/gallon. 
15

 The biomass system was designed to meet 90% of the heating load of the building but the guaranteed 

heating load was 90% of the design, resulting in 81% heating load in the energy savings guarantee 

calculations. 
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biomass system can meet 81% of the heating load, given no unforeseen problems arise. 

Based upon an annual heating load of 5,660,950 kBTUs and an assumption that 81% of 

this is met by biomass, I calculate fuel oil and wood chip usage. The avoided cost of 

heating the building entirely with fuel oil was calculated similarly using a 100% figure 

for the building load from heating oil. Table 7 summarizes the predicted fuel savings 

from the ex ante FFA predictions, the actual savings from Years 1-4, and the revised IMR 

FFA predictions of fuel savings for Years 5-30. 
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Table 6: Annual observed fuel usage and costs for first four years, predicted usage and costs for year 5, and predicted usage 

and costs from ex ante analysis. Fuel use and prices data are from McKinstry 2009, 2010, 2011, 2012. 

  Ex Ante 

Guarantee 

Year 1 

(2008-09, 

Actual) 

Year 2 

(2009-10, 

Actual) 

Year 3 

(2010-11, 

Actual) 

Year 4 

(2011-12, 

Actual) 

Year 5 

(2012-13, 

Predicted) 

Oil and biomass scenario 

Wood Chip Usage (tons) 525 426 506 730 594 595 

Wood Chip Price ($/ton) $32.00 $58.51  $53.73  $34.65  $42.58  $43.00  

Wood Chip Cost $16,791 $24,923  $27,188  $25,292  $25,292  $25,572  

Fuel Oil Usage (gallons) 9584  23,906   12,792   13,074   6,676   9,816  

Fuel Oil Price ($/gallon) $2.27 $2.25  $2.31  $3.01  $3.63  $3.74  

Fuel Oil Cost $21,755 $53,765  $29,556  $39,408  $24,212  $36,668  

Combined Fuel Costs $38,546 $78,688  $56,744  $64,700  $49,504  $62,241  
 

Heating Load from biomass 

(kBTU) 
 4,476,847   3,284,971   3,901,867   5,629,176   4,580,453   4,585,369  

Heating Load from fuel oil 

(kBTU) 
 1,050,125   2,619,452   1,401,658   1,432,557   731,509   1,075,580  

Total Heating Load (kBTU)  5,526,972  5,904,423 5,303,525 7,061,733 5,311,962 5,660,950  

Percent of Load met by 

Wood Chips 
81% 56% 74% 80% 86% 81 % 

 

100% oil scenario 

Fuel Oil Usage (gallons)  50,441  53,852 62,917 64,463 48,479 52,982 

Fuel Oil Unit Price ($/gallon) $2.27 $2.25 $2.22 $3.01 $3.63 $3.68 

Fuel Oil Cost $114,501 $121,113 $139,732 $194,302 $175,818 $194,863 
   

Fuel Cost Savings $75,955 $42,425 $83,622 $129,603 $124,299 $129,855 
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Table 7: Comparison of ex ante predicted fuel savings, actual fuel savings, and 

revised IMR predictions of fuel savings. 

Year 

Ex ante FFA 

predicted fuel 

savings
16

 

Actual fuel 

savings 

IMR FFA 

predictions of 

fuel savings 

1 $76,141.00 $42,424.98  

2 $76,141.00 $83,622.43  

3 $76,141.00 $129,603.10  

4 $76,141.00 $124,299.08  

5 $76,141.00  $129,855.33 

6 $76,141.00  $123,809.92 

7 $76,141.00  $80,697.50 

8 $76,141.00  $90,868.46 

9 $76,141.00  $92,272.39 

10 $76,141.00  $92,573.31 

11 $76,141.00  $94,312.96 

12 $76,141.00  $96,059.60 

13 $76,141.00  $98,417.79 

14 $76,141.00  $101,358.50 

15 $76,141.00  $103,951.77 

16 $76,141.00  $106,594.14 

17 $76,141.00  $109,400.53 

18 $76,141.00  $112,329.70 

19 $76,141.00  $115,374.70 

20 $76,141.00  $118,526.73 

21 $76,141.00  $121,669.87 

22 $76,141.00  $124,910.39 

23 $76,141.00  $128,322.44 

24 $76,141.00  $131,747.24 

25 $76,141.00  $135,527.63 

26 $76,141.00  $139,273.99 

27 $76,141.00  $143,086.05 

28 $76,141.00  $147,009.01 

29 $76,141.00  $151,061.69 

30 $76,141.00  $155,576.15 

                                                 
16

 These ex ante FFA predictions of the fuel savings are based on the McKinstry Project Development 

Plan. While they do not match the figure of $75,955 that I calculate using the same assumptions, I attribute 

the minor difference in these figures to rounding during the calculations and use the values given in the 

PDP for the revised ex ante FFA. 
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Costs and Cost-Offsets 

The costs of the project include O&M costs, finance costs, system costs, and 

initial fees, and the cost-offsets came in the form of transfer payments. For the revised ex 

ante FFA and the IMR FFA, the annual total costs of the system are calculated as the sum 

of costs minus the cost-offsets for each year.  

