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ABSTRACT

Wasylyniuk, Chad R., M.Sc. University of Saskatchewan, Saskatoon, May 2003.
International environmental regulations, domestic policy and the Saskatchewan beef

feeding industry.
Supervisor: William A. Kerr

This thesis is based on the ideas for beef supply chains envisioned by the creators

of Canada's new Agricultural Policy Framework (APF). These supply chains will be

designed to guarantee food safety and food that is produced in an environmentally

responsible manner. An ex ante monitoring system and a labeling system are needed for

the supply chain to achieve this goal. This thesis examined these possibilities for one

link of Canada's beef supply chain, the feedlot sector.

Four environmental standards were proposed for three different sized feedlots

(10,000, 20,000, and 30,000 head). All of the scenarios had to adhere to provincial

regulations and include ex ante monitoring. Environmentally responsible technologies

were explored. Manure composting and engineered wetland establishment were some of

the processes that were implemented into a feedlot's operations.

The presence of an environmentally responsible price premium for beef was

considered. The results indicate that the premium was the most critical variable in the

analysis. If the premium exists (1.6% per hundredweight) then it will more than

compensate for any of the proposed environmental standards. As feedlot size increased,

the benefits of implementing environmentally responsible technologies also increased.

There were economic benefits to adopting environmentally responsible technologies

even in the absence of an environmentally responsible price premium if mature manure

markets have been developed.
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1. INTRODUCTION

1.1 General Problem

The Draft Ministerial Declaration produced from the World Trade Organization

(WTO) Fourth Ministerial Conference (November 2001) in Doha, Qatar provided

important commitments. For the first time the environment is listed on the Declaration

(Bridges, 2001). Under paragraph 32 the member states have instructed the Committee

on Trade and Environment (CTE) to pursue negotiations on "labeling requirements for

environmental purposes" (WTO, 2001). The WTO is responding to the desires of

members to have the environmental issue examined. The Committee is to provide

recommendations regarding environmental labels at the next ministerial conference. It

is unclear, as of yet, how this may involve agriculture.

In the case of agriculture, listing environmental attributes on a product label

could mean that information regarding production and processing methods (PPMs) are

being conveyed to consumers. An environmentally friendly product attribute is a

credence attribute where consumers cannot detect before purchase, or after consumption,

if the product contained the attribute (Hobbs, 2001). The only method to convey the

environmentally friendly product attribute is through the label.

The WTO is not opposed to a product label indicating PPMs, as was evidenced

in the dolphin-tuna case (Golan, Kuchler, and Mitchell, 2000). However, the WTO is

very unlikely to allow trade restrictions based on PPMs (Isaac, 2001). Article III of the

1



General Agreement on Tariffs and Trade (GATT) requires identical treatment for "like"

products. A credence attribute either does not physically alter the product or, if it does,

in ways that cannot be detected. The WTO has ruled that PPM labeled products and

non-labeled products are "like" products (Bureau and Jones, 2000).

The Technical Barriers to Trade (TBT) agreement applies to food items that do

not fall under the Sanitary and Phytosanitary (SPS) agreement. The SPS agreement is

designed to protect human, plant, and animal health of the importing nation. Only the

TBT agreement will apply to environmentally friendly food products because only the

environment in the exporting country is affected by PPMs. According to Bureau and

Jones (2000) the TBT agreement is unlikely to recognize a product's environmental

PPMs to distinguish it from other products'. However consumers are demanding more

information about the goods and services they consume. The TBT Committee has

begun the process of revisiting and negotiating product differentiation rules based on

PPMs (WTO, 2002).

Coinciding with this debate is the Canadian government's new Agricultural

Policy Framework (APF) which is to be implemented between 2003 and 2008. The new

policy has five pillars; business risk management, renewal, food safety and quality, the

environment, and science and innovation. It is the federal government's goal to

internationally brand Canada's food products as high quality and safe using

environmentally responsible production practices. The government hopes to increase

1 "Members shall ensure that in respect of technical regulations, products imported from
the territory of any Member shall be accorded treatment no less favourable than that
accorded to like products of national origin and to like products originating in any other

country" (Article 2.1, TBT, 1994).
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market access and create market premiums by capitalizing on the attributes of the

Canadian brand. The environment pillar seems to be market driven as the APF

proposals state that all environmental farm plans are voluntary with a goal to market

environmentally responsible production practices (Agriculture and Agri-food Canada,

2002). However there is discussion that the five APF pillars might be linked. For

example, a producer may have to develop an environmental farm plan in order to

participate in risk management programs. There are many questions to be answered in

regard to branding or labeling Canadian food products as environmentally responsible.

1.2 Specific Problem

The current international discussion surrounding environmentally responsible

agricultural production has the potential to affect Saskatchewan beef market access to

foreign markets. It could reduce market access if Canadian agricultural producers do not

take the initiative to establish agricultural environmental management systems (EMSi.

In some cases, the establishment of an agricultural EMS may simply entail the ability to

label and verify the production practices currently in use. Increasing global

environmentally responsible agricultural production also has the potential to increase

market access and provide premiums for Canadian beef. The Canadian beef industry

has the ability to acquire technology to establish supply chains that provide detailed

environmental information to consumers. This allows for differentiated beef markets.

The establishment of an agricultural EMS would require feedlot operators to

incur costs to improve the local environment. Foreign eco-consumers who are willing to

2 An EMS is a planned approach for a farm or business to manage its impacts on the
environment (Castelnuovo, 1999).
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pay for the existence value' of environmentally responsible products would compensate

to some degree, the costs of improving the local environment. The combination of

market premiums and an agricultural EMS should lead to a cleaner environment.

A certain threshold of eco-consumer demand will provide an incentive for

livestock producers to incur costs to establish agricultural EMS. Foreign market

premiums or signals, however, may not encourage livestock producers to establish

agricultural EMS that meet local citizens' expectations for their environment. A free

rider problem exists. Local citizens receive the physical environmental benefits while

foreign consumers pay for those benefits. Foreign eco-consumers do receive satisfaction

from purchasing the environmentally responsible beefproducts but they do not directly

benefit. Due to these discrepancies it is necessary for regional governments to develop

regulations that are a direct result of citizens' preferences for their environment.

Despite the current refusal of the WTO to recognize PPMs, they may be included

in international trade and environmental agreements in the future. This is due to

consumers demanding to know the PPMs for the products they consume and to

discipline any PPM requirements from importing nations that are protectionist. It is

important that the international community trusts Canada's environmental policy

towards its agriculture. Additionally it is important for Canada to have input into any

new international environmental rules for agriculture that may be established. This will

allow Canadian beef exports to increase and diversify international market access.

3 In some cases, such as the preservation of the environment, individuals may be willing
to indirectly pay for the existence of a good such as clean water that they will never

consume through the purchase of environmentally responsible beef. These individuals
derive utility from the fact that they know they are contributing to the protection of clean
water in the environment by purchasing environmentally responsible beef even if they
do not consume the clean water in the local area.
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If a pro-active approach in developing international agri-environmental standards

is not taken it could result in regulatory costs that exceed both market premiums and the

societal environmental benefits for Saskatchewan's exportable beef production.

Potential international environmental standards may not conform to consumer

expectations and could potentially destroy existing export markets. For example, if the

standard's term for "natural beef' does not meet consumers' expectations of "natural

beef' then it is conceivable that consumers will refuse to purchase "natural beef"

The focus of this thesis is on Saskatchewan cattle feedlots proposed for

construction. The sizes of these feedlots are in the 10,000 to 30,000 head range.

Currently, intensive livestock operations (lLOs) have been the focus of much

environmental regulatory debate. It is likely that cattle feedlots will be affected to a

considerable degree by any international environmental standards due to their

environmental impact and intensity of production. Additionally, Saskatchewan's feedlot

industry is just beginning to expand so it is important that any international

environmental standards are adhered to during feedlot construction.

A basic understanding of the benefits and costs of any potential international

agri-environmental standards for beefproduction is required for this project. Four

possible environmental standards will be examined in order to compare environmental

regulatory compliance costs. These environmental compliance costs will then be

compared to environmentally responsible beef markets to find if it is preferable to

comply with a proposed environmental standard.
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1.3 Objectives

The primary objective of this thesis is to compare the costs and benefits for

Saskatchewan's feedlots associated with adhering to a future international environmental

standard for beef production. The specific objectives are to:

1. Examine the International Organization for Standardization (ISO) 14000

certified environmental management systems and various environmental

regulations with respect to beefproduction.

2. Calculate the change in capital, operating, and monitoring costs for proposed

Saskatchewan feedlots in the 10,000 to 30,000 head range required to comply

with a single environmental standard for beef production.

3. Assess these costs against available data for environmentally responsible beef

premiums.

1.4 Geographical Focus of Study

In order to decide which regions to examine to determine a single international

environmental standard for beef production, two criteria are established. The region has

to meet both criteria to be included in the study. The first criterion is that the region

must be wealthy, as wealthy regions of the world demand environmental information.

Secondly, these wealthy regions must have an effect on the Saskatchewan beef industry.

To have an effect on the Saskatchewan beef industry, these regions have to demand

Saskatchewan beef products andlor these regions compete or complement the

Saskatchewan beef industry. For example, the United States provides competition for

Saskatchewan beef and its consumers purchase Saskatchewan beef.
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Alberta meets the above criteria because it complements Saskatchewan's beef

industry through feeding capacity and packing facilities. Alberta's physical environment

is very similar to Saskatchewan although its livestock density is far greater and therefore

there is a need for more rigorous environmental regulation. Alberta had 2.5 million

slaughter cattle in 2000 compared to only 177,200 slaughter cattle in Saskatchewan

(Alberta Agriculture, Food, and Rural Development (AAFRD), 2001).

The United States (US) imports Saskatchewan beef. The US consumes 25.6% of

the world's beef, the highest level for an individual country in the world (AAFRD,

2001). Additionally, 80% of Canadian beef exports were to the US in 2001 (Statistics

Canada, 2002 and AAFRD, 2001). The US is a net importer of beef by volume.

Minnesota and Colorado are the focus in this thesis. Minnesota meets the criteria at the

beginning of this section because its climate has some similarities to Saskatchewan.

This state has some of the most stringent environmental regulations in the US. Colorado

is the fourth largest beef producing state in the US and its environmental regulations are

less stringent than Minnesota's regulations. This allows for a comparison between two

regions in the US.

The European Union (EU) meets the criteria at the beginning of this section for

two reasons. Their citizens probably demand the highest level of environmental

protection in the world. Secondly, the EU is a potential market for Saskatchewan beef

exports. Many issues must be resolved before this becomes a reality. Animal density in

the EU is much higher than Saskatchewan and the EU Nitrate Directive is placing

constraints on animal production. The EU is relatively wealthy and it will expand

eastward in the future (Gaisford and Kerr, 2001). The EU is also an important, albeit,
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subsidized, exporter that competes in potential international markets for Canadian beef.

This region is likely to pursue an international environmental standard that reflect its

domestic initiatives.

Australia also meets the criteria at the beginning of this section. Australia is in

competition with Saskatchewan for global beef exports. Currently, Australia is finishing

only 570,000 head in intensive livestock operations but this number is rapidly growing.

Despite this statistic, Australia is already the largest beef exporting country in the world

by volume with 22% of all beef exports (AAFRD, 2001). Australia's export growth will

continue with its expansion of the feedlot industry. Due to Australia's significant

exports, it has developed quality assurance systems for its beef products to satisfy

international demand (Lawrence, 2002). Australia is explored in this thesis due to its

growing ability to differentiate its beefproducts.

The next chapter details environmental regulations that apply to beef production

around the world. Chapter Two also examines various private environmental

management systems. These environmental management systems are generally

voluntary. The following literature review was undertaken in order to inform and

facilitate the design of several hypothetical environmental standards for beef production

in Chapter Four.

8



2. A LITERATURE REVIEW - ENVIRONMENTAL REGULATIONS AND

STANDARDS FOR LIVESTOCK OPERATIONS

2.1 Introduction

This chapter details current intensive livestock operation (1LO) environmental

regulations for the regions chosen for this study. Wealthy regions have been chosen

because their citizens demand environmental protection. Additionally, the wealthy

regions studied provide beef marketing opportunities for Saskatchewan (European

Union and the United States'), beef competition (Australia), and regions that

complement Saskatchewan's beef industry (Alberta). Industry driven environmental

management systems in these regions are also explored. Environmental management

systems are based on existing environmental regulations in a region so both systems

must be examined. Environmental regulations become law at the state and provincial

levels with the exception of the European Union.

2.2 Saskatchewan's Environmental Regulations for ILOs

2.2.1 Background

In Saskatchewan, a livestock operation may legally become an ILO when the

stocking density is less than 370m2 per animal unit if it meets certain other criteria. The

1 The EU and the US are also competing with Canada for beef export share. The US is
the global leader in beef exports by value (AAFRD, 2001). The EU exports some beef

production largely due to the financial supports in the Common Agricultural Policy.
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ILO permit from Saskatchewan Agriculture, Food and Rural Revitalization (SAFRR) is

only required if the maximum stocking density is in conjunction with one of the

following three criteria. Firstly, a permit is required if the livestock operation has three

hundred or more animal units (See Table 2.1). Secondly, an operation between twenty

and three hundred animal units near an environmentally sensitive area will also require a

SAFRR permit. Thirdly, any operation with an earthen manure storage area or lagoon

also requires a SAFRR permit. A permit may also be required from the rural

municipality (RM) if the RM has developed land use regulations in its area (Annand,

2001). Animal unit values vary between different species as is referenced in Table 2.1.

Table 2.1 - Selected animal units - Saskatchewan

Type of animal Number of head that

equals one animal unit
1. Poultry
a) Hens, cockerels, capons
b) Chicks, broiler chickens

c) Turkeys,geese,ducks

100.0
200.0
50.0

2. Hogs
a) Boars or sows

b) Gilts

c) Feeder pigs
d) Weanling pigs

3.0
4.0
6.0
20.0

3. Cattle

a) Cows or bulls

b) Feeder cattle

c) Replacement heifers

d) Calves

1.0
1.5
2.0
4.0

Source: Saskatchewan Queen's Printer, 1995b.

The Agricultural Operations Act (Saskatchewan Queen's Printer, 1995a) governs

all ILOs. The Act requires SAFRR to regulate ILOs to preserve soil, air and water
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quality (SAFRR, 1998). The Act maintains these quality standards by requiring

management plans for two major aspects of management; manure storage and disposal.

ILOs are protected under "the right to farm" provisions in the Agricultural

Operations Act with respect to nuisance claims such as odour and noise. The

Agricultural Operations Review Board examines any complaint and if the board deems

the operation to be operating under "normally accepted" agricultural practices the

complaint will not be upheld in court. An ILO cannot be charged under The Clean Air

Act but it is subject to private liability claims from neighbours.

The rural municipality (RM) requires a permit if the RM has land use regulations

under The Planning and Development Act. The regulations detail where ILOs can be

built in the RM. It allows the RM's inhabitants to raise any concerns about the ILO

before it is built. SAFRR does not require a minimum distance between the general

public and ILOs; this is controlled by the municipality. SAFRR only has recommended

distances that it publishes.

2.2.2 Manure storage and manure management

The required manure storage plan is based on several items. The physical

dimensions of the effluent' storage pond must be declared. Storage ponds may be

natural ponds in low-lying areas or they may have to be constructed and lined with

materials so as to prevent seepage. This determination is largely site specific, dependent

upon geology, soil, and groundwater conditions and is determined by a professional

engineer. The natural topography of the land is very important in determining storage

2
Liquid effluent is collected into storage ponds through drainage or runoff from the

feedlot. Liquid effluent accumulates in the storage pond.
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requirements. A soil analysis must be performed and records regarding water wells,

water table depth, and monitoring programs must be maintained. For operations with

more than one thousand animal units, SAFRR requires that storage facilities should be

able to store up to four hundred days of manure so to encourage manure spreading once

a year during the summer months.

The manure management plan regulates the spreading of manure on the land.

The requirement is that the amount of manure spread is equal to crop nutrient

requirements (SAFRR, 2000). A soil analysis is not required to meet these

requirements'. Written agreements are required for manure spread on lands not

controlled by the operator. The frequency, intensity, duration, and method of manure

application must also be declared (CSALE, 1996). The management plan must also

estimate the degree of offensiveness of the manure to the general public in the area

where the manure is to be spread. If heightened environmental concerns exist, the

manure management plan may state that manure must be spread below crop nutrient

requirement levels. There is no ongoing monitoring of manure-spread land by SAFRR.

2.2.3 Increased regulation for large ILOs

SAFRR will work with Saskatchewan Environment and Resource Management

(SERM) to assess any application with more than one thousand animal units (SAFRR

and SERM, 2001). SERM examines every operation of this size to find if the operation

meets the definition of "development" in the Environmental Assessment Act (EAA)

(Saskatchewan Queen's Printer, 1980). If the operation meets the "development"

definition it will be subject to the EAA. In order to determine this SERM will evaluate

3 Karen Bolton and Wendy Dehod, SAFRR, Personal Communication, Sept. 3,2002.
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the physical site design, soil conditions, effects on endangered species and manure

storage design. Saskatchewan Water Authority (SWA) will also become involved by

evaluating the proximity of water resources. Once SERM and SWA have made their

recommendations SAFRR can grant a permit to the ILO subject to the conditions

proposed. If the conditions are not met, the permit is not granted.

Ifwater pollution occurs due to an approved ILO it may lose its permit and it is

subject to the Agricultural Operations Act, the Environmental Management and

Protection Act and civil liability . SAFRR and SERM will jointly investigate. If the

water pollution is deemed severe enough strict liability may apply.

SAFRR is concerned with air, soil, and water quality but the requirements do not

constitute a full-scale environmental audit for operations with less than one thousand

animal units. A full-scale environmental audit occurs between SAFRR and SERM once

the one thousand animal unit threshold has been reached (SAFRR and SERM, 2001).

Public consultation is not mandatory for operations with less than one thousand animal

units if the RM does not have land use regulations in place. The onus is on potential

operations with more than one thousand animal units to give notice to the general public

that it intends to build.

2.3 Alberta's Environmental Regulations for ILOs

On January 1, 2002, Alberta implemented new environmental regulations for

ILOs in the Agricultural Operation Practices Act (AOPA) (Alberta Queen's Printer,

2001a). In the past Alberta Agriculture, Food, and Rural Development (AAFRD) and

rural municipalities were partners in determining ILO regulations. There was a mix of

provincial statutes, municipal by-laws, and voluntary codes of practice. The new AOPA
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now details how ILOs must interact with the environment. The new Act is now the only

legislation ILO operators have to refer to in order to gain regulatory approval. The

objectives of the Act are to support sustainable growth of the livestock industry, protect

the environment, provide consistency in ILO approvals, and to address the concerns of

municipalities. A significant change is that the Natural Resources Conservation Board

(NRCB) now oversees ILO environmental regulation. The NRCB reports to the

Minister of Sustainable Development.

All Alberta ILOs are subject to the AOPA. The Act stipulates that any new or

expanding confined feeding operations must notify the NRCB of their operations. The

NRCB has created two regulatory regimes to administer ILOs. One regime is for small

operations (example: 200 to 499 beef feeders and 150 to 349 beef cows) and the other is

for large operations (example: 500 beef feeders and up and 350 beef cows and up)

(Alberta Queen's Printer, 2001b). The ILO size groupings are defined in Schedule 2 of

the appendix in the AOPA. Small operations must "register" in order to legally operate

while large operations must be granted "approval" in order to legally operate.

Additionally any construction of a manure storage facility with six months of storage or

greater must first be authorized by the NRCB (Alberta Queen's Printer, 200Ic). Any

cow-calf operations with less than 150 beef cows or beef feeder operations with less

than 200 feeders are exempt from the NRCB regulations. NRCB regulators use the

number of head in their calculations not animal unit measurement.

The approval process for large ILOs is more stringent than the registration

process for small ILOs and is outlined in Table 2.2. The most significant difference is

that the NRCB requires a professional engineer to design the site for a large ILO.
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Municipal by-laws are considered in the approval process but playa less important role

in the new AOPA.

Table 2.2 - Application processes for ILOs in Alberta

Application Requirement Approval- Registration"
Large ILOs Small ILOs

1. Listing affected persons Yes Yes

2. Consistent with municipal development plan Yes Yes

3. Engineering plans for manure storage, collection, Yes No
contamination

4. Hydro-geological assessments Yes No

5. Number, species, age of livestock Yes Yes

6. Scaled site plan indicating water bodies, Yes Yes

buildings, run off controls

7. Explanation ofhow the operation will meet the Yes Yes

requirements of the Agricultural Operations
Practices Act

8. Legal description of the land where manure is to Yes Yes
be spread for the first three years.

9. Nutrient Management Plan Yes Yes

10. Documents stamped/signed by a professional Yes No

engineer.
Source: Alberta Queen's Printer, 2001a.

The Act primarily deals with three issues: minimum distance separation, manure

storage, and nutrient management. Minimum distance separation involves maintaining.

distances between ILOs and other operations in order to avoid nuisance claims such as

odour. Schedule 1 in the appendix of the Act details the legal minimum distance

requirements. The distance requirements are based on the size of the ILO and the
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sensitivity of neighbouring land uses. Land use categories include farming activities,

acreages, towns, and cities.

Manure storage regulations address surface water control systems, natural water

and wells, water table protection, erosion protection, groundwater protection, catch

basins, fly and dust control, record keeping, access, and safety (Brethour, MacGowan,

Mussell, and Mayer, 2002). Schedule 2 in the appendix of the Act details how to

determine the required size of the catch basin. The catch basin must have a storage

capacity that can hold the maximum amount of rainfall that can fall in one day based on

a thirty-year probability for the area.

The nutrient management regulations stipulate where manure can be spread, how

it can be applied, soil testing procedures and requirements, and the maximum nutrient

loads allowed. Schedule 3 in the appendix of the Act details the number of hectares

needed to safely spread manure. The requirements are based on crop nutrient

requirements and nitrate limits. The difficulty in establishing these requirements is that

manure nitrogen levels vary substantially depending on the type of feed, species, and

other factors. While most sections of the Act have become law, the nutrient

management section will not become law until January 1,2005.

