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Executive Summary 
 

The Saint-Donat municipality is in the process of determining a treatment method for 300 

tons/year of harvested cattail biomass from their municipal wastewater treatment constructed wetland. 

The project manager has determined two potential management strategies, both of which have several 

issues associated with them.  

Anaerobic digestion is a low-cost, low-input method of treating ligno-cellulosic biomass. This 

report delineates a feasibility analysis of the installation of an anaerobic digestion treatment system for 

this cattail waste on the peninsula of the constructed wetland. An experiment was devised and conducted 

to determine the digestibility of the biomass in a batch-fed system. A subsequent scale-up design was 

carried out, which included the heating system, digester cover description, retention time analysis, 

digestion system design and appropriate sizing calculations. Using this, an economic analysis was 

performed to determine the cost per harvested ton of cattails. Using this analysis along with a qualitative 

ranking system, anaerobic digestion was compared with the two previously considered treatment options.  

Future recommendations for this report include completion of a multi-criteria decision analysis to 

quantitatively compare the three management scenarios. Also to determine future end-uses for the high-

value digest-ate. A second feasibility experiment may be required to refine design parameters for the 

digestion system. It finally is suggested that the town conduct stakeholder public consultations to discuss 

the implementation of this treatment system, or any other.  

Anaerobic digestion seems to present a potentially rewarding treatment system for the high 

macro-nutrient biomass. It is hoped that the recommendations in this report are considered for 

implementation in the town of Saint-Donat.    



Introduction 

Saint-Donat is a small community of about 4,200 permanent residents, 140 km north of 

Montreal. The town has little industry besides tourism, which accounts for an increase in summer 

residents up to 20,000 people. Of particular interest for this project are the town’s method of 

wastewater treatment and the issues associated with managing the 30-year-old system. Domestic 

sewage is treated not using conventional means, but through a surface-flow partially-constructed 

wetland east of the town center. Raw sewage is diverted to the wetland from residential 

properties and the only initial treatment it undergoes is a grill filtration to remove large solids 

before it is ejected into the wetland system. The wetland itself consists of three large ponds in 

series. The retention time for the system is upwards of 200 days, which is meant to ensure 

adequate time for natural biological, chemical and physical processes to treat the water before it 

is ejected into Rivière Ouareau. The size of the wetland allows it to produce an average of 1050 

L/min of potable water.  

The system is a hotbed for biological activity. All three ponds are edged in thick forests of cattail 

growth, which allows for safe nesting for local aquatic birds and provides shelter for smaller 

animals. The area is also surrounded by a forested park area, which is host to several walking 

and biking trails frequented by local residents. The town municipality has capitalized on the 

popularity of these trails by putting up educational signs to explain the processes occurring 

within the wetland. Their aim is to promote education and ownership among the trail users of the 

system and its unique qualities.  

The system has been in operation since before 1980. It has been meeting or exceeding Quebec’s 

effluent water quality standards for most of that period, however the effluent phosphorus levels 

of the past five years have lead to questions about the long-term sustainable function of the 

wetland. The Quebec water policy recommends that phosphorus ejected into a moving river body 

not exceed 1.0mg/L (Gouvernement du Quebec, 2002). Over a 36 month period between 2007 

and 2009, the Saint-Donat wetland was shown to exceed this recommendation a total of nine 

times (with one effluent water quality measurement per month) for an average effluent value of 

1.34mg/L. Multiple analysis were made of the system to determine the source of malfunction in 

the wetland, and to decipher which aspect of the treatment could be altered to most effectively 



eliminate concerns about the effluent phosphorus levels. It was decided that the most appropriate 

plan of action would be to implement annual management of the population of cattails bordering 

the three ponds.  

The management of the cattails will take place for two different reasons: to reduce the re-release 

of nutrients into the system and to ensure an adequate surface flow rate through the wetland. The 

first reason dictates that the green shoots of the plants which regenerate each year need to be 

removed prior to senescence and decomposition, and the second reason indicates that the floating 

islands of solid roots and green cattail biomass need to be partially removed each year. The first 

management practice will need to take place once or twice per year to prevent the annually 

produced green shoots from releasing the nutrients stored in the biomass back into the wetland. 

The second harvest method will take place selectively and will be used to maintain adequate 

surface flow rates throughout the wetland and to prevent clogging of matter in the system. Both 

harvests can be combined together for treatment, the only difference between them being that the 

second method will include the root systems, which are lower in macro-nutrients and have higher 

lignin matter.  

Having proposed a phosphorus management system of this nature, the municipality is now faced 

with the question of how and where to dispose of these cattails. Initial estimates indicate that 

between 200 and 400 tons of biomass will need to be collected from the wetland each year. The 

municipality is well aware of the potentially beneficial nature of the waste biomass due to its 

extremely high content of nitrogen and phosphorus. Mickael Tuilier, who is the project manager 

for this program in Saint-Donat, has spent some time looking into various methods of treatment 

and the issues associated with them. These have so far included composting of the cattails on-

site, trucking the material away to be treated off-site by an external company and incineration in 

a facility which would also be installed on-site. Each of these options has presented too many 

obstacles, both legislatively and economically, for them to be implemented, they are further 

described below.  

Composting 
The advantages of composting the cattail waste are many. Composting is a low-cost, low-

maintenance solution to disposal of organic waste and there are many environmental benefits to 



the process. Furthermore, the end product of would yield soil which would be extremely rich in 

macro and micro nutrients. The town could then sell this product to local farmers for field 

application or for use as a soil amendment.  

In the center of the wetland lies a peninsula of approximately 1200m2, upon which the biomass 

could be disposed in a pile. The reason for this location is that it would greatly decrease any 

transportation costs of the waste material, as well as keep the process close to the monitoring 

facility for the wetland. An external consulting firm submitted a cost estimate to Saint-Donat 

which stated that the composting process would cost between $130-200 per harvested ton of 

cattails. The range in price can be attributed to whether or not the system would be located on the 

peninsula, or if the waste would be shipped 50km offsite to a previously established compost 

facility.  

