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ABSTRACT Activities in the Fraser Valley region of British Columbia generate some 3 
million tonnes of agricultural and food wastes annually, 85% of which are estimated to be 
readily available for anaerobic digestion. The economic benefits of anaerobic digestion 
include: power and heat generation, biogas upgrading, and further processing of the 
residues to produce compost or animal bedding. An Anaerobic Digestion (AD) Calculator 
has been developed to assist users in their decision making process of investing in AD 
facilities. One objective is to classify the many currently available and feasible 
technology options into several major types of AD systems. Another objective is to 
construct kinetic and economic models for analyzing these systems. The calculator was 
developed, keeping in mind that it should be relatively simple yet providing fair 
estimation on biogas yield, digester volume, capital cost and annual income.  Factors 
such as the degradability of wastes with different compositions and different operating 
parameters are taken into consideration. Economic assessment of alternative AD systems 
and biogas utilization options was performed. After the model was calibrated and 
validated, a fictitious 450-cows dairy farm located in the Fraser Valley was used for 
performing overall technical and economic feasibility analyses. Calculations were 
performed for two reactor configurations – continuous stirred tank and mixed plug flow, 
with different hydraulic retention times (HRTs). For a mixture of 80% dairy manure and 
20% off-farm food waste, the computed results indicate that, a mixed plug flow AD 
system with HRT of 25 days has the best system performance.  

Keywords: Anaerobic digestion, calculator, mixed plug flow reactor, completely mixed 
reactor, system performance, economic feasibility  
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INTRODUCTION Activities in the Fraser Valley region of British Columbia generate 
some 3 million tonnes of agricultural and food wastes annually, 85% of which are 
estimated to be readily available for anaerobic digestion (Electrigaz Technologies Inc., 
2007). The economic benefits of anaerobic digestion include: power and heat generation, 
biogas upgrading, and further processing of the residues to produce compost or animal 
bedding. The most probable scenario for the development of AD in BC was concluded to 
be on-farm manure-based systems accepting off-farm food processing wastes as opposed 
to large centralized complexes.  

AD is the decomposition of organic matter in the absence of oxygen. During this 
decomposition which is due to microbial activity, a gaseous mixture of methane (CH4), 
carbon dioxide (CO2) and trace amounts of hydrogen sulfide (H2S) and hydrogen (H2) are 
produced. The environmental benefits of adapting AD include: odour control, reduced 
greenhouse gas emissions, pathogen reduction, improved water quality, and reduced 
landfill usage. The economical benefits of adapting AD include: combined heat and 
power generation, biogas upgrading, and further processing of the residues to produce 
compost or animal bedding. Given the current relatively low costs of electricity in BC, 
upgrading biogas to renewable natural gas could become a more attractive option.  

The main goal of this study was to develop an Anaerobic Digestion Calculator that would 
assist farm and herd owners in the Fraser Valley in making decisions on choosing 
suitable AD technologies for their own farms. This goal can be separated into two 
connected objectives. The first objective is to inform potential users of the currently 
available technology options for both AD and biogas utilization. The second objective is 
to accurately model the selected AD and biogas utilization technology. The models used 
should be relatively simple yet providing fair estimation on vital biogas plant parameters, 
such as biogas yield, digester volume, capital cost and annual income. 

LITERATURE REVIEW AD takes place in three stages: hydrolysis, 
acidogenesis/acetogenesis and methanogenesis (Wilkie 2005). During the hydrolysis 
stage, complex organic polymers are broken down into their monomer intermediates: 
sugars, amino acids and volatile fatty acids (VFA). During acetogenesis, these 
intermediates are converted into acetate (acetic acid) with CO2 and hydrogen as by-
products. Finally in the methanogenesis stage, hydrogen and acetate are converted into 
CH4 and CO2. In general, the microorganisms involved in hydrolysis and acetogenesis 
grow more rapidly than the microorganisms involved in methanogenesis. As a result, 
methanogenesis tends to be the rate-limiting step. However, for some materials, such as 
grasses and newsprint, which contain more recalcitrant celluloses, hydrolysis may be very 
slow and become rate-limiting (Rittmann and McCarty 2001). 