The AOPA is the sole legislation that ILOs must follow in Alberta. If all NRCB

regulations are met ILOs should encounter very little public scrutiny. The regulations

are scientifically based and they take social municipal concerns into account. The Act

provides fair treatment for ILOs in that it harmonizes ILO regulations across the

province. The Act allows for a full environmental audit for large ILOs while still

requiring heightened environmental awareness for small ILOs.
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2.4 American Environmental Regulations for ILOs

2.4.1 Background

In the United States, both the state and the nation have jurisdiction over the

environment. In the absence of any state environmental regulations, only federal

environmental regulations apply. Minnesota and Colorado are examined. Colorado is

one of the seven "feedlot states" (National Agricultural Statistics Service, United States

Department of Agriculture, 2002). Minnesota's environmental agency is the Minnesota

Pollution Control Agency (MPCA). The Colorado Department of Public Health and

Environment's Water Quality Control Commission oversees confined animal feeding

operations (CAFOs or ILOs). At the federal level the United States Environmental

Protection Agency (USEPA) oversees the environment. The USEPA drafted its final

text for its new rules regarding CAFOs on December 15,2002. One of the new items

the USEPA imposed is manure-spreading limits based on crop phosphate limits rather

than nitrogen in certain situations.

2.4.2 USEPA animal feeding operation (AFO) definitions and rules

Animal feeding operations (AFOs) are defined by the USEPA as lots or facilities

where animals are confined for a minimum of 45 days per year and there is no

vegetative growth. Feed is supplied to the animals. Winter-feeding of animals on

pasture is not considered an AFO. USEPA regulations use a three-tier structure to

identify AFOs as CAFOs. This is based on waste discharge and environmental harm.

CAFOs must have a National Pollutant Discharge Elimination System (NPDES) permit

in order to operate.
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Tier 1 CAFOs include any animal feeding operations with more than 1,000

animal units. These operations cannot emit waste discharges into public lakes and

rivers. The storage pond may use an earthen liner instead of a relatively expensive

concrete liner but the USEPA regulations specify that clay may have to be used. It is

also required that at least one additional foot of storage or freeboard is built for

extraordinary circumstances. Other storage requirements include that a catch basin is

built between the feedlot and the storage pond so that waste solids can separate from

liquid. This allows the storage pond to exclusively hold liquid waste.

Tier 2 CAFOs include 301 to 1000 animal unit operations where public water

comes into contact with the livestock operation. These operations are allowed to

discharge waste directly into lakes or rivers subject to their permit. The permit is based

on the total maximum daily load of a pollutant that a water body can receive and still

meet water quality standards. Tier 3 CAFOs are operations with less than 300 animal

units and are in a hydrologically sensitive area (USEPA, 2001d).

2.4.3 Minnesota's AFO regulations

The MPCA uses USEPA wordings to define CAFOs. The MPCA feedlot rules

cover the location, construction, and operation of a CAFO along with manure storage,

management, and transportation. The MPCA currently uses its own animal unit

schedule to define CAFOs which is provided in Table 2.3. Any revised USEPA

definitions and regulations such as a new animal unit schedule would supersede MPCA

guidelines.
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Table 2.3 - Selected animal units - Minnesota

Beef cattle Number of head that

equals one animal unit

a) Slaughter Steers 1.0*

b) Feeder cattle (backgrounding) 1.4*

c) Cow and Calf Pair 0.8*

d) Calves 5.0*

Source: Minnesota Pollution Control Agency, 2001.
*Converted to maintain consistency throughout tables in Chapter 2.

An operation is considered an AFO in Minnesota if it has 50 to 300 animal units.

All AFOs must comply with MPCA regulations and register with the MPCA. The

registration expires after four years at which time the AFO must re-register in order to

consider any new developments.

A CAFO applicant must notify the MPCA that public notice was given about the

proposed CAFO construction. The permit application must include an air emissions

plan to deal with odour concerns, an emergency response plan in case of an unauthorized

manure discharge, and a manure management plan. Once the MPCA receives the

application it will post the application for public notice a second time. The county for

the proposed CAFO is given a copy of the permit application by the MPCA for review

by the county administration. If approved the permit will be in place for five years and

it is open for renewaL For a CAFO in the range of300 to 999 animal units only a state

construction short-form permit is required. This permit expires after two years and is

necessary only when the CAFO intends to expand its operation.

The MPCA administers the NPDES permit program in Minnesota because the

state of Minnesota has AFO regulations in place that either meet or exceed the USEPA

standard. With the MPCA in place in Minnesota the permit becomes a joint
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NPDES/SDS (State Disposal System) permit. CAFOs may only discharge pollutants in

compliance with the terms of the NPDES/SDS permit. A NPDES/SDS permit may be

either an individual permit for a single facility or a general permit applicable to multiple

facilities for a specific company.

Both the permit holder and other stakeholders in the supply chain are required to

comply with eight areas of regulation; air quality, water quality, location, manure

transportation, livestock access to waters, feedlot closure, stockpiling, and manure

management plans (Minnesota Pollution Control Agency, 2001). These areas are

expanded on below.

In regard to air quality, CAFOs are prohibited from emitting any odour. These

operations are exempt from this regulation only when they are spreading manure and the

county has been notified about it. The exemption is available for a maximum of 21 days

per year. As for water quality, CAFOs with more than 1000 animal units cannot

discharge manure into public lakes and rivers. AFOs with less than 1000 animal units

can discharge into public lakes and rivers but are subject to various restrictions.

Location restrictions state that new feedlots cannot be built on shoreland or floodplains.

The regulations also state that cattle cannot enter public lakes or rivers. If

CAFOs wish to use this water they must pump it into their site the entire year. A catch

basin designed to capture waste effluent for a minimum period of twenty-one days is

required. Catch basins must be certified by a professional engineer to prove the basin is

not connected to a waterway (Outlaw, Anderson, and Padberg, 1997). All water wells

must be at least one hundred feet from the CAFO. If a feedlot permanently closes, all
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manure must be removed from the site within one year. Once that is completed grass or

alfalfa must be planted and grown for at least five years.

All stockpiles must be constructed so that runoff does not flow into public lakes

and rivers. The stockpile size is limited to the annual agronomic needs of 320 acres of

cropland. If stockpiling must occur on the same site for more than one year a storage

area must be built to catch manure-contaminated runoff. Records must be maintained

stating the locations of stockpiles, the date of establishment, the volume and nutrient

value of the manure, and the date the manure was applied to the land. These records

may be audited by the regulatory authority.

There are several conditions to be met to establish MPCA recognized manure

management plans. The requirements include establishing land zones where the manure

can be spread and regular testing of manure for nutrient values. Manure must be spread

to meet crop nutrient requirements, therefore soil nutrient testing is required. The

regulation specifically states that all nutrient sources including inorganic fertilizer must

be considered when determining the area needed to spread manure. All management

practices must be consistent with the University of Minnesota Extension Service

recommendations. All manure spreading must be recorded and may be audited by

regulatory authorities. There are also regulations in regard to spreading manure in

special protection areas.

2.4.4 Colorado's AFO regulations

The Colorado Department of Public Health and Environment uses USEPA

wordings to define CAFOs. The department's Water Quality Control Commission

regulates all water concerns relating to CAFOs including manure storage, management,
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and transportation. The department currently uses its own animal unit schedule to define

CAFOs which is provided in Table 2.4.

Table 2.4 - Selected animal units - Colorado

Beef cattle Number of head that

equals one animal unit

a) Slaughter Steers 1.0

b) Feeder cattle (backgrounding) 1.0

Source: Colorado Department of Public Health and Environment, 1999.

Colorado's CAFOs must be designed to comply with the USEPA's terms.

CAFOs may only discharge pollutants in compliance with Regulation No. 81. CAFOs

are required to comply with six areas of regulation; air quality, water quality, location,

manure transportation, stockpiling, and manure management (Colorado Department of

Public Health and Environment, 1999). These areas are expanded on below.

In regard to air quality, CAFOs are required to control any dust from the

operation. CAFOs are protected by "right to farm" provisions in the Colorado

Agricultural Protection Act (1981) (Colorado Department of Public Health and

Environment, 1999). The Act states that it is the government's goal to protect

agricultural production from increasing urbanization. Article 3.5 of the Act protects

livestock operations from nuisance claims as long as these operations are following

normally accepted agricultural practices as defined in the Act. Individual counties in

Colorado also have the right to pass land-zoning laws. Some counties have barred

CAFOs from operating but some counties have made specific laws to protect and expand

agricultural operations.
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Catch basins are required by Regulation No. 81, to catch any solids before the

liquid waste moves to the storage pond. Storage ponds and catch basins must be above

the one hundred year flood plain. All water wells must be at least one hundred and fifty

feet from the CAFO. Manure stockpiles must be constructed so that runoff does not

flow into public lakes and rivers. Additionally these stockpiles must be located above

the one hundred year flood plain.

All new or expanding CAFOs are required to prepare manure management plans

and submit them to the Colorado Department of Public Health and Environment. This is

also required for CAFOs deemed to be heightened environmental risks. Manure is

allowed to he land spread but it is subject to two alternative conditions. Firstly, manure

can be spread so to meet crop nutrient requirements, therefore soil nutrient testing is

required. Secondly, manure may be spread based on the appendix in Regulation No. 81.

The benefit of the second method is that soil testing is not required. The regulations

state that all nutrient sources including inorganic fertilizer must be considered when

determining the area needed to spread manure. Manure is not allowed to be spread in

the winter or during rainfall.

2.5 Australia's Environmental Regulations for ILOs

2.5.1 Background

In Australia, each state governs ILOs therefore environmental regulations vary

across the country. The regulations attempt to achieve the effective utilization of

manure and the protection of land, groundwater, surface water, and community amenity.

The following subsections detail the environmental regulations for ILOs in two

Australian states, South Australia and New South Wales.
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2.5.2 South Australia

In South Australia, a cattle feedlot is defined as a livestock operation that has an

average of 500 head of cattle per day over a twelve-month period (Department for

Environment and Heritage, 1993). The "animal unit" measurement is not used. If the

livestock operation is in a designated water protection area, the definition of a cattle

feedlot drops to an average of 200 head per day over a twelve-month period.

Cattle feedlots also fall under the Development Act 1993 (Phillipson and

Bowden, 1999) in South Australia. ILOs are viewed as commercial operations. Thus,

ILOs must provide information to the public about their operations. The Development

Regulations state that cattle feedlots must undergo a full environmental assessment. All

applications go to the Environment Protection Authority (EPA) for processing. Items

considered include air, soil, and water quality and any nuisance concerns. The EPA has

authority over all local planning authorities. Once the EPA has made its decision it will

notify the relevant local planning authority on how to proceed with the application.

The EPA is responsible for assessing any impacts the livestock operation will

have on the eco-system and considers any public concerns the agency has been notified

about. Just one of these two criteria could cause the EPA to deny the application.

2.5.3 New South Wales

ILOs are regulated in State Environmental Planning Policy No.30 - Intensive

Agriculture (2000) (Environmental Planning and Assessment Act, 1979). Cattle feedlots

are defined as any structure that can house 50 head of cattle. The legislation calls for

full public participation in the feedlot application process. The consenting authority (the

local government) for the livestock operation is to consider five main points; the
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application information, the potential for odour, water pollution, and soil degradation,

the applicant's measures to minimize any potential environmental problems, site

suitability and industry codes of practice for the health and welfare of the animals, and

any guidelines already in force (Environmental Planning and Assessment Act, 1979).

Any cattle feedlots that were in operation before 2000 have been "grand

fathered" and are subject to the regulations that were in place when these feedlots came

into existence. ILOs are a designated development under the Environmental Planning

and Assessment Act and are therefore subject to an environmental audit.

2.6 European Community Nitrate Directive

2.6.1 Background

In 1991, the European Community (EC) Nitrate Directive (91/676/EEC) was

passed. It is the primary legislation to regulate water quality in the European Union

(EU) (Beghin and Metcalfe, 2000). The directive states that nitrogen concentration in

water should not exceed 50 parts per million. Secondly, residual nitrogen in the land

should not exceed 170 kilograms per hectare by 2003. Ifthe limit is exceeded, manure

must be transported to a nutrient deficient area. The legislation is a directive so each

member country of the EU must pass its own laws regarding nitrates to conform with the

directive. Legislation in various EU countries has attempted to gradually phase in lower

limits for the livestock industry in order to comply with the Nitrate Directive. As of

2000, most EU countries have not met the Directive's nitrate limits (Metcalfe, 2002).

The following material examines legislated environmental regulations in the EU.
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2.6.2 The United Kingdom

In Britain, the Water Resources Act 1991 governs potential pollutants such as

livestock manure. The Act stipulates how pollutants must be stored. It also states that

the Environmental Agency can clean a contaminated site and then recover costs from the

polluting farmer. British courts allow for unlimited fines should the agency need to

legally challenge a farmer. The Environmental Protection Act 1990 allows local

government to investigate nuisance claims such as livestock manure odour. If the

nuisance claim is valid a farmer could be heavily fined.

The Town and Country Planning Order 1995 stipulates that agricultural

operations within four hundred metres of any protected building such as a house or a

school require a planning permit (Ministry of Agriculture, Fisheries & Food, 2001).

Secondly, all livestock operators must notify the local planning authority of their

operations. The 1999 regulations require that certain livestock developments undergo an

environmental assessment. Large hog and poultry operations may have to undergo an

assessment, while cattle operations do not. The local planning authority performs the

environmental assessment.

ILOs are subject to different environmental regulatory requirements depending

on whether the ILOs are in Nitrate Vulnerable Zones (NVZ) or not. NVZs were created

in order to comply with the EC Nitrate Directive. If an ILO is in a NVZ, the ILO must

comply by law with the Action Programme. The main directive of the Action

Programme is to place limits on the amount of nitrogen that can be spread per hectare. It

requires that the occupier, not necessarily the landowner, of the farm must comply with

the regulations. The Department for Environment, Food, and Rural Affairs (DEFRA)
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will cover the costs of analyzing a farm for environmental risks. The agency will also

provide funding to farmers to invest in technology that will improve the environment.

The Action Programme requires record keeping. The farm producing the manure

must record the farm receiving the manure, the type and quantity of the manure and the

date on which it left the producing farm. Records must be kept for five years. Manure

spreading is banned during the autumn months (August 1 to November 1) and for a short

time period after a significant amount of rain. At least three months ofmanure storage is

required in order to comply with the autumn manure-spreading ban. It is also required

that spreading equipment should be able to spread manure uniformly.

If the ILO is not in a NVZ, the operation is encouraged to follow the Codes of

Good Agricultural Practice for the Protection of Water, Air and Soil now regulated by

the DEFRA. While compliance is voluntary, if a legal action was filed against an ILO it

has a better chance to defend itself if it is following the code.

The Code of Good Agricultural Practice for the Protection of Soil (Ministry of

Agriculture, Fisheries & Food, 1998) recommends that the amount ofnitrogen applied

does not exceed 250 kilograms per hectare per year and that phosphorus levels should be

monitored. Both the Action Programme and the Code of Good Agricultural Practice

state that a ten metre buffer zone is required between surface water and manure spread

or piled and fifty metres is required between manure spread or piled and a well used for

human consumption. Secondly, if crop nutrient requirements are less than the total

nitrogen limit allowed, then the limit becomes the crop nutrient requirement. One of the

main differences between the Code and the Programme is that the Programme considers

the amount of manure from grazing cattle in the nitrogen limit while the Code excludes
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manure from grazing cattle in its nitrogen limit. Both the Code and the Action

Programme encourage the use of manure management plans however in both cases these

plans are not mandatory.

2.6.3 The Netherlands

Dutch agriculture has an excess of nutrients in its ecosystem (Mureau, 2000).

The amount of manure produced in the Netherlands in excess of crop requirements each

year is equal to the total amount ofmanure produced annually by livestock in Manitoba

(Manitoba Agriculture & Food, 2000). The entire country is considered a nitrate

vulnerable zone in the EC Nitrate Directive.

The Minerals Reporting System (MINAS) was established on January 1, 1998 to

comply with the EC Nitrate Directive. The farmer must record all feed, animal, and

manure production in order to achieve a nutrient balance on their operation. If a farmer

produces an excess of nutrients above the limits they are fined and may have to sell

livestock to achieve the nutrient reduction (Lammers-Help, 2001). In order to comply

with the EC Nitrate Directive in 2003, farmers must reduce their nutrient limit to 20

kilograms of phosphate and 170 kilograms of nitrogen per hectare.

A manure market has been created to reduce manure production. Geographical

regions have been established which are designated as either manure surplus or manure

deficit. Manure surplus regions can sell their manure production rights to manure deficit

regions but the reverse is not allowed. Contracts between farmers in manure surplus

regions and manure deficit regions are mandatory. As for air quality concerns, fall and

winter manure application is prohibited and all manure application must be directly
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injected into the soil (Hacker and Du, 1993). Six months of manure storage is required

to comply with the ban.

2.6.4 Denmark

The Ministry of Environment and Energy in Denmark uses the animal unit

system to regulate ILOs. One animal unit is equal to one cow, two horses, three sows, or

2500 broilers. Permits are required to operate all livestock operations in order to

consider the general public's concerns. Cattle operations must store their manure heaps

on a concrete base to stop any nitrogen leaching and must have the capacity to store one

year of manure. It is also required that there is no more than 2.3 animal units per

hectare. If an operation cannot meet this requirement then it must enter into a written

contract with another producer to spread manure on his or her land.

Manure spreading cannot occur between post-harvest and February 1. It is also

required that 65% of a farmer's land is planted to cover crops over the winter for

nutrient uptake. Farmers must prepare fertilization budgets twice a year. In order to

ensure compliance, the government may audit these budgets. Farms with less than 120

animal units must be at least fifty metres from any development and farms with more

than 120 animal units must be three hundred metres from any development (Moe, 1995).

The Danish Agricultural Properties Act further regulates farms. A farmer with

251 to 500 animal units must own 75% of the land to comply with the 2.3 animal unit

per hectare regulation. Secondly, a farmer with more than 500 animal units must own

100% of the land. This law helps to limit farm size. The entire country of Denmark is

considered a nitrate vulnerable zone in the EC nitrate directive so Danish livestock

operations have to contract their manure disposal with operations in other countries.
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2.7 A Conclusion regarding Environmental Regulations for Beef Production

This section of Chapter Two provided an overview of environmental regulations

for beefproduction in different regions of the world. This information assisted the

author in developing the hypothetical environmental standards in Chapter Four. From

the literature reviewed, it is evident that an excess of nutrients due to manure production

is a problem in various regions of the world. Secondly, it is obvious that many regions

have just begun to implement stronger environmental protection measures in the past ten

years. While there are practical concerns due to bacterial content in manure, none of the

regions examined have yet to specifically address these concerns. These regions have

not defined the processes that must be used for manure disposal but rather these regions

have set performance standards that cattle enterprises must achieve.

In order to better develop the hypothetical environmental standards proposed in

Chapter Four, private environmental management systems must also be explored. Often

these voluntary programs are implemented in order to obtain a product premium for a

credence attribute such as environmental protection. These programs are also pro

actively implemented in order to avoid overly stringent environmental regulations that a

government could implement. Table 2.5 is a summary table for the environmental

regulations covered in this chapter.
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Table 2.5 - Environmental regulations for cattle feedlots in various regions
Threshold for Environmental Nutrient Nuisance Manure

regulating assessment limits for concerns storage
cattle feedlots required manure regulations

management
Saskatchewan

1 More than 300 More than 1000 Crop nutrient Determined One year
animal units and animal units requirements by the rural storage if
less than 370m2 where manure municipality. more than

per animal unit. is to be spread. 1000 animal
units.

Afberta' An area where Partial Schedule 3 of Schedule 1 of Schedule 2 of
feed must be assessment for AOPA. AOPA. AOPA. Size

brought to at 150 - 349 Depends on Depends on of catch basin
least 200 feeders cows, full soil type & operation size. dependent on

or 150 cows. assessment if animal average
350 cows or species. annual rainfall

greater in the area.

United States' 3 - tier structure 3 -tier structure Crop nutrient Varies - state NPDES

depending on depending on requirements specific. permits limit

operation size operation size or NPDES waste

and and permit limit. discharges
environmental environmental into public
risk. risk. water bodies.

Australia 50 head - NSW 50head-NSW Nitrogen & Public Determined

(South 500 head- 500 head- salt holding consultation by operation
Australia and South Australia. South capacity of the during size.
New South Australia. soil type. approval
Walest process.

All operations Cattle Crop nutrient Permit 3 months
United are regulated. operations are requirements required if storage.
Kingdom" Varies if not subject to to a max. of within 400

operation is in assessment. 170kglhectare metres of
NVZornot. of nitrogen. public.

The All operations All operations. 170kglhectare Manure must 6 months of
Netherlands" are regulated. ofnitrogen. be injected storage.

into the soil.

Denmark' All operations All operations. 170kglhectare Distance I year of
are regulated. of nitrogen. varies storage,

depending on concrete base

operation size. for stockEiIe.
Sources: Saskatchewan Queen's Printer, 1995a.

2 Alberta Queen's Printer, 2001a.
3 Minnesota Pollution Control Agency, 2001.
4

Department for Environment and Heritage, 1993.
5 Ministry of Agriculture, Fisheries and Food, 1998.
6

Lammers-Help, 2001.
7

Moe, 1995.
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2.8 Environmental Management Systems (EMS) and ISO 14000

2.8.1 Environmental management systems (EMS)

In addition to governmental environmental regulations there are also voluntary

industry driven environmental management systems (EMS). These systems have been

initiated for various reasons such as increasing market access and to establish stronger

links in the supply chain (Carruthers, 1999). Another reason is to allow industry to have

more input into environmental regulations. When the government decides to implement

environmental regulations, the industry will already have a set of standards available

which can be used in dialogue with the government. While the literature is inconclusive

concerning a market premium for EMS products, EMS does allow industry to be pro

active with environmental decisions and legislation.

An EMS is a planned approach for a farm or a business to manage its impacts on

the environment (Castelnuovo, 1999). It is a process standard, not a performance

standard. An EMS usually has four steps. The first step is environmental goals are

established. Secondly, plans are implemented to achieve the goals. Next, an

independent third party monitors implementation. Finally, results are reviewed through

third party monitoring and record keeping.

Some industry groups have chosen to ignore independent third party monitoring

in their EMS as these groups believe that a third party may interfere with the

environmental image they are trying to project. This is believed to be a widely held

belief in North American business (Isaac and Woolcock, 1999). In many cases, North

American consumers do not look for environmental labels. More so, if they do see them

they may not be concerned if an independent third party has guaranteed the label or not.
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In contrast, European consumers are very aware of the different types of environmental

labels and they trust labels that have been third party verified, especially when verified

by government agencies (Isaac and Woolcock, 1999). This appears to be a fundamental

difference between North America and Europe.

At a minimum the EMS must comply with local and national environmental

regulations. In some cases environmental standards are established by the industry

group which are more rigorous than environmental regulations in order to appeal to a

niche market. An environmental label may be applied to a product without independent

certification and where the product is only complying with local environmental

regulations.