The annual O&M costs were $11,794 for labor and an additional $2,400 per year 

for the first five years to pay for a tractor with a front end bucket that was required to 

move the fuel into the feed auger system (Edison 2010). Data on baseline O&M costs is 

not available. The PDP includes O&M cost savings for the biomass project combined 

with a lighting upgrade project, making it impossible to separate out the ex ante FFA’s 

predicted O&M cost savings of the biomass project alone. Nevertheless, the O&M labor 

costs of $11,794 per year were in addition to the O&M costs that the PDP predicted 

(Edison 2010), indicating these cost were solely for operation and maintenance of the 

biomass boiler, and therefore are an increase relative to the baseline of no biomass boiler. 

For this reason, this analysis assigned all of the labor O&M costs of $11,794 per year to 

the biomass project for Years 1-30. This treatment of the labor-related O&M costs yields 

a conservative estimate of the ESD’s net benefits of the project in the IMR FFA. In the 

revised ex ante FFA, I do not include any labor O&M costs for a few reasons. First, while 

there were O&M costs relative to the baseline of no biomass project, these costs, if 

available would also be incorporated into the IMR FFA so their relative impacts would be 

similar. Second, the O&M costs beyond those predicted in the PDP faced by the ESD 

were offset by an ESPC transfer payment from McKinstry. Neither the additional O&M 

costs nor the transfer payment are included in the revised ex ante FFA as neither could 
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have been predicted prior to the project and the presence of the transfer minimizes the 

effect of the O&M costs. Additional O&M costs for the tractor of $2,400 per year for 

Years 1-5 were assigned to the project in the IMR FFA, but not the revised ex ante FFA 

for similar reasons. In total, the O&M costs for the project were $14,194 per year for 

Years 1-5 and $11,794 per year for Years 6-30 in the IMR FFA. The O&M costs for the 

project were zero for all years in the revised ex ante FFA. 

During the first 16 years there were also financing costs associated with the loan 

repayment. The ESD received funds from two Qualified Zone Academy Bonds (QZABs). 

One was a bond of $950,000 with a 16-year term and a 1.43% interest rate and the other 

was a bond of $600,000 with a 10-year term and a 0.0% interest rate. The financing costs 

for each year are the portion of each year’s loan payment that went towards interest and is 

included as a cost to ESD in the FFA
17

. The financing costs for the first year also include 

a fee of $47,500 for a fee for the QZAB loan. These financing costs were as expected in 

the PDP.  

The system cost of $1,660,436, with 16% paid in the first year and 84% paid in 

the second year, was the value agreed upon in the ESPC. The initial fees included a fee 

for the Pollution Control Board’s (PCB) lab analysis, an application fee for the Oregon 

Renewable Business Energy Tax credit (BETC) credit, and a fee for the M&V reports 

from McKinstry. The system costs were guaranteed in the ESPC so they matched the 

PDP projects. The initial fees were also as expected. 

Finally, the ESD received three cost-offsets: an Oregon BETC in Year 1, public 

purpose funds through Oregon’s Senate Bill 1149 (SB 1149), and transfer payments from 

                                                 
17

 The loan payments and what portion for those costs were for interest was calculated using a loan 

calculator available at http://www.calculator.net/payment-calculator.html. 
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McKinstry. The Oregon BETC of $448,000 was received, as predicted, during the first 

year of the project’s operation. The SB 1149 funds included both the balance forward of 

$28,995.00 in Year 1, and the $5842.00 that the ESD is predicted to continue receiving 

for the lifetime of the project. Finally, McKinstry made a settlement with the ESD in 

Year 3 to deal with the guarantees made in the Energy Performance Savings Contract 

(ESPC). The settlement amount included $37,000 for operating expenses and purchase of 

the tractor, $7,000 for repairs to the auger as part of the biomass system, and $26,936 for 

the shortfalls in Years 1 and 2. The Oregon BETC and SB 1149 transfer payments were 

as expected while the McKinstry transfer payments, as discussed earlier in this section, 

were not. Therefore, the BETC and SB 1149 funds were included in both the ex ante FFA 

and the IMR FFA, while the McKinstry settlement money was only included in the IMR 

FFA. Table 8 shows the costs and cost-offsets for both the ex ante FFA and the IMR 

FFA. 
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Table 8: IMR FFA costs and cost-offsets and revised ex ante FFA costs and cost-offsets. 

Year Initial 

system 

payments 
a 

Financing 

costs 
a
 

IMR FFA 

predicted 

O&M costs 
e 

Other 

costs and 

fees 
a,b

 

Ex ante FFA 

predicted 

cost-offsets 

IMR FFA 

predicted 

cost-offsets 
c
 

Ex ante FFA 

total costs 
d,e 

IMR FFA 

total costs 
d
 

1 $268,066  $60,737  $14,194  $24,691  $482,020  $482,020  -$128,526 -$114,332 

2 $1,392,370  $12,471  $14,194  $3,502  $5,482  $5,482  $1,402,861 $1,417,055 

3   $11,694  $14,194  $3,607  $5,482  $76,418  $9,819 -$46,923 

4   $10,905  $14,194  $3,715  $5,482  $5,482  $9,139 $23,333 

5   $10,106  $14,194  $3,827  $5,482  $5,482  $8,450 $22,644 

6   $9,295  $11,794    $5,482  $5,482  $3,813 $15,607 

7   $8,472  $11,794    $5,482  $5,482  $2,990 $14,784 

8   $7,637  $11,794    $5,482  $5,482  $2,155 $13,949 

9   $6,790  $11,794    $5,482  $5,482  $1,308 $13,102 

10   $5,931  $11,794    $5,482  $5,482  $449 $12,243 

11   $5,060  $11,794    $5,482  $5,482  -$422 $11,372 

12   $4,176  $11,794    $5,482  $5,482  -$1,306 $10,488 

13   $3,280  $11,794    $5,482  $5,482  -$2,202 $9,592 

14   $2,370  $11,794    $5,482  $5,482  -$3,112 $8,682 

15   $1,448  $11,794    $5,482  $5,482  -$4,034 $7,760 

16   $512  $11,794    $5,482  $5,482  -$4,970 $6,824 

17     $11,794    $5,482  $5,482  -$5,482 $6,312 

18     $11,794    $5,482  $5,482  -$5,482 $6,312 

19     $11,794    $5,482  $5,482  -$5,482 $6,312 

20     $11,794    $5,482  $5,482  -$5,482 $6,312 

21     $11,794    $5,482  $5,482  -$5,482 $6,312 



  