Biogas Yields The biogas yield primarily depends on the type of feed. Most commonly 
used feeds for AD are animal manures from cattle, hog and poultry, crop residues as well 
as corn and grass silage. Organic wastes from food processing, restaurants, fish 
processing, slaughterhouse, sewage sludge (biosolids) and the organic fraction of 
municipal waste may also be used as feeds for AD. Table 1 shows the biogas generation 
potential of substrates, as compiled from Preusser (2006) and Electrigaz Technologies  
(2007), which are similar to the information provided in the Wisconsin Agricultural 
Biogas Casebook (Kramer and Krom 2008b). These values should only be used as 
indicative values. Dairy manure had a biogas generation potential of 20-25 m3/tonne (wet 
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basis), which is in line with many reported values since that time. The biogas yields of 
food and yard wastes can be considerably higher than the biogas yields of animal wastes. 

Table 1. Summary of biogas generation potential of substrates from three sources 
 Biogas generation potential, m3/tonne substrate (wet mass basis) 

Substrate Electrigaz 
Technologies 2007 

Preusser, 2006 Kramer and Krom 
2008 

cow manure 25    (9% TS) 25 25 

pig manure 25    (7% TS) 35 30 

potato/vegetable waste 60   (10% TS) 70 39 

corn/grass silage 175  (25% TS) 200 185 

food waste 225  (20% TS) 175 265 

fats and grease 500  (50% TS) 980 961 

 
The biogas yield can be very different depending on the nature of the substrate. A large 
number of papers have been published in the past several decades dealing with the 
performance of different reactor configurations digesting organic solid wastes. Ward et 
al. (2008) conducted a review of the AD of agricultural resources and compiled the CH4 
producing potential of a wide range of substrates. Using this information, biogas yield 
data have been compiled for lab-scale and pilot-scale studies, and for full-scale systems 
(Lau et al. 2010). Regardless of the scale of study, it is quite clear that animal manures 
provide lower yields while food processing wastes, especially fats oil and grease, provide 
higher yields. Sauve (2008) performed lab batch tests for biochemical methane potential 
(BMP) to verify the interaction between different mixes of co-substrate volatile solids 
(VS), and suggested that manure is considered an important “buffer”; it is necessary to 
have a good ratio of manure to other co-digested organic wastes. Monou et al. (2009) 
conducted experimental investigations on the co-digestion of livestock waste and 
industrial biowastes. They cautioned that wastes with low pH and/or high fat or sugar 
contents are potentially problematic and suggested approaches to overcome CH4 
inhibition.  

Existing Anaerobic Digestion Technologies and Suppliers Today, there are many 
types of anaerobic digesters around the world. The basic requirements of an AD design 
are: to allow for a high and sustainable organic load rate, a short hydraulic retention time 
(to minimize reactor volume) and to produce the maximum volume of CH4. Three major 
types of reactors are in use - batch reactors, one-stage continuously fed systems, and two-
stage (or even multi-stage) continuously fed systems (Ward et al. 2008).  

Digester Configurations Although other configurations such as the covered lagoon, 
UASB (upflow anaerobic sludge blanket) reactor and fixed film reactor have been used 
for AD, the completely mixed or continuous stirred tank reactor (CSTR), plug flow 
reactor (PF) and mixed plug flow reactor (MPF) configurations are the most common. 
Completely mixed systems consist of a large tank where fresh material is mixed with 
partially digested material. Material with higher dry matter content (> 12%) will work in 
completely mixed systems by recirculating the liquid effluent. Theoretically, PF is the 
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more efficient reactor configuration, but ideal plug flow is difficult to attain and 
sometimes problems are encountered with sand and other solids accumulating inside the 
digester vessel. Since around 2002, development of MPF digesters has solved these 
problems to some extent. Advantages of MPF include the following. Biomass (microbes) 
is recirculated to the second tank to enhance digester performance, making it easier to 
separate the two groups of bacteria (acetogens and methanogens) involved. Since MPF is 
a partially mixed, plug flow digester, its HRT and volume will be less than that for a 
CSTR, but not as low as for an ideal PF digester. With recirculation, the solids retention 
time SRT is the actual period of digestion. This is harder for CSTR and PF to achieve due 
to the lack of bacteria culture separation. Therefore, MPF can be viewed as a compromise 
between the stability of a CSTR and the efficiency of a PF digester. Through literature 
review, it was noticed that both CSTR and MPF are very popular among farm-sized 
digesters (combined they account for 95% of the digesters reviewed), though the CSTR 
configuration still seems to be a more feasible choice for large centralized AD plants. 