While many parameters for this process could be further elaborated upon for the sake of this 

report, it was discovered early in Mickael’s research process that the Quebec government has 

rather strict laws about the location of an open-air composting option such as this. As is 

stipulated in the “Lignes directrices pour l’encadrement des activites de compostage”, or the 

Operational Guidelines for Composting Activities, any composting system of this nature must be 

at least 50 meters from flowing water, 300 meters from any lake system and at least one 

kilometer from any residential development (Gouvernment du Quebec, 2008). Given the limit of 

these parameters, it would be unlawful to install a composting system on this peninsula.  

However, of the three considered ideas this is the option that the municipality would most like to 

implement. 

Off‐Site Disposal 

An initial analysis of the cost of trucking the potentially 300 tons of cattail material off-site to 

then be treated was $150/ton. The approximate required distance of travel for the material is 

70km.  



Incineration 

Incineration of the cattail biomass is considered to be the least environmentally friendly option of 

these three. In the interest of reducing transportation costs, the facility installation location was 

proposed to be the peninsula in the center of the wetland, as with the composting option. When 

reviewing the “Guide sur la valorization des Matieres Residuelles Fertilisantes” published by the 

Quebec government pertaining to the treatment of residual waste (as are the cattails), incineration 

was described as a non-desirable treatment option (Gouvernment du Quebec, 2008). Thus, 

incineration is contrary to the recommendations from the Minister of Sustainable Development, 

the Environment and Parks. This effectively eliminates this option from consideration.  

Design Proposal 
After discussing the cattail disposal issue with the municipality, along with the three options 

previously researched and thus far discarded, a fourth treatment option was proposed: a low-tech, 

low-cost anaerobic digestion system. This option was chosen because: 

It would produce an environmentally friendly product

The system could be installed on the central peninsula without breaking any by‐laws

It would be a self‐sustaining system requiring little energy or maintenance requirements

It wouldn’t produce any problematic odors for the users of the wetland parc and trails

The Quebec Government offers a 70% subsidy for the installation of such a system

 

The following report outlines the analysis of the feasibility of an anaerobic digestion system for 

the treatment of this high-macronutrient cattail biomass. A comparison is then performed on the 

basis of the digestibility of the cattails, the economic requirements of the system and the social 

and environmental benefits of anaerobic digestion. This analysis is performed with the goal of 

determining if the system is appropriate for implementation in Saint-Donat as a long-term 



solution for the disposal and treatment of cattail biomass from the municipal wastewater 

treatment constructed wetland.  

 

Anaerobic Digestion 
Anaerobic digestion involves the degradation of organic matter into subsequent metabolic 

products in the absence of oxygen. If carried to completion, the end-products of anaerobic 

treatment are a stabilized sludge mixture, methane gas and carbon dioxide (Loehr 1984). This 

process occurs in four major steps: hydrolysis, acidogenesis, acetogenesis and methanogenesis. 

The final three steps are carried out by acidogenic and methanogenic bacteria. Hydrolysis 

involves the breaking down of the initial large, insoluble organic molecules into sugars, amino 

acids and fatty acids. These molecules are used as food sources for the acidogenic bacteria. The 

subsequent two steps are performed by these acidogenic bacteria to produce acetic acid, CO2 and 

hydrogen. These are used by methanogenic bacteria to produce the end products of methane and 

CO2. Below is a schematic diagram to further describe this process. 

 
Figure 1:Description of the process of organic matter degradation during anaerobic digestion 

Source: http://floatingcovers.files.wordpress.com/2010/04/stages_of_anaerobic_digestion.jpg 

 
There are many important parameters involved in the treatment of organic matter using 

anaerobic digestion. Since microorganisms largely perform the digestion itself, the most 

important factor to consider is making sure these MO’s are well-fed and can function without 

any temperature or pH inhibitions. Furthermore, to determine which system is most appropriate 

for the climate in Saint-Donat and the physical location in which the digester is to be located, 

http://floatingcovers.files.wordpress.com/2010/04/stages_of_anaerobic_digestion.jpg
http://floatingcovers.files.wordpress.com/2010/04/stages_of_anaerobic_digestion.jpg


other factors including reactor type, moisture content in the tank and retention time were 

considered. In order to approach the design of an anaerobic system, further analysis of these 

important parameters and how they relate to the situation in Saint-Donat is delineated below.  

 
Temperature 
 Anaerobic digestion can happen at three different temperature stages: thermophilic (60°C), 

mesophilic (38°C) and psychrophilic (20°C) (Solagro, 2005). The digestion rate depends directly 

upon the temperature; the higher the temperature, the faster the digestion will occur (Görish and 

Helm, 2006). For the installation of a system in a northern-climate such as Saint-Donat, this 

parameter particularity needs to be taken into consideration. To ensure adequate control of the 

temperature throughout the process, insulation and heating of the biodigestor will be included in 

the design.  

Nutrients and Bacteria   
Bacteria require a variety of nutrients to ensure their growth such as the C/N ration, P, Na, K and 

Ca. The most important factor to consider, though, is the C/N ratio in the digester. The optimum 

C/N ratio ranges between 25-30– meaning 25-30 times more carbon than nitrogen. Analysis of 

the cattail composition has determined that the intrinsic ratio of this biomass is 32, which is 

within an appropriate range. This allows the system to run entirely on cattail biomass. Meaning 

no external inputs will be required to achieve an adequate nutrient balance.  

For the most part, digestion of lignin-rich biomass is performed using rumen bacteria, derived 

from the stomachs of goat and other grazing mammals (Polprasert, 2007). These bacteria have a 

special ability to digest high amounts of lignin-cellulosic materials while producing high 

amounts of methane gas. This would be an appropriate strain of bacteria to use in the Saint-

Donat digester. 

pH 
 The optimum pH range for an anaerobic digester is between 7 to 7.2, however the digester can 

feasibly operate between 6.6 and 7.6 (Polprasert, 2007). 