2.8.2 ISO 14000 (International Standards Organization)

In order to market environmentally responsible products internationally it is

preferable to seek ISO 14000 certification as it is a recognized environmental standard

globally. The ISO 14000 series is designed to implement best environmental

management practices for individual firms and to market these practices globally,

therefore it is industry driven. Like the EMS, the ISO series is designed to allow firms

to identify their own areas of environmental importance and to schedule improvement in

their environmental performance. Not all EMS have been ISO certified and the EMS

that are ISO 14000 certified could be quite different between geographical regions.

The ISO itself does not accredit an EMS, this power is granted to numerous ISO

accredited third party auditors around the world. An ISO accredited third party auditor

is required when EMS users wish to use a Type I environmental label which falls under

the ISO 14001 category (ISO, 1998). The regulator'S seal must be on the product. A
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Type I environmental label is the only label to use an ex ante verification system. One

example of an ISO certified third party auditor for Canadian agriculture is SOS Canada

Inc. (Societe Generale de Surveillance). This group is involved with exporting grain.

Significant costs are involved due to the audit process but the audits provide consumer

confidence.

The ISO 14000 series also allows an EMS user to use a Type II environmental

label which falls under the ISO 14021 category (ISO, 1998). A Type II environmental

label requires scientific proof but is not subject to independent third party verification.

If a Type II environmental label is found to be false at some point the firm is subject to

legal action. Therefore, if a product is ISO 14000 certified it does not necessarily mean

that an independent third party has environmentally tested the product's production and

processing methods. All that can be assumed is that the organization had initially

establish an ISO 14000 certified environmental plan subject to certain criteria.

There are many reasons for farm operators to seek ISO 14000 certification.

According to Bergstrom, Hellqvist, and Ljung (1999) these include:

• To provide market signals through environmental labeling.
• To project a better image ofthe industry to the general public.
• To demand good environmental practices within the supply chain.

• To implement an approach that deals with local environmental problems.
• To lower total farm costs due to better record keeping, necessitated by the ISO

plan.
• To deliver high quality, environmentally friendly products.
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The ISO 14000 series also provides general guidelines for environmental

auditing and life cycle assessment. Life-cycle assessment consists of analyzing a

product's environmental impacts from its production to its disposal.

An ISO 14000 certified EMS must contain four key components; clearly stated

policy, planning, implementation, and evaluation. The policy statement must commit to

continuous environmental improvement and adherence to environmental regulations.

The planning statement details environmental goals and a management system must be

in place to achieve those goals. An internal mechanism must also be in place for the

organization to measure its environmental success.

While ISO 14000 certification does not necessarily create market premiums, it

can lower farm insurance premiums due to the plan design (Iowa State University

Extension, 1999). Certification may decrease the frequency of third party verification

and auditing. The auditing would still occur but farms with ISO systems in place are

deemed by auditors to be of less risk in violating the quality assurance system.

2.8.3 Examples of environmental management systems

Various organizations and producer groups in the United Kingdom, Australia,

the Netherlands, and Denmark have attempted to establish voluntary, third party

accredited quality assurance schemes for different sectors of the agricultural industry. In

Canada, Ontario has developed the Ontario Environmental Farm Plan which is a

voluntary environmental management system. The Ontario plan initializes the process

by identifying farming practices that are environmentally sustainable. The farmer is

given the flexibility to adapt the recommendations to his or her own farming situation.

Once a farmer has finalized his or her environmental plan it is submitted for peer review.
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The reviewers may approve the plan but once that is completed there is no further

auditing. The Ontario plan is not ISO 14000 certified because it does not have a

commitment to continual environmental improvement (Carruthers, 1999). An approved

plan garners a $1500.00 CDN subsidy from the Ontario government. The Canadian

Cattlemen's Association (CCA) has established a voluntary quality assurance program

for feedlots however it does not involve an environmental component (CCA, 2000).

In Australia, each state governs ILOs therefore environmental regulations vary

across the country. However, industry groups such as Meat and Livestock Australia saw

a need to publish general standards that would apply to all feedlots in Australia. The

National Guidelines for Beef Cattle Feedlots was published in 1992. The intent of these

Guidelines is to provide a framework of acceptable principles for the establishment and

operation of feedlots in Australia. The requirements in the Guidelines are acceptable

standards for good management practice across Australia although individual states may

have more stringent regulations.

A separate guide called the "National Beef Cattle Feedlot Environmental Code of

Practice" was published in 2000. This guide recommends environmental standards for

feedlots across Australia, however individual states may have more stringent

regulations. If the standard is more stringent than the regulation, the standard becomes

voluntary. The guide provides recommendations on site design, nuisance reduction,

manure storage and manure management practices.

It appears that these Codes have been established in order to market the

production methods that certified feedlots use to finish cattle. The National Feedlot

Accreditation Scheme (NFAS) uses these Codes in order to accredit participating
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feedlots in their program. The NFAS was established by the Australian Lotfeeders

Industry. Under the scheme, the environmental code is accompanied by an animal

welfare code and a veterinary chemical code. The environmental code identifies

environmental objectives, establishes plans to achieve those objectives, and then the

results are monitored by both the feedlot and independent third party auditors. The

objectives to be achieved are the effective utilization of manure and the protection of

land, groundwater, surface water, and community amenity (Meat and Livestock

Australia, 2000).

There is also increasing public concern over the environment, animal welfare,

and food quality and safety in the EU (Iowa State University Extension, 1999).

According to Assured British Meat (ABM), food safety and animal welfare concerns

take precedent over the environment. In response to these concerns, various EU

countries have established voluntary labeling programs to brand their product. Often,

the government is involved in these programs in order to build consumer confidence

(Iowa State University Extension, 1999). EU consumers trust public labels more than

private labels (Isaac and Woolcock, 1999). These programs are subject to third party

verification. In several EU countries, environmental standards and regulations

complement one another in order to achieve sound environmental policy and a program

to market environmental standards above regulatory requirements.

Assured British Meat (ABM) covers the entire red meat supply chain for food

safety, animal welfare, and environmental stewardship. Various certification bodies

employ veterinarians to do the farm inspection process. Farming and feedlot operations

can comply with the environmental component of the ABM by complying with the ILO
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environmental standards in the Code of Good Agricultural Practice. This includes

proper animal waste disposal to minimize disease exposure to humans and to protect the

environment. As of April 1, 2002 ABM also required approved waste management

plans, which is higher than the Code's standard.

The Dutch have twelve beef quality labels that promote either organic production

or sustainable production. The criteria for organic production include chemical free,

high animal welfare standards and environmental stewardship. The criteria for

sustainable production excludes chemical free. The labels set a higher standard than the

government regulations. Third party monitoring is a requirement. Dutch supermarkets

expect that organic and sustainable beef demand will be 5% of Dutch beef demand

between 2005 and 2010 (van Os, 1999).

The Dutch Product Board has established the most well-known quality assurance

system in the Netherlands. The Dutch Chain Quality Assurance program (IKB) uses

third party auditing and places higher standards on farmers than government regulations.

The program is export focused. In 1999, 15% of Dutch cattle were in this system.

Segregation of certified and non-certified beef in the supply chain has been relatively

easy (Iowa State University Extension, 1999).

Denmark also has quality assurance programs in order to brand their beef. The

Danish government has encouraged organic beef production. In order to assist in its

development, the government operates the inspection system for the program.

Additionally, the Danish government has financially encouraged ISO systems.
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2.9 A Conclusion regarding EMS for Beef Production

This section of Chapter Two provided an overview of environmental

management systems for beef production in different regions of the world. There is a

definite contrast between an EMS and an environmental regulation. An EMS is

designed to be a process standard while environmental regulations state a performance

standard that is to be met. An EMS is designed so that the process of environmental

protection can be marketed to the consumer. However, environmental regulations are

designed to improve the environment with little concern for beef consumers. While the

objectives are somewhat different, the author attempts to capture these objectives in the

hypothetical environmental standards proposed in Chapter Four.

In Chapter Three, the conceptual framework is developed. The chapter provides

a welfare analysis for feedlots adhering to new environmental protection measures. The

analysis examines voluntary versus mandatory beef producer compliance including

transaction costs.
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3. CONCEPTUAL FRAMEWORK

3.1 Introduction

This chapter provides a welfare analysis for feedlots adhering to new

environmental regulations and standards. In order to complete the analysis, labeling

costs and beef demand are also incorporated. The resulting effects on the water market

are also included. Mandatory environmental compliance is compared to voluntary

environmental compliance. For example, new environmental regulations would require

mandatory compliance while an EMS may be voluntary. The welfare analysis is

designed to allow the author to develop plausible environmental standards in Chapter

Four. The effects on feedlots, beef consumers, and water markets must be considered in

order to draw accurate conclusions from the analysis.

3.2 Market Failure

3.2.1 Introduction

When a market failure occurs, individuals are unable to respond to market forces

in a way that will lead to an efficient allocation of resources (Boardman et al, 1996). If

markets fail there is justification for government intervention if the benefits of that

intervention outweigh the costs. Ideally a number of cost-benefit analyses should be

undertaken to determine whether any intervention is justified and if so, the most cost

effective form of government intervention to correct the market failure. There are four

commonly identified types of market failures: natural monopoly, information
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asymmetry, externalities, and public goods. This thesis examines all of these except

natural monopoly.

The next two sections outline these market failures. The first market failure is

created because water is a public good which allows for water pollution by private

interests. A negative externality is created. Another market failure is created because

consumers with a strong preference for environmental amenities (eco-consumers) have a

lack of verifiable information regarding the attributes of the beef products they consume.

This market failure is detailed in the next section.

3.2.2 Information asymmetry

Information asymmetry leads to market failure. This is a frequent problem with

environmentally responsible goods (ERG), as they possess credence attributes where

consumers cannot tell if the label information provided to them is truthful. In new

institutional economics, consumers are portrayed as having bounded rationality; they do

not have perfect information as is assumed in the standard neo-classical model of

consumer behaviour. Their search costs are high if they wish to acquire information

regarding process attributes of the beef they consume. Labeling improves information to

consumers who are then able to express their preferences for environmental attributes by

paying a premium which entices firms to invest in ERGs (Golan, Kuchler, and Mitchell,

2000). There is information asymmetry in that consumers cannot distinguish between

truthfully labeled ERGs and false ERGs (Akerlof, 1970; Hobbs, 2001). A "lemons"}

1 Akerlof (1970) first detailed the "lemons" problem when used car consumers could
not distinguish between used cars that were in good condition and used cars or "lemons"
that were in poor condition.
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problem exists with respect to false ERGs and the adverse selection by consumers

causes a market failure.

Firms have an incentive to cheat without third party monitoring. Firms have this

incentive because it results in higher profits (Golan, Kuchler, and Mitchell, 2000).

Without third party monitoring, firms can price at the ERG output price (assumed to be

higher than the conventional output price) but they only have to incur costs to produce

non-ERGs. These firms have the most to gain from labeling but they are committing

fraud. A free rider problem exists (Raynaud and Sauvee, 1999). This can be shown by

the following three equations (Hobbs, 2001)2:

[3.1]

[3.2]

[3.3]

where:

• 1&H are the profits from ERGs for firms that do not cheat.

• 1&L are the profits from non-ERGs.

• 1&He are the profits from ERGs for firms that cheat.

• RH is the revenue from goods labeled as ERGs, RL is the revenue from non-ERGs.

• CH is the production costs of ERGs, CL is the production costs of non-ERGs.

• V is the cost of the labeling system.

2 Hobbs (2001) includes a goodwill premium for firms that voluntarily adopt
environmentally responsible production practices for their goods. This premium is in
addition to the premium eco-consumers are willing to pay for environmentally
responsible goods. The author has chosen not to include the goodwill premium, as it
would further complicate this analysis.

42



It is assumed that RH is greater than RL and CH is greater than CL, therefore

1lHe> 1lH > 7r L if RH - RL> CH - CL. The fraudulent firm has the most to gain in an

environmental labeling process assuming there is no chance of being caught by an

auditor. It is essential that a mandatory ex ante verification system exists for ERGs if

eco-consumers want assurances that every ERG they consume is produced in an

environmentally responsible manner.

Cason and Gangadharan (2002) hypothesized that consumers would not pay

higher prices for environmental labeled goods unless third party verification existed and

consumers deemed the third party credible. They performed two experimental auctions,

one at Purdue University, the other at the University of Melbourne to test their

hypothesis. They found that unverified ERG labels are not sufficient to improve market

outcomes above normal good prices. Verification of the product claim corrected the

market failure. They did not reject their hypothesis.

3.2.3 Public goods and externalities

In social welfare analysis, social surplus changes are measured by observing

consumption patterns for goods or services involved in the analysis. However public

goods, such as waterways, are difficult to measure using this method because the open

access problem (the absence of property rights) for these goods creates negative

externalities'. Water pollution can be attributed to the open access problem.

Referring to Figure 3.1, it is assumed that for each animal produced there is some

amount of manure produced that could contaminate groundwater. There are no external

3 An externality is an effect that production or consumption has on third parties or

people not involved in the production or consumption of the good (Boardman et al,
1996).
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benefits for beef production so the private marginal benefit (MBp) equals the social

marginal benefit (MBs). The private marginal cost curve (MCp) is the marginal cost of

beef production incurred by beef producers. This market equilibrium creates a private

quantity of manure production (Qprivate).

Cost of
manure

MCs

MCp

CSocial
Cprivate ------------------ -I-

MBp=MBs

Qsocial Qprivate Quantity of manure

Figure 3.1 The market failure in livestock production
creates water pollution.
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The MCs curve is the social marginal cost of beef production which includes the

external costs" of beef production. These costs are not reflected in beef prices realized

by the beef producer. In Figure 3.1, the MCs curve and the MCp curve are the same

curve closer to the intercept or when fewer animals are produced. This result occurs

because a certain threshold of manure production will not cause any harm to the

environment so private and social marginal costs of beef production are equal. However

as more animals are produced, more manure is produced. The higher number of animals

produced causes the private and social marginal costs of beef production to diverge

because there is an excess of manure production.

In Figure 3.1, area ABC is the social welfare cost of producing a quantity of

manure equal to Qprivate. The optimal quantity of manure production would be

Qsocial. This social welfare cost justifies the need to address the negative externality

which is water pollution due to excess manure production.

3.2.4 Existence values

In some cases, such as the preservation of the environment, individuals may be

willing to indirectly pay for the existence of a good such as clean water that they will

never consume. The purchase of environmentally responsible beef provides the

mechanism. These individuals derive utility from the fact that they know they are

contributing to the protection of clean water in the environment by purchasing

environmentally responsible beef even if they do not consume the clean water in the

local area. Water consumption is, by and large, a "local" phenomenon while the utility

4 The external cost of beef production is the difference between the private cost and the
social cost of beef production.
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derived from contributing to clean water can be widely dispersed among individuals.

The willingness to pay for the protection of clean water can be reflected through the

environmentally responsible beef market where individuals can consume

environmentally responsible beef.

In this thesis, it is assumed that there is a demand for environmentally

responsible beef production by some beef consumers. Therefore, the benefits from

consuming environmentally responsible beef are two-fold. Firstly, there is the realized

benefit of physically consuming the beef product. Secondly, there is the benefit derived

from contributing to the preservation of the environment. This benefit is called the

existence value of an environmental good.' Individuals may be willing to pay to

preserve the environment around an intensive livestock operation even though they will

never visit the local area or consume the local water.

3.3 Theoretical Model

3.3.1 Time period one

The discussion in Section 3.2 leads to the theoretical model. There is an indirect

relationship between beef production and mitigating the negative externality, polluted

water, that can arise if the private costs of beef production do not reflect the cost of

polluted water. The degradation of water sources may occur due to livestock waste.

Referring to Figure 3.2, time period one (denoted by subscripts bearing a (1)), there is

only a conventional, undifferentiated beef market. Beef is produced in this market with

5 An existence value is the amount "people may be willing to pay for the existence of

goods that they themselves will never consume" (Boardman et al, 1996). An existence
value is considered a non-use value. This happens frequently with natural resources.

For example, people may make donations to preserve a park even if they never visit the

park. This is termed as an existence value only if these people never visit the park.
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all firms complying with existing environmental regulations indicated by the supply

curve in period one (Sbp I).

Price of
conventional beef

PCpI

PCp2

PCp3

Sbp2
Sbp3

Sbpi

DIpl

DDp2

DTp3

QbCp3 QbCp2 QbCp 1 Quantity of
conventional beef

Figure 3.2 Conventional beef market
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This beef supply curve (Sbp 1) establishes a supply curve for clean water in each

local water market. Beefproduction does not produce clean water but beef production

does determine the amount of water pollution in each local water market. Figure 3.3

identifies a single local water market where the water supply is affected by one feedlot.

In period one, the assumption is made that one feedlot exists in each local water market.

Any changes in intensive livestock operation standards or regulations can be attributable

to one feedlot. This assumption eliminates the question of where the water pollution

originated.

In Figure 3.3, the supply of clean water in period one in a single local water

market is Swpl. Swpl is a social marginal cost curve in that it reflects society's clean

water preferences in period one. For simplicity, the supply curve is horizontal because

once the environmental regulations are set for intensive livestock operations, the cost to

eliminate an additional unit of water pollution is zero. The regulations in period one

allow an equilibrium to be created in the local water market in Figure 3.3 to maintain a

quantity of clean water (Qwpl). Total societal welfare for clean water is the sum of all

local water markets welfare. Therefore, the sum of these local water markets creates

z

total welfare of L area ABCcj where z is the total number of water markets with cattle
j=l

feedlots and these feedlots are all producing for the conventional beef market (marked as

cj).
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Figure 3.3

C

E

G

Clean water

Swpl

Swp2

Swp3

MB

Qwpl Qwp2 Qwp3

Quantity of water

A local water market - the effect on clean water due to a feedlot

adopting environmental standards between periods 1 and 3.
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Referring back to Figure 3.2, time period one, the conventional beef price (PCp 1)

and quantity (QbCpl) is determined by supply (Sbpl) and the total demand

(international and domestic) (DTp 1). In time period one, there is no market mechanism

for environmentally responsible beef consumers to reveal their preferences. These eco

consumers however will still buy beef so there is a pooled demand curve. This means

that both eco-consumers and indifferent consumers make up the demand curve for

conventional beef in period one. The existence value for a protected natural resource for

a specific beefproduction method cannot be captured due to a lack of information and

due to production practices that may not comply with eco-consumers' preferences. In

period one, total welfare in the beef market (Figure 3.2) is area FBD and in the water

market (Figure 3.3) total welfare is area ABC.

3.3.2 Mandatory environmental regulations without labeling in period two

It is assumed in this analysis that if the government imposes mandatory

environmental regulations and does not allow labeling in period two (denoted by

subscripts bearing a (2)); its sole objective is to correct the market failure and maximize

total welfare for clean water. With the new regulations in place, the government may

not allow labeling because of the consumer verification and labeling costs involved.

Referring to Figure 3.4, if the federal government decides to strengthen environmental

regulations for intensive livestock operations both the marginal and fixed cost of beef

production may rise - causing the average cost per beef unit to increase. An example of

an additional environmental fixed cost would be installing an earthen basin to separate

waste solids and liquids. An example of an additional environmental variable cost

would be mandatory, continuous monitoring of groundwater quality by an ILO.

50



Price of

environmentally
responsible beef

PETp3

PVp2
PMLp2
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DbVTp3
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DbVp2
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DTpi

QbED
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QbM QbV QbET QbML QbC
p2 p2 p3 p2 pI

Quantity of

environmentally
responsible beef

Figure 3.4 Environmentally responsible beef market
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Supply in the beef market can shift for two reasons; the marginal cost of

individual beef producers will increase causing the slope of the supply curve to increase

and secondly, rising average costs may cause some existing operations to exit the

industry in period two. In the scenario of mandatory environmental regulations in

period two, the government will allow these operations to exit the industry. The supply

curve for beef production will shift left from Sbpl to SbMp2 (Figure 3.4). SbMp2 is the

domestic supply curve for environmentally responsible beef production without labeling

in period two. All feedlots must comply with the new regulations but the beefproduct is

not labeled as environmentally responsible. Only one beef market continues to exist.

Ifbeef consumers are unaware of these changes the demand curve for beef will

remain at DTpl (total beef demand in period one) in Figure 3.4. Therefore consumer

surplus will shrink from area FBA to area FPR. Producer surplus will shrink from area

ABD to area HPR. The quantity of beef produced will decrease from QbCp 1 (quantity

of conventional beef in period one) to QbMp2 (quantity of environmentally responsible

beef due to mandatory regulations without labeling in period two). The price of beef

will increase from PCp 1 (price of conventional beef in period one) to PMp2 (price of

environmentally responsible beef due to mandatory regulations without labeling in

period two). The increase in price is due to the decreased quantity of beef available in

period two. This beef product does not capture any existence value for protected natural

resources for environmentally responsible beef production because consumers do not

realize it is provided in an environmentally responsible fashion.

The benefits of reducing the negative externality (water pollution) created by the

environmental policy must also be considered. The increased environmental compliance
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costs for livestock production will reduce the fixed cost to produce clean water for all

areas where intensive livestock operations are located. It will also cause some beef

operations to exit the industry and leave some local water markets without an intensive

livestock operation. Referring to Figure 3.3, the supply curve for clean water in each

local water market where beef feedlots have exited the industry will shift from Swp 1 to

Swp3 (supply of clean water in the absence of beef feedlots). This effect increases the

quantity of clean water in each local water market from Qwp 1 to Qwp3. At Qwp3 it is

assumed that the maximum quantity of clean water has been attained in the local water

market.

The supply curve for clean water in each local water market where beef feedlots

are able to comply with period two environmental regulations will shift from Swp 1 to

Swp2 (supply of clean water based on environmental regulations in period two) in

Figure 3.3. This effect increases the quantity of clean water in each local water market

from Qwp 1 to Qwp2. At Qwp2, it is assumed that a quantity of clean water is created in

the local water market that society is satisfied with in period two. Total welfare for

clean water in period two due to mandatory environmental regulations without labeling

is shown by the following equation:

z-a a

Total welfare in the water market =L area ADEmnj + L area AFGxj [3.4]
)� j=4

where:

• (z - a) is the subset of water markets with feedlots producing for the unlabeled

beef market under period two environmental regulations.
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• a is the subset of water markets where feedlots have exited the unlabeled beef

market.

