BioStuff Corporation 
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Executive Summary

This feasibility study will determine the financial viability of operating a hog manure biodigester in Saskatchewan. 

SaskPower is a crown corporation owned by the Government of Saskatchewan.  They are a potential purchaser of environmentally friendly energy from biogas produced in a hog manure biodigester, and have expressed interest in the potential of an alternative source of power.  If this project proves to produce excess energy, SaskPower is willing to purchase that energy.  

Introduction 

As intensive swine operations around the world are attempting to increase in numbers they are faced with the problem of manure management. Furthermore, many existing hog barns are faced with the three important problems. Firstly the problem of how to manage manure slurry produced as a by-product of growing hogs. Secondly, the disposal of manure, normally accomplished by spreading on farmland, is becoming difficult due to minimal available land. Farmland is no longer utilize the nutrients present in these vast amounts of manure as large quantities have previously been spread on land surrounding intensive operations. As the land becomes more saturated with nutrients the risk of ground water contamination increases substantially. Finally, communities are beginning to object to the expansion of hog barns because of odor issues associated with slurry lagoons and the risk of ground water contamination.


In Denmark, technology has been developed to decrease these concerns. The Folkecenter for Renewable Resources has developed a biodigester that removes biogas through anaerobic digestion. Biogas consists of several different gases, which include ammonia and methane, both odor-producing compounds in excrement. Biogas is then combusted to produce energy and heat either in a combined heat and power unit (CHP) or a boiler. The electricity and heat are then sold to back to the pig barns. The liquid portion of the slurry is passed through a biofilter, which separates the solid particles from the liquid portion of the slurry, of which the liquid portion is sold as irrigation to local farmers and the solid portion as fertilizer to a local contractor.  


Although this technology is used exclusively in Europe at this time, BioStuff is proposing to set up and examine the feasibility of a biodigester in Saskatchewan. 

Operations Plan

BioStuff will locate the first digester Ogema, Saskatchewan, where BigSky Ltd. has 11,000 porkers. This location will provide BioStuff with 93.5m3 per day or 34,128 m3 per year of slurry. This location was also chosen due to the high concentration of swine, the irrigation capabilities of the area, and the close proximately to large cities.  

BioStuff has selected technology that is produced and tested by the Folkecenter for Renewable Energy in Denmark. This technology was selected due to its simplicity and the fact that several parts could be manufactured in Canada, which would decrease transportation costs. Secondly, as several parts of the digester can be manufactured in Canada, Canadian companies will benefit by participating in this groundbreaking venture and the possibility of expanding to new markets. Furthermore, any maintenance or repair required can be easily accomplished by the manufacturer of the biodigester, it they are a local company. 

Figure 1 shows the BioStuff building layout. BioStuff has chosen to place the digester tanks inside a building so as to decrease the effects of Saskatchewan winters. In order for proper microbial digestion, the slurry in the tanks must remain at 70°C. To maintain this temperature during a cold spell of  –40°C would require vast amounts of energy, which would decrease the amount of energy BioStuff could sell.
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1) Technical Building- control room, show room, laboratory

2) Technical building, 

co-generation plant and boilers

3) 300m3 Digesters

4) 30m3 mixing tank

5) 78m3 pretank

6) Sulfur cleaning system

7) Condensate separation

8) Air pump

9) Gas holder
10) Bio filter
11) Fertilizer Tank

12) Digester Building

13) Water removal press

Figure 1. The building layout plan

Producing biogas and then electricity, heat, and water from slurry involve several steps. Figure 2 gives a diagram and explanation of the physical product flow. 


Figure 2. Physical product flow of biodigester procedure

Step A.  Each day 93.5 m3 will be transfer from the barn to the outside storage tank were it is stirred to obtain a homogenous solution and prevent freezing in winter. 

Step B. As needed the slurry is then transferred to one of the three premixing tanks (shown as a single tank) for mixing and heating to 70(C. 

Step C.  Once heated the slurry is transferred into the digester tanks for digesting where the biogas (Step D) and slurry portion (Step G) are separated. This process is aided by the 2( slope of the tanks and takes approximately 14 days. 