Modes of operation 
In the design of virtually any reactor-based system, one must determine if the process is to occur 

in a batch-fed, semi-continuous or a continuous-fed system. For anaerobic digestion this same 

choice applies. In a batch digester, the reactor is filled completely with a certain volume of the 



digest-ate and is allowed to digest until the gas production decreases and the desired qualities of 

the final product have been achieved. It is then emptied, inoculated and then refilled with another 

set of biomass. For a semi-continuous digester, this process of filling and emptying is performed 

on an interval basis. And finally, a continuous digester is filled completely only once. It is 

equipped with an inlet for fresh material and nutrients, and an outlet for completely digested 

material.   

For the design of this anaerobic digestion unit, a batch-fed digester was chosen as the most 

appropriate. This was for several reasons. One of the main stipulations is that the system requires 

low economic and maintenance inputs, so a batch-fed system fulfills that criteria. Furthermore, 

due to the relative infrequency with which cattails will be harvested from the wetland, it makes 

sense to digest them all at once in the same digester. This will eliminate the need for a storage 

tank between the time of harvest and digestion. Hence a batch digester is the most suitable.  

 
Biogas production 
For the utilization of the biogas produced by the digester, it is important to understand its 

composition and its potential to be transported or converted. Biogas is composed mainly of 

methane (55- 65%), carbon dioxide (30-45%), water (2-7%), hydrogen sulphide (0.2-0.5%) and 

nitrogen (0.2-0.5%) (Görish and Helm, 2006; Hannes, 2004; Solagro, 2007). The calorific values 

are 36.14 MJ/m3 for natural gas and 21.48 MJ/m3 for biogas. Methane is insoluble and requires 

high pressure (34 450kPa) to change to a liquid phase, thus it is better to use it on-site.  

 
Moisture Content 
Anaerobic digestion is typically performed in solution, meaning all the digestion materials are 

completely submerged in water. This water content may vary between 88% and 92% for typical 

reactors using manure. However, for a digester fed with green waste such as cattails, anaerobic 

digestion can be also operated under a dry system with moisture content between 20%-40%.  

Considering the cattails harvested from the wetland contain a water content of 75%, no 

additional water will be needed using such process.  Here some advantages and disadvantages of 

the dry-digestion technique in comparison with typical wet-digestion. 

 

 

 



Advantages Disadvantages 
Smaller digester size (less water needed) Dry system is less common and most 

companies specialized are from Europe 
Lower heating energy input required(less water 
to heat up)  

Technology not as mature yet which increase 
the cost 

No mixing required, hence no mixer and 
pumps which represents usually 30% of the 
total cost 

 

Table 1: Advantages and Disadvantages of DryDigestion versus WetDigestion 
Retention Time 
The retention time is the amount of days the organic matter must remain in the digester in order 

to ensure an adequate break-down of the material by the resident microorganisms into biogas and 

fertilizer.  This retention time is an extremely important parameter because it plays a major role 

in determining the size of the digester. It was estimated that a 45 day retention time would be 

appropriate for the cattails, given that all other parameters were adequate to promote digestion. 

This assumption was based on a dry, batch-system retention time from a study based in Europe 

(Gorish, 2006). 

Experiment 

Having analyzed and understood each of the important parameters involved in the process of 

anaerobic digestion, a pilot scale experiment was then required to determine if and how well the 

cattail biomass would degrade. There is limited literature on the subject of anaerobic digestion of 

biomass with such high lignin content, and there were concerns about how well the cattails 

would degrade as the only input in the system. It was decided to run two batch-fed digesters 

using harvested cattails from the first pond of the Saint-Donat wetland. In order to achieve the 

goal of determining the digestion rate and efficacy of the cattails, period gas analysis, TSS and 

VSS analysis would be performed. Along with a final composition analysis of the digest-ate. The 

characteristics of these cattails which were used, along with the methodology and results of the 

experiment are delineated below. 



Cattail Composition and Digestion Characteristics 

It was important to determine which aspects of the anaerobic digestion process are the most 

sensitive to change in order to implement appropriate steps for the optimization of the pilot-scale 

experiment.  

Cattails are aquatic plants, and thus are largely composed of lingo-cellulosic materials. Typical 

anaerobic digestion of vegetable and green waste can be modeled using a first-order decay 

equation, followed by the Monod equation. However, since these plants are more complex in 

nature, the digestion rate does not exactly follow these equations. Table 2 below demonstrates 

the typical distribution of compounds in cattail biomass. Various models have been formulated to 

more accurately monitor the digestion process of these plants. The degradation of the substrate 

(cattails) by the biomass (microorganisms) in the digester occurs in two main steps. First, the 

biomass attaches to the substrate and secretes enzymes which perform hydrolysis to degrade the 

material into more accessible compounds. Then, the biomass uptakes these compounds to 

produce gas. It is this first step that is rate limiting for cattail digestion.  

Item Percentage Removal efficiency (%) 
Total solids (TS) (%) 90.2 ± 1.3 65.4 ± 2.3 
Volatile solids (VS) (%TS) 91.2 ± 2.3 67.6 ± 2.7 
Neutral detergent fiber (%TS) 64.1 ± 6.2 64.2 ± 1.8 
Acid detergent fiber (%TS) 41.5 ± 5.3 54.5 ± 1.7 
Hemicellulose (%TS) 22.6 ± 2.5 68.7 ± 2.3 
Cellulose (%TS) 20.8 ± 2.8 59.0 ± 0.9 
Lignin (%TS) 10.5 ± 1.4 23.9 ± 1.3 
Ash (%TS) 8.8 ± 0.3 – 

Table 2: Composition of an average cattail (Zhao et. Al.) 

Note: Hemicellulose and cellulose are considered slowly degradable fraction, lignin and ash as 
inert fraction, the remaining part in cattail as readily degradable fraction. 

 



 

Figure 2: COD flows in the kinetic model: (A) hydrolysis; and (B) acidification and 
methanation processes (Zhao et. Al.) 

Figure  2 shows how the initial cattail substrate X disintegrates into readily hydrolysable 

fractions, slowly hydrolysable fractions and inert fractions which cannot be further degraded. 