Mesophilic vs. Thermophilic Digestion Like most chemical reactions, the rate of AD 
increases with temperature. In practice, there are two temperature ranges for AD: 
mesophilic (around 35oC) and thermophilic (from 55 to 60oC). Psychrophilic AD systems 
running in Quebec and Manitoba have been designed to operate in the temperature range 
of 15-25°C. These systems are stable and easy to manage, however, much longer 
retention times are required to achieve equivalent gas production and pathogen removal 
(DeBruyn 2007). Due to the faster kinetics, a thermophilic digester requires shorter HRT 
and hence smaller volume. Other advantages of thermophilic digestion include possibly 
increased pathogen destruction and better dewatering characteristics of the digestate. Its 
disadvantages include reduced stability and the need for greater process heating when 
compared to operating in the mesophilic temperature regime.  
 

Capital Cost Estimation Capital cost estimation is perhaps the most important item 
within economic analysis of AD systems. The cost of AD of manure for biogas 
production and utilization will vary with system type and size, type of livestock operation 

and site‐specific conditions. Ghafoori and Flynn (2006) have summarized capital cost 

data in terms of biogas production rate. Although the types of reactor are not cited in their 
study, in general, the capital costs exhibit economy of scale, and the exponent 0.60 
usually adopted for processing plants was found to be valid for AD systems. Lazarus 
(2009) performed an economic analysis and confirmed the economy-of-scale via cost-
capacity relationship for dairy farm digesters. According to the AgSTAR program of 
USEPA (2010), as-built costs generally are not available. Nevertheless, based on vendor 
quotes between 2005 and 2008, AD system capital cost data were analyzed for 28 dairy 
farms for which itemized cost estimates for the digester, the engine-generator set, 
engineering design and installation were available. The AD systems included complete 
mix digesters, plug flow digesters and covered lagoons. Systems designed for co-
digestion with other wastes were excluded from their analyses. To analyze costs on a 
common basis, they excluded costs of system components that were not included in all of 
the available cost estimates. These components were post-digestion solids separation, 
hydrogen sulfide reduction systems, and utility charges including line upgrades and 
interconnection equipment costs and fees. The resulting linear regression equations fitted 
to the data show that plug flow (PF/MPF) digesters are more expensive than complete 
mix digesters (CSTR). Expressing capital investment per cow basis, PF digester costs 
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$1,450/cow and $1,000/cow respectively when the number of cows increases from 750 to 
2,000. These values are some 25% greater than the corresponding costs for CSTR 
digester, being $1,150/cow and $800/cow, respectively. This trend appears to have a 
discrepancy with Lazarus (2009)`s estimates, which suggested CSTR digesters are more 
costly. Moreover, the data compiled and analyzed by USEPA AgStar program about 
capital costs of CSTR versus MPF/PF systems appear to be contradictory to the factsheets 
published by Cornell University’s Manure Management Program (CUMMP 2008).  
 
In the AD system feasibility study reports (Electrigaz Technologies Inc., 2007, 2008), a 
rule of thumb was cited as $5,000/kW power generated, but regardless of the type of 
digester. Moreover, this shall be considered valid for smaller-size dairy farms (like, fewer 
than 500 cows). Carruthers of Organic Resources Management Inc., Ontario (2009) also 
cited a figure of ~ $4,500/kW. For an average power production of 0.20 kW/cow 
(Enahoro and Gloy 2008), this would then work out to be $1,000/cow.  
 
Existing Anaerobic Digestion (AD) Calculators Many coefficient-based AD calculators 
are already available on the Internet. However, the simplicity of a coefficient-based 
approach leads to highly variable predictions and these calculators do not provide the user 
with enough specific information for them to make an informed choice of what 
technology to use.  Their assumption of 100% conversion of the VS may not be accurate 
for all types of feeds and HRTs. For example, in practice, the ultimate biodegradable 
fraction of dairy manure is only approximately 40% (Wilkie, 2005), and conversion 
should depend on the rate of digestion and the HRT.  