Step D. The Biogas is then transferred (via negative pressure) to either the storage tank (not shown) or the CHP unit (Step E). 

Step E. Before combustion in the CHP the biogas is combined with 5% diesel fuel for better ignition and more efficiency, this produces heat and electricity (Step F).  

Step F. The excess energy that is produced is sold back to the grid while heat that is not used by the digesters is sold to the barn for heating.

Step G. Once digested the slurry is removed from the tanks using simple over flow principles and transferred through a sulfur filter and to the biofilter (Step H). 

Step H. The biofilter separates the fertilizer (Step I) and the liquid (Step L) portion.

Step I. Included for future reference. The fertilizer portion (~15% moisture) is then pressed to remove any excess moisture (Step J), this should allow easier transport as the pressed fertilizer should have approximately 7% moisture. 

Step J.   Excess water is returned to the biofilter (Step H) to remove any sediment. 

Step K. The dried fertilizer is then stored for seven days and sold to a contractor.

Step L.  After the water is removed by the biofilter it is piped to a holding pond.  

Step M. The holding pond is rich in nitrogen fixing ribosomes that convert the unusable nitrogen to a form usable to plants. 

Step N. Once the water has passed through the holding pond it is stored in the 65,000 m3 wetland area before it is sold to farmers as irrigation. 

Biodigester Equipment

Pre-mixing tank and mixing tank


There are two holding tanks used for storage, heating and stirring of the slurry before it is inserted into the larger digesting tanks. The largest tank is located outside the building and has only a stirring mechanism with no supplied heat. There is no need for additional heat since the slurry remains outside for a short period, and will contain enough heat to prevent freezing. The second tank is located on the inside of the building and is used to stir and heat the slurry to a temperature of 70°C.

The Digester Tanks


There are three 24 m X 4.2 m digester tanks, each with a capacity of 300m3 for a total capacity of 900m3. Within each tank there is an agitator to ensure a homogenous solution and suspend any sediment within the solution. Each tank is placed on piles that slope the digesters at a 3° slope that allows the biogas to rise to one end where it can be collected and be transferred to the Combined Heat and Power Unit (CHP). Once the tank is full, slurry is removed by over-flow principles, where it is transferred to the biofilter. The entire digestion process takes approximately 14 days. 

The Combined Heat and Power units (CHP)


There are two CHP units, one that runs strictly one 75kWel/122kWheat and the other of 110kWel/178kWheat capacity. Each unit is a simple internal combustion tractor motor, which is familiar to most farmers, as well as relatively inexpensive to replace. Each motor can be operated on both diesel and biogas, which ensures power at all times, even in such a situation where biogas production is halted (which is unlikely). Before combustion, biogas is infused with 5% diesel fuel, which will increase the output of the power from 5% to 100% of normal capacity (Anso et. al., 2000). 

The Boiler units      

There are two boiler units, each of 300kW capacity. One boiler is equipped with a gas burner, which utilizes the excess biogas that the CHP units are unable to manage. This boiler is able to utilize the full capacity of biogas when the CHP units are down for maintenance. The second boiler utilizes oil burners to heat the coolant. This boiler is used to maintain the temperature in the digesters during the start up process. Once the digester is running there is the possibility of converting this second oil boiler to a biogas boiler as well. However, if there were ever a malfunction in the system, this boiler would be converted back to an oil-burning unit. 

Heat system 

The original digesters use a waterborne heating system. However, as BioStuff is dealing with colder temperatures than the digester was initially planned for, BioStuff has selected antifreeze as the heat transfer medium. The heat from these units is used to heat the technical buildings, the digester buildings and the tanks. Any excess heat can then be sold to the pig barn in winter or released into the atmosphere in the summer.  However, the majority of heat will be used to heat the pre-mixing tanks.   

The Technical Buildings

Located outside the main digester building are two triangular buildings.  These buildings contain the CHP units, boilers, technical equipment, as well as office space and conference areas. These buildings are designed to attract attention to the digesters, and hopefully increase awareness of the entire digester program. The CHP units and the boilers will provide heat and electricity for these buildings as well as the main digester building. 