•

z-a

L area ADEmnj is the total welfare for clean water due to the subset of water
j=4

markets with feedlots producing for the unlabeled beef market under period two

environmental regulations.

a

Larea AFGxj is the welfare for clean water due to the subset of water markets
j=4

•

where feedlots have exited the unlabeled beef market.

The net effect is ambiguous. If the increase in total welfare for clean water

(Figure 3.3) exceeds the loss in welfare in the beef market (Figure 3.4, area FBD minus

area FPH) then total societal welfare increases from period one to period two.

3.3.3 Mandatory environmental regulations with labeling in period two

3.3.3.1 Introduction

In order to reduce the number of intensive livestock operations exiting the

industry due to period two environmental regulations, the federal government may allow

environmentally responsible beef labeling in order to capture existence values (a

premium for environmentally responsible beef) eco-consumers place on protecting

natural resources in environmentally responsible beef production. The beef industry will

label their products as "environmentally responsible" as long as consumers are willing to

compensate beef producers for the labeling costs. However the beef industry would

label their product with the goal that the environmentally responsible beefpremium
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would also compensate beef producers for the increased environmental compliance costs

such as capital expenditures to protect groundwater. This would allow some higher cost

operations to continue to operate because of higher revenues due to environmental

labeling. Information asymmetries could be eliminated in this way. It is assumed that

all feedlots are producing environmentally responsible beef with mandatory

environmental regulations in place and there is no cheating. Therefore it is assumed in

this section that all feedlots wi1llabel their product because all feedlots are complying

with period two environmental regulations.

It is possible that the environmental beef market premium will not compensate

producers for the increased environmental compliance costs and/or the labeling costs. In

this case, the federal government must be prepared to offer a subsidy to intensive

livestock operations in order to keep some operations from exiting the industry. Since

labeling or the equivalent subsidy will keep more intensive livestock operations in the

industry, the total welfare for clean water will be reduced when this scenario is

compared to period two environmental regulations in the absence of labeling,

3.3.3.2 The domestic environmentally responsible beef market

In period one, there is an aggregate demand curve for beef (DTp 1) in Figure 3.4.

This curve is also shown in Figure 3.5 and it reflects the beef consumption benefits of

eco-consumers (but not their existence values) (Figure 3.5, DbEpl) and indifferent

consumers (Figure 3.5, DCplp2). Therefore DTpl equals DbEpl plus DCplp2. In

period one, Sbp 1 indicates the beef supply curve. The equilibrium price is PCp 1 and

quantity is QbCpl. Total welfare for beef in period one is area FBD (Figure 3.5) where

welfare for indifferent consumers is area IHA and eco-consumer welfare is area ECA.
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QbMLp2 QbCp 1 Quantity of beef

Figure 3.5 Consumer effects with mandatory labeling of environmentally
responsible beef imposed in period two.
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In period two, labeling creates a new domestic demand curve in period two for

all beef production (DbMp2) in Figure 3.4. This curve is also shown in Figure 3.5. It is

an aggregate demand curve (DbMp2) in that it reflects domestic eco-consumers'

existence values for protecting natural resources, the beef consumption benefits of eco

consumers (Figure 3.5, DbEp2) and indifferent consumers (Figure 3.5, DCplp2).

Therefore DbMp2 equals DbEp2 plus DCplp2. Demand shifts from DTpl in period one

to DbMp2 in period two as a result of labeling. In period two, SbMLp2 indicates the

beef supply curve. It is a shift left from Sbp 1 in period one because of the increased

environmental compliance costs and labeling costs. The equilibrium at point Y produces

price PMLp2 and quantity QbMLp2.

As mentioned earlier, DCplp2 (Figure 3.5) indicates beef consumer demand for

indifferent beef consumers. The conventional beef demand curve remains at DCp 1 p2 in

period two because these consumers place no additional value on environmentally

responsible beefproduction. In the scenario where there is labeling and period two

environmental regulations are in place, welfare for indifferent beef consumers is reduced

to area IJS from area IHA in period two. Eco-consumer demand for labeled beef

adhering to period two environmental regulations is indicated as DbEp2. Eco

consumers have full environmental information about the environmentally responsible

beef production practices so their welfare increases. The net welfare effects on eco

consumers are ambiguous. The beef supply curve shifts left to SbMLp2 but their

demand shifts right to DbEp2 so eco-consumer welfare changes from area ECA to area

MNS.
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The welfare effects on beef producers are also ambiguous. Referring to Figure

3.4 producer surplus is area ABD in period one. After the period two environmental

regulations are imposed and labeling is implemented the supply curve shifts left to

SbMLp2 but demand shifts right to DbMp2 giving an equilibrium at point Y. There are

offsetting welfare effects. Producer surplus with labeling in place is area SYW in Figure

3.5. It is possible that area SYW could be less than area ABD when it is measured

empirically depending on the relative size of the shifts in demand and supply.

Total welfare in period two after all effects are considered is area XYW in Figure

3.5. In period one, total welfare is area FBD in Figure 3.5. The only conclusion that can

be drawn is that the introduction of labeling will increase aggregate demand and reduce

aggregate supply when it is compared to period one. The resulting welfare effects are

ambiguous except that conventional beef consumers will be worse off in any

circumstance. The price of labeled beef (PMLp2) in period two will be greater than the

price of conventional beef (PCp 1) in period one. The quantity of conventional beef in

period one (QbCpl) will be greater than the quantity of environmentally responsible

beef in period two (QbMLp2). The welfare effects are ambiguous as there are offsetting

supply and demand shifts, so empirical estimation is necessary to determine the net

effect on welfare.

Labeling of environmentally responsible beef in period two will increase beef

industry welfare as long as the environmentally responsible beef premium exceeds the

costs of labeling and some portion of the environmental compliance costs. In the case of

environmental regulations being imposed on firms by government, firms have an

incentive to label if these firms can be compensated for any portion of the environmental
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compliance costs being imposed on them. This statement is true as long as the

environmentally responsible beefpremium will cover the entire labeling cost to obtain

the premium. Referring to Figure 3.4, the price in the labeled beef scenario (PMLp2)

will be higher than the price in the unlabeled beef scenario (PMp2) in period two

(Section 3.2.2) and the quantity of beef will also be greater (QbMp2 to QbMLp2) as

long as the premium exceeds the labeling costs. Beef industry welfare increases from

area FPH to area XYW.

If the environmentally responsible beefpremium does not exceed some portion

of the increased environmental compliance costs and the cost of labeling, the federal

government may have to offer a subsidy to keep intensive livestock operations in the

industry. Beefproducers will lobby to return to their period one production levels

(Figure 3.3, QbCpl) in order to keep all intensive livestock operations in the industry in

period two. If the federal government concedes to the lobbying, it must then provide

area WTBD in Figure 3.4 which represents the subsidy. The objective of the subsidy

with mandatory environmental regulations in place in period two is to prevent intensive

livestock operations from exiting the industry between periods one and two. Some

intensive livestock operations with higher average costs ofproduction will still exit the

livestock industry if a subsidy is provided because the subsidy level will not be

sufficient for these operations to remain in the livestock industry.

3.3.3.3 Clean water effects

In Figure 3.3, the supply curve for clean water in each local water market is

Swp2 where feedlots continue to operate (supply of clean water based on environmental

regulations in period two) and this effect creates a quantity of clean water (Qwp2) in
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each local water market. There is also a supply curve (Swp3) for clean water in each

local water market where feedlots have shut down in period two and this creates a

quantity of clean water (Qwp3) that is greater than the quantity of clean water (Qwp2)

where feedlots continue to operate.

A comparison between beef labeling and no beef labeling must be made in period

two to compare the clean water effects under each scenario With labeling in place,

demand will increase from DTpl to DbMp2 (Figure 3.4) in period two. This demand

may allow more intensive livestock operations to be compensated for the increased

environmental compliance costs due to period two environmental regulations. This

would allow these operations to continue to operate as long as the premium the beef

industry is extracting from consumers is greater than the increased environmental

compliance costs and labeling costs. However this policy reduces total welfare for clean

water when compared to the absence of labeling. This is shown in Figure 3.3. If a

feedlot operates with period two environmental regulations in place, total welfare for a

local water market is area ADE. However, total welfare for a local water market without

a feedlot is area AFG.

The government's objective is to correct the beef market failure whereby the

willingness to pay for the existence value of natural resources is captured in the

environmentally responsible beef premium (Figure 3.4). This capture leads to a more

efficient market outcome, reducing the need to subsidize. Three scenarios exist for the

government to meet or exceed its objectives. Two scenarios involve product labeling

and one involves providing a direct subsidy to beefproducers.
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In the first scenario, it is assumed that eco-consumer demand for environmentally

responsible beef (Figure 3.4, DbMp2) will compensate producers for producing

environmentally responsible beef (SbMLp2). In this scenario, the government would

not have to provide any subsidy. This is the best-case scenario for taxpayers.

In the second scenario, it is assumed that eco-consumer demand for

environmentally responsible beef (Figure 3.4, DbMp2) will compensate producers for

the labeling costs to create the environmentally responsible beefmarket. However the

demand is insufficient to cover all environmental compliance costs for period two

environmental regulations. In this situation, the environmentally responsible beef

market should still be created. As long as the environmentally responsible beef

premium exceeds the labeling costs, the new market has covered its establishment costs.

If the premium can compensate for any portion of the environmental compliance costs

taxpayers are better off because the subsidy level (Figure 3.4, area WTBD) has been

reduced to some degree. In this scenario, the government would have to provide a

reduced subsidy (less than area WTBD). This is the second best scenario for taxpayers

because it has reduced but not eliminated its expenditure.

In the third scenario, it is assumed that eco-consumer demand for

environmentally responsible beef (Figure 3.4, DbMp2) will not compensate producers

for labeling costs; therefore the market will not be created. The government will have to

provide the subsidy (Figure 3.4, area WTBD) in order to keep all beef producers in the

industry. If the government provides a subsidy that is less than area WTBD some beef

producers will exit the industry. Total welfare for clean water in period two due to
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mandatory environmental regulations with beef labeling is shown by the following

equation (Figure 3.3):

&-b b

Total welfare for clean water =L area ADEmnj + L area AFGxj
.H ?

[3.5]

where:

• (z - b) is the subset of water markets with feedlots producing for the labeled beef

market under period two environmental regulations.

• b is the subset of water markets where feedlots have exited the labeled beef

market.

•

z-b

L area ADEmnj is the total welfare for clean water due to the subset of water
j=4

markets with feedlots producing for the labeled beef market under period two

environmental regulations (Figure 3.3). This is created through the

environmentally responsible beef premium, government subsidies, or both.

•

b

L area AFGxj is the welfare for clean water due to the subset of water markets
j�

where feedlots have exited the labeled beef market (Figure 3.3).

If demand for labeled beef is greater than the increased environmental

compliance costs and the labeling costs or if some level of subsidy is provided, (z-b) in

equation 3.5 is greater than (z-a) in equation 3.4 and (a) is greater than (b). This result

indicates that labeling or an equivalent subsidy allows more beef feedlots to continue to

operate so the total welfare effects for clean water are reduced when compared to period

two environmental regulations in the absence of labeling.
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3.3.4 Voluntary domestic environmental standards in period two

3.3.4.1 The voluntary domestic environmentally responsible beef market

In order to explain the voluntary domestic environmentally responsible beef

market, some comparisons must be made to mandatory environmental regulations in

period two. With mandatory environmental regulations in place, all beef becomes

environmentally responsible. With a voluntary system in place, two markets are created;

a conventional beef market and a labeled environmentally responsible beef market. It is

likely that the labeled environmentally responsible beef market will be small and the

conventional beef market size will remain relatively unaffected.

Therefore, in Figure 3.4, the price of environmentally responsible beef

complying with a voluntary standard (PVp2) should be higher than the price of

environmentally responsible beef complying with mandatory regulations and a labeling

system in place (PMLp2). This is because the demand curve for the voluntary standard

(DbVp2) reflects eco-consumers' environmentally responsible beefpremium and

conventional beef consumers have remained in the conventional beef market (Figure 3.2,

DDp2). The creation of two markets means that DbVp2 will be less than DbMp2

(Figure 3.4). Secondly there is a large reduction in the supply of environmentally

responsible beef due to the voluntary environmental standard (SbMLp2 to SbVp2)

assuming most producers will remain in the conventional beef market (Figure 3.2,

Sbp2). Under these assumptions, the quantity of environmentally responsible beef with

the voluntary standard (QbVp2) will be significantly less than the quantity of

environmentally responsible beef with mandatory environmental regulations and a

labeling system in place (QbMLp2).
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It is possible that voluntary environmental standards could improve the

environment around intensive livestock operations. A voluntary standard could increase

the total welfare for clean water in some local water markets and increase the size of the

livestock industry. In this scenario the government must rely on the existence value

(environmentally responsible beefpremium) eco-consumers place on natural resources

when purchasing environmentally responsible beef in order to compensate beef

producers for the increased environmental compliance costs due to the voluntary

environmental standard.

With the voluntary standard in place, beef producers will only produce beef for

the conventional market (Figure 3.2) if the environmentally responsible beef premium

will not compensate producers for the increased environmental compliance costs and

labeling costs. This is assuming that beef producers do not receive utility from

implementing environmental protection practices. Environmental compliance costs are

the capital and operating costs necessary for the feedlot to comply with the

environmental standard.

It may be necessary to encourage beef producers with a subsidy to adhere to the

environmental standard since compliance is not mandatory. The government will strive

to have a certain number of beef producers in the environmentally responsible beef

market (Figure 3.4, SbVp2). The number of beef producers would be determined by the

total welfare gains from the increased quantity of clean water the government wishes to

achieve (Figure 3.3). The subsidy cost is some part of area GIUD in Figure 3.4. The

subsidy is this area because beef producers will lobby to return to their period one
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supply curve (Figure 3.4, Sbpl). The federal government may provide some or all of

area GIUD.

The voluntary domestic demand curve for environmentally responsible beef

(DbVp2) in Figure 3.4 reflects domestic eco-consumers preferences for the environment

around intensive livestock operations as well as the beef consumption benefits of eco

consumers. They have full information due to the environmentally responsible beef

label. The supply curve for the voluntary domestic environmental standard is indicated

by SbVp2 in Figure 3.4. This supply curve reflects the voluntary nature of the

environmental standard. Producers can produce beef for the environmentally

responsible beef market (Figure 3.4) as long as they incur the necessary environmental

compliance costs and labeling costs.

At this point an equilibrium can be determined in Figure 3.4 for labeled

environmentally responsible beef production in compliance with a voluntary domestic

environmental standard. The intersection of the supply curve (SbVp2) and the demand

curve (DbVp2) (point I) creates an equilibrium quantity of environmentally responsible

beef (QbVp2) and price at PVp2 (price of environmentally responsible beef due to a

domestic voluntary environmental standard in period two). Eco-consumer surplus is

area KIJ and producer surplus is area JIG, thus total welfare is area KIG.

3.3.4.2 Conventional beef market effects

In period one, only a conventional beef market existed (Figure 3.2). In period

two, a new equilibrium is created in Figure 3.2. Since eco-consumers have shifted their

demand to the market depicted in Figure 3.4, the total demand for conventional beef is

reduced to DDp2 in Figure 3.2. Additionally some producers have left the conventional
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beef market (Figure 3.2) to produce in the environmentally responsible beef market

(Figure 3.4). This effect shifts the conventional beef supply curve left from Sbp 1 to

Sbp2 (Figure 3.2) giving a new equilibrium at point C.

The new equilibrium is quantity QbCp2 (quantity of conventional beef in period

two). As there is a reduction in supply and demand, the effects on price are ambiguous.

Figure 3.2 indicates that PCp2 could be less than PCp 1. The quantity of conventional

beef is unambiguously reduced from QbCp 1 to QbCp2. The total welfare in the

conventional beef market in period two is area TCW which is less than area FBD in

period one.

There are several comparisons to be made between periods one and two. In

period one, the undifferentiated beef market welfare is area FBD (Figure 3.2). When the

differentiated markets are introduced in period two the effects are changed. Welfare

exists for two markets. If total welfare of area KIG in Figure 3.4 in the environmentally

responsible beef market exceeds the consumer surplus loss of area FBA minus area TCH

and producer surplus loss of area ABD minus area HCW in Figure 3.2 in the

conventional beef market then the beef industry is better off.

The net effect is ambiguous and must be measured quantitatively. This analysis

includes only beef industry effects (Figure 3.2 and Figure 3.4) but the welfare effects for

clean water (Figure 3.3) must also be considered. The price of environmentally

responsible beef in differentiated markets (PVp2) will be higher than the price of

conventional beef (PCp2) in period two because the environmentally responsible beef

market allows domestic eco-consumers to reveal their preferences.
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A comparison of welfare effects can be made between mandatory period two

environmental regulations and a voluntary environmental standard. Under the voluntary

environmental standard, welfare exists for two markets. This is area KIG in Figure 3.4

(the environmentally responsible beef market) and area TCW in Figure 3.2 (the

conventional beef market). Labeling with mandatory environmental regulations in place

creates total welfare of area XYW in Figure 3.4 (the environmentally responsible beef

market) but only this market exists. The welfare effects must be measured empirically

to determine which scenario will make the beef industry better off. The next section

examines other variables in the analysis including total welfare for clean water and the

subsidy level the government may have to provide to encourage beef producers to

comply with a voluntary environmental standard.

3.3.4.3 Clean water effects

Feedlots could fluctuate between the conventional beef market (Figure 3.2) and

the labeled environmentally responsible beef market (Figure 3.4) in period two although

these operations would be subject to significant adjustment costs. If feedlot operators

feel that the premium for environmentally responsible beef is large enough to

compensate for the increased environmental compliance costs due to the environmental

standard, they will switch away from the conventional beef market. Some feedlots may

not be able to enter the environmentally responsible beef supply chain due to local

environmental constraints. These constraints are created because the physical

environment around the feedlot may not allow the operation to meet the environmental

standards. For example, soil composition may not allow a feedlot to meet groundwater

conditions in the environmental standard.
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This effect creates differentiated markets based on environmental conditions. It

also means that feedlots in areas with adequate groundwater protection will switch to the

environmentally responsible beef market. Feedlots in areas where groundwater

protection can not be maintained will stay in the conventional beef market. In effect, the

environmentally friendly areas will continue to improve their local environment while

the other areas will remain the same.

Figure 3.3 indicates a feedlot's effect on a local water market where the feedlot

has entered the environmentally responsible beef supply chain. A feedlot in the

domestic environmentally responsible beef supply chain will reduce its water pollution

to a level where the clean water supply in the local water market is equal to the clean

water supply produced with mandatory period two environmental regulations in place.

In Figure 3.3, this is Swp2. This is a reasonable assumption as the domestic standard

and mandatory regulations in period two would be based on domestic eco-consumer

preferences. The sum of the local water market effects where this subset of feedlots (m)

m

operate yields a total welfare for clean water ofI area ADEvnj.
j==l

Some feedlots will not be able to produce for the environmentally responsible

beef market due to environmental constraints. As the domestic environmental standard

is voluntary, these feedlots will not have to exit the industry in the long run. These

feedlots will produce for the conventional beef market. The local water market effects

where these feedlots are located will remain as they did before the environmental

standard existed. In Figure 3.3, the total welfare for clean water for this subset of
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z-m

feedlots (z - m) will remain L area ABCvcj. The local water market with a feedlot
j�

producing for the conventional beef market will yield a quantity of clean water (Qwp 1)

that is equal to period one.

If the environmentally responsible beef supply chain cannot reduce water

pollution to the level desired by government (the summation of all local water markets),

due to the supply chain's size, the government will have to intervene. The government's

objective is to correct the market failure whereby the willingness to pay for the existence

value of natural resources is captured in the environmentally responsible beef premium.

This capture leads to a more efficient market outcome reducing the need to subsidize to

achieve social welfare environmental objectives. Three scenarios exist for the

government to meet or exceed its objectives. Two scenarios involve creating an

environmentally responsible beef market and one involves providing a direct subsidy to

beef producers.

In the first scenario, it is assumed that eco-consumer demand for environmentally

responsible beef (Figure 3.4, DbVp2) will compensate producers for producing

environmentally responsible beef (SbVp2). In this scenario, the government would not

have to provide any subsidy to achieve its objectives. This is the best-case scenario for

taxpayers. Essentially, a private market has been created which addresses the externality

(clean water). Government intervention is not required.

In the second scenario, it is assumed that eco-consumer demand for

environmentally responsible beef (Figure 3.4, DbVp2) will compensate producers for

the labeling costs to create the environmentally responsible beef market. However the
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demand is insufficient to cover all environmental compliance costs of the domestic

voluntary environmental standard. In this situation, the environmentally responsible

beef market will still be created. As long as the environmentally responsible beef

premium exceeds the labeling costs, the new market has covered its establishment costs.

If the premium can compensate for any portion of the environmental compliance costs

taxpayers are better off because the subsidy level (Figure 3.4, area GIUD) has been

reduced to some degree. In this scenario, taxpayers would have to provide a reduced

subsidy (less than area GIUD). This is the second best scenario for taxpayers (the

government) because the subsidy has been reduced but not eliminated.

In the third scenario, it is assumed that eco-consumer demand for

environmentally responsible beef (Figure 3.4, DbVp2) will not compensate producers

for producing environmentally responsible beef (SbVp2). In this situation, the labeling

costs exceeds the premium, therefore the market will not be created. The government

will have to provide a subsidy (some part of area GIUD in Figure 3.4) to beef producers

in order to improve welfare for clean water in some local water markets. Total welfare

for clean water in period two due to a voluntary domestic environmental standard is

shown by the following equation:

z-m m

Total welfare for clean water =L area ABCvcj + L area ADEvnj
.p. j=l

[3.6]

where:

• (z - m) is the subset of feedlots producing for the conventional beef market.

• m is the subset of feedlots producing for the domestic environmentally

responsible beef market.
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•

z-m

L area ABCvcj is the welfare for clean water due to the conventional beef
.0

market (Figure 3.3).

•

m

L area ADEvnj is the welfare for clean water due to the domestic
.H

environmentally responsible beef market (Figure 3.3). This is created through

the environmentally responsible beef premium, government subsidies, or both.

3.3.5 International environmental standards in period three

3.3.5.1 Introduction

Canada produced 1.2 million metric tonnes of beef in 1999. Additionally,

Canada exported 41% of this production in 1999 (AAFRD, 2001). Clearly if an

environmentally responsible beef market is established for Canadian beef production,

international eco-consumer preferences must be considered. It is likely that the cost to

comply with an international environmental standard determined by international eco-

consumers is greater than the costs to comply with a domestic environmental standard.

This is likely because areas with high population densities such as the European Union

and Japan have beef consumers who possess heightened environmental awareness.