The enzymes in the biomass hydrolyze these components into the sugar that the biomass or 

“cattail degraders” eventually utilize to produce methane and other by-products. It is the slowly 

hydrolysable fraction (step 2 in Figure 2) that is the rate limiting step for the whole process. 

Zhao et Al. determined that the more effectively this step is completed, the faster the overall 

reaction. Thus, in the design of this digester, conditions must be controlled to maximize the 

speed of this conversion step.  

Under ideal, laboratory conditions it has been shown that a healthy and effective microbial 

community can degrade cattails of this nature at a rate of 70% conversion of volatile solids to 

methane (steps 6 and 7 in Figure 2). These conditions are mainly governed by the temperature, 

the agitation rate, and the pH as was previously described. Our recommendations for the Saint-

Donat system include sufficient monitoring and operational conditions to ensure maximum 

igestion efficiency for each of these three parameters.  d

 



Design set up 

Materials 
The materials used for the experiment set-up were as follows: 

Item Amount

Volumetric Flask 2
Rubber Stopper 2
Rubber Tubing 4 ft
Thermometer 2
Gas Holder 2
Hose clamps 6

Quick‐dry Sealant 1 tube
Substrate ‐ Cattails 25 grams X 

2 
Biomass 25 grams X 

2 
Water <1L X 2

Table 3: List of materials 

The two gas holders operated on the assumption that methane gas does not readily dissolve in 

water. A large container was used as the base of the holder, filled half-way with water. Then a 

second, smaller container was placed open-end down into the water of the bottom container, 

which created an air lock inside the second container. The rubber tubing was then fed through 

the first container and the water into the air space of the second container. A second rubber tube 

was installed to release gas build up. The principle of this contraption being that as biogas was 

produced in the digester; it would travel along the first rubber tube into the air space of the gas 

holder. This increase in the volume of the air space would cause the smaller container to rise, 

allowing for the volume of gas produced to be measured. Figure 3 below demonstrates this 

principle. 



 

Figure 3: Illustrated design of a simple gas holder 
Source: http://en.wikipedia.org/wiki/File:Gasometer.svg 

Procedure 
The substrate used for the experiment consisted of cattails which were harvested from two 

locations at the Saint-Donat wetland in September 2010. Figure 4 demonstrates the two 

sampling locations of the cattails in relation to the wetland system. Table 4 outlines the chemical 

content of cattails taken from the most polluted location in the wetland: the sewage inlet.  

Figure 4: Aerial photo of cattail sampling locations. The top star indicates the location of the 
raw sewage inlet. 

 



Characterization of cattails sampled from Pond #1 ‐ Next to Influent Location 

Variable  Result  Unit      Weight Loss at 
105⁰C 

Available 
Nitrates 

<10  mg/kg      75%   

Ammonia 
Nitrogen 

640  mg/kg N      Weight Loss at 
550⁰C 

Total Nitrogen  13000  mg/kg N      85%   
Mercury  <0.07  mg/kg      Total Solids 

Arsenic  <0.07  mg/kg      25%   
Cadmium  <0.06  mg/kg         
Chromium  3.9  mg/kg         
Cobalt  <2.1  mg/kg         
Copper  1.1  mg/kg         
Molybdenum  1.7  mg/kg         
Nickle  2  mg/kg         
Potassium  11000  mg/kg         
Lead  <4.0  mg/kg         
Selenium  <0.7  mg/kg         
Zinc  22  mg/kg         
Total Phosphorus  2400  mg/kg N         
C/N Ratio  32  ‐         

Table 4: Characterization of cattail content from sewage inlet location, as analyzed by the 
"Laboratoire des pollution industrielles", Sept 2008 

Once the cattails were harvested and brought back to the lab, two treatment methods were 

utilized for use in each of the batch experiments. For the first, the cattails were dried and ground 

to a fine powder (2mm diameter) and 25 grams were added to the digester. The second used 

fresh, un-dried cattails of known moisture content, broken up into 1-2 inch pieces and the 

equivalent of 25 dried grams were added. In each digester 250mL of granular biomass, with 10% 

solid content, was also added. This biomass was taken from an industrial anaerobic digester used 

to treat fruit-processing effluents. The form of the microorganisms takes a granular appearance, 

which is a specific characteristic of an up-flow anaerobic sludge blanket system. One liter of this 

biomass was donated by the National Research Council’s Biotechnology Research Institute in 

Dorval.  

Once all the material –biomass, substrate and water – were mixed together in the digesters, the 

rubber stopper was placed in the top of the Erlenmeyer flasks. Three holes were drilled in the 



stoppers to allow biogas effluent to leave through a rubber tube, a second effluent tube to allow 

for gas collection and analysis, and for the thermometer to remain suspended in the flask. All 

possible gas escape-routes were controlled using hose clamps. Figure 5 below shows the final 

experimental set-up.  The experiment was left to run for a total of six weeks. 

 

Figure 5: Photo of pilotscale anaerobic digestion experiment 

Results 
All materials for the experiment were gathered from Dr. Joann Whalen’s lab on the Macdonald 

Campus of McGill University. Once the available equipment and materials were assembled, it 

became clear that certain goals of the experiment would be unattainable. Within the first two 

weeks of operation, the telescopic gas holder still had not been displaced; however a decrease in 

the volume of the reactor contents was visible. This indicated that there could be a gas leak 

somewhere in the system. Given this possibility, gas collection and analysis would be useless as 

it would be combined with oxygen.  Furthermore, time constraints and lab equipment availability 



constraints prevented the analysis of the solids content. Thus, the desired goal of experimentally 

determining the digestion rate and biogas production rate and quality of the cattail biomass was 

not achieved. 