  

5
5

 

Year Initial 

system 

payments 
a 

Financing 

costs 
a
 

IMR FFA 

predicted 

O&M costs 
e 

Other 

costs and 

fees 
a,b

 

Ex ante FFA 

predicted 

cost-offsets 

IMR FFA 

predicted 

cost-offsets 
c
 

Ex ante FFA 

total costs 
d,e 

IMR FFA 

total costs 
d
 

22     $11,794    $5,482  $5,482  -$5,482 $6,312 

23     $11,794    $5,482  $5,482  -$5,482 $6,312 

24     $11,794    $5,482  $5,482  -$5,482 $6,312 

25     $11,794    $5,482  $5,482  -$5,482 $6,312 

26     $11,794    $5,482  $5,482  -$5,482 $6,312 

27     $11,794    $5,482  $5,482  -$5,482 $6,312 

28     $11,794    $5,482  $5,482  -$5,482 $6,312 

29     $11,794    $5,482  $5,482  -$5,482 $6,312 

30     $11,794    $5,482  $5,482  -$5,482 $6,312 
a 
These costs or cost-offsets are the same for both the revised ex ante FFA and the IMR FFA and are therefore only 

included once for brevity of the table. 
b
 For breakdown of other costs and fees see 

Table 18 in the appendix. 
c
 For breakdown of IMR cost-offsets see  

Table 19 in the appendix. The cost-offsets in the revised ex ante FFA are the same except they do not include the transfer 

payment from McKinstry in Year 3. 
d 

Total costs are calculated as costs minus cost-offsets. 
e 
No ex ante O&M costs are included so the column of zeros is excluded for the brevity of the table. 
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Comparison of revised ex ante FFA to IMR FFA 

Information about the benefits and costs allows a calculation of the annual net 

benefit for each year. Table 9 summarizes the total benefits (as fuel cost savings) and 

total costs (as the financing, O&M and other costs minus cost-offsets), and the 

undiscounted annual net benefits for the ex ante and IMR FFA can be found in Columns 

E and F. To complete the ex ante and IMR FFA, the net benefits in each year are 

discounted and the discounted annual net benefits are summed to find the project’s 

private net present value of the project.  

A summary of the differences between the ex ante FFA and the IMR FFA can be 

seen in Table 9. The ex ante FFA has negative total costs for years 7-30, indicating that 

the cost-offsets exceeded the costs in these years. On the other hand, as the IMR total 

costs include O&M costs for all years and a cost-offset from McKinstry in Year 3 for a 

portion of those costs, the IMR FFA has positive costs for all years but the first and third. 

On the other hand, for all but the first year, the IMR fuel savings exceed the ex ante fuel 

savings, resulting in higher IMR annual net benefits for all but Year 1.  

Table 10 shows the private net present value (NPV) of the project for different 

real discount rates as well as the break-even year for the ESD. While there is significant 

difference between the NPV of the project, the project has positive NPV for all of the 

discount rates considered in this assessment, suggesting that this project is financially 

feasible for the decision maker, regardless of the discount rate. At each discount rate, the 

IMR break-even year occurs before the ex ante break-even year, and IMR NPV exceeds 

the ex ante NPV, an unsurprising resulting given our findings of higher annual net 

benefits for all but one of the 30 years of the project lifetime.  
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Table 9: Updated costs and benefits in the IMR FFA compared to costs and benefits 

in the revised ex ante FFA. 