Even if these international consumers do not demand changes to beef production

practices, they will at least demand greater environmental monitoring for beef

production than domestic beef consumers due to the environmental stress these

international consumers have witnessed in their own countries.
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3.3.5.2 The international environmentally responsible beef market

It is assumed that if Canada decides to comply with a voluntary international

environmental standard, the voluntary domestic environmental standard will be

eliminated due to differing consumer preferences in Canada and abroad. Canadian

producers can voluntarily produce for the international environmentally responsible beef

market or the conventional beef market. Fewer Canadian producers will be able to

produce for the international environmentally responsible beef market, therefore the

environmentally responsible beef supply adhering to the international standard (SbElp3)

in Figure 3.4 will be less than the environmentally responsible beef supply adhering to

the voluntary domestic environmental standard (SbVp2). The combined international

and domestic demand for Canadian environmentally responsible beef is marked as

DbVTp3 in Figure 3.4. It is assumed that total (international and domestic) eco

consumer demand for Canadian environmentally responsible beef in period three

(DbVTp3) will compensate Canadian producers to supply beef to meet the international

environmental standard (SbElp3).

The corresponding equilibrium for Canadian environmentally responsible beef

adhering to the international environmental standard is indicated in Figure 3.4 as point

M. The equilibrium produces an international environmentally responsible beef price

(PETp3) and quantity (QbETp3) for Canadian environmentally responsible beef. The

international environmentally responsible beef price in period three (PETp3) is

unambiguously higher than the domestic environmentally responsible beef price in

period two (PVp2) due to increased demand (DbVp2 to DbVTp3) and reduced supply

(SbVp2 to SbElp3). Demand is increased in period three because international eco-
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consumers are purchasing Canadian environmentally responsible beef in period three,

while in period two they were not purchasing any Canadian environmentally responsible

beef.

The remaining effects are ambiguous. If the total demand (DbVTp3) will

compensate Canadian producers to supply beef that adheres with the international

environmental standard (SbElp3) then QbETp3 (Canadian voluntary environmentally

responsible beef quantity in period three) will exceed QbVp2 (voluntary domestic

environmentally responsible beef quantity in period two). This scenario could be

reversed and QbETp3 could be less than QbVp2 because the existence of the

conventional beef market (Figure 3.2) allows eco-consumers to revert to that market if

the price of environmentally responsible beef (PETp3) is too high relative to eco

consumers' preferences. In the environmentally responsible beef market, total welfare

would be area OML in period three (Figure 3.4). As long as total eco-consumer demand

(DbVTp3) can compensate Canadian producers to supply beef for the international

standard (SbElp3) international welfare for Canadian environmentally responsible beef

increases in period three.

The effects on eco-consumers vary. If total eco-consumer demand (Figure 3.4,

DbVTp3) can compensate Canadian producers to produce beef for the international

standard (SbElp3), domestic (Canadian) eco-consumers suffer a welfare loss in period

three. This effect is created because international eco-consumers demand a higher

environmental standard than domestic eco-consumers. This causes the price of

environmentally responsible beef to increase to PETp3 in period three from PVp2 in

period two. The domestic eco-consumer welfare loss is area NVU in Figure 3.4. The
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quantity of environmentally responsible beef consumed by domestic eco-consumers

drops from quantity QbVp2 in period two to quantity QbEDp3 in period three.

If total eco-consumer demand (Figure 3.4, DbVTp3) can compensate Canadian

producers to produce beef for the international standard (SbElp3) there is an

unambiguous gain for Canadian eco-producers in period three. Canadian ceo-producers

who are able to produce for the international environmentally responsible beef market

are better off because of higher prices. From periods two (voluntary domestic

environmental standard) to three the eco-producer surplus increases from area JIG to

area NML in Figure 3.4.

3.3.5.3 Conventional beef market effects

Assuming that total eco-consumer demand for Canadian environmentally

responsible beef (Figure 3.4, DbVTp3) will compensate Canadian producers to supply

beef for the international environmental standard (SbElp3), total demand for

conventional Canadian beef will fall to DTp3 in Figure 3.2. This is a net effect however.

In period three, some domestic eco-consumers that purchased environmentally

responsible beef (Figure 3.4) in period two will now purchase conventional beef (Figure

3.2) because the environmentally responsible beefprice has increased to PETp3 (Figure

3.4) from PVp2. This will increase conventional beef demand but this is not indicated in

Figure 3.2 due to the following net effect.

It is assumed that the negative domestic eco-consumer effect for Canadian

environmentally responsible beef is overwhelmed by the positive international eco

consumer effect in period three. In periods one and two, no international eco-consurners

were purchasing Canadian environmentally responsible beef because the domestic
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environmental standard did not meet their preferences. With the international

environmental standard in place in Canada in period three, international eco-consumers

that previously purchased conventional Canadian beef in periods one and two will now

purchase Canadian environmentally responsible beef because their preferences for

environmentally responsible beef have been realized. It is assumed that the net effect

causes a net reduction in demand for conventional Canadian beef (Figure 3.2) from

DDp2 (conventional Canadian beef demand in period two due to a loss of domestic eco

consumers) to DTp3 (conventional Canadian beef demand in period three due to a loss

of all eco-consumers).

Additionally, some Canadian producers that were previously in the voluntary

domestic environmentally responsible beef market in period two (Figure 3.4, SbVp2)

will move back to the conventional beef market (Figure 3.2) in period three due to

increased costs to adhere to the voluntary international environmental standard. This

effect causes conventional beef supply (Figure 3.2) to increase from Sbp2 in period two

to Sbp3 in period three. Conventional beef consumers unambiguously gain in period

three due to the conventional beef price being reduced from PCp2 to PCp3 in period

three. Conventional domestic beef producers unambiguously lose in period three due to

the price reduction. The international environmental standard imposed in period three

(Figure 3.4) causes conventional domestic beef producers to unambiguously lose and

conventional (international and domestic) beef consumers to unambiguously gain

(Figure 3.2) between periods two and three as long as the positive international eco

consumer effect overwhelms the negative domestic eco-consumer effect for Canadian
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environmentally responsible beef (Figure 3.4). Empirical measurement is necessary to

gauge the significance of these effects.

3.3.5.4 Clean water effects

The welfare effect on clean water must be examined. As mentioned earlier, it is

assumed that if the international environmental standard is implemented in Canada, the

domestic environmental standard will be eliminated. The international environmental

standard will have varying effects on any local water market. Referring to Figure 3.3, if

a feedlot has the ability to comply with the international environmental standard instead

of the domestic environmental standard, its local water market will have an increased

quantity of clean water (Qwp3) assuming that the stricter environmental standard will

lower the marginal cost of producing clean water. It is assumed for convenience that the

international environmental standard is sufficient to remove all externalities in the water

market. This quantity is equal to the quantity of clean water produced in the absence of

beef feedlots (Qwp3). This is assuming that the international environmentally

responsible beefmarket premium (Figure 3.4, DbVTp3) exceeds the international

environmental compliance costs (Figure 3.4, SbElp3). The total welfare for clean water

y

given the subset of feedlots (y) adopting the standard is I area AFGvij in Figure 3.3.
fi

There are also negative welfare effects. Some feedlots that were able to comply

with the domestic environmental standard in period two may not be able to comply with

the international environmental standard in period three. This subset of feedlots will

produce for the conventional beef market (Figure 3.2) in period three. Additionally,

there are feedlots that are producing for the conventional beef market in all periods (one
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to three). The local water market with a feedlot producing for the conventional beef

market will yield a quantity of clean water (Figure 3.3, Qwpl) that is equal to period

one. Given this subset of feedlots (z - y) producing for the conventional beef market,

2-JI

the total welfare for clean water in these local water markets is I area ABCvcj in Figure
J=i

3.3.

The net welfare effects for the total quantity of clean water provided in all water

markets are ambiguous. If the environmentally responsible beef supply chain cannot

reduce the level of water pollution desired by government (society), which is the

summation of all local water markets, the government will have to intervene. Once

again, the government's objective is to correct the market failure whereby the

willingness to pay for the protection of natural resources is reflected in the

environmentally responsible beefprice. This capture leads to a more efficient market

outcome reducing the need to subsidize to achieve the government's environmental

objectives. Three scenarios exist for the government to meet or exceed its objectives.

In the first scenario, it is assumed that eco-consumer demand (international and

domestic) for Canadian environmentally responsible beef (Figure 3.4, DbVTp3) will

compensate domestic producers for producing environmentally responsible beef

(SbElp3). In this scenario, the government would not have to provide any subsidy to

achieve its objectives. This is the best-case scenario for taxpayers. Essentially a private

market has been created which addresses the negative externality of water pollution.

Government intervention is not required.
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In the second scenario, it is assumed that total eco-consumer demand for

Canadian environmentally responsible beef (Figure 3.4, DbVTp3) will compensate

domestic producers for the labeling costs to create the environmentally responsible beef

market. However the demand is insufficient to cover all environmental compliance

costs of the international voluntary environmental standard. In this situation, the

environmentally responsible beef market will still be created. As long as the

environmentally responsible beef premium exceeds the labeling costs, the new market

has covered its establishment costs. If the premium can compensate for any portion of

the environmental compliance costs taxpayers are better off because the subsidy level

(Figure 3.4, area LMZD) has been reduced to some degree. In this scenario, the

government would have to provide a reduced subsidy (less than area LMZD). This is

the second best scenario for taxpayers because the subsidy has reduced but not

eliminated.

In the third scenario, it is assumed that total eco-consumer demand for Canadian

environmentally responsible beef (Figure 3.4, DbVTp3) will not compensate domestic

producers for producing environmentally responsible beef (SbElp3). In this situation,

the labeling costs exceeds the premium, therefore the market will not be created. The

government will have to provide a subsidy (some part of area LMZD in Figure 3.4) to

beef producers in order to improve welfare for clean water in some local water markets.

Total welfare for clean water in period three due to a voluntary international

environmental standard is shown by the following equation:

z-y Y

Total welfare for clean water =L area ABCvcj + L area AFGvij
j=4 j=4

[3.7]

78



where:

• (z - y) is the subset of feedlots producing for the conventional beef market.

• y is the subset of feedlots producing for the international environmentally

responsible beef market.

•

z-y

I area ABCycj is the total welfare for clean water due to the conventional beef
j=l

market (Figure 3.3).

•

y

I area AFGYij is the total welfare for clean water due to the international
j=4

environmentally responsible beef market (Figure 3.3). This is created through

the environmentally responsible beef premium, government subsidies, or both.

3.3.5.5 A comparison between the standards and regulations

It is ambiguous if the total welfare for clean water is increased with the voluntary

international environmental standard when compared to the voluntary domestic

environmental standard. It is likely that the number of Canadian beef producers in the

conventional beef market (Figure 3.2) is greater in the international scenario than in the

z-y z-m

domestic scenario (equation 3.7 (L area ABCYcj) > equation 3.6 (I area ABCycj»
j=4 j=4

due to increased environmental compliance costs for the international environmental

standard. However the Canadian eco-producers producing for the international

environmentally responsible beef market in period three are reducing water pollution

79



y

more so than domestic eco-producers in period two (equation 3.7 (2: area AFGvij) >

.H

m

equation 3.6 (2: area ADEvnj» .

.H

Under the international scenario, fewer local water markets are better off in

period three when compared to the domestic environmental standard in period two. This

is because fewer feedlots are switching to the international environmentally responsible

beef market in period three due to high environmental compliance costs for the

The most significant problem with voluntary environmental standards is that the

international environmental standard. However the subset of local water markets that

are in the environmentally responsible beef market under the international scenario in

period three are faring better than they were under the domestic environmental standard

in period two. This is because the feedlots that did switch to the environmentally

responsible beef market in period three are reducing water pollution more than they were

reducing water pollution in period two.

local water markets with the least environmental problems will reduce their water

pollution with the environmentally responsible beef market in place while local water

markets with more environmental problems will remain constant. This is because

feedlot operators in local water markets with few environmental problems may find that

it is relatively inexpensive to convert their feedlots to produce for the environmentally
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environmental problems are significant as there may be relatively high costs to convert



their feedlots to the environmentally responsible beef market. These feedlots will

remain in the conventional beef market.

It is unambiguous that the total welfare for clean water with period two

environmental regulations in place (with or without labeling) is greater than the

voluntary domestic environmental standard. Even if the domestic subsidy for the

domestic voluntary environmental standard was significant enough to convince all beef

producers to produce for the environmentally responsible beef market, these water

m

markets would still only sum to L area ADEvnj in equation 3.6 which is less than
j=l

The total welfare for clean water with the voluntary international environmental

z-a a

equation 3.4 (2: area ADEmnj + 2: area AFGxj). If the environmentally responsible
j� j�

beef premium cannot exceed the increased environmental compliance costs for the

standard and the labeling costs, the possible subsidy required with the international

scenario (some part of area LMZD in Figure 3.4) is greater than the possible subsidy

required with the domestic scenario (some part of area GIUD in Figure 3.4).

standard in period three could actually exceed the total welfare for clean water with

period two environmental regulations. This scenario is possible if almost all beef

producers produce for the international environmentally responsible beef market. It is

possible that equation 3.7 could exceed equation 3.4 because a feedlot complying with

amount (Figure 3.3, area AFG) as a local water market without a feedlot.

the international environmental standard would be reducing water pollution by the same
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In conclusion the Canadian government should encourage producers to comply

with a voluntary international environmental standard instead of the voluntary domestic

environmental standard only if the following positive welfare effects exceed the negative

welfare effects. The first positive welfare effect is the domestic environmentally

responsible beef producer welfare gain (Figure 3.4, area NML - area JIG). The second

positive welfare effect is the domestic consumer gain in the conventional market (Figure

3.2) between periods two and three due to domestic beef consumers switching back to

the conventional market because of the high international environmentally responsible

beefprice (Figure 3.4, PETp3) in period three. The third positive welfare effect is the

domestic eco-consumer surplus due to the international environmental standard in period

three (Figure 3.4, area KVN). The fourth positive welfare effect is the decrease in water

pollution in some water markets in period three due to the switch from production for

the domestic environmental standard to the international environmental standard.

The negative welfare effects include the loss in domestic eco-consumer surplus

(Figure 3.4, area NVU) between periods two and three due to the high international

environmentally responsible beef price (Figure 3.4, PETp3). There is also a domestic

conventional beef producer welfare loss (Figure 3.2, area CHW - area SEG) between

periods two and three. The third negative welfare effect is the increase in water

pollution in some water markets in period three because some feedlots are forced to

produce for the conventional beef market instead of the domestic environmentally

responsible beef market that existed in period two. These feedlots are forced to revert to

the conventional beef market because of high environmental compliance costs for the

voluntary international environmental standard in period three.
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3.3.6 Summary

In conclusion, the government must first decide what its priorities are; the

reduction of water pollution or livestock expansion, by examining social preferences. If

the government's sole objective is to reduce water pollution, it should simply implement

period two environmental regulations without any provisions for labeling. The objective

to reduce water pollution will be achieved because some feedlots will have to make

modifications to comply with the new regulations and other feedlots will exit the

industry.

If the beef industry believes that the environmentally responsible beef premium

is substantial enough to compensate beef producers for labeling costs then the industry

may label the environmentally responsible beef product. Labeling may allow some

feedlots to remain in the industry that would have had to exit the industry due to period

two environmental regulations. Some feedlots will still have to exit the industry under

this scenario but the adverse impacts to feedlots should be reduced if labeling costs are

low.

The government could provide a subsidy if the environmentally responsible beef

premium does not exceed the increased environmental compliance costs and labeling

costs in the case of mandatory environmental regulations. The government's sole

objective in providing a subsidy is to allow more intensive livestock operations to

remain in the beef industry. Welfare for clean water in some water markets is reduced if

labeling is introduced or a subsidy is provided because more beef feedlots will remain in

the industry and cause some level ofwater degradation.
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If the government's main objective is to increase the size of the livestock

industry and increase feedlot profitability and its secondary objective is to increase total

welfare for clean water then it should impose voluntary environmental standards in

period two. In this scenario no feedlots will have to exit the industry because if a feedlot

cannot comply with the voluntary environmental standard it will simply produce beef for

the conventional beef market.

The voluntary environmental standard can produce wide-ranging results. If the

environmentally responsible beef market premium can fully compensate domestic beef

producers for the increased environmental compliance costs for both the domestic and

international voluntary standard then beef producers will move to the environmentally

responsible beef market. This effect will reduce water pollution in water markets by

correcting the market failure in the beef market. However if the environmentally

responsible beef market premium cannot fully compensate domestic beef producers for

the increased environmental compliance costs for both the domestic and international

voluntary standard then beef producers will stay in the conventional beef market. At

that point, the government must consider providing subsidies to encourage beef

producers to produce for the environmentally responsible beef market because the

environmental standards are not mandatory. Regarding environmental compliance costs,

if the initial fixed costs are high and the ongoing environmental monitoring costs are

low, the government may just have to provide a one-time subsidy.

It must be re-emphasized that the most significant problem with voluntary

environmental standards is that the local water markets with superior clean water

standards will improve while sub-standard water markets will not improve. This is
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because feedlot operators in local water markets with few environmental problems may

find that it is relatively inexpensive to convert their feedlots to produce for the

environmentally responsible beef market. However the opposite is true for operators in
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sub-standard water markets as there may be relatively high costs to convert their feedlots

to the environmentally responsible beef market. These feedlots will remain in the

conventional beef market. The conceptual framework is summarized in Tables 3.1-

3.4. The government's course of action for their policy objectives are summarized in

Table 3.5.

Table 3.1 - Mandatory environmental regulations in period two without labeling
Item Reference

1. Beef market welfare reduction
from period one to two.

Figure 3.4. Consumer surplus reduction of area

ABF to area RPF. Producer surplus reduction
of area ABD to area RPH.

2. Total welfare for clean water

increases from period one to

two.

Figure 3.3. The sum of areas ABC increases to

the sum of areas ADE and areas AFG.



Table 3.2 - Mandatory environmental regulations in period two with labeling
Item Reference

1. Beef consumers not concerned about the Figure 3.5. Consumer surplus for these
environment are unambiguously worse off consumers is reduced from area AHI to

from period one to two. SJI.

2. Eco-consumer effects are ambiguous from

period one to two.

3. Producer effects are ambiguous from

period one to two.

4. Total beef market welfare increases when

labeling is introduced when compared to no

labeling in period two as long as a

significant premium exists for

environmentally responsible beef.

5. A subsidy may be required to prevent some

beef operations from exiting the industry.

6. Total welfare for clean water is reduced
when compared to mandatory
environmental regulations without

labeling.

Figure 3.5. Consumer surplus for these
consumers changes from area ACE to

area SNM.

Figure 3.5. Producer surplus changes
from area ABD to SYW.

Figure 3.4. Labeling creates area

XYW. No labeling creates area FPH.

Figure 3.4. Some part of area WTBD.

Compare equations 3.4 and 3.5.

(z-b) > (z-a)
(a) > (b)
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Item
Table 3.3 - A voluntary domestic environmental standard

Reference
1. Conventional beef market welfare is

reduced from period one to two if a

significant premium exists for

environmentally responsible beef.

2. A domestic environmentally
responsible beef market is created in

period two.

3. The beef industry welfare comparison
between a domestic voluntary
environmental standard and mandatory
environmental regulations with labeling
is ambiguous.

4. A subsidy may be required to

encourage beef producers to participate
in the environmentally responsible beef
market. The subsidy is indirectly
determined by the total welfare for
clean water.

5. Total welfare for clean water is reduced
when compared to mandatory
environmental regulations with or

without labeling.

Figure 3.2. Consumer surplus is reduced
from area ABF to area HCT. Producer

surplus is reduced from area ABD to area

HCW.

Figure 3.4. Total welfare for this market is
areaKIG.

Total welfare for the combined markets
under the domestic standard is area KIG

(Figure 3.4) and area TCW (Figure 3.2).
Total welfare for mandatory environmental

regulations with labeling is area XYW

(Figure 3.4).

Figure 3.4. The subsidy is some part of
area GIUD.

Compare equations 3.4, 3.5, 3.6.
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Item
Table 3.4 - A voluntary international environmental standard

Reference
1. Conventional domestic beef producer

welfare is reduced from period two to three
if a large international premium exists for

environmentally responsible beef.

2. Conventional beef consumer welfare is
increased from period two to three if the

positive international eco-consumer

welfare effect overwhelms the negative
domestic eco-consumer welfare effect.

3. Domestic eco-consumer welfare is reduced
when the international standard is

implemented compared to the domestic
standard.

4. The beef industry welfare comparison
between an international voluntary
environmental standard and mandatory
environmental regulations with labeling is

ambiguous.

5. The beef industry welfare comparison
between an international voluntary
environmental standard and a domestic

voluntary environmental standard is

ambiguous.

6. A subsidy may be required to encourage
beef producers to participate in the

environmentally responsible beef market.

7. Total welfare for clean water is ambiguous
when compared to a domestic voluntary
environmental standard or mandatory
environmental regulations with or without

labeling.

Figure 3.2. Period two welfare is area

HCW. Period three welfare is area

GSE.

Figure 3.2. Period two welfare is area

HCT. Period three welfare is area GSJ.

Figure 3.4. Welfare loss of area NVIJ.

Total welfare for the combined markets
under the international standard is area

OML (Figure 3.4) and area JSE (Figure
3.2). Total welfare with mandatory
environmental regulations with labeling
is area XYW (Figure 3.4).

Total welfare for the combined markets
under the international standard is area

OML (Figure 3.4) and area JSE (Figure
3.2). Total welfare for the combined
markets under the domestic standard is
area KIG (Figure 3.4) and area TCW

(Figure 3.2).

Figure 3.4. The subsidy is some part of
area LMZD. The subsidy is directly
determined by the objective to reduce
water pollution.

Compare equations 3.4, 3.5, 3.6 and
3.7.
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Table 3.5 - The government's course(s) of action for their policy objectives
Policy Objective Course of Action

1. Sole objective is to increase Implement period two environmental regulations.
the total welfare for clean
water.

2. a) Primary objective is to

increase the total welfare
for clean water.

b) Secondary objective is to

prevent some beef

operations from exiting
the industry.

3. a) Primary objective is to

continue to develop the
livestock industry.

b) Secondary objective is to

increase the total welfare
for clean water.

3.4 Conclusion

Implement period two environmental regulations and
be ready to offer a subsidy if the environmentally
responsible beef premium does not exceed the
increased environmental compliance costs and

labeling costs to achieve the secondary objective.