Biofilter

The biofilter is going to be an AFM Stainless Steel Pressure Filter provided by Dryden Aqua Ltd. out of Butlerfield, Scotland. This filter will separate the liquid portion from the solids, which will remain with moisture content of approximately 7%. This biofilter was chosen because the biofilter’s optimum pressure is between 25-50 pounds per square inch (PSI), which is relatively low compared to some competitors and allows a more efficient system. As the filter uses low PSI, there will be no need to pressurize the slurry pipes before passing through the biofilter.

Fertilizer Tank

The fertilizer tank is a modified hopper bottom bin that stores one week of fertilizer production. In trying to transport this fertilizer from the bin to a transport medium (truck, or tub), a traditional spiral augur would become plugged. Therefore, BioStuff has opted to use a conveyor system. This method involves placing the material on a conveyor belt for transport. The hopper bottom bin will be modified so that the fertilizer will flow on to the conveyer belt easily in order to be removed from the building, where it can be collected and transported from the digester.

Water Handling 


Once water has passed through the biofilter it will be free of sediment, but high in nitrogen compounds. BioStuff is proposing to design a series of water holding ponds that are rich in plant species and nitrogen fixing ribosomes. The ribosomes then transform the nitrogen into a form that can be used by plant species. After passing through the ribosome rich pond water can be transferred into a larger pond, where it would be held until local farmers could make use of it as irrigation. These ponds are a joint venture between the PFRA, Ducks Unlimited Canada and BioStuff. 

Capacity Limits 


Table 1 shows the amount of products that are produced in a day, month and year. Table 2 shows the estimated length of storage as well as the storage capacity for water and fertilizer. 

Table 1.  Quantity produced in a Unit of time by BioStuff

	Unit of Time
	Energy

 (kWh)
	Heat

(kWh)
	Fertilizer

(m3)
	Water

(m3)

	Per m3 of slurry
	40
	70
	.15
	.85

	Per Day
	3,740
	6,545
	14.03
	79.48

	Per Month
	112,200
	196,350
	421
	2,384

	Per Year
	1,365,100
	2,388,925
	5,119
	29,008


Table 2. Maximum length and the storage capacity of BioStuff

	Product
	Storage Capacity
	Maximum length of storage

	Fertilizer 
	1252 m3
	7 days

	Water 
	65,000 m3
	8 months 


Operating Expenses


Table 3 shows the operating expenses.

Table 3. Operating Expenses

	Year
	2000
	2005
	2009
	

	Telephone
	6,000 
	6,956 
	7,829 
	Will be calling overseas

	Salaries
	65,000 
	75,353 
	84,810 
	General Managers Salary

	Benefits
	5,731 
	6,590 
	7,375 
	For General Manager

	Marketing
	5,000 
	0 
	0 
	To set-up contracts

	Administration
	250 
	290 
	326 
	

	Start-up Costs
	10,000 
	0 
	0 
	Includes incorporation fees

	Interest LT Debt
	82,212 
	50,719 
	12,163 
	

	Total Operating Expense
	$174,193
	$139,908
	$112,504
	


Capital Expenses

Table 4 shows the capital expenses. 

Table 4. Capital Expenses

	Equipment
	Cost ($)
	Place of Origin

	Biodigester 

· CHP

· Boilers 

Monitoring equipment
	794,396


	Denmark



	Digester tanks 
	150,000
	Nisku, Alberta 

	Fertilizer tanks
	6,100
	Saskatoon, Sask.

	BioFilter 
	10,000
	Butlerfeild, Scotland

	Land Purchases (20 Acres)
	10,000 
	Ogema, Sask.

	Building Costs
	125,000
	Private contractor, Sask.

	Irrigation pump 
	5,000
	Outlook, Sask.

	Piping
	24,955
	Various Sites in Sask. 

	Conveyor belts 
	4,000
	Saskatoon, Sask.

	
	
	

	Total
	$1,174,451 
	


The Marketing Plan 

BioStuff Corporation will market four products and one service.  The products include fertilizer, water, heat and electricity.  The service provided is one of manure management.  The products and the service will be collectively marketed under the label of GreenStuff.  