Further possible reasons for the lack of visible biogas production are that the rubber tubing used 

to connect the digester to the gas holder was too long. This would ensure that any gas produced 

in the six weeks was just filling up the hose, never making it to the holder. Another reason could 

be that the pH and temperature conditions were not maintained at appropriate levels. The 

experimental design did not include a heating system, so the ambient temperature of 20⁰C was 

also the reactor temperature. Having a lower temperature, as described above in the important 

parameters section, will reduce the digestion rate of the microorganisms, thereby reducing the 

rate at which biogas is produced. Finally, the strain of aggregated bacteria with which the 

reactors were inoculated was perhaps too weak. These bacteria, as previously mentioned, were 

gathered from an anaerobic digester treating the effluent from a fruit processing plant. Fruit 

waste is very high in sugar content, while the cattails in our reactor were very high in ligno-

cellulosic material, which is quite hard to digest. A more appropriate strain of bacteria to use 

would have been ruminant bacteria, from the stomach of a ruminant mammal.  

Conclusion for Experiment 
While the analytic aspects of the experiment failed, the overall goal of determining if the cattails 

were digestible was achieved. Over the course of the six weeks, the volume of the material in the 

digesters did noticeably decrease. This leads to the conclusion that the microorganisms present in 

the digester were converting the dissolved solids into biogas. This conclusion allows for the 

continuation of the project. It is recommended that for the scale-up design, the parameters which 

were poorly designed for in the pilot experiment would be appropriately monitored and 

controlled.  

 

Final Digester Design 

Overall Design 
The overall design of the system was based on the important anaerobic digestion parameters 

mentioned above such as temperature, mode of operation, moisture content and retention time. 



Two batch digesters in parallel were included to allow for a steady methane production over 

time. To obtain an optimal temperature of 35°C, insulation and a radiant floor running on the 

produced methane were included the design. Finally, a dry digestion system was chosen in order 

to reduce heating and transportation costs.  

Parameter  Value 

Temperature  3  5°C
Mode of Operation  Batch 
Moisture Content  Dry 
Number of Digesters  Two 
Retention Time  45 days 

Table 5: Overall design highlights n the needs of the client  based o

Inputs  Output 
300 tons of cattails  2 700m3 of methane * 
  200 tons of soil amendment* 

Table 6: Inputs and

*See calculations in appendix A for details 

 Outputs of the batchfed system 

Digesters Dimension and Layout 
The two digesters will cover an area of approximately 260m2, including the boiler and gas 

collector installation. Each individual digester is a rectangle of 8m in width and 12m in length. 

The depth below the soil surface of 1.2m ensures that the foundation is maintained below the soil 

heaving point, as well as the frost line. During excavation, it is recommended that the removed 

soil be piled up around the hole to create an elevated wall around the digester. This will serve to 

reduce heat losses during operation. The following three layout figures depict the final digester 

design dimensions. The first from the top view, the second from the side of one digester, and the 

final view is of an AutoCAD representation of a 3-D view. As a special note, the installation 

would be enclosed by fences which will serve to keep the digesters from vandalism and for 

public safety.  

Included in the design, as can best be seen in the side view, is a loading ramp which allows a 

tractor or truck to descend directly into the open digester to remove the digest-ate and to re-load 

the vessel. The membrane cover, which is further discussed below, will be designed to 

compensate for this open wall and will ensure a complete seal when the digester is closed. 
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AutoCAD Three Dimensional View 

 
Figure 8: AutoCAD Three Dimensional View of Final Digester Design 

Cover 

Foundation

Materials for Construction 
The foundation and walls will be made out of reinforced concrete. The rebar will minimize 

cracking due to expansion.  The slab-on-grade foundation will be at frost line (1.2m) to prevent 

heaving and will reduce heat losses through the walls. A French drain will be installed to 

minimize the runoff impact on the structure. Left-over excavated soil will be used to protect the 

ncovered walls. See appendix A for foundation calculations.  u

 

Part  Material 

Foundation  Reinforced Concrete 
Insulation  R‐40  Polystyrene Foam 
Cover  R‐11 Polyethylene Interpolymer Alloy and Polyethylene Foam 
Radiant Floor  PEX( Cross Linked Polyethylene) Tubing 

Table 7: Required materials summary 

The methane-impermeable cover will be designed and installed by GTI Geomembrane 

Technologies Inc., based in New-Brunswick. The cost of installation includes a risk analysis, to 

be performed by GTI, which will evaluate the risk caused by the snow and wind.  This will allow 

for appropriate measures to be taken to protect the membrane during the winter and severe storm 

events.   



The final installation will include a gas collection system as well as a methane gas storage tank 

for the excess biogas produced. This system will include a safety flaring system in the event of a 

large gas build-up.  

Heating System Design 
A high and stable temperature is necessary for maintaining biological activity and to reduce the 

required retention time.  For this design, a mesophilic temperature average of 35°C was chosen. 

To achieve and maintain this temperature within an appropriate range, insulation and a hydronic 

floor will be installed.  Once the harvested cattails are initially placed in the digester, an assumed 

average temperature of 15°C will exist throughout the biomass. To raise this temperature to the 

required 35°C, the hydronic floor will be utilized. This type of system is commonly used in 

residential houses. The heated foundation surface cannot rise above 43°C due to increased risk of 

damage to the microbial population, which is very sensitive to temperature. A boiler will 

circulate the a mixture of a heated mixture of 50% propylene glycol, 50% water solution which 

will flow in cross linked polyethylene piping (PEX). PEX has a thermal conductivity of 

128.4 °C and can stand temperature to up to 95°C.  This mixture of propylene glycol and 

water has a freezing point of -34°C, which will prevent the system from freezing in the case o f a 

system malfunction. However, this benefit has a tradeoff in the fact that this mixture reduces the 

heat transfer efficiency, which will raise pumping electricity requirements. 

 

Figure 6 represents a schematic of the boiler. An outlet will be added to allow the storage or to 

flame the biogas in excess depending on the client needs.  Pressure and temperature will be 

recorded, in order to keep track of the digestion process. A biogas sampling valve will be 

included to evaluate the biogas quality. The boiler will be running on LP gas for the start-up. 