Implement a voluntary environmental standard. The

government should also be ready to offer a subsidy if
the environmentally responsible beef premium does
not exceed the increased environmental compliance
costs and labeling costs in order to achieve the

secondary objective. There are opposing welfare
effects to consider if a domestic or international
environmental standard is implemented. It is

possible but not likely that the total welfare for clean
water obtained from the international standard

(equation 3.7) may exceed the total welfare for clean
water obtained from period two environmental

regulations (equation 3.4).

The conceptual framework examined in this chapter will be quantitatively

estimated by the methodology provided in the next chapter. The private costs associated

with adopting new environmental standards for feedlots will be estimated. Additionally,

cattle identification costs will be estimated and compared to the price premiums that

might arise for environmentally responsible beef. Demand for environmentally

responsible beef is difficult to estimate because this product does not currently exist.

The environmentally responsible beef price premium is the private benefit feedlot

operators receive for adhering to new environmental standards.
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The effects on water markets will not be quantitatively estimated. It is beyond

the scope of this thesis to measure and value the level of water quality improvement due

to a change in feedlot environmental protection practices or the removal of a feedlot

from a local water market. Secondly, it would be costly and difficult to measure what

local water consumers are willing to pay to prevent water pollution from a hypothetical

feedlot. Similar survey methods have been performed in the past to estimate the value

local water consumers place on the environment. A survey is beyond the scope of this

thesis. The conceptual framework included the water market to address the existence of

an externality due to livestock production.

Additionally, the financial effects of an environmentally responsible beef product

on the conventional beef market will not be quantitatively measured. Once again it

would be difficult to estimate the impacts a hypothetical beef product would have on the

conventional beef market. As shown in this chapter, the movement of beef consumers

and producers from the conventional beef market to an environmentally responsible beef

market is highly variable. These movements depend on environmental protection costs,

labeling costs, the size of an environmentally responsible beef premium, and the price of

cattle. However the methodology provided in Chapter Four will allow the author to

estimate the financial effects of new environmental standards on feedlots. Secondly, the

methodology also allows the author to estimate feedlot financial effects if an

environmentally responsible beefprice premium exists.
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4. SIMULATION MODEL FOR BEEF FEEDLOTS

4.1 Simulation Technique

The empirical work for this thesis consists of an environmental cost/benefit

analysis for various sizes of Saskatchewan feedlots. The costs for four proposed

environmental standards are calculated using a ten year financial model for feedlots with

a one-time capacity of 10,000, 20,000, and 30,000 head. Cattle identification costs for

an ex ante verification system are examined. If beef product labeling is allowed by the

federal government, market premiums may exist for environmentally responsible beef.

Environmental compliance and cattle identification costs will be compared to possible

market premiums for environmentally responsible beef in order to determine the merits

of imposing these costs.

4.2 The Hypothetical Feedlots

4.2.1 Assumptions regarding information and capacities

As mentioned earlier, for the purposes of this thesis, three hypothetical feedlot

models are evaluated. The first feedlot will have a one-time capacity of 10,000 head, the

second a capacity of 20,000 head and the third a capacity of 30,000 head. The cattle

turnover ratio is assumed to be 1.7 times per year (Basset, Latendresse, Russell, and

Veness, 2002). It is assumed that these feedlots are usually at 85% capacity. Therefore

these feedlots with a one-time capacity of 10,000,20,000, and 30,000 head feed 14,450,
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28,900, and 43,350 head respectively per year. The weights of the animals range from

two hundred kilograms to five hundred and fifty kilograms but on average, these animals

produce approximately six kilograms or thirteen pounds of dry manure' per day

(AAFRD and Alberta Cattle Feeders' Association (ACFA), 2002; Unterschultz and

Jeffrey, 2001, and Brown and McNinch, 1996).

It is assumed that feedlot operators will have full information regarding the

details of an environmental standard before construction. Therefore, the costs of

retrofitting feedlots to comply with environmental standards will not be examined in this

thesis. A second assumption is that the feedlots will be built in the most

environmentally responsible location in the province. This is assumed to simplify the

analysis because soil type varies greatly across the province and therefore the potential

for surface and groundwater contamination also varies greatly.

4.2.2 The importance of location

Another important factor in citing feedlots this size is the availability of water.

Therefore the hypothetical feedlots will be located very close to Lake Diefenbaker'

within the irrigation district that is part of rural municipality 284 around the Broderick

area. The soil in this area is a silty clay loam which contains over 13% clay composition

which is an important environmental consideration in determining feedlot location

(SAFRR, 1999). Clay substantially slows nutrient leaching into groundwater (USEPA,

1 For the purposes of this thesis, dry manure refers to manure with 50% moisture. This
is the amount of manure per animal that would have to be removed from the feedlot site.

2 Feedlot location was determined in consultation with Russell Johnson, environmental

engineer with SAFRR on September 19,2002. Any errors are the responsibility of the
author.
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200Ia). The clay component of the soil prevents some additional initial capital costs

such as installing a synthetic liner for the storage pond and constructing concrete pads

for manure stockpiles. These two additional components can add three million dollars

(CDN) in initial capital investment for a feedlot in the 10,000 to 30,000 head range

(USEPA,200Ia). Feedlots in areas with sandy soils and shallow aquifers are likely to

incur significantly higher capital costs for environmental protection than feedlots in

areas with clay bases.

4.2.3 Adhering to provincial regulations

It is assumed in this thesis that at a minimum, the hypothetical feedlots are

adhering to provincial regulations. SAFRR's site-specific requirements include grading

slopes for adequate drainage, storage ponds for liquid waste, and proper stockpiling of

solid waste (SAFRR and SERM, 2001). SAFRR also requires the feedlot operator to

develop a manure management plan where the manure-spread land area is equal to crop

nutrient requirements. It is assumed in Saskatchewan that nitrogen is the limiting

nutrient. The hypothetical feedlots already incur environmental protection costs under

provincial standards and regulations. These items include:

• Geo-technical fees' for feedlot landscaping design and storage pond

design to eliminate water contamination.

• Landscaping costs.

• Effluent storage pond construction. Factors involved in designing

earthen storage ponds for effluent include the size and slope of the

3 Geo-technical fees are engineering costs incurred to protect the local environment
around the feedlot. These fees do not include locating and developing a water supply.
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feedlot, the amount of annual precipitation, soil characteristics, and the

amount of freeboard required (additional storage capacity designed to

deal with catastrophic events).

• A perimeter ditch to prevent effluent from exiting the feedlot site during

rainstorms.

• Effluent disposal once significant effluent accumulation occurs in the

storage pond.

• Manure stockpiling and removal. It is important that solid manure

stockpiles are stored so to prevent contamination of surface water and to

avoid any nuisance concerns. The land area the manure is spread on is

equal to crop nutrient requirements.

• Establishing manure-spreading practices to avoid nuisance complaints

from rural and urban communities. This requirement may increase

manure transportation costs.

• Establishing manure-spreading practices to avoid water contamination.

For example, this includes minimum separation distances between

manure-spread land and water wells.

In the "base case" scenario two assumptions must be made as to the

environmental protection practices of these feedlots. The first assumption is that feedlot

operators will try to minimize their solid manure transportation costs while still

complying with provincial standards. The most common practice is to spread 200% of

crop nutrient requirements on the land (SAFRR, 2000). However in order to meet the

standard, manure is applied to the land only once every two or three years. This practice
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results in meeting but not exceeding crop nutrient requirements over a two-year period.

This practice is acceptable as long as manure is immediately incorporated into the soil

by a disc. According to Waskom (1994) and Howard (2001) phosphorus is highly

immobile in the soil and is not likely to leach into groundwater but excess phosphorus

could be carried by effluent into water bodies.

The second assumption is that feedlot operators will use centre pivot irrigation to

obtain a high level of control when applying effluent" from effluent storage ponds to

land (USEPA, 2001 a). Centre pivot irrigation technology allows the operator to be very

precise in the amount of water or effluent that is released onto the land. This will result

in nutrient levels equaling crop nutrient requirements.

4.3 The Methodology in Designing the Standards

4.3.1 Introduction

Four possible environmental standards are developed in this thesis. These

standards are developed by the author and are based on the environmental regulations

and standards in effect in other jurisdictions. These standards are also based on the

conceptual framework in Chapter Three. It is important to note that a feedlot operator

wishing to adhere to anyone of the standards must also continue to adhere to provincial

environmental regulations. The standards will be designed to encourage global eco-

consumers to buy beef products labeled as environmentally responsible. This means that

4 It must be noted that solid manure disposal and effluent disposal are complements.
Solid manure must be disposed of through feedlot pen cleaning or scraping, solid
manure stockpiling and then transport by tractor or truck. Liquid effluent is collected
into storage ponds through drainage or runoff from the feedlot. Liquid effluent will
accumulate in the storage pond and it is assumed in this thesis that the storage pond will
be drained through a center pivot irrigation system.
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every standard proposed must be stringent enough to convince eco-consumers that the

environment is being protected.

4.3.2 Comparing process standards and performance standards

An objective of the research is to compare performance standards to process

standards. A process standard is a systematic approach to the identification of hazards

and their systematic control and monitoring (Antle, 1998). It does not require a standard

for the end result or product. From an efficiency standpoint, any regulatory system that

requires mandatory process standards instead ofperformance standards is more costly

(Antle, 1998). This is because process standards are closely monitored and an operation

has limited ability to find a lower cost method to achieve the standard. Regulatory

effects have the potential to substantially increase the cost ofproduction in feedlot

enterprises because variable costs make up a large proportion of total costs.

However if feedlot operations voluntarily implement process standards these

operations will communicate their environmental protection practices to stakeholders. If

these feedlots did not incur these communication costs information asymmetry develops

and the adverse selection by consumers causes a market failure (Akerlof, 1970).

Therefore, in the instance of market failure, voluntary process standards can be justified

because environmentally conscious consumers can compensate feedlot operators for

process standards through higher beef (output) prices.

An example of a process standard would be composting manure before it is

spread on neighbouring cropland. A process standard would be similar to an ISO system

in that a framework or a process is provided to achieve specific objectives.
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A performance standard would demand a specific end result but the means to

achieve the result would be left to the feedlot operator. The process is not regulated.

For example, a performance standard may state that the surface water near a feedlot may

not have more than thirty parts per million of phosphorus. The performance standard

would not detail how feedlot operators would meet the phosphorus limit.

4.3.3 Examining technologies that protect the environment

Another objective of the research is to compare the costs of different

technologies to provide protection for the local environment. One example is the

development of an engineered wetland to reduce nutrients and bacteria in feedlot

effluent. Another objective is to compare the costs of manure spreading based on

nitrogen limits versus phosphorus limits. Currently, Alberta's Agricultural Operation

Practices Act (2001) legislates nitrogen limits per hectare for manure spreading.

However the USEPA has stated that phosphorus limits may be more appropriate in

certain geographical areas (USEPA, 2001a).

4.4 Four Proposed Environmental Standards for Cattle Feedlots

4.4.1 Introduction

Table 4.1 provides a summary of the four proposed environmental standards.
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Table 4.1- Summary table for the four proposed environmental standards
Standard No. Details
Standard #1 • Adherence to provincial regulations (crop nitrogen limits)

Performance
Standard

• Independent third party monitoring

Standard #2 • Adherence to provincial regulations but crop-phosphate limits

Performance
Standard

• Independent third party monitoring

Standard #3 • Adherence to provincial regulations (crop nitrogen limits)

Process
Standard

• Independent third party monitoring

• Composted manure

• Engineered wetlands for effluent

• Modification of manure management practices

Standard #4 • Adherence to provincial regulations but crop-phosphate limits

Process
Standard

• Independent third party monitoring

• Composted manure

• Engineered wetlands for effluent

• Modification ofmanure management practices

4.4.2 Standard #1 - an independent monitoring standard

In addition to adhering to provincial regulations, this standard requires local

environmental monitoring by an independent third party. The monitoring provisions are

detailed in section 4.5. This includes annual groundwater monitoring and annual

monitoring of soil nutrients levels where manure has been spread. Manure and effluent

is spread on a nitrogen limiting basis and this is determined by crop nitrogen
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requirements in an irrigation district. If a significant environmentally responsible beef

premium exists, a feedlot operator will implement the cattle identification system

detailed in section 4.6. This standard is not likely to increase the amount of clean water

in a local environment or eco-system where the feedlot is located. This result occurs

because no additional environmental protection measures are taken with this standard as

long as the monitoring results indicate that the status quo or the "base case" is being

maintained. The quantity of clean water remains Qwpl in Figure 3.3.

4.4.3 Standard #2 - phosphorus limits as a performance standard

This standard is a performance standard therefore the feedlot operator mayor

may not implement new technologies to adhere to the standard. Feedlots are required to

spread manure and effluent based on crop-phosphate limits which has been suggested by

the USEPA for some regions. AAFRD (2002a) has stated that spreading manure at crop

nitrogen requirements will lead to an excess ofphosphorus in agricultural soil. The

crop-phosphate limits used in this thesis are determined by crop-phosphate requirements

in an irrigation district. Secondly, this standard also includes the monitoring provisions

detailed in section 4.5. If a significant environmentally responsible beef premium exists,

a feedlot operator will implement the cattle identification system detailed in section 4.6.

This standard is based on surface water quality concerns due to livestock

production in the United States and the European Union. Therefore this standard is

clearly an international standard. It is assumed that the quantity of clean water in the

local water market will increase significantly with this standard in place. It is likely that

the quantity of clean water in Figure 3.3 would be Qwp3. This is assumed to be the
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maximum attainable quantity of clean water available in a local water market. This

standard addresses both groundwater and surface water quality concerns.

4.4.4 Standard #3 - a process standard with nitrogen limits

This standard is a process standard therefore the feedlot operator will have to

implement new technologies to adhere to the prescribed plan. On this basis, a feedlot

operator along with an independent monitoring party could design a tailored

environmental plan surrounding the feedlot. This may occur under the Canadian APF

which prescribes environmental farm plans however it is unclear how this would be

accepted internationally. This standard also includes the monitoring provisions detailed

in section 4.5. Ifa significant environmentally responsible beefpremium exists, a

feedlot operator will implement the cattle identification system detailed in section 4.6.

There are several relatively new technologies evaluated in this thesis under this

standard. They include windrow composting of manure and establishing engineered

wetlands to eliminate or reduce nutrient-rich effluent. Details of the composting process

and engineered wetland establishment are in Appendix A. The objective under this

standard is to spread compost and effluent based on nitrogen limits using new

technologies.

In order to create an environmental standard that is sustainable, manure or

compost application practices must also be considered. In the base case in section 4.2.2,

manure was spread once every two years at 200% of crop requirements in order to

minimize transportation costs. This could potentially lead to excess nutrients in the soil.

In this standard, it is assumed that compost will be spread every year so as to just meet

crop nutrient requirements every year. AAFRD (2002b) has stated that annual manure
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or compost spreading is an acceptable practice as long as spreading density remains

below twenty tonnes per hectare over a five to ten year period. With this practice, there

will be no excess nutrients carried over from year to year. The compost transportation

costs in this standard are modified to reflect this assumption.

This assumption may be heavily criticized for two reasons. It is possible that

annual compost or manure land application could lead to soil salinity (Unterschultz and

Jeffrey,2001). Secondly, annual compost application could lead to a higher risk of

water contamination by Escherichia coli 0157:H7 bacteria due to the frequency of

application. From a nutrient perspective, annual compost land application prevents

excess nutrient accumulation however possible salinity and bacteria effects must be

considered.

This standard is based primarily on groundwater quality concerns due to the

absence of crop-phosphate limits. However the composting process and engineered

wetlands will help to minimize a feedlot's impact on the environment. Additionally if

there are no water bodies near the feedlot, phosphorus levels may not be a primary

concern. It is assumed that the quantity of clean water in the local water market will

increase significantly with this standard but possibly less than with a crop-phosphate

limit in place. It is likely that the quantity of clean water in Figure 3.3 would be Qwp2

which is greater than the base case or Qwp 1 but less than the maximum attainable

quantity of clean water in a local water market or Qwp3.

4.4.5 Standard #4 - a process standard with phosphorus limits

This standard is identical to the standard in section 4.4.4 with the exception that

feedlots are required to spread compost and effluent based on phosphorus limits or crop-



phosphate requirements. The objective under this standard is to spread compost and

effluent based on phosphorus limits using new technologies. AAFRD (2002a) has stated

that manure spreading based on crop nitrogen limits will lead to an excess of phosphorus

in agricultural soils. This fact creates a need for this standard.

It is assumed that the quantity of clean water in the local water market will

increase significantly with this standard in place. It is likely that the quantity of clean

water in Figure 3.3 would be Qwp3 or the maximum attainable quantity of clean water

in a local water market. This standard addresses both groundwater and surface water

quality concerns.

4.5 The Proposed Monitoring System for Beef Feedlots

4.5.1 Introduction

This section details the third party monitoring system mentioned above. Site

specific monitoring is a basis on which to begin a verification system for a feedlot in a

dedicated environmentally responsible beef supply chain. This is necessary because

there are economic incentives available to encourage feedlot operators to cheat (Hobbs,

2001). Some feedlot operators could label their product as environmentally responsible,

collect the premium and not incur any of the additional environmental protection costs.

Environmental monitoring by an independent third party (private or public sector) is

essential to verify a credence attribute such as environmentally responsible beef

production to eco-consumers. Monitoring may allow a feedlot to implement an ISO

14000 compliant environmental management system.
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5 Karen Bolton and Wendy Dehod, SAFRR, Personal Communication, Sept. 3, 2002.
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The primary environmental concerns surrounding feedlots is the protection of soil

and water. SAFRR requires the development of environmental plans when establishing

Saskatchewan feedlots of this size. These plans are designed to control effluent and

manage manure. However, there is no continuous monitoring of groundwater or manure

management practices by an independent party.

4.5.2 Manure management practices

SAFRR requires a manure management plan for the spreading of manure on the

land. The requirement is that the area of land on which manure is spread is equal to crop

nutrient requirements, although a soil analysis is not required to meet these

requirements'. There is no ongoing monitoring of land on which manure is spread by

SAFRR. The lack of ongoing monitoring of land on which manure is spread may allow

some beef producers to ignore the manure management plan details. For a number of

reasons, there are significant incentives to apply manure above crop nutrient

requirements for that year or in the year of application.

Firstly, manure is costly to transport due to its weight and volume. Secondly,

there is a delayed crop response from cattle manure. Most of the yield benefits come in

the first or second years after application so over-application may occur in order to

obtain a heightened yield response in the year of application. Thirdly, manure and

inorganic fertilizer are imperfect substitutes. The composition of manure may cause a

specific nutrient deficiency and inorganic fertilizer would be required to compensate for

the deficiency. There may be an incentive to compensate for the specific nutrient

deficiency by over-applying manure (Nagy et aI, 1999).
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It is assumed in this thesis that eco-consumers of environmentally responsible

beef products will demand manure management monitoring as part of the process of

verifying the environmental value of their beef products. These eco-consumers will

demand environmental sustainability. Professional agrologists have the knowledge to

develop sustainable manure management strategies. There are many services provided

by agrologists in developing and monitoring the manure management plan.

Agri-Trend Agrology Ltd. 6 has developed the Strategic Crop Plan™ which is a

long-term comprehensive nutrient management plan for crop rotations. One part of the

Strategic Crop Plan™ is the manure resource management process. The first step is

assessing the available land base where manure is to be spread. A soil and surface

analysis is performed in order to determine crop nutrient requirements. Records are

checked to examine where manure has been applied in the past. Manure stockpiles are

also tested to examine nutrient composition. A multi-year crop rotation is developed

based on these results.

The second step is analyzing the geography of the land and determining setback

areas to protect riparian zones and eliminate nuisance concerns. Once the manure has

been spread, two or three manure samples per field are taken to determine usage

coefficients. Usage coefficients are needed to determine the nutrient levels that will be

available to the crop in the current year and the years following manure application. In

the third step, soil samples are taken at the end of each year to determine the level of

nitrogen in the soil along with phosphorus and accumulating sodium. It is assumed in

6 Robert Saik, P.Ag., C.A.C., President of Agri-Trend Agrology Ltd., Personal
Communication, October 24, 2002.



105

this thesis that the continuous monitoring component of the manure management plan

will satisfy one aspect of eco-consumers' concerns for environmentally responsible beef

production.

4.6 The Cattle Identification System for Environmentally Responsible Feedlots

4.6.1 Introduction

This section details a cattle identification system that may provide a reliable

internationally recognized environmentally responsible beef product. It is designed

based on the assumption that there will be a dedicated environmentally responsible beef

supply chain. This means that a feedlot operator would have to decide whether to opt in

or out of the dedicated system as it is not possible to establish two environmental

programs for the same feedlot. The cattle identification system proposed here could

possibly be coordinated with the Canadian Cattle Identification Agency (CCIA). This

system is used for each of the four possible environmental standards tested in this thesis.

The system includes radio frequency identification (RFID) for individual animals and an

online data management system.

4.6.2 Cattle identification

In order to supply "gate to plate" information for the consumer an ex ante

verification system must be established. Currently, the CCIA maintains a mandatory

cattle identification system to promote food safety. It is an ex post system in that it can

trace back and contain serious animal health and food safety problems. The program is

regulated and enforced by the Canadian Food Inspection Agency (CFIA). All cattle and

bison permanently leaving the herd of origin or any point beyond the herd of origin must
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be tagged", Each animal is assigned a unique nine-digit tag number and the tag contains

a barcode or electronic chip for automatic reading. The individual identification tag is

not associated with the original herd. This system allows a beef producer to easily

purchase ready-to-use tags as the beef producer would not have to special order tags that

identify the operation. The individual tag number is recorded by the cattle buyer at the

time of sale so the integrity of the CCIA system remains intact. Barcode tags range from

CDN$l.OO to $2.00 per tag. Electronic tags such as AgInfoLink's® are US$4.00 per tag

but come with data management software''.

It is possible that a dedicated private beef supply chain could supply ex ante

information that would complement the CCIA system. Such is the case in Australia

where Meat Standards Australia (MSA) has developed a brand that uses the national

trace-back electronic tags to identify livestock (Lawrence, 2002). In order to establish

the system the dedicated environmentally responsible beef supply chain would first have

to obtain a block of identification numbers from the CCIA. At this point beef producers

wishing to enter this supply chain would have to waive certain confidentiality conditions

that exist under the CCIA system. This is necessary to supply eco-consumers with the

audited information needed to obtain an eco-premium.