The fertilizer is the product likely to be most profitable.  The problem that arises is a lack of information.  Very little published information is available to support any conclusions as to the ideal method in which to market organic fertilizer.  BioStuff will sell the fertilizer on a contract basis to established fertilizer companies.  Some literature suggests that processing of such fertilizer would be highly profitable.


Water from the digestion process will be sold for irrigation purposes, also on a contract basis, to farmers surrounding the BioStuff site.  Currently the sole provider for irrigation water in Saskatchewan is SaskWater, a provincial crown corporation.  


Heat and electricity will be sold to the barn.  The excess power will be sold to SaskPower for incorporation into the existing local grid.  Both these products will be sold on a contract basis.


The waste management service will be sold on a contract basis to the barn for the cost equivalent of conventional manure management.  BioStuff will provide an environmentally friendly alternative to current manure management practices. 

The Human Resource Plan

Biostuff will have two employees: the general/marketing manager and a maintenance technician with an engineering degree and a journeyman electrician status respectively. The manager will be responsible for overseeing the smooth operation of Biostuff, administrating sales contracts, maintaining records as well as performing other administrative duties. The maintenance technician will be responsible for testing and maintaining plant equipment. The annual salary is $65,000 and $35,000 for the manager and the maintenance technician respectively. The benefits package is comprised of Employment Insurance (EI), Canadian Pensions Plan (CPP), Workers’ Compensation and Blue ChoiceHealth Insurance package from the Saskatchewan Blue Cross.

The Financial Plan

BioStuff will have two sources of financing.  Class A shares will be offered to the founding members, community people, and the hog barn.  The Farm Credit Corporation will provide debt financing and the Royal Bank will extend an operating line of credit.

The base case prices energy (power) at $0.10/kWh; fertilizer at $10.00/m3; manure removal service at $2.20/m3; heat at $0.03/kWh; and water at $3,325/pivot.  All quantities produced are to be sold.  Results are: 

	Net Present Value
	
	
	 $     6,311 

	Internal Rate of Return
	
	15.3%


	
	2000
	2005
	2009

	Net Cash Flows to Equity $
	     (22,580)
	      71,625 
	      (1,766)

	Net Income $
	(77,779)
	87,042 
	2,004 

	Energy – Sold(kWh)
	 1,009,825 
	 1,339,100 
	 1,339,100 

	    - Price $/kWh
	0.10
	0.12
	0.13

	Fertilizer - Sold(m3)
	       3,794 
	       5,119 
	       5,119 

	    - Price $/m3
	10.00
	11.59
	13.05

	Service – Sold(m3)
	      25,896 
	      34,128 
	      34,128 

	    - Price $/m3
	2.20
	2.31
	2.41

	Heat – Sold(kWh)
	1,024,694
	1,600,925
	1,600,925

	    - Price $/kWh
	0.03
	0.03
	0.04

	Water – Sold(pivot)
	10
	16
	17

	    - Price $/pivot
	3,325
	3,325
	3,325


In order to determine a best case scenario the selling prices were changed to reflect the upper limit of the available selling range.  Energy is priced at $0.15/kWh; fertilizer is  $30.00/m3; and heat is priced at $0.10/kWh. The manure removal service and water for pivots remained the same price as the base.