 

Figure 9: Bioler and heat circulation system (Persson et. Al., 1979) 

 
Hot water will be circulating at a flow rate of 6gpm through a ¾’’ diameter pipe of 184m length 

in each digester. This will be run by a centrifugal pump running on a minimum of 0.3hp (see 

Piping and Pump Calculations in Appendix A for futher information).  Table 8 represents the 

propylene glycol solution temperature estimation through different system components. 

 
System Components Temperature 

(°C) 
Boiler  80 
Boiler to Slab 75 
Slab 65 
Slab to Boiler 60 

Table 8: Propylene Glycol Temperature through the System Components 
 
Heat losses and inputs were calculated in order to determine the heat requirement for both 

digesters (see calculations in Appendix A). Table 9 summarizes the digester heat requirements:  

 



Heat requirements 

Digester 
Heat losses or consumption  BTU/year  kwh/year
Heat losses through floor, wall and roof  ‐1.57E+08  ‐46.0141
Heat require to warm the cattails  ‐18000000  ‐5.2755
Heat Produced by Bacteria  1.29E+08  37.80774
Sub‐total  ‐4.60E+07  ‐13.4818

Piping system 
Heat losses from lines (assumed 10%)  ‐5.06E+07  ‐14.83
Total heat needed for the digester     
Boiler     
Energy Input required for the boiler (assuming 60% efficiency)  ‐1.01E+08  ‐29.66
     
Methane Production  105000000  30.77374
     
Methane Left  3.80E+06  1.113716

Table 9: Heat Requirements 
 
The excess methane would represent around 100m3 per year. The municipality will decide if it 

should be flared or stored. 

Gas System 
A gas system will be necessary to collect the biogas produced by the digesters. The following 

schematic represents the gas system:  

 

Figure 10: Arrangement of the gas pump and accessories (Persson et. Al. 1979) 



Temperature and pressure sensors will be added to evaluate the gas production. To increase the 

biogas quality, it will be necessary to remove certain impurities contained in the biogas.  

Hydrogen sulphide (H2S) will be eliminated by passing gas through a 51mm P.V.C pipe filled 

with steel wool. The steel wool will become corroded at the inlet but not at the outlet, showing 

the effectiveness of the system (Pharaoh 1976).  Due to the conditions inside the digester, gas 

will be saturated with moisture (Persson et. Al., 1979).  To solve this problem the gas will be 

cooled down by using a fan (see Figure 9) and reheated afterward.  

Methane production was estimated, as shown in Table 10, knowing for 25°C to 44°C, 0.25 to 

0.40 m3 of methane gas is produced for each kilogram of volatile solids destroyed. 

   Units     References 

Cattails total weight   kg  300000    
Total Solid  kg  45000  St‐Donat 
Total Volatile Solid  kg  24000  St‐Donat 
Volatile destroyed   kg  10800  Zhao et al. 2009 
Methane gas produce  m3  2700    
Methane gas produce  litre  2700000    

Heat production   BTU  1.05E+08    

Table 10: Methane production for both digesters per year 

Cost Analysis 
 
The cost analysis for the scale-up digester system, demonstrated below in Table 5 below, was 

based on several sources of information. The structure was referenced from Persson (1979), 

while the cost for each specific item pertaining to the Saint-Donat system design was determined 

from appropriate sources. GTI Membrane Technologies was able to send a cost estimate for the 

cover design, including all design fees, taxes and installation costs, of $500/m2. The digester 

floor, meaning the heating system installation and boiler cost, was estimated using the Canadian 

Mortgage and Housing Corporation’s estimates for radiant floor installation of $600/100 ft2.  

 

Annual costs were estimated using a combination of the annual depreciation, maintenance costs, 

and expected energy consumption costs (using a price of $0.07/kWh). The life of the digesters 

was estimated at 30 years, based on what seemed to be an average for the equipment and system 



in the literature. Thus an annuity was calculated for the initial fixed cost with and without a 

government subsidy of 70% over 30 years. An assumed inflation rate of 5% was applied. Then 

this annuity was added to the estimated annual cost of operation for the digester. The total annual 

cost was then divided by the 300 tons of harvested cattail biomass per year. The final cost per ton 

was then determined to be $56 with a government subsidy, and $130 without. 

 
Initial Fixed Cost  * assuming 70% 

subsidy 
activity  cost ($)   
foundation  34502.00   
digester floor  12000.00   
digester roof   110000.00   
heating system  7886.00   
supplies and labour  7689.00   
Total:  172077.00   
Total Fixed Cost with 
Government 
Subsidies*: 

51623.10   

Maintenance and Depreciation 
activity  cost ($)   

Maintenance     
heating system  240.00   
digester roof  2200.00   
Total:  2440.00   

Depreciation     
equipment  400.00   
digester roof  3666.67   
Total:  4066.67   
     
Annual Cost for Digester   
item  cost ($)   
interest  6194.77   
depreciation  4066.67   
electricity  255.50   
supplies  500.00   
maintenance  2440.00   
Total:  13456.94   
     
Cost/ton (with subsidy)=  $56 
Cost/ton (without subsidy)=  $130 

Table 11: Cost analysis for scaleup Anaerobic Digester design

It is worthwhile to note that this cost analysis does not include the cost of harvest, nor of 

crushing the cattails before digestion.   

As was mentioned previously in the report, the municipality of Saint-Donat has already 

considered the disposal of the cattails via composting, incineration and external disposal. As a 

general comparison, the estimated cost of the former ranges between $130-200/ton and the latter 

at $150/ton with a transport distance of 70km offsite.  

The value of the digested cattails lies in their high content of nitrogen and phosphorus. The 

material would be an extremely useful soil amendment for farm land; however the Saint-Donat 

municipality is not situated near any commercial agriculture.  The potential economic value of 

the product could range from $20-30/ton when sold in bulk (Antler, 2000).  



Analysis of Disposal Options 
The municipality of Saint-Donat is searching for a disposal method for 300 tons of harvested 

cattail biomass per year. They desire a system that minimizes costs, while maintaining a high 

environmental integrity and potentially creating a valuable end-product. The appointed project 

manager for determining the best management strategy had previously determined three different 

disposal options. He then narrowed it down to the two most promising projects: composting and 

external disposal. This design report has analyzed a third option; that of an on-site, batch-fed 

anaerobic digester.  