The environmentally responsible beef supply chain could use RFID tags to gain

information efficiencies in the system. These tags allow livestock to be processed faster

which is important in a large feedlot. An RFID reader is a wireless device that reads the

RFID tags using radio frequencies. AgInfoLink's ® RFID reader or TagTracker™

costs US$995. It is likely that two RFID readers would be needed for a 10,000 to

7 Canadian Cattle Identification Agency, 2002. www.canadaid.com
8 Personal communication with Glenn Smith, AgInfoLink,® October 14,2002.
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30,000 head feedlot. The TagTracker™ has the ability to send wireless information to a

personal computer.

A computer program called BeefLink2™ records the tag information.

BeefLink2™ is designed to store various information with the tag number which could

include audited environmental practices in the feedlot. The program includes Share

Data™ which is a program that sends information over the internet to other participants

in the supply chain. A more sophisticated program called the Pony Express Relay

Database™ has the ability to send information up and down the beef supply chain. The

BeefLink2™ software is included in the price of the electronic tags. AgInfoLink's ®

system can also be ISO compliant. It complies with ISO 11784111785 which is the ISO

standard for electronic animal identification (Eradus, 2001).

4.6.3 Beef product identification

In the previous section, audited environmental information was passed to the

packer through an on-line animal identification system. Once the animal is slaughtered

the audited environmental information must continue to move with the product to the

consumer. From the plant, the environmentally responsible beef product would be

boxed and shipped to distributors. The packaging would detail the audited

environmental practices that were used in the creation of the environmentally

responsible beef product. At the retail level, this information could be passed on to

consumers through information brochures in grocery stores or through restaurant menus.

There are segregation costs that would have to be incurred in this process but these costs

are beyond the quantitative analysis of this thesis.



4.7 Market Premiums for Environmentally Responsible Beef Production

As mentioned earlier, the environment pillar of the new Canadian Agricultural

Policy Framework is based on the idea that market premiums are available for food

verified to be produced in an environmentally responsible manner. Of the $589.5

million federal transition fund to implement the Agricultural Policy Framework (APF),

$264.5 million has been reserved for environmental farm plans (Ontario Ministry of

Agriculture and Food, 2002). An agricultural operator has the option to develop an

approved environmental farm plan in the APF as the environment pillar is voluntary

(Agriculture and Agri-food Canada, 2002). The APF transition funds are needed in

order to attract agricultural operators to develop environmental farm plans. It is possible

that once the environmental farm plans are established, agricultural operators could

market their production as being environmentally responsible.

Clarke et al (1999) examined if consumers were willing to pay for

environmentally responsible food products in grocery stores. They found that 62% of

consumers who agreed to participate in their interview process were inclined to pay a

premium for these products. Volpi (2002) compared the economics of natural beef to

conventional beef production. Volpi found that a finished natural beef animal sold for

$115.87 CDN per hundredweight and a conventionally produced beef animal sold for

$103.17 CDN per hundredweight. This is somewhat in line with the Montana Range

Meat Company which has paid a thirteen-cent (US$) premium per pound to its natural

9 Natural beef is hormone free, antibiotic free and is produced in an environmentally
responsible and animal welfare friendly manner. The cattle feed may not be organic or

natural however animal by-products are not allowed in the feed (Coleman Natural Beef,
2002). Coleman Natural Beef is certified by the United States Department of

Agriculture.
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beefproducers (Hodgins and Company, 2002). Grannis and Thilmany (2000) found

through a survey in Colorado, New Mexico, and Utah that consumers were willing to

pay a 12% premium for organic beef10 over conventional beef. They found that the

majority of the organic beefpremium was related to hormone free and antibiotic free

product attributes. They did find however some consumer willingness to pay through

beef market prices for improved water quality in streams around beef production

locations and to maintain biodiversity around these locations. By examining Grannis

and Thilmany's survey results it could be deduced that between 14% and 26% of the

total organic beef premium of 12% is due to the idea that organic beef and natural beef

are produced in an environmentally responsible manner.

Questions exist with respect to an environmentally responsible beef premium. If

a premium exists, how large is the market? Smith (2000) suggests that only consumers

from the European Union would be interested in beef with the single trait ofbeing

environmentally responsible. Additionally, consumers may only want to purchase beef

that is "bundled," namely beef that is guaranteed to be safe, hormone and antibiotic free

with humane animal treatment and produced in an environmentally responsible manner.

There are also questions regarding product certification. For example, if Canadian beef

is marketed as safe and environmentally responsible under the Agricultural Policy

Framework, it is possible that feedlots may need ISO 9000 (quality) and 14000

(environmental management) certification to market abroad. This could prove to be

costly.

10 Organic beef is almost identical to the previous footnote with two exceptions. Firstly,
the cattle feed must also be organic (Maverick Ranch Beef, 2002). Secondly, various

independent organic agencies may certify a beef product to be organic.
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It is assumed in this thesis that eco-consumers' willingness to pay for

environmentally responsible beef will not vary between the four proposed environmental

standards. While eco-consumers may be willing to pay a premium for environmentally

responsible beef production, they are unlikely to differentiate their willingness to pay

between the four proposed environmental standards. Secondly, in order to simplify the

thesis, only the presence or absence of a certain level of premium was assumed.

4.8 Financial Analysis

In order to determine the effects of the four proposed environmental standards a

ten-year (2003 - 2012) financial model is established for each feedlot size. The model

includes a statement of income, a balance sheet, a cash flow schedule, revenue

projections, a cost of goods sold schedule, a capital budget, a capital cost allowance

schedule, a debt repayment schedule, ratio analysis, and investment analysis. The model

is based on a model by Basset et al, (2002) entitled, "Northwest Feeders Ltd." The

"base case" model is designed to reflect the environmental protection costs associated

with adhering to SAFRR requirements and provincial environmental regulations. The

"base case" model is then adjusted to reflect each of the four proposed environmental

standards in section 4.4. The model is also adjusted to reflect an environmentally

responsible beefpremium detailed in section 4.7 and a cattle identification system

described in section 4.6.

There are various financial indicators used to evaluate a feedlot's financial

performance. These indicators are used to compare the financial performance of the

"base case" to the financial performance of feedlot models adjusted for each

environmental standard. The net present value and the internal rate of return are
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calculated for each feedlot model. The internal rate of return is the discount rate that

makes the NPV equal zero. The net present value (NPV) calculated in each of the

feedlot models is given by the following formula (Boardman et aI, 1996):

n=IO B 1- C I

NPV =
- C 0 + I (1 .)

t

t=l + l
[4.1]

where:

• Co is the equity investment in feedlot construction.

• n is the number of years (ten) used to determine the NPV of the feedlot project.

• t is each year in the model. (t = 1, 2, ... 10)

• B
t are the total benefits (revenues) arising in year t

.

• C, are the total costs arising in year t (including the interest payments on debt).

• i is the rate of return available for equity capital in other ventures (opportunity

cost).

Chapter Five provides the results of imposing each of the four environmental

standards while varying the presence or the absence of an environmentally responsible

beef premium.
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5. RESULTS AND SENSITIVITY ANALYSIS

5.1 Introduction

This chapter provides the results of the simulation model detailed in Chapter

Four and in Appendix C. The costs of complying with each of the four environmental

standards are estimated. Additionally, the presence or the absence of an

environmentally responsible beef premium is measured. It is assumed that feedlot

operators will only incur cattle identification costs if the environmentally responsible

beef premium exceeds the identification costs.

5.2 Complying with the Four Environmental Standards

5.2.1 Standard #1 - an independent monitoring standard

The cost estimates in Table 5.1 below are for ongoing manure management

monitoring on manure-spread land and ongoing groundwater monitoring on-site. These

are the requirements to comply with this standard in addition to adhering to provincial

regulations. These estimates for 2003 are adjusted for inflation for further years in the

model. These costs would be fees paid to engineers and agrologists.
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Table 5.1 - Ongoing environmental monitoring costs (CDN $) for feedlots
Item 10,000 head lot 20,000 head lot 30,000 head lot

Annual manure $3500 $4000 $4500

management monitoring
Annual groundwater $900 $900 $900

monitoring
Sources: Personal communication with Rosemary Keutzer, agricultural projects

manager, EBA Engineering Consultants Ltd. Oct. 22, 2002 and Robert Saik,
President of Agri-Trend Agrology Ltd., Oct. 24, 2002.

The costs to initially develop the manure management plan and to drill the initial

groundwater monitoring wells are not unique to this standard. These costs are already

required by SAFRR in the base case model (SAFRR, 1999). This standard is not likely

to increase the amount of clean water in a local environment or eco-system where the

feedlot is located. However if a water quality problem develops detection will occur

much quicker and environmental protection measures can be taken. The quantity of

clean water remains Qwp 1 in Figure 3.3 which is the same result as maintaining the

status quo.

5.2.2 Standard #2 - phosphorus limits as a performance standard

This standard includes the monitoring provisions in section 5.2.1. The only

difference between this standard and Standard # 1 is that feedlot operators must comply

with phosphorus limits based on crop-phosphate requirements. Standard # 1 was based

on nitrogen requirements. This means that an increased land base is needed to spread

manure based on crop-phosphate requirements due to the nutrient composition of

manure. It is assumed that feedlot operators will continue to minimize manure

transportation costs by spreading 200% of crop nutrient requirements on a hectare of

land once every two years. Manure transportation costs are based on the assumption that
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manure is custom hauled. Custom hauling rates are from Freeze et al (1999). The

manure transportation costs do not include the manure removal costs from the pens.

Further details can be found in Appendix A.

This standard does not mandate any specific technology use or process standard

such as composting so the costs for this standard are based on no change in technology

or process. In Tables 5.2 and 5.3 below, the relevant capital and annual operating costs

for 2003 in complying with this standard are compared to the "base case." All other

costs remain constant.

Table 5.2 - A comparison of capital costs (CDN $) between Standard #2 (Phosphorus
limits) and the "base case" (nitrogen limits)

Item 10,000 head lot 20,000 head lot 30,000 head lot
Base Case Centre pivot $90,880 $98,152 $106,975

irrigation for
effluent.

Standard #2 Centre pivot $103,146 $131,514
irrigation for
effluent.

$170,261

Source: Author's estimation based on USEPA formula (2001 a).

Table 5.3 - A comparison of annual operating costs (CDN $) between Standard #2

(phosphorus limits) and the "base case" (nitrogen limits)
Item 10,000 head lot 20,000 head lot 30,000 head lot

Base Case Centre pivot $4,355 $8,630 $11,131
irrigation for
effluent.

Standard #2 Centre pivot $10,218 $14,494 $16,995
irrigation for
effluent.
Manure $35,937 $95,502 $173,055
transportation
costs

Base Case

Standard #2 Manure $53,396 $145,992 $277,452
transportation
costs

Sources: Author's estimation based on AAFRD and ACFA (2002), Freeze et al (1999),
and USEPA formulas (2001 a and 200 1 b).
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Referring to Tables 5.2 and 5.3, it is evident that manure and effluent disposal

based on phosphorus limits costs significantly more than disposal based on nitrogen

limits. This is due to the increased land area required to dispose of manure and effluent

based on crop-phosphate limits as opposed to crop nitrogen limits. These results are

highly sensitive to the nutrient content of manure. The nutrient content of manure used

in this thesis is 5.2 kilograms of available nitrogen per tonne and 5.6 kilograms of

available phosphate (P20S) per tonne (AAFRD and ACFA (2002) and Livestock and

Poultry Environmental Stewardship Development Team, 2002). This is the amount of

nutrients available for crop nutrient requirements in their useable form over a two-year

period.

As mentioned in Chapter Four, this standard is based on international (US and

EU) surface water quality concerns due to livestock production. It is assumed that the

quantity of clean water in the local water market will increase to Qwp3 in Figure 3.3 or

the highest attainable quantity of clean water in the local water market.

5.2.3 Standard #3 - a process standard with nitrogen limits

This standard is a process standard therefore the feedlot operator will have to

implement new technologies to adhere to the prescribed plan. This standard also

includes the monitoring provisions in section 5.2.1 above. The new technologies

implemented in this standard include composting, modifying manure application

practices, and establishing engineered wetlands. The modification of manure

application practices includes spreading compost annually at 100% of crop nitrogen

requirements instead of spreading manure once every two years at 200% of crop

nitrogen requirements. Custom hauling of manure is assumed. Further details can be
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found in Appendix A. The objective of establishing engineered wetlands is to eliminate

effluent release into the environment or to at least release a safer, reduced quantity of

effluent into the environment. Engineered wetlands allow for the elimination or a

reduction in the investment required for centre pivot irrigation.

The objective under this standard is to spread compost and effluent based on

nitrogen limits using new technologies. In Tables 5.4 and 5.5 below, the relevant capital

and annual operating costs for 2003 in complying with this standard are compared to the

"base case." All other costs remain constant.

Table 5.4 - A comparison of capital costs (CDN $) between Standard #3 (nitrogen
limits) and the "base case" (nitrogen limits)

Item 10,000 head 20,000 head 30,000 head
Base Case Centre pivot irrigation $90,880 $98,152

for effluent. 1

Standard
#3

Standard
#3

Standard
#3

$106,975

Centre pivot irrigation
for effluent.l

Not required Not required Not required
due to due to due to

wetland." wetland." wetland."

$71,652 $71,652 $71,652

$40,000 $80,000 (2) $80,000 (2)

Wetland
establishment2
Windrow composter'

Sources:
I

2

3

4

Author's estimation based on USEPA formula (2001a).
Personal communication with Sandi Riemersma, AAFRD, Dec. 13,2002.
Basset et al (2002).
The engineered wetland reduced the nutrient content of the effluent to
such a degree that centre pivot irrigation was no longer required for its

disposal.

It must be noted that this thesis assumes that mature manure and compost

markets have been established for the hypothetical feedlots. This is currently not the

case in Saskatchewan although some feedlots in Saskatchewan have traded manure for

straw with farmers in order for the feedlot to receive some form of payment for the
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fertilizer benefits farmers receive (Marleau, 2003). With the assumption of a mature

manure market, it is also assumed that farmers realize the benefits of compost over raw

manure and this effect causes a differentiation in prices between compost ($10.37 per

tonne) and manure ($3.81 per tonne) (Freeze et al, 1999). This assumption is first

evidenced in Table 5.5.

Table 5.S - A comparison of annual operating costs (CDN $) between Standard #3

(nitrogen limits) and the "base case" (nitrogen limits)
Item 10,000 head 20,000 head 30,000 head lot

Base Centre pivot irrigation $4,355 $8,630 $11,131
Case for effluent. 1

Standard Centre pivot irrigation Not required Not required Not required
#3 for effluent. due to due to due to

wetland," wetland.4 wetland."

Base Manure removal $69,533 $139,065 $208,598
Case

Manure transportation $35,937 $95,502 $173,055
costs

Manure revenue $69,533 $139,065 $208,598

Net loss ($) - manure ($35,937) ($95,502) ($173,055)
management'

Standard Composting cost $67,124 $134,247 $201,371
#3

Manure removal $69,533 $139,065 $208,598

Compost transportation $11,501 $34,290 $62,747
costs

Compost revenue $113,552 $227,103 $340,655

Net loss ($) - compost ($34,605) ($80,499) ($132,060)
management'

Standard Wetland maintenance3 $7,000 $7,000 $7,000
#3

Sources: Author's estimation based on USEPA formula (2001a).
2 Author's estimation based on Freeze et al (1999), USEPA formulas

(2001a and 2001b), AAFRD and ACFA (2002).
3 Personal communication with Sandi Riemersma, AAFRD, Dec. 13,2002.
4 The engineered wetland reduced the nutrient content of the effluent to

such a degree that centre pivot irrigation was no longer required for its

disposal.
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Referring to Tables 5.4 and 5.5, it is evident that engineered wetland technology

is cheaper than using centre pivot irrigation to dispose of effluent. The engineered

wetland cost above is based on a two hectare engineered wetland 1. The engineered

wetland provides effective nitrogen removal from effluent to eliminate the need for

centre pivot irrigation. Wildlife habitat benefits were not considered but this benefit

would give further merit to engineered wetland establishment.

Table 5.5 indicates that compost transport is significantly cheaper than manure

transport for each feedlot. This is due to the volume reduction but this effect is partially

offset by the nutrient concentration comparison. Based on the nutrient content of

manure in section 5.2.2, it was calculated by the author that compost contains 6.1

kilograms of available nitrogen per tonne and 9.3 kilograms of available phosphate

(P20S) per tonne. These calculations were based on work by Freeze et al (1999). This is

the amount of nutrients available for crop nutrient requirements in their useable form

over a two-year period.

While compost transportation is cheaper than manure transportation, the cost of

composting must also be considered. Table 5.5 indicates that the combination of the

cost of composting and the cost of compost transportation exceeds the cost of manure

transportation. Manure removal ($3.81 per tonne, Freeze et al (1999») must be included

for both scenarios. However compost revenue ($10.37 per tonne, Freeze et al (1999)

exceeds manure revenue ($3.81 per tonne, Freeze et al (1999»). Compost revenue is

higher than manure revenue because it is assumed in this thesis that a mature manure or

compost market has been established. This means that farmers or the purchasers of

1 Personal communication with Sandi Riemersma, AAFRD, Dec. 13,2002.
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compost are willing to pay more for compost than manure. Referring to the net loss

figures in Table 5.5, the decision to compost or to use traditional manure management

practices for a 10,000 head feedlot results in almost identical costs. However the 20,000

and 30,000 head feedlots will realize a net savings due to composting.

As mentioned in Chapter Four, this standard is based primarily on groundwater

quality concerns. It is assumed that the quantity of clean water in the local water market

will increase significantly with this standard in place but possibly less than with a crop

phosphate limit in place as in Standard #2. It is likely that the quantity of clean water in

Figure 3.3 would be Qwp2 which is greater than the base case and Standard # 1 but lower

than Standard #2.

5.2.4 Standard #4 - a process standard with phosphorus limits

As in section 5.2.3, this standard is a process standard therefore the feedlot

operator will have to implement new technologies to adhere to the prescribed plan. This

standard also includes the monitoring provisions in section 5.2.1 above. The new

technologies implemented in this standard include composting, modifying manure

application practices, and establishing engineered wetlands. The modification of

manure application practices includes spreading compost annually at 100% of crop

phosphate requirements instead of spreading manure once every two years at 200% of

crop-phosphate requirements. Custom hauling of manure is assumed. Further details

can be found in Appendix A.

The objective under this standard is to spread compost and effluent based on

phosphorus limits using new technologies. In Tables 5.6 and 5.7 below, the relevant
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capital and annual operating costs for 2003 in complying with this standard are

compared to Standard #3.

Table 5.6 - A comparison of capital costs (CDN $) between Standard #4 (phosphorus
limits) and Standard #3 (nitrogen limits)

Item 10,000 head lot 20,000 head lot 30,000 head lot
Standard #3 Centre pivot Not required due

irrigation for to wetland.4

effluent.

Not required Not required due
due to wetland." to wetland."

Standard #4 Centre pivot $93,952 $106,002 $121,307
irrigation for
effluent.l
Wetland $71,652 $71,652 $71,652
establishment'

Standards
#3 and #4
Standards
#3 and #4

Windrow

composter'
$40,000 $80,000 (2) $80,000 (2)

Sources: Author's estimation based on USEPA formula (2001a).
2 Personal communication with Sandi Riemersma, AAFRD, Dec. 13,2002.
3 Basset et al (2002).
4 The engineered wetland reduced the nutrient content of the effluent to

such a degree that centre pivot irrigation was no longer required for its

disposal.
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Table 5.7 - A comparison of annual operating costs (CDN $) between Standard #4

(phosphorus limits) and Standard #3 (nitrogen limits)
Item 10,000 head lot 20,000 head lot 30,000 head lot

Standard #3 Centre pivot Not required due Not required due

irrigation for to wetland." to wetland."
effluent.

Not required due
to wetland."

Standard #4 Centre pivot $6,642 $10,917 $13,418
irrigation for
effluent.l

Standard #3 Composting $67,124 $134,247 $201,371
cost

Manure $69,533 $139,065 $208,598
removal

Compost $11,501 $34,290 $62,747
transportation
costs

Compost $113,552 $227,103 $340,655
revenue

Net loss ($)-
compost ($34,605) ($80,499) ($132,060)
management'

Standard #4 Composting $67,124 $134,247 $201,371
cost

Manure $69,533 $139,065 $208,598
removal

Compost $20,960 $59,869 $109,538
transportation
costs

Compost $113,552 $227,103 $340,655
revenue

Net loss ($) -

compost ($44,065) ($106,078) ($178,852)
management'

Standards Wetland $7,000 $7,000 $7,000
#3 and #4 maintenance'
Sources: Author's estimation based on USEPA formula (2001 a).

2 Author's estimation based on Freeze et al (1999), USEPA formulas

(2001a and 2001b), AAFRD and ACFA (2002).
3 Personal communication with Sandi Riemersma, AAFRD, Dec. 13, 2002.
4 The engineered wetland reduced the nutrient content of the effluent to

such a degree that centre pivot irrigation was no longer required for its

disposal.

Referring to Tables 5.6 and 5.7, engineered wetland technology does not

eliminate the need for centre pivot irrigation when effluent is disposed based on

121



phosphorus limits in Standard #4. This is because engineered wetlands reduce nitrogen

content in effluent by 90% but phosphorus content is reduced only by 44% (O'Byrne,

2002). Standard #3 is significantly cheaper than Standard #4 when referring to effluent.

Referring to Table 5.7, transportation costs are greater to distribute compost

based on crop-phosphate requirements than crop nitrogen requirements. However a

comparison of Table 5.3 to 5.7 must be made. When comparing these two tables it is

possible to see the difference in waste disposal costs between phosphorus and nitrogen

limits is smaller using compost technology as compared to traditional manure disposal

for all feedlot sizes.

As mentioned in Chapter Four, this standard is based on international surface

water quality concerns due to livestock production. It also includes composting and

engineered wetland technologies. It is assumed that the quantity of clean water in the

local water market will increase significantly with this standard in place. It is likely that

the quantity of clean water in Figure 3.3 would be Qwp3 or the highest attainable

quantity of clean water in the local water market.

5.3 The Environmentally Responsible Beef Premium

Based on Volpi (2002) and Grannis and Thilmany (2000), two scenarios are

proposed in this thesis regarding an environmentally responsible beef premium. The

first scenario assumes that an environmentally responsible beef premium over normal

cattle prices does not exist. This means that the four possible environmental standards

are calculated for each feedlot size with the assumption that a premium does not exist.

The second scenario assumes that a 1.6% premium per hundredweight (live weight
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basis) exists. This premium is assumed to be available to a feedlot at the time of sale to

a meat processing facility.