Year A 

Ex ante 

fuel 

costs 

savings 

B 

IMR fuel 

cost 

savings 

C 

Ex ante 

total costs 

D 

IMR total 

costs 

E 

Ex ante 

annual net 

benefits 

F 

IMR annual net 

benefits 

1
a 

$76,141 $42,425 -$128,526 -$114,332 $204,667  $156,757  

2
a 

$76,141 $83,622 $1,402,861 $1,417,055 -$1,326,720 -$1,333,433 

3
a 

$76,141 $129,603 $9,819 -$46,923 $66,322  $176,526  

4
a 

$76,141 $124,299 $9,139 $23,333 $67,002  $100,966  

5 $76,141 $129,855 $8,450 $22,644 $67,691  $107,211  

6 $76,141 $123,810 $3,813 $15,607 $72,328  $108,203  

7 $76,141 $80,697 $2,990 $14,784 $73,151  $65,913  

8 $76,141 $90,868 $2,155 $13,949 $73,986  $76,919  

9 $76,141 $92,272 $1,308 $13,102 $74,833  $79,170  

10 $76,141 $92,573 $449 $12,243 $75,692  $80,330  

11 $76,141 $94,313 -$422 $11,372 $76,563  $82,941  

12 $76,141 $96,060 -$1,306 $10,488 $77,447  $85,572  

13 $76,141 $98,418 -$2,202 $9,592 $78,343  $88,826  

14 $76,141 $101,359 -$3,112 $8,682 $79,253  $92,677  

15 $76,141 $103,952 -$4,034 $7,760 $80,175  $96,192  

16 $76,141 $106,594 -$4,970 $6,824 $81,111  $99,770  

17 $76,141 $109,401 -$5,482 $6,312 $81,623  $103,089  

18 $76,141 $112,330 -$5,482 $6,312 $81,623  $106,018  

19 $76,141 $115,375 -$5,482 $6,312 $81,623  $109,063  

20 $76,141 $118,527 -$5,482 $6,312 $81,623  $112,215  

21 $76,141 $121,670 -$5,482 $6,312 $81,623  $115,358  

22 $76,141 $124,910 -$5,482 $6,312 $81,623  $118,598  

23 $76,141 $128,322 -$5,482 $6,312 $81,623  $122,010  

24 $76,141 $131,747 -$5,482 $6,312 $81,623  $125,435  

25 $76,141 $135,528 -$5,482 $6,312 $81,623  $129,216  

26 $76,141 $139,274 -$5,482 $6,312 $81,623  $132,962  

27 $76,141 $143,086 -$5,482 $6,312 $81,623  $136,774  

28 $76,141 $147,009 -$5,482 $6,312 $81,623  $140,697  

29 $76,141 $151,062 -$5,482 $6,312 $81,623  $144,750  

30 $76,141 $155,576 -$5,482 $6,312 $81,623  $149,264  
a 
For these years, the IMR FFA figures are actual values while the IMR FFA figures for 

Years 5-30 are updated predicted values. 
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Table 10: Updated IMR financial feasibility assessment results. 

Real 

discount 

rate 

Ex ante 

FFA 

Break-

even year 

Ex ante 

Private 

NPV of 

project 

IMR FFA 

Break-

even year 

IMR 

Private 

NPV of 

project 

5% 29 $24,217  21 $392,960  

3% 22 $320,171  18 $819,665  

2.50% 21 $414,452  17 $956,503 
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VI. IN MEDIAS RES BCA 

There are two key differences between the FFA and the BCA considered in this 

analysis.
18

 First, the FFA includes transfer payments, such as government tax credits, 

public funds, and savings guarantee payments from McKinstry, which not included in the 

BCA. This means the BCA includes all of the same costs but none of the cost-offsets, as 

all of the cost-offsets for the ESD were transfer payments. Second, the FFA does not 

include avoided carbon damages while the BCA does, using the social cost of carbon 

(SCC) from the U.S. Government IWG to calculate avoided carbon damages.  

In this analysis, I consider three different emissions scenarios and four different 

social costs of carbon (and the associated different discount rates). The emissions factor 

used was 93.8 kg CO2/mmBTU for woody biomass and 73.96 kg CO2/mmBTU for 

heating oil (EPA 2014). As the emissions factor for woody biomass is higher that than for 

heating oil due to the higher concentration of carbon in woody biomass, there is 

additional carbon emitted from woody biomass relative to heating oil at a given time to 

produce the same amount of heat. How this additional carbon is anticipated to remain in 

or dissipate from the atmosphere depends on the assumptions regarding biomass carbon 

emissions. In the first emissions assumption, I assume no carbon neutrality; that is, 

carbon dioxide emissions from woody biomass are no different from carbon dioxide 

emissions from fossil fuels. This assumption yields a negative benefit of avoided carbon 

damages, as carbon damages are increased. The second assumption assumes intermediate 

                                                 
18

 There are other difference between the social NPV and private NPV of the project that are not included 

in this analysis. One such difference is the opportunity cost of financing. As the ESD received loans with 

interest rates of 1.43% and 0.00%, these interest rates underestimate the social financing costs. 

Additionally, market fuel oil prices do not reflect the social cost of fuel oil because the government 

subsidizes fossil fuel production. However accounting for these differences is beyond the scope of this 

thesis. 
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carbon neutrality and carbon dioxide emissions from woody biomass are weighted with a 

global warming potential (GWP) of 0.43 to account for their eventual carbon neutrality. 

In the third assumption, woody biomass is considered carbon neutral immediately.
19

 For 

each assumption, Table 11 contains the biomass and oil system carbon emissions and the 

avoided carbon emissions relative to 100% of the building load provided by fuel oil.  

Table 11: Carbon emissions under different scenarios. 

Carbon Neutrality 

Assumptions 

Year 1 

(08-09) 

Year 2 

(09-10) 

Year 3 

(10-11) 

Year 4 

(11-12) 

Year 5 

(12-13) 

 Carbon Emissions (tons) 

No biomass carbon 

neutrality 
745.49 940.05 963.02 739.92 794.79 

Intermediate biomass 

carbon neutrality"  
474.65 486.60 498.37 361.19 406.64 

Immediate biomass 

carbon neutrality"  
270.33 144.53 147.84 75.49 113.83 

100% building load 

from oil  
608.95 711.45 728.94 548.18 599.10 

 Avoided Carbon Emissions (tons) 

No biomass carbon 

neutrality 
-136.54 -228.60 -234.08 -191.73 -195.69 

Intermediate biomass 

carbon neutrality"  
134.30 224.85 230.57 186.99 192.46 

Immediate biomass 

carbon neutrality"  
338.62 566.92 581.10 472.69 485.27 

a
 While the building heating load factors in the boiler efficiency, the difference in efficiency from 