Kinetic-based calculators are developed using microbial growth models. Due to the 
complexity of AD, kinetic models also have their limitations, but they are useful in that 
conversion and biogas yield can be calculated for a particular feed, reactor type and HRT. 
An advanced kinetic-based AD calculator is FarmWare 3.4 as developed by the U.S. 
Environmental Protection Agency (USEPA) under its AgStar Program 
(http://www.epa.gov/agstar/). AgSTAR is an outreach program jointly sponsored by the 
USEPA, the U.S. Department of Agriculture and the U.S. Department of Energy. The 
program encourages the use of CH4 recovery technologies at confined animal feeding 
operations that manage manure as liquids or slurries. Its main advantage is that users can 
select a wide range of designs for equipment used in the entire process, from pretreatment 
through post-digestion effluent treatment. This enables users to visualize the detailed 
layout of the overall process including all the equipment needed. However, Farmware is 
limited to animal manure as the only feedstock. Since future practice will include 
addition of off-farm organic wastes so as to improve the biogas yield and economic 
incentives for AD, FarmWare 3.4 is of limited application for our study.  

METHODOLOGY 

Development of the AD Calculator 

Design Rationale Desirable features of the calculator include the following: a) the ability 
to input amounts of different types of wastes; b) a user-friendly interface for choosing 
from a selection of digester types and biogas utilization; c) a robust model parameter 
input interface, which should provide default values for average users, but also allow 
advanced users to input their own parameters; d) a detailed output including all the input 
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information, model parameters used and calculated results; and e) help documentation for 
both basic and advanced users. In order to achieve these goals, the software was 
developed using Microsoft Excel 2003. However, for complicated calculations it is not 
easy for users to find the connections between and the meaning of individual cells. In 
order to overcome this problem, VBA (visual basic for application) coding was used to 
create simple graphical user interfaces that guide users through the calculation steps. 
 
Kinetic Model and Parameter Estimation In order to accurately design and optimize an 
anaerobic digester, a mathematical model describing substrate uptake rate, bacteria 
growth rate, and ultimately CH4 production rate, must be constructed. Although AD is 
carried out by many groups of microorganisms in several stages, it is more common to 
model the kinetics with an overall growth-dependent reaction rate. In these lumped 
models, the cell specific bacterial growth rate is proportional to the substrate 
concentration, in Monod-like expressions. In some cases the growth rate is inhibited by 
the feed substrate concentration. The maintenance activity of the bacteria is modeled by 
the decay factor in most of these models.  
 
Based on literature review, the Chen and Hashimoto model and the Lawrence and 
McCarty model have been found to be more widely used than the others. The Lawrence 
and McCarty model (1967) is essentially Monod kinetics and it emphasizes the effect of 
current substrate concentration, whereas the Chen and Hashimoto model (1979) used in 
USEPA FarmWare 3.4 (USEPA 2010) considers both initial and current substrate 
concentrations. The inhibition for Chen and Hashimoto model is from the initial or feed 
substrate concentration, whereas for Lawrence and McCarty model, the inhibition is from 
the nature of the substrate. Both assumptions about inhibition are accepted by scientific 
community. In practice, kinetic models’ accuracy may vary depending on the 
configuration of digesters. Lawrence and McCarty’s model has been used in studies of 
anaerobic CH4 production (Sanchez et al 2004) and it can predict kinetics of anaerobic 
bacterial growth accurately (Kumar et al 2007). Therefore, the Lawrence and McCarty 
model was chosen for this study. Prior to adopting the model in the Calculator, the four 
kinetic parameters associated with the Lawrence and McCarthy model, a, k, Ks and b, 
were calibrated from five case studies where the feed typically consists of a mixture of 
manure from different animals and other on-farm wastes.  
 
Biogas Utilization Model Within the Calculator, two options are presented for biogas 
utilization: combined heat and power production (CHP) and upgrading to pipeline grade 
methane (natural gas). The overall energy produced through combustion of methane in 
the biogas is calculated as a function of the mass flow rate of CH4, the heat of combustion 
for CH4 and the combustion efficiency. Biogas was assumed to be comprised of 60% CH4 
and 40% CO2 by volume. However, the biogas composition can be adjusted according to 
a typical range of values. 
 
For the co-generation option, the heat and power produced are calculated as a function of 
the efficiency of thermal energy or heat recovery (%) and the efficiency of electrical 
energy conversion or power recovery (%). Typically, heat recovery may be assumed to be 
50% for small AD systems, whereas power recovery has typical values of 30-40%. Heat 
is generated for use in the AD process in two ways. Firstly, heating is required to bring 
the influent’s temperature up to the operating temperature. Additional heating is required 
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to counteract losses due to conduction through the wall material and convection from the 
outside of the digester to the ambient environment. Hence, we can estimate the net 
thermal energy available for other heating purposes. The parasitic electrical load to run 
the digester, pumps, mixers, compressors and control system are calculated via a utility 
fraction factor. The other option for biogas utilization is to upgrade the gas to pipeline-
grade CH4. A small portion of the biogas produced could be used to satisfy the heating 
requirements of the digester, as calculated before.  
 