	Net Present Value
	
	
	 $1,097,038 

	Internal Rate of Return
	
	63.3%


	
	2000
	2005
	2009

	Net Cash Flows to Equity $
	    133,822 
	      (9,153)
	       3,543 

	Net Income $
	94,904 
	315,285 
	410,757 

	Energy – Sold(kWh)
	 1,009,825 
	 1,339,100 
	 1,339,100 

	    - Price $/kWh
	0.15
	0.17
	0.20

	Fertilizer – Sold(m3)
	       3,794 
	       5,119 
	       5,119 

	    - Price $/m3
	30.00
	34.78
	39.14

	Service – Sold(m3)
	      25,896 
	      34,128 
	      34,128 

	    - Price $/m3
	2.20
	2.31
	2.41

	Heat – Sold(kWh)
	1,024,694
	1,600,925
	1,600,925

	    - Price $/kWh
	0.10
	0.12
	0.13

	Water – Sold(pivot)
	10
	16
	17

	    - Price $/pivot
	3,325
	3,325
	3,325


If the market has difficulty absorbing the quantities of the products the price will decrease as a reflection.  In the worst case, selling prices have decreased energy to $0.02/kWh, fertilizer to $2.00/m3 and manure removal service to $2.00/m3. The price per pivot for water will remain the same and heat is given away.  This case assumes that all quantities are sold.

	Net Present Value
	
	
	 $(1,010,394)

	Internal Rate of Return
	
	unmeasurable


	
	2000
	2005
	2009

	Net Cash Flows to Equity $
	   (157,549)
	   (144,496)
	   (145,813)

	Net Income $
	(224,835)
	(129,630)
	(59,328)

	Energy – Sold(kWh)
	 1,009,825 
	 1,339,100 
	 1,339,100 

	    - Price $/kWh
	0.02
	0.02
	0.03

	Fertilizer – Sold(m3)
	       3,794 
	       5,119 
	       5,119 

	    - Price $/m3
	2.00
	2.32
	2.61

	Service – Sold(m3)
	      25,896 
	      34,128 
	      34,128 

	    - Price $/m3
	2.00
	2.10
	2.19

	Heat – Sold(kWh)
	1,024,694
	1,600,925
	1,600,925

	    - Price $/kWh
	-
	-
	-

	Water – Sold(pivot)
	10
	16
	17

	    - Price $/pivot
	3,325
	3,325
	3,325


With such a large loss conceivable prices and quantities, of products, will be negotiated before construction.  These contracts will assist in ensuring this worst case does not occur.  If problems arise, diversifying in order to process other commodities such as cattle and chicken manure, or look at ways of increasing revenues by making a more value-added end product are options.


The critical factors for BioStuff to operate are the selling price of products and the ability to sell all products produced.   The single determinant is the supply of slurry from the hog barn, without a constant supply of slurry the biodigester does not operate, no operation, results in no products or business. 

The dividend policy states that once cash levels exceed $200,000, dividends will be paid to shareholders of Class A shares. 

A net income break-even point for each year was found and the results indicate that the selling prices for energy can drop 14% and heat can drop to zero before BioStuff will no longer return a positive net income. However, heat services and water cannot fall at all.  The cash flow after taxes break-even analysis indicates selling energy and heat for one cent higher in the first year will allow heat to be given away for each year after and the selling price of energy will lower.  The economic break-even indicates the minimum selling prices BioStuff can withstand before it can no longer return an economic profit. An economic profit is defined as the returns above all direct costs and opportunity costs.

Conclusions and Recommendations

Over the course of this project, BioStuff has run into several items that are viewed as a cause for concern in building a biodigester in Saskatchewan.  

First of all, much of the information regarding technology for this system can only be found in other countries.  Not a lot of research regarding the feasibility of biodigesters has been done, especially in Saskatchewan.  Thus, this will be a new venture and will have problems associated with any new venture.  Technology transfer and employee training will be a major hurdle to overcome.  

Secondly, when regarding the final products, BioStuff did a risk analysis on each product and found that with the elimination of the product, the venture was not feasible.  While no real problems are anticipated with the technology or the delivery of the raw slurry, it is a mechanical process and may at some time fail.  This would result in serious consequences to the economic profits of the business. 

Thirdly, BioStuff had problems locating a viable partner to market the final fertilizer product.  BioStuff suspects that Saskatchewan is too small of a market for the bulk of fertilizer intended for market.  As a result, it would have to be marketed elsewhere and this could incur large costs, making the project less profitable.  

BioStuff would recommend:

1) That more research into the technology of biodigesters be done in order to have a system that is guaranteed to produce desired outputs.  

2) That further market analysis is required to determine that there is a guaranteed need for the final products, especially fertilizer.
3)  That there are long-term contracts in place for each output to guarantee markets
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