100% is due to failure of the boiler to capture all of the heat energy released in combustion, rather 

than incomplete combustion on the fuel. All of the fuel is burned so all of the carbon dioxide 

stored in the fuel is emitted. Therefore, to calculate the carbon emissions under a given 

assumption, the amount of each type of fuel is used to calculate the heating potential of that fuel 

without including boiler efficiency. The heating potential is multiplied by the emissions factor per 

unit heat and then converted from kg CO2 to tons CO2. For example, in Year 1 with no biomass 

neutrality, fuel usage was 426 tons of wood chips with a heating potential of 10,800 kBTU/ton and 

23,906 gallons of oil with a heating potential of 138.70 kBTU/gallon. The carbon emissions are  
 

(426 𝑡𝑜𝑛𝑠 ×  10.8
𝑚𝑚𝐵𝑇𝑈

𝑡𝑜𝑛
× 93.8 

𝑘𝑔 𝐶𝑂2

𝑚𝑚𝐵𝑇𝑈 𝑏𝑖𝑜𝑚𝑎𝑠𝑠
 ×  0.0011

𝑡𝑜𝑛𝑠

𝑘𝑔
)

+  (23,906 𝑔𝑎𝑙𝑙𝑜𝑛𝑠 ×  .1387
𝑚𝑚𝐵𝑇𝑈

𝑔𝑎𝑙𝑙𝑜𝑛
 ×  73.96 

𝑘𝑔 𝐶𝑂2

𝑚𝑚𝐵𝑇𝑈 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑜𝑖𝑙
 ×  0.0011

𝑡𝑜𝑛𝑠

𝑘𝑔
)

= 745.49 𝑡𝑜𝑛𝑠 𝐶𝑂2. 

                                                 
19

 A more detailed explanation of these scenarios and the reasoning for them was presented in the literature 

review.  
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For each carbon neutrality assumption, I perform the BCA with a discount rate of 2.5%, 

3%, and 5% using the average SCC for each rate, and a fourth BCA with a discount rate 

of 3% using the SCC from the 95
th

 percentile.
20

 The details if the analysis can be seen in 

Table 12, where the calculations are carried out using the assumption of immediate 

carbon neutrality, a 3% discount rate, and the average SCC for a 3% discount rate.  

Table 13 contains the results of the analysis and includes the social break-even 

year and the social NPV of the project in each scenario with each possible discount rate 

and associated social cost of carbon. The results of the IMR FFA, with the private break-

even year and private NPV of the project, are included for comparison.  

Table 12: BCA under assumption of intermediate carbon neutrality with 3% 

discount rate and average SCC. 

Year 
Fuel 

savings 

Avoided 

carbon 

damage 

benefits 

Total costs 
Social net 

benefits 

PV of social 

net benefits 

Cumulative 

NPV of 

benefits 

1 $42,425  $4,163  $367,688 -$321,100 -$321,100 -$321,100 

2 $83,622  $6,970  $1,422,537 -$1,331,944 -$1,293,150 -$1,614,250 

3 $129,603  $7,378  $29,495 $107,487 $101,316 -$1,512,933 

4 $124,299  $6,171  $28,815 $101,655 $93,029 -$1,419,904 

5 $129,855  $6,544  $28,127 $108,273 $96,199 -$1,323,706 

6 $123,810  $6,736  $21,089 $109,457 $94,419 -$1,229,287 

7 $80,697  $6,929  $20,266 $67,360 $56,413 -$1,172,873 

8 $90,868  $7,314  $19,431 $78,751 $64,032 -$1,108,842 

9 $92,272  $7,506  $18,584 $81,194 $64,095 -$1,044,746 

10 $92,573  $7,698  $17,725 $82,546 $63,265 -$981,481 

11 $94,313  $7,891  $16,854 $85,350 $63,508 -$917,973 

12 $96,060  $8,083  $15,970 $88,173 $63,698 -$854,275 

13 $98,418  $8,083  $15,074 $91,427 $64,125 -$790,150 

14 $101,359  $8,276  $14,164 $95,470 $65,010 -$725,140 

15 $103,952  $8,468  $13,242 $99,178 $65,569 -$659,571 

                                                 
20

 A table with the SCC of used can be found in the additional tables and figures in the section following 

the references. 
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16 $106,594  $8,661  $12,306 $102,949 $66,079 -$593,492 

17 $109,401  $8,853  $11,794 $106,460 $66,342 -$527,150 

18 $112,330  $9,046  $11,794 $109,581 $66,299 -$460,851 

19 $115,375  $9,238  $11,794 $112,819 $66,269 -$394,582 

20 $118,527  $9,431  $11,794 $116,163 $66,246 -$328,336 

21 $121,670  $9,431  $11,794 $119,306 $66,057 -$262,279 

22 $124,910  $9,623  $11,794 $122,739 $65,979 -$196,300 

23 $128,322  $9,816  $11,794 $126,344 $65,938 -$130,362 

24 $131,747  $10,008  $11,794 $129,961 $65,850 -$64,512 

25 $135,528  $10,200  $11,794 $133,934 $65,887 $1,375 

26 $139,274  $10,393  $11,794 $137,873 $65,849 $67,224 

27 $143,086  $10,585  $11,794 $141,877 $65,788 $133,011 

28 $147,009  $10,778  $11,794 $145,993 $65,724 $198,736 

29 $151,062  $10,970  $11,794 $150,238 $65,666 $264,401 

30 $155,576  $11,163  $11,794 $154,945 $65,750 $330,152 

 

 

Table 13: Results from the IMR BCA compared to IMR FFA results.  