Economic Analysis Method Following literature review, we applied regression analysis 
to the data reported in the factsheets published by Cornell University’s Manure 
Management Program (CUMMP 2008) and USEPA AgStar program (USEPA 2010), and 
summarized the data in Figure 1, whereby the capital cost of AD system is estimated as a 
function of maximum power output. The annual operating cost includes labor, 
maintenance, and insurance. It is calculated as a fraction of the capital cost of the plant. 
Utility cost (for electricity purchased) to operate the digester, pumps and other 
equipment, and financial cost are considered as additional cost items. Assuming a portion 
of the capital investment requires debt financing, annual cash outflows would then 
include operating and maintenance costs, corporate taxes payable, and financial cost. 
Debt repayment is a lumped sum including principal and interest. Debt interest payments 
and depreciation charges constitute allowable tax deductions. The annual tax payable is 
calculated knowing the combined federal and provincial tax rates. The annual cash 
inflows would primarily be revenue, which consists of two parts, the sales of electricity 
(or CH4), and the savings from heating, fertilizers and bedding materials.  
 

 
                     
                     Figure 1. Capital cost as a function of maximum power output 
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The economic assessment of a sample AD case was then done via profitability analysis, 
which is based on the concept of cash flows. The profitability indicators include simple 
payback period (PP), net present value (NPV) and internal rate of return (IRR). Net 
present value (NPV) of the project is then calculated, based on before-tax cash flow 
(BTCF) or after-tax cash flow (ATCF), and with the MARR (minimum acceptable rate of 
return) specified. The internal rate of return (IRR) is computed as the break-even interest 
rate. Payback period, which measures the time required to recover the initial investment 
from the discounted production cash flows, is also calculated.  

 

Verification of the Calculator Four dairy farms in Vermont installed GHD Inc.’s 
modified plug flow AD systems in 2006/2007. Since actual manure characteristics were 
unknown, default values were used for all kinetic parameters and feed characteristics. 
HRT was assumed to be 22 days for MPF reactor, operating at 35oC. Manure generation 
rate was assumed to be 0.055 m3/cow.day (per ASAE Standards, 2008) with total solids 
(TS) or dry matter content of 12.5%, to be diluted to 10%.  Addition of off-farm wastes 
was not considered. Comparison was made between calculated results and data reported 
by Tucker (2008) in terms of power production, as shown in Table 2. The predicted and 
actual power productions differ by 7-33%. 

Table 2. Predicted versus reported power production from AD systems on dairy farms 

Predicted CH4 Reported power Predicted power 
generation production production

t/d x 10
6
 kWh/yr x 10

6
 kWh/yr

1.5

1.1

0.7

1.94

2.62

1.93

1.19Montagne Farm

1100

Blue Spruce Farm

Pleasant Valley Farm

Green Mountain Farm

680

1.30

3.20

1.80

1.40

#cows

950

1500

0.9

 

PREDICTIVE CASE STUDY  
 
A fictitious 450-cows dairy farm located in the Fraser Valley was used for performing 
overall technical and economic feasibility analyses, so as to assess project viability. 
Calculations were performed for CSTR and MPF, with different HRTs. In scenario #1, 
off-farm food waste is not included in the influent (feedstock) to the digester. Then, 
simulation is extended to scenario #2, with food waste added to the feedstock, resulting in 
a mixture of 80% dairy manure and 20% food waste. In the simulation, the 20% food 
waste is further broken down into 15% non-greasy food waste and 5% fats oil and grease 
(FOG). Inputs and assumptions used in the calculator are summarized as follows: a) 
without food waste, manure/slurry generation is 25 m3/d (or, equivalent to 0.055 
m3/cow.d); TS 12.5% w.b. The manure will be diluted from TS 12.5% to TS 10.0% 
(w.b.) to obtain the digester influent characteristics - pH, N and P contents, TS content, 
VS content, and feed rate; b) digester operating temperature 35oC (mesophilic);  
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c) average annual ambient temperature 13.8oC; d) digester configuration - diameter-to-
length ratio 1.5:5.0; e) with food waste, the mixture has an original volume of 31 t/d, and 
again diluted to TS 10%, resulting in an influent feed rate of 39 t/d. For co-generation, the 
assumptions are: a) heat recovery efficiency 50%; b) power or electricity recovery 
efficiency 40%; c) combustion or engine efficiency 90%; d) utility fraction 5%. Finally, 
for biogas upgrading to utility grade methane, heat recovery efficiency 70%. 
 