Now that a potential scaled-up anaerobic digester has been designed, it must be quantitatively 

compared with the previously considered options in order to determine which is most the 

appropriate management solution. This goal can be achieved through the use of a system called a 

Multi-Criteria Decision Analysis or MCDA.   A set of criteria for this ranking system were 

devised based on the concerns and goals of the client. A table was then devised which gave a 

numerical value, ranging from 1 (worst) to 3 (best) for each potential project with respect to each 

criteria. The results of this are shown below in Table 6. The values X, Y and Z for each criteria 

represent the qualitative ranking for anaerobic digestion, composting and external disposal 

respectively. The f-value (ex: f(1)) represents a factor, or a coefficient, which will be assigned by 

the client themselves.  

Criterion/Strategy  Anaerobic 
Digestion 

Composting  External 
Disposal 

1. Legislation  f(1) * 3  f(1) * 1  f(1) * 3 
2. Cost/Ton  f(2) * 3  f(2) * 1  f(2) * 2 
3. Social 

Acceptability 
f(3) * 2  f(3) * 1  f(3) * 3 

4 Operational 
Requirements 

f(4) * 2  f(4) * 1  f(4) * 3 

5. Technological Risk  f(5) * 1  f(5) * 3  f(5) * 3 
6. Environmental 

Benefit 
f(6) * 3  f(6) * 2  f(6) * 1 

7. Maintenance 
Requirements 

f(7) * 1  f(7) * 2  f(7) * 3 

8. End Product  f(8) * 3  f(8) * 3  f(8) * 1 
Sum (n= 1,2,3…8)  ∑f(n)*X(n)  ∑f(n)*Y(n)  ∑f(n)*Z(n) 

Total:  Overall Ranking   Overall Ranking  Overall Ranking 
Table 12: Layout of MCDA Analysis of three cattail disposal options 



This f-value will be determined through consultation with the project manager in Saint-Donat. It 

represents a quantitative ranking of each criterion, which is given by their relative percentage of 

importance. For example, perhaps cost is the most important factor for the client – this could 

then be assigned 40% importance, or a factor of f(2) = 0.4. This value will then be multiplied by 

the qualitative factor associated with each option, giving that cell an overall value. Once each 

criterion has been valued in this way, the overall sum of the cells for the three disposal options 

can be calculated. This quantitative value is easily comparable and will determine which of the 

cattail disposal methods should be implemented.  

While this MCDA method has yet to be completed with the client, it seems reasonable to assume 

that the anaerobic digestion option described in this report is a strong contender for 

implementation for the town of Saint-Donat.  

Further Recommendations 

Further recommendations for work on this report include: 

 -The completion of the MCDA ranking method in order to determine a final option for the 

Saint-Donat municipality to implement.  

-Review of cost/ton economic analysis of the three options. The economic evaluation of the 

anaerobic digestion system does not include the cost of cattail harvest and crushing. It has 

recently come to light that this step has been considered in the evaluation of the previously 

reviewed options.   

-Conduct a second digestion experiment to be able to properly analyze the digestion rates of the 

cattails under the recommended operating conditions – ex: temperature - 35⁰C, residence time – 

45 days, no added water, 30% old to 70% new biomass etc. This will help to finalize the design 

parameters and to perhaps optimize the design to minimize costs.  

-Conduct public consultations with the residents of the town and other stakeholders. The 

implementation of a project such as this on the peninsula of the wetland will have an impact 

environmentally, socially and economically for the community. Having the input of these 

valuable points of view will help ease potential concerns about loss of public space and walking 

paths around the wetlands.  



-Determine valuable end-uses for the digested cattails. The effluent from a digester of this kind is 

very high in macro and micro nutrients. Residents or local businesses may wish to set up a 

location where this rich soil could be sold in bulk.  

-Review potential for monitoring and operational control of the anaerobic digester.  

Conclusion 
In conclusion, an anaerobic digestion system for the treatment of high macro-nutrient cattail 

biomass is a positive end-use for the 300 tons that will be harvested per year in Saint-Donat. It 

will eliminate concerns about legislative issues such as those that are associated with 

composting, while ensuring an environmentally friendly treatment process. The process will 

require virtually no external energy inputs, will cost approximately the same as the two 

previously considered treatment methods and will not produce any foul odors. While further 

work needs to be done to ascertain that the biomass will effectively digest, this report has 

detailed methods for appropriate installation and maintenance to help ensure that an optimal 

process can be designed and operated.  

 

It is hoped that this system will be considered by the town as a final treatment option for these 

cattails. Anaerobic digestion is an extremely well researched topic which has yet to be fully 

accepted by the public for waste treatment. Its benefits are many, and with the production of 

methane-based biogas it is energy efficient and self-sustaining. Given the potential for a 70% 

subsidy from the Quebec Government for the costs of installation, this project represents an 

extremely viable option for the town of Saint-Donat. 
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Appendix A ‐ Calculations 
Foundation  
 
The following calculations determin

=96m2 

ed the foundation dimensions: 
 

tion area = 8m*12mFounda
Total load = WL+CL+PS+F L 
where, 
Snow load= PS =Area * R Ce Is Cs Pg 

5psf or less R = roof snow factor (ratio of snow on ground) = 1.0 for ground snow pack at 1
e

 
C = exposure factor = 1.1 for tall tree area that allows drifting 
  s (Farm structures)

 gas is in the cover) 
Is   = importance factor = 0.8 for low occupancy building
s = slope factor: 1.0 for a slope of 0º (assume when no
g  
C
P  = 390 kg/m2 ground snow load from chart or table 