Scenario 

Real 

discount 

rate 

Social 

cost of 

carbon 

Private 

break-

even 

year 

Private 

NPV of 

project 

Social 

break -

even 

year 

Social NPV 

of project 

1  

no carbon 

neutrality 

5% average 21 $392,960  >30 -$276,685 

3% average 18 $819,665  >30 -$1,766 

2.50% average 17 $956,503 30 $27,416 

3% 95th 

percentile 
18 $819,665  >30 -$328,394 

 

2 

intermediate 

carbon 

neutrality 

5% average 21 $392,960  >30 -$196,800 

3% average 18 $819,665  25 $330,152 

2.50% average 17 $956,503 23 $557,795 

3% 95th 

percentile 
18 $819,665  22 $651,329 

 

3 

immediate 

carbon 

neutrality 

5% average 21 $392,960  >30 -$136,536 

3% average 18 $819,665  23 $580,546 

2.50% average 17 $956,503 20 $957,905 

3% 95th 

percentile 
18 $819,665  17 $1,390,419 
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Unlike the private NPV of the project, the social NPV of the project is negative 

under some combinations of assumptions regarding carbon neutrality, the discount rate, 

and the SCC. The social break-even year occurs as early as 16 years but also occurs after 

the lifetime of the project in some cases. In particular, the social break-even year exceeds 

the project lifetime and the social NPV of the project is negative under the 5% discount 

rate, regardless of the carbon neutrality assumption. As expected, a lower discount rate 

and a higher SCC yield a higher social NPV and the social break-even year occurs 

sooner, provided the carbon avoided carbon emissions are positive. It is also unsurprising 

that with a given discount rate and SCC, the social NPV of the project is highest under 

the assumption of complete and immediate carbon neutrality of biomass emissions and 

lowest under the assumption of no carbon neutrality of biomass emissions.  

It is also expected that the social NPV is lower than the private NPV of the project 

in most scenarios at most discount rates because the social NPV does not include the 

transfer payments. The social NPV of the project will only exceed the private NPV of the 

project when the present value benefits from the NPV of the avoided carbon damages 

exceeds the NPV of the transfer payments. This occurs under the assumption of 

immediate carbon neutrality under the two highest SCCs. The only situation in which the 

private break-even year occurs before the social break-even year is under immediate 

carbon neutrality with the highest SCC.  
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VII. CONCLUSION 

This thesis has considered an in medias res financial feasibility assessment and 

social benefit-cost analysis of the Enterprise School District biomass boiler project. It 

uses the first four years of data to compare the ex ante FFA predictions to the actual 

performance of the project and to update the FFA and BCA. This analysis found that the 

sources of divergence between ex ante FFA predicted benefits and the IMR FFA benefits 

were the biomass boiler’s efficiency, unnecessary time spent running the oil boilers and 

the availability, quality, and cost of wood chips, while sources of divergence between 

predicted and actual costs were the operations and management costs (for both the labor 

and the tractor) although increased transfer payments from the Energy Savings 

Performance Contract offset some of those costs, limiting this difference between overall 

ex ante FFA and IMR FFA costs. In the updated IMR FFA, the net present value (NPV) 

of benefits exceeds costs for the project for all discount rates. However, in the BCA, the 

NPV was only positive under certain combinations of carbon neutrality assumptions, 

social costs of carbon, and discount rates. The social NPV of the project exceeds the 

private NPV only when carbon damages from biomass are considered sufficiently less 

than those from oil and when the social cost of carbon is high enough. However, it is 

worthwhile to recall that this analysis consistently employed conservative assumptions in 

regarding elements of benefits and costs, so the estimates of NPV may understate the 

NPV in the FFA and BCA of the ESD project.  

Much of the positive net benefits of the ESD project and its viability in the FFA 

are due to its location and context, and the positive private NPV may not be generalizable 

to other (proposed) projects with different circumstances. For example, the ESD project’s 



  

   65 

initial fuel availability problem was mitigated by the many alternatives in the area. The 

wood chip supplier initially identified for the project proposal discontinued its mill 

operation in the area at the opening on the biomass boiler, and the ESD had to obtain a 

new fuel supplier. The availability of different fuel suppliers is, in many ways, unique to 

the ESD due to its proximity to the Wallowa-Whitman National Forest and the strong 

community support. In other contexts, fuel supply may present an even larger problem 

for buildings converting to a biomass boiler for heating. Second, due to its location, the 

ESD’s alternative for heating was No. 2 heating oil, rather than natural gas, making the 

fuel cost savings significant enough to exceed the initial costs of the new system 

including the financing costs. Moreover, since natural gas has lower carbon emissions per 

mmBTU than No. 2 heating oil, the social benefits of switching to biomass were higher, 

under assumptions of intermediate and immediate carbon neutrality, than would be the 

case if the alternative fuel was instead natural gas. Another significant factor in the 

feasibility of the ESD project was its Energy Savings Performance Contract (ESPC) with 

McKinstry. This contract enabled the school to have both a guaranteed price for the 

system costs of the project and sufficient surety about the their annual benefits from the 

project, regardless of its performance, which enabled them to make the initial payments 

for the system.  

An additional finding from this thesis regards the difference between the private 

and social NPV and the role of avoided carbon damages in that difference. The social 

NPV of the project exceeded the private NPV under the immediate carbon neutrality 

assumption with the two highest SCCs. This analysis suggests that, in the future, if 

biomass is considered either intermediately or immediately carbon neutral, then rising 
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SCCs may cause sufficient divergence between the private and social NPV to warrant 

government intervention.  