Predicted AD system performance results (Figures 2 and 3) for the scenario <dairy 
manure mixed with food waste> indicate that, among all configurations involved in the 
simulations (CSTR with HRT of 25, 28 and 30 days; MPF with HRT of 20, 22 and 25 
days), a MPF system with HRT of 25 days has the best system performance. With mixed 
waste (80% dairy manure and 20% food waste), the CH4 production rate is 0.91 
tonnes/day, leading to power production of 212 kW, which is equivalent to 0.47 kW/cow. 
The corresponding biogas yield is 58 m3/tonne feed (wet basis). Percent volatile solids 
reduction is also the highest, at 80%. When compared to the digestion of dairy manure 
alone, expected biogas yield would be doubled, whereas power production would be 
greater by 2.5 times. In this regard, DeBruyn (2008) suggested that blending off-farm 
materials with manure would enhance biogas production 2 to 3 times versus manure 
alone. It shall be noted that the estimated results are dependant on the various key 
assumptions, including biogas yield and power recovery efficiency. One important 
parameter that will affect system performance is the electricity recovery efficiency. If it 
should be 35% rather than 40%, the power generation would be reduced by 
approximately 10%. Also, statistics from a recent survey (Rogstrand, 2009) on dairy 
manure with samples from some 50 farms in the Lower Fraser Valley indicated that on 
average, the manure has TS 6.6% (wet basis) with a pH of 8.0; also, N and P contents are 
0.25% and 0.048% (wet basis) respectively. Upon inputting these alternative values to the 
calculator, the power produced was found to vary from 0.04-0.09 kW/cow for a MPF 
system, and 0.12-0.20 kW/cow for a CSTR system. When compared to 10% TS for 
manure and 40% electricity recovery efficiency, the decrease in estimated power 
production is more significant for CSTR.  
 
Economic analysis was then conducted, with the following assumptions. All of the 
parameters are in the form of user inputs to the calculator and they are adjustable: Project 
life (period of analysis) 10 years - typical digester life 20+ years, generator 5-10 years, 
but the period of analysis is chosen to match the longest possible life of the generator. 
This is in line with the method used by Enahoro and Gloy (2008) in their study; 70:30 
equity/debt financing structure; loan compound interest rate 6% per annum; minimum 
acceptable rate of return MARR 10%; electricity purchased at 5 cents/kWh and sold at 9 
cents/kWh; sales revenue is only due to power generated; no revenue from carbon credits 
or government grants/incentives; revenue due to biogas upgrading, processing of 
digestate to compost, and fiber recovery are not considered in this example; tax rate 
13.5%; capital cost allowance (CCA rate) for depreciable assets 30% (for high efficiency 
AD co-generation systems, this rate is increased to 50% after the first year). Economic 
analysis results are summarized in Table 3.  
 
Results derived from the economic analysis of the 450-cows predictive case study for 
mixed waste (80% dairy manure and 20% food waste) suggest that MPF systems are less 
expensive than CSTR systems. The capital cost of a CSTR system is around $7,000/kW 
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whereas that for a MPF system is around $4,000/kW. These values fall within the 
reported range of capital costs of a biogas electricity generating plant (Navaratnasamy et 
al. 2008). For co-generation, if the selling price of the electricity is at 9 cents per kWh, 
none of the configurations investigated are economically feasible based on after-tax cash 
flows, since for all cases, net present values are negative. However, if economic 
feasibility is based on before-tax cash flow, then the net present values associated with 
MPF systems having HRT of 20-25 days are positive, and hence the internal rates of 
return are greater than MARR of 10%. Under these circumstances, simple payback period 
of 5-6 years is achievable. If the selling price of the electricity can be increased to 14 
cents per kWh, a CSTR digester with 30 days HRT would have a positive net present 
value and a simple payback period of 6 years, based on before-tax cash flow, but its net 
present value is still negative based on after-tax cash flow. A MPF digester is projected to 
perform even better economically, with internal rates of return around 15%, based on 
before-tax cash flow. 
 