.4kN 
 
PS = 1*1.1*0.8*1*390 kg/m2*9.81m/s2*96m2=3
 

L =wall load= wall volume*concrete density*g 
 

W
      =(2*20m2+16m2)*0.10m*2432kg/m3*9.81m/s2=39kN 

L=cattails d 3 * 9.81m/s2=235kN 
 
C ensity * digester volume * g = 150 kg/m3 * 160 m

nsity*g 
 
 L= foundation load = area*thickness (t)*concrete deF
    = 96m2*t*2432kg/m3*9.81m/s2 = 2290(t) kN/m  

KN+2290(t)kN/m =277kN+2290(t)kN 
 
Total load = 3KN+39KN+235
 
Assuming clay soil of 48kPa 

/m)/48kPa=0 
 

2290(t)kN
7.7(t)m  

(277kN+
.8m2 = 4
=0.12m 
5
t
 
t=0.36m=14 inch, with a safety factor of 3 
 
 
 
 

 



Heating System  
 
igester  heating  requirements  depends  on  the  energy  needed  to  raise  the  temperature  of  the 
attails and heat losses through the walls, roof and floor.  
D
c
 

Heat Losses 
 
t‐Jovite tem

‐to) 
S perature was use to evaluate the heat losses  and by using the following formula: 
Q=UA(ti
 
where:  

flow 
 coefficient  

Q=heat 
U=thermal conductivity
A=area 
i =inside temperature 
o=outside temperature 
t
t
 

Heat Losses in April 

Component  Material  Area(A)  Outside 
Temperature(to) 

Heat 
Transfer 

Coefficient 
(U) 

Heat Loss(Q) 

Unit    m2  °C  W/m2°C  Btu/hr  kW 

Floor  36cm Concrete  96  13  0.12  882  0.26 
  250mm polystyrene            

Wall  10cm Concrete  68  7  0.13  842  0.25 

  250mm polystyrene           
Roof  40mm polyethene  

interpolymer alloy 
120  ‐18.5  0.57  10332  3.03 

  2.54cm polyethylene foam           
Total          12056  3.53 
Total 2 
digesters 

        24111  7.06 

Figure 11: Example of heat losses through the floor for the month of April 

 

 

 

 

 



Heat Losses Through Walls, Roof and Floor over the Year                 

    Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  total 
Heat Losses   BTU  1.9E+07  2E+07  2E+07  1E+07 1E+07 9E+06 8E+06 9E+06 1E+07  1E+07  1E+07 2E+07 2E+08

Table 13: Heat loss calculations for an entire year 

Heat required to raise the digester temperature 
 
he heat required to raise the temperature of the biomass form to t1 the desired temperature t2 can 

l la s g the following equation: 
T
be ca cu ted u in

 S (t1 ‐ t2) 
 
Q= Cp m
 
where:  

s) 
ry (taken as specific heat of water)  

Q=heat required (Watt
Cp=Specific heat of slur
m S=mass of the slurry 
ti =inside temperature 
to=outside temperature 
 

Piping and Pump 
 
Surface area of the heating pipe(Ap) for one digester can be found: 
 

(Up*(MTD)) 
2kW /(128.4 W/(m2*°C)*35°C)=5.55m2 

Ap=Qt/
    =24.9 
where, 
 
Up=heat transfer coefficient of heating pipe = 128.4 W/(m2*°C) 
 
To  find  the  mean  temperature  difference  (MTD),  we  need  to  add  the  temperature  difference 
etween the point the water enter the slab and when the heating water leaves it than you divide it b
by two: 
 
MTD=((75‐35)+(65‐35))/2=35°C 

or a surface of 11.0 m2 with a manifold diameter(dp) of 3/4’’. 
 
The pipe length(l) requires f
= Ap/(π*dp) L
  =5.55m2/(π*0.0191)=92m 
 
ssuming the  heat transfer efficiency of the heating pipe is 50% (Shahid, 1993), we need to double 
he length of the pipe required. Hence, the overall pipe length is 184m for one digester. 
A
t
 



A  solution  of  propylene  glycol  will  flow  through  PEX  tubing.  Propylene  glycol  has  a  lower  heat 
transfer than water and a higher viscosity which will raise pumping electricity cost. However, we 
have  to  design  the  digester  having  in  mind  failure  can  happen.  Hence,  a  50%  propylene  glycol 
ontent  having  a  freezing  point  of  ‐34°C  is  suggested.  The  flow  of  propylene  glycol  solution  for 

ed by: 
c
circulations in found
 
Qs = Qt/Cs(MTD)ρ  

e glycol solution=3.558 kJ/(kg*K)  
where, 
Cs=specific heat of 50%propylen 
 ρ=density (at 65°C) =985kg/m3 
 
Qs=(24.92kW/(3.558 kJ/(kg*K)* 35°C*985kg/m3) =203cm3/s=3gpm 

c   e 
 
Then  alculate the pump size needed by taking into account th head losses.  
 
otal  head  losses(ht)=  water  line  frictional  losses  +  high  of  the  digester  +  valve  +  viscosity                              

+ 
T
ht= (20  2 + 0.03+4.3) m=26.6 m   
 
o  find  the  viscosity  head  pressure,  the  following  table  (www.engineeringtoolbox.com) was  use, 
here the viscosity for a 50:50 propylene gycol solution is estimated to be 32 SSU.  

T
w
 

 
Figure 12: Viscosity Head Losses 



 
he  water  line  pressure  losses  were  find  with  the  data  of  PEX  manufacturer.  (ref: 

able.pdf
T
http://www.alliedpex.com/LITERATURES/PEX_Pressure_Drop_T ) 
 

g Power forPumpin  the pump can be calculated by this formula:   
P=Qs * ρ * ht *g /e 
here,  

 0
w
e= efficiency coefficient= .5 

=(203cm3/s *985kg/m3* 26.6m * 9.81m/s2)/0.5=104W=0.14hp 
 
P
 
F
 
or 2 digesters: 208W, 6gpm, 0.28hp 

Tank Size 
 

tank, we will assume we need 10 times more water than the water required 
993). 

To find the size of the 
to circulated (Shahid, 1
Tank capacity = 2 kg/s 
 

http://www.alliedpex.com/LITERATURES/PEX_Pressure_Drop_Table.pdf
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