I believe that this project, and others of its kind, in coordination with forest 

management can have significant positive net social benefits. Not only is the project 

financially feasible for the private decision-maker (with some subsidies), but the 

coordination of forest management with biomass thermal energy can ensure continual 

replanting to replace the trees that were removed for woody biomass, resulting in carbon 

emissions most closely resembling intermediate carbon neutrality. This means that the 

project would have positive avoided carbon damages. Rising SCCs in future years will 

only increase the project’s net social benefits, making projects of this kind increasingly 

appealing as the effects of climate change, and the need to mitigate, become more urgent. 

There are many extensions that would enrich this analysis. One possible extension 

might consider other emissions from the biomass boiler and the alternative oil boiler 

including particulate matter and other greenhouse gases such as methane and nitrous 

oxide. Another extension could consider the source of the wood chips. If alternative to no 

biomass boiler involved the wood chips being burned as slash in forests, this could have a 

significant impact on the emissions that were considered additional due to the biomass 

use. Another factor that could be added to the social BCA is an inclusion of the 

transportation and extraction costs for both the biomass fuel and the heating oil. Other 

differences between the private and social NPV could also be considered. For example, 

the social opportunity cost of financing is underestimated by the private financing costs 

included in this analysis. On the other hand, the market fuel oil prices underestimate their 

social cost, which could lead to additional social benefits for the project. A less 
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quantitative addition to this project could consider what qualitative considerations are 

relevant for biomass thermal energy projects that are not accounted for in the BCA. 

Finally, at the end of the lifespan of the biomass boiler, an ex post BCA of this project 

and a comparison of the ex ante, in medias res, and ex post BCAs would likely lead to 

additional new insights regarding biomass thermal energy projects.  
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APPENDIX 

 
Figure 9: Rendering of ESD biomass boiler building.
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Table 14: Data from Year 2 (September 2009 to August 2010) on fuel consumption, fuel costs, and boiler load (McKinstry 

2010). 

Month/

Year 

Fuel 

Oil 

Usage 

(gal) 

Building 

load from 

oil 

(kBTU) 

Fuel Oil 

Cost 

Wood 

Chip 

Usage 

(tons) 

Building 

load from 

wood 

(kBTU) 

Wood 

Chip 

Cost 

Combined 

Usage 

(kBTUs) 

Combined 

Cost 

% 

Load 

met 

by 

chips 

9-Sep 1,221 133,799 $1,796  0 0 $0  133,799 $1,795 0% 

9-Oct 3,950 432,865 $8,314  26.24 202,367 $1,746  635,232 $10,060 32% 

9-Nov 2,243 245,763 $5,417  66.68 514,204 $2,922  759,967 $8,339 68% 

9-Dec 1,238 135,697 $2,991  137.21 1,058,067 $5,675  1,193,764 $8,666 89% 

10-Jan 931 101,968 $2,248  117.31 904,623 $4,847  1,006,591 $7,094 90% 

10-Feb 756 82,846 $1,805  125.68 969,176 $4,880  1,052,022 $6,685 92% 

10-Mar 158 17,261 $375  111.32 858,416 $3,656  875,677 $4,030 98% 

10-Apr 67 7,315 $159  84.42 650,954 $2,628  658,269 $2,787 99% 

10-May 1,003 109,892 $2,388  43.54 335,707 $1,370  445,599 $3,758 75% 

10-Jun 657 71,992 $1,565  0 0 $0  71,992 $1,564 0% 

10-Jul 196 21,445 $466  0 0 $0  21,445 $466 0% 

10-Aug 362 39,644 $862  0 0 $0  39,644 $861 0% 

Totals 12,781 1,400,487 $28,386 712.4 5493514 $27,724  6894001 $56,110 80% 
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Table 15: Data from Year 3 (September 2010 to August 2011) on fuel consumption, fuel costs, and boiler load (McKinstry 

2011). 

Month/

Year 

Fuel 

Oil 

Usage 

(gal) 

Building 

load from 

oil 

(kBTU) 

Fuel Oil 

Cost 

Wood 

Chip 

Usage 

(tons) 

Building 

load from 

wood 

(kBTU) 

Wood 

Chip 

Cost 

Combined 

Usage 

(kBTUs) 

Combined 

Cost 

% 

Load 

met 

by 

chips 

Sep-10 1,603 175,697 $3,966  11 81,645 $304  $4,270  257,343 32% 

Oct-10 557 61,063 $1,567  69 535,360 $2,432  $3,999  596,423 90% 

Nov-10 1,111 121,734 $3,219  99 763,088 $3,366  $6,585  884,822 86% 

Dec-10 1,009 110,569 $2,954  147 1,133,181 $4,673  $7,627  1,243,750 91% 

Jan-11 1,363 149,296 $3,988  109 841,566 $4,336  $8,324  990,862 85% 

Feb-11 3,022 331,102 $9,166  56 435,322 $2,382  $11,548  766,425 57% 

Mar-11 644 70,533 $1,996  104 798,660 $3,658  $5,654  869,194 92% 

Apr-11 2,091 229,136 $6,485  71 546,218 $2,073  $8,558  775,354 70% 

May-11 1,093 119,763 $3,942  64 495,848 $2,067  $6,009  615,611 81% 

Jun-11 365 39,979 $1,334  0 0 $0  $1,334  39,979 0% 

Jul-11 125 13,684 $457  0 0 $0  $457  13,684 0% 

Aug-11 91 9,987 $333  0 0 $0  $333  9,987 0% 

Totals 13,074 1,432,543 $39,408  730 5,630,890 $25,292  $64,700  7,063,432 80% 
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Table 16: Data from Year 4 (September 2011 to August 2012) on fuel consumption, fuel costs, and boiler load (McKinstry 

2012). 