A comparison was made with results generated by applying the correlations developed by 
USEPA AgStar Program (USEPA 2010). In their estimate, the capital cost of a MPF 
system is greater than a CSTR system by 50%. For a selling price of 9 cents per kWh 
power produced, and on the basis of before-tax cash flow, a MPF system with HRT of 25 
days has a positive NPV (which coincides with an IRR of 12% and a simple payback 
period of 6 years); however, its profitability is less than a CSTR system with HRT = 28-
30 days. In general, these results are in opposite trend to the economic analysis results 
derived from our correlations, with respect to CSTR versus MPF systems. Despite the 
opposite predictions, both sets of correlations have identified the case of a MPF system 
with HRT = 25 days to have the best techno-economic performance. Again, after-tax cash 
flows do not favor the installation of AD systems under the assumptions made in the 
economic analysis. 
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                  Figure 2. MPF system performance for 450-cows predictive case study 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Power production (kW/cow) CSTR vs. MPF for 450-cows predictive case study 
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Table 3. Results of economic analyses for the 450 cows predictive case study 
(mixed waste – 80% dairy manure and 20% food waste)  

CSTR MPF  

 
HRT 
28 d 

HRT 
30 d 

HRT 
20 d 

HRT 
25 d 

Co-generation 

Power production, 106  kWh/y 
                               kW                    
 

 
 
1.424 
164.8 

 
 
1.595 
184.6 

 
 
1.279 
148.1 

 
 
1.833 
212.1 

Revenue 

Electricity sale, $/yr 

 
 
128,160 

 
 
143,550 
 

 
 
115,110 

 
 
164,970 

Costs 

 

Capital cost, $ 
$/kW 
Operating cost, $/yr 
Utility cost, $/yr 
 

 
 
1,169,270 
7,095 
63,141 
2,650 

 
 
1,271,507 
6,888 
68,661 
3,000 

 
 
591,908 
3,997 
31,963 
2,400 

 
 
809,664 
3,817 
43,722 
3,450 

Cash flows 

Before-tax cash flow, $/yr 
After-tax cash flow, $/yr* 
 

 
60,779 
13,120 

 
70,089 
18,262 

 
79,307 
55,181 

 
115,728 
87,726 

Profitability indicators 

 
Based on BTCF 
Net present value NPV, $ 
Internal rate of return IRR, % 
Simple payback period PP, yr 
 
Based on ATCF 
Net present value NPV, $ 
Internal rate of return IRR, % 
Simple payback period PP, yr 
 

 
 
 
-420,682 
3 
-- 
 
 
-729,172 
-- 
-- 

 
 
 
-432,918 
2 
-- 
 
 
-769,986 
-- 
-- 
 

 
 
 
85,295 
14 
5.5 
 
 
-92,145 
4.5 
8.5 

 
 
 
161,192 
16 
5 
 
 
-81,996 
6.5 
7.5 

* ATCF values vary from year to year. However, its values are constant during the earlier  
years when tax payable is zero 
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CONCLUSIONS In this study, a MPF system with HRT of 25 days has the best system 
performance. With mixed waste (80% dairy manure and 20% food waste), the CH4 
production rate is 0.62 ton/day, leading to power production of 108 kW, which is 
equivalent to 0.24 kW/cow. Economic analysis results indicated that for co-generation 
purposes, if selling price of the electricity is at 9 cents per kWh, and economic feasibility 
is based on before-tax cash flow, then the net present values associated with MPF 
systems having HRT of 20 to 25 days are positive, and the internal rates of return are 
greater than a 10% minimum acceptable rate of return. Therefore, MPF digester was 
found to be the most suitable and profitable AD system for on-farm digestion of animal 
wastes. Support and incentives from government departments, such as grants, permits or 
co-ownership with energy companies, are important to encourage farm owners to upgrade 
their current manure management systems to a more eco-friendly technology. 
 
Although reasonable system performance results were obtained from the calculator, 
further fine-tuning of the simulation model is required to arrive at more accurate results. 
Capital cost data reported in the literature are quite uncertain and this requires 
establishment of a reliable database for further work on economic analysis. In future 
work, the economic analysis should be extended to estimate the profitability of biogas 
utilization via a biogas upgrading system. The relevant module in the calculator has been 
configured to take in key parameters such as capital and operating costs once the data and 
information are available.     
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