Month/

Year 

Fuel 

Oil 

Usage 

(gal) 

Building 

load from 

oil 

(kBTU) 

Fuel Oil 

Cost 

Wood 

Chip 

Usage 

(tons) 

Building 

load from 

wood 

(kBTU) 

Wood 

Chip 

Cost 

Combined 

Usage 

(kBTUs) 

Combined 

Cost 

% 

Load 

met 

by 

chips 

11-Sep 606 66,401 $2,194 0 0 $0 66,401 $2,194 0% 

11-Oct 687 75,277 $2,487 47 362,426 $2,101 437,703 $4,588 83% 

11-Nov 2,357 258,264 $8,532 68 524,362 $3,040 782,625 $11,572 67% 

11-Dec 399 43,720 $1,444 113 871,366 $5,051 915,085 $6,495 95% 

12-Jan 507 55,554 $1,835 117 902,210 $5,230 957,764 $7,065 94% 

12-Feb 127 13,916 $460 100 771,120 $4,470 785,036 $4,930 98% 

12-Mar 500 54,787 $1,810 87 670,874 $3,889 725,661 $5,699 92% 

12-Apr 346 37,912 $1,253 48 370,138 $2,146 408,050 $3,398 91% 

12-May 672 73,633 $2,433 15 115,668 $671 189,301 $3,103 61% 

12-Jun 475 52,047 $1,720 0 0 $0 52,047 $1,720 0% 

12-Jul 0 0 $0 0 0 $0 0 $0 0% 

12-Aug 0 0 $0 0 0 $0 0 $0 0% 

Totals 6,676 731,509 $24,167 595 4,588,164 $26,597 5,319,673 $50,764 86% 
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Table 17: Commercial Distillate Fuel Oil Price Forecast for 2012-2040 (Reference 

case) (U.S. Energy Information Administration 2015). 

 

 

  

Year 

Real Petroleum 

Prices: Commercial, 

Distillate Fuel Oil 

(2013 $/gal) 

2012 3.68836 

2013 3.677944 

2014 3.537075 

2015 2.532477 

2016 2.769479 

2017 2.802193 

2018 2.809205 

2019 2.849742 

2020 2.890442 

2021 2.945392 

2022 3.013916 

2023 3.074344 

2024 3.135916 

2025 3.20131 

2026 3.269565 

2027 3.340519 

2028 3.413967 

2029 3.487208 

2030 3.562718 

2031 3.642225 

2032 3.722029 

2033 3.810119 

2034 3.897416 

2035 3.986244 

2036 4.077656 

2037 4.172091 

2038 4.277286 

2039 4.376697 

2040 4.47406 
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Table 18: Breakdown of extraneous costs and fees. 

Year 

PCB 

Sampling 

Estimate 

(Lab 

Analysis) 

ESPC 

M&V Fees 

BETC 

application 

Fee 

BETC 

CPA 

application 

letter Fee 

Total 

1 $6,000.00 $3,400.00 $14,291.00 $1,000.00 $24,691.00 

2 

 
$3,502.00 

  

$3,502.00 

3 

 
$3,607.06 

  

$3,607.06 

4   $3,715.27     $3,715.27 

5 

 
$3,826.73 

  

$3,826.73 
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Table 19: Breakdown of cost-offset transfer payments. 

Year BETC 

SB 1149 

Balance 

Forward (as 

of 01/31/07) 

SB 1149 

Income 

Forecast 

ESPC Fuel 

Savings 

Guarentee 

payments 

(FFA only) 

Total 

1 $448,000 $28,995 $5,025 $24,253.00 $506,273.00 

2 

  

$5,025 

 

$5,482.00 

3 

  

$5,025 

 

$5,482.00 

4     $5,025   $5,482.00 

5 

  

$5,025 

 

$5,482.00 

6 

  

$5,025 

 

$5,482.00 

7 

  

$5,025 

 

$5,482.00 

8 

  

$5,025 

 

$5,482.00 

9 

  

$5,025 

 

$5,482.00 

10 

  

$5,025 

 

$5,482.00 

11 

  

$5,025 

 

$5,482.00 

12 

  

$5,025 

 

$5,482.00 

13 

  

$5,025 

 

$5,482.00 

14 

  

$5,025 

 

$5,482.00 

15 

  

$5,025 

 

$5,482.00 

16 

  

$5,025 

 

$5,482.00 

17 

  

$5,025 

 

$5,482.00 

18 

  

$5,025 

 

$5,482.00 

19 

  

$5,025 

 

$5,482.00 

20 

  

$5,025 

 

$5,482.00 

21 

  

$5,025 

 

$5,482.00 

22 

  

$5,025 

 

$5,482.00 

23 

  

$5,025 

 

$5,482.00 

24 

  

$5,025 

 

$5,482.00 

25 

  

$5,025 

 

$5,482.00 

26 

  

$5,025 

 

$5,482.00 

27 

  

$5,025 

 

$5,482.00 

28 

  

$5,025 

 

$5,482.00 

29 

  

$5,025 

 

$5,482.00 

30 

  

$5,025 

 

$5,482.00 

  