5.4 Cattle Identification Costs

If an environmentally responsible beef premium exists it is assumed that feedlots

will incur cattle identification costs in addition to the environmental compliance costs in

order to obtain the premium. Therefore the models including a premium also include

cattle identification costs. The cattle identification costs in Table 5.8 below are based on

a feedlot throughput of 14,450,28,900, and 43,350 head per year for the 10,000,20,000,

and 30,000 head lots respectively. The electronic cattle tag needed for this system costs

$6.00 CDN per head. This cost includes the price of software.

Table 5.8 - Cattle identification costs (CDN $) for an environmentally responsible beef

premium
10,000 head lot 20,000 head lot 30,000 head lot

Electronic tag cost ($) $86,700 $173,400 $260,100

Source: Personal communication with Glenn Smith, AgInfoLink,® October 14, 2002.

5.5 Financial Results

5.5.1 Introduction

In order to compare the effects of the four possible environmental standards and

the environmentally responsible beefpremium to the different feedlot sizes, several key

indicators must be examined. The indicators in the next four sections should allow for

accurate conclusions to be drawn from this thesis. Further details can be found in

AppendixA.
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5.5.2 Debt capital

In order to start any feedlot a significant capital investment is required. The

investment structure is assembled as follows. Equity capital must encompass 50% of the

capital budget. The credit line is used to purchase cattle as it is an inexpensive method

to finance cattle as opposed to using equity capital. Table 5.9 indicates the debt capital

required in 2003 to start a feedlot for all five scenarios. The scenarios include the "base

case" to adhere to provincial regulations and standards #1 to #4. It is important to note

that any difference in debt capital between scenarios for the same feedlot size (for

example 10,000 head) is solely attributable to the environmental compliance costs of the

environmental standard.

Table 5.9 - Debt capital (CDN $) by varying environmental standards

10,000 head lot 20,000 head lot 30,000 head lot
Base Case and Std #1 $3,500,000 $5,000,000 $7,000,000

Standard #2, #3, & #4 $3,500,000 $5,300,000 $7,500,000

Source: Author's estimation based on Basset et al (2002).

Referring to Table 5.9, no further debt capital is required to finance compliance

with any environmental standards for a 10,000 head feedlot. However the 20,000 head

and 30,000 head lots require CDN$300,000 and $500,000 respectively in additional debt

capital in order to finance compliance with Standards #2-4. More investment is required

to comply with a phosphorus limit and to implement process standards such as

composting and engineered wetland establishment.
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5.5.3 Environmental capital investment per head

Table 5.10 indicates the environmental capital investment per head that is

required under all five scenarios. This includes the "base case" to adhere to provincial

regulations and the four possible environmental standards. This is calculated as the

capital recovery charge (CRC) for all investments required for environmental protection

divided by the total cattle throughput over a ten year period. This analysis is provided

for each feedlot size. An explanation of the CRC and its calculation for each feedlot size

is provided in Appendix B.

Table 5.10 - Environmental capital investment per head (CDN $)
Feedlot one-time capacity Base Case Standard #3

Std #1 and Std #2
Standard #4

10,000 head lot $0.28 $0.28 $0.37

20,000 head lot $0.23 $0.25 $0.30

30,000 head lot $0.22 $0.22 $0.27

Source: Author's estimation.

The results in Table 5.10 indicate that the environmental capital investment per

head is similar for the base case and all of the environmental standards with the

exception of Standard #4 (process standard with crop-phosphate limits). Standard #4 is

significantly higher than the base case and the other environmental standards due to the

requirement of an effluent irrigation system, a composter, and an engineered wetland.

This is further explained in Appendix A. As feedlot size increases the environmental

capital investment per head decreases due to economies of size. The investment per

head for Standard #4 gradually nears the investment per head for the base case and the
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other environmental standards as feedlot size increases. This is also due to economies of

size.

5.5.4 Annual operating costs per head for environmental protection

Tables 5.11, 5.12, and 5.13 detail the annual operating costs per head for a

feedlot to ensure environmental protection under all five scenarios. This includes the

"base case" to adhere to provincial regulations and the four possible environmental

standards. These costs are based on cattle throughput for a feedlot in a one-year period.

Table 5.11 - Annual operating costs per head (CDN $) for environmental protection for
a 10,000 head feedlot

Base Standard Standard Standard Standard
Case #1 #2 #3 #4

Maintenance for effluent $0.81 $0.81 $0.81 $0.81 $0.81
storage pond
Manure removal cost $4.81 $4.81 $4.81 $4.81 $4.81

Composting cost $0 $0 $0 $4.65 $4.65

Manure or compost $2.49 $2.49 $3.70 $0.80 $1.45
transportation cost

Effluent irrigation cost $0.30 $0.30 $0.71 $0 $0.46

Groundwater monitoring $0 $0.06 $0.06 $0.06 $0.06

Manure management $0 $0.24 $0.24 $0.24 $0.24
monitoring
Wetland maintenance $0 $0 $0 $0.48 $0.48

Total $8.41 $8.72 $10.33 $11.85 $12.97
Source: Author's estimation.
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Table 5.12 - Annual operating costs per head (CDN $) for environmental protection for
a 20,000 head feedlot

Base Standard Standard Standard Standard
Case #1 #2 #3 #4

Maintenance for effluent $0.81 $0.81 $0.81 $0.81 $0.81
storage pond
Manure removal cost $4.81 $4.81 $4.81 $4.81 $4.81

Composting cost $0 $0 $0 $4.65 $4.65

Manure or compost $3.30 $3.30 $5.05 $1.19 $2.07
transportation cost

Effluent irrigation cost $0.30 $0.30 $0.50 $0 $0.38

Groundwater monitoring $0 $0.03 $0.03 $0.03 $0.03

Manure management $0 $0.14 $0.14 $0.14 $0.14
monitoring
Wetland maintenance $0 $0 $0 $0.24 $0.24

Total $9.22 $9.39 $11.34 $11.87 $13.13
Source: Author's estimation.

Table 5.13 - Annual operating costs per head (CDN $) for environmental protection for
a 30,000 head feedlot

Base Standard Standard Standard Standard
Case #1 #2 #3 #4

Maintenance for effluent $0.81 $0.81 $0.81 $0.81 $0.81
storage pond
Manure removal cost $4.81 $4.81 $4.81 $4.81 $4.81

Composting cost $0 $0 $0 $4.65 $4.65

Manure or compost $3.99 $3.99 $6.40 $1.45 $2.53
transportation cost

Effluent irrigation cost $0.26 $0.26 $0.39 $0 $0.31

Groundwater monitoring $0 $0.02 $0.02 $0.02 $0.02

Manure management $0 $0.10 $0.10 $0.10 $0.10
monitoring
Wetland maintenance $0 $0 $0 $0.16 $0.16

Total $9.87 $9.99 $12.54 $12.00 $13.39
Source: Author's estimation.
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As feedlot size increases the annual operating cost per head for environmental

protection increases in Tables 5.11 - 5.13. This is in contrast to Table 5.10 where the

environmental investment per head decreased as feedlot size increased. Tables 5.11 -

5.13 indicate that cost savings occur for some items such as engineered wetland

maintenance or effluent irrigation as feedlot size increases. However, there is an

increased transportation cost of hauling manure or compost greater distances as feedlot

size increases. The transportation cost effect overwhelms all of the other effects which

results in annual operating costs for environmental protection increasing with feedlot

size.

For the 10,000 and 20,000 head lots, standards #3 and #4 have higher costs per

head than standards # 1 and #2 due to the composting cost component. The exception is

the 30,000 head lot where standard #3 is cheaper than standard #2. This result occurs

because the manure transportation costs in standard #2 are very high for the 30,000 head

lot.

5.5.5 The debt to asset ratio

The hypothetical feedlot models in this thesis are highly leveraged as is the case

in the industry (Iowa State University Extension, 2001). Any additional costs such as

environmental compliance costs may have a severe impact on the daily operations of a

feedlot due to cash flow problems. In order to examine this possibility the debt to asset

ratios for each feedlot size are compared in Appendix B for the four possible

environmental standards. The results indicated that the debt to asset ratios are affected

very little by imposing the environmental standards.
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5.5.6 Investment indicators

This section provides the investment indicators for each feedlot size over a ten-

year period by comparing the four possible environmental standards to the "base case."

Additionally, there are two scenarios for each environmental standard; the first scenario

assumes that no environmentally responsible beef premium exists while the second

scenario assumes that a 1.6% per hundredweight premium exists. The investment

indicators include the internal rate of return and the net present value for each feedlot

model. Table 5.14 compares the internal rate ofretum (lRR) and the net present value

(NPV) for the 10,000, 20,000, and 30,000 head feedlots while varying the environmental

standard and the environmentally responsible beef premium.

Table 5.14 - Investment indicators by varying feedlot size, the environmental standard
and the environmentally responsible beef Eremium

10,000 head lot 20,000 head lot 30,000 head lot
IRR NPV IRR NPV IRR NPV

(CDN$) (CDN$) (CDN$)
Base Case 22.6% $1,190,823 29.5% $4,265,563 30.2% $6,546,907

Standard #1- 22.5% $1,173,469 29.4% $4,247,436 30.1% $6,526,930
no premium
Standard #2 - 21.8% $1,069,292 29.1% $4,063,911 29.6% $6,176,384
no premium
Standard #3 - 22.3% $1,147,552 30.2% $4,346,114 31.2% $6,744,023
no premium
Standard #4 - 21.3% $1,011,173 29.3% $4,133,420 30.2% $6,440,080
no premium

Standard #1 - 26.2% $1,706,078 32.6% $5,145,953 33.3% $7,875,639
1.6% premium
Standard #2 - 25.0% $1,552,566 ;32.4% $4,975,033 32.9% $7,525,092
1.6% premium
Standard #3 - 25.5% $1,631,111 33.5% $5,244,631 34.5% $8,092,732
1.6% premium
Standard #4- 24.4% $1,495,285 32.5% $5,038,610 33.5% $7,788,789
1.6% premium
Source: Author's estimation.
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Referring to Table 5.14, the most significant variable affecting the returns is the

environmentally responsible beef premium. If the premium exists it will more than

compensate for any of the costs resulting from the environmental standards proposed in

this thesis. The 10,000 head lot is the most negatively affected if Standard #4

(phosphorus limits - process standard) is implemented, relative to the base case. The

10,000 head lot is also negatively impacted from Standard #2 (phosphorus limits -

performance standard) but the impact is less severe than with Standard #4. Standard #3

(nitrogen limits - process standard) also has a negative impact on returns for a 10,000

head lot. The conclusion drawn is that implementing new technology or these standards

does not result in higher returns for a 10,000 head lot unless an environmentally

responsible beef premium exists.

The results for the 20,000 head lot are very different to the 10,000 head lot. If

the 20,000 head lot implements Standard #3 (nitrogen limits - process standard) the

feedlot will have higher returns than with the base case or the status quo. This result

holds even if an environmentally responsible beef premium does not exist. Secondly,

the 20,000 head lot is the most negatively affected relative to the base case, if Standard

#2 (Phosphorus limits - performance standard) is implemented. The 20,000 head lot is

also negatively impacted from Standard #4 (phosphorus limits - process standard) but

the impact is less severe than with Standard #2. This result is in contrast to the 10,000

head lot.

The results for the 30,000 head lot are similar to the 20,000 head lot. If the

30,000 head lot implements Standard #3 (nitrogen limits - process standard) the feedlot

will have higher returns than with the base case or the status quo. It is a larger
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improvement than the 20,000 head lot (30.2% to 31.2% for the 30,000 head lot

compared to 29.5% to 30.2% for the 20,000 head lot). This result holds even if an

environmentally responsible beefpremium does not exist. Secondly, the 30,000 head lot

is the most negatively affected relative to the base case, if Standard #2 (phosphorus

limits - performance standard) is implemented. The 30,000 head lot is not impacted

from Standard #4 (phosphorus limits - process standard) when compared to the base

case whereas the 10,000 and 20,000 head lots were both negatively impacted by

Standard #4.

The conclusion drawn for the 20,000 and 30,000 head lots is that implementing

new technology to spread manure based on nitrogen limits will benefit the feedlot even

if an environmentally responsible beefpremium does not exist. This is based on the

comparison between the base case and Standard #3. Compost revenue and new

technology result in higher returns for feedlots of this size. In the base case scenario,

manure transportation costs and effluent disposal costs per head are very high for

feedlots of this size. Any technology such as composting or engineered wetlands that

reduces these costs will benefit feedlots of this size.

These results are dependent on the assumption that a local, mature market exists

for manure and compost. This means that farmers will pay a premium for compost

relative to raw manure. If compost cannot be sold at a premium to manure then the

higher returns for Standard #3 for the 20,000 and 30,000 head lots will disappear

entirely unless an environmentally responsible beef premium exists.
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5.6 Sensitivity Analysis

Three critical variables in this thesis are the environmentally responsible beef

premium, cattle identification costs and compost revenues. These three variables are

analyzed in this section to examine the subsequent effects on the results. Manure

transportation costs are also important because these costs are a significant cost

component in feedlot operations. Manure transportation costs can widely fluctuate

because fuel prices vary widely and fuel prices are a significant cost component of

manure transportation costs. However the sensitivity analysis in this thesis does not

consider the variance in manure transportation costs. This is an area for further study.

5.6.1 Compost revenues

Based on the independent variables used in the manure or compost transportation

analysis, the breakeven hauling distance for compost versus manure is thirteen

kilometres. If a feedlot must haul its manure further than thirteen kilometres to comply

with crop nutrient requirements, then the feedlot should compost its manure to achieve

cost savings. This result agrees with Freeze et al (1999) for obvious reasons as the

manure transportation calculations in this thesis are based on the work of Freeze et al

(1999). The manure transportation results are based on five independent variables;

custom waste hauling rates, the volume of manure or compost hauled, manure removal

costs, composting costs, and the price of manure ($3.81 per tonne) versus compost

($10.37 per tonne).

Table 5.15 indicates how low the price of compost can go before feedlot

operators will switch back to hauling manure instead of composting. This table includes

the price of compost per tonne for the three feedlot sizes and if crop nutrient
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requirements are based on nitrogen or phosphorus limits. The environmentally

responsible beefpremium and cattle identification costs are held constant.

Table 5.15 - Sensitivity analysis for the decision to compost or transport manure based
on an initial compost price of$1O.37 per tonne (CDN$)

10,000 head lot 20,000 head lot 30,000 head lot
Price Allowable Price Allowable Price Allowable

decrease decrease decrease

Crop nitrogen $10.25 1% $9.69 7% $9.12 12%
limit

Crop-phosphate $9.52 8% $8.55 18% $7.37 29%
limit

Source: Author's estimation.

Table 5.15 indicates that as feedlot size increases the price of compost or

compost revenue needed to implement composting decreases. This is true for crop

nitrogen or crop-phosphate limits. The compost price used in this thesis is $10.37 per

tonne. The 10,000 head feedlot spreading compost based on nitrogen limits will switch

back to manure spreading if the price of compost drops from $10.3 7 to $10.25 per tonne

or only 1 %. However, the 30,000 head feedlot spreading compost based on phosphorus

limits will only switch back to manure spreading if the price of compost drops from

$10.37 to $7.37 per tonne or 29%. The allowable compost price decrease is larger for

crop-phosphate limits than crop nitrogen limits because the land area needed for

phosphorus limits is greater than nitrogen limits.

Table 5.16 provides the investment indicators for the three feedlot sizes if the

price of compost is equal to the price of manure. A comparison is made between the

non-existence of an environmentally responsible beef premium and a 1.6% premium.

Only Standards #3 and #4 involve composting.

133



Table 5.16 - Investment indicators with the price of manure equal to the price of

compost ($3.81 per tonne)
10,000 head lot 20,000 head lot 30,000 head lot

IRR NPV IRR NPV IRR NPV

(CDN$) (CDN$) (CDN$)
Base Case 22.6% $1,190,823 29.5% $4,265,563 30.2% $6,546,907

Standard #3 - 20.3% $859,541 28.1% $3,813,696 29.1% $5,974,801
no premium
Standard #4 - 19.4% $725,578 27.2% $3,604,012 28.2% $5,654,434
no premium

Standard #3 - 23.5% $1,348,420 31.4% $4,732,751 32.4% $7,324,913
1.6% premium
Standard #4 - 22.5% $1,217,731 30.5% $4,526,454 31.5% $7,020,970
1.6% premium
Source: Author's estimation.

Table 5.16 indicates that if the price of compost is equal to the price of manure

and the environmentally responsible beefpremium does not exist, the IRR decreases for

all three feedlot sizes. The IRR for the 10,000 head lot is most negatively affected while

the 30,000 head lot is the least affected. However, if the 1.6% environmentally

responsible beef premium exists, it will compensate for the costs to implement anyone

of the environmental standards for all feedlot sizes. Based on Table 5.16, it is clear that

the premium must exist in order to compensate for the increased costs of the standards if

the price of manure is equal to the price of compost.

5.6.2 The environmentally responsible beef premium

Based on the literature reviewed in this thesis, it was estimated that if an

environmentally responsible beefpremium exists, it would be 1.6% per hundredweight.

The results in the previous sections of this chapter indicate that the 1.6% premium would

compensate for any of the standards proposed in this thesis. Table 5.17 indicates how
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low the envirorunentally responsible beef premium could go before feedlot operators

would no longer incur cattle identification costs to obtain the premium. If the premium

falls below the levels in Table 5.17 for the various envirorunental standards and feedlot

sizes, feedlot operators will no longer identify their cattle for the envirorunentally

responsible beef market and will instead market their cattle production into the

conventional beef market. Compost revenues and cattle identification costs are held

constant in the analysis.

Table 5.17 - Sensitivity analysis for the decision to identify cattle for the envirorunentally
responsible beef market or not if the premium is 1.6%

10,000 head lot 20,000 head lot 30,000 head lot
Premium Allowable Premium Allowable Premium Allowable

decrease decrease decrease
Standard 0.6% 63% 0.7% 56% 0.7% 56%

#1
Standard 0.9% 44% 0.8% 50% 0.9% 47%

#2
Standard 0.8% 50% 0.6% 63% 0.6% 63%

#3
Standard 1.1% 31% 0.8% 50% 0.7% 56%

#4

Average 0.9% 47% 0.7% 55% 0.7% 55%

Source: Author's estimation.

Table 5.17 produces varying results. Most of the increased costs between the

"base case" and Standard # 1 are the cattle identification costs. The results for Standard

#1 indicate that the premium could drop 63% from 1.6% to 0.6% and feedlots would still

have an incentive to identify their cattle. This result means that approximately 37% or

0.6% of the 1.6% envirorunentally responsible beef premium is consumed by cattle

identification costs.
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The 10,000 head feedlot can withstand a decrease in the environmentally

responsible beef premium the least compared to the 20,000 and 30,000 head feedlots.

On average, the premium can only drop to 0.9% before the 10,000 head feedlots will not

identify their cattle for the environmentally responsible beef market while the premium

can drop to approximately 0.7% before the 20,000 and 30,000 head feedlots will not

identify their cattle for the environmentally responsible beef market. There is one

special case to consider in Table 5.17. Standard #3 increases the internal rate of return

for the 20,000 and 30,000 head feedlots even if the environmentally responsible beef

premium does not exist. Therefore, these feedlots will accept a premium as low as 0.6%

to cover cattle identification costs. At a 0.6% premium, these feedlots would incur cattle

identification costs in the event that the premium may increase.

5.6.3 Cattle identification costs

Table 5.8 above provided the cattle identification costs involved for the four

environmental standards proposed in this thesis. The previous results indicated that the

environmentally responsible beef premium (1.6% per hundredweight) would

compensate feedlots for the environmental compliance costs and cattle identification

costs for each of the standards. This section examines how much cattle identification

costs could increase until the gains from the premium disappear. In other words, the

breakeven cattle identification costs for each environmental standard are determined.

The premium and compost revenues are constant in this analysis. Table 5.18 provides

the results below.
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Table 5.18 - Sensitivity analysis to determine when the cost of cattle identification (ID)
(CDN$) equals the 1.6% premium

10,000 head lot 20,000 head lot 30,000 head lot
ID Increase ID Increase ID Increase

costs costs costs

Base Case $86,700 N/A $173,400 N/A $260,100 N/A

Standard #1 - $216,750 150% $390,150 125% $585,225 125%
1.6% premium
Standard #2 - $173,400 100% $375,700 117% $541,875 108%
1.6% premium
Standard #3 - $195,075 125% $447,950 158% $693,600 167%
1.6% premium
Standard #4 - $144,500 66% $375,700 117% $585,225 125%
1.6% premium
Source: Author's estimation.

The results in Table 5.18 are similar to the results in Table 5.17. The results for

the 10,000 head lot for Standard #1 indicate that cattle identification costs could increase

150% and feedlots would still have an incentive to identify their cattle. The maximum

allowable cattle identification cost increase for the 20,000 and 30,000 head lots is 125%

for Standard #1.

There are two determining variables that influence the results. The first variable

is whether manure or compost is spread based on crop nitrogen limits or crop-phosphate

limits. This conclusion can be drawn because Standards # 1 and #3 are based on nitrogen

limits and Standards #2 and #4 are based on phosphorus limits. The second variable is

whether technology is implemented or not. Standards #3 and #4 require composting and

engineered wetland establishment while Standards #1 and #2 do not.

The 10,000 head lot can most afford cattle identification cost increases when

technology is not implemented and manure is spread based on crop nitrogen

requirements. However the 20,000 and 30,000 head lots can most afford cattle

identification cost increases when technology is implemented and compost is spread
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based on crop nitrogen requirements. The 30,000 head lot benefits more from

technology implementation than the 20,000 head lot. This is due to the differences

between the results in Table 5.18 for Standards #2 and #4 when comparing the 20,000

head lot to the 30,000 head lot.

5.7 Summary

The environmentally responsible beef premium is the most critical variable in the

analysis. If the premium exists at the level proposed in this thesis (1.6% per

hundredweight) then it will more than compensate for any of the environmental

standards. The gains range from 1.8% to 3.6% (IRR) compared to the status quo. Even

if the premium does not exist, imposing Standard #3 (nitrogen limits - process standard)

will result in slightly higher returns for the 20,000 and 30,000 head lots as long as

compost revenues ($10.37 per tonne) exceed manure revenues ($3.81 per tonne). This

result is contingent upon the assumption that a mature manure market exists and that

compost sells at a premium to manure. Composting and engineered wetlands

significantly reduce manure transportation costs and effluent disposal costs. The

sensitivity analysis indicates that the premium could decrease by up to 63% before

feedlots would choose not to incur the cattle identification costs.

The second critical variable in the analysis is compost revenue. For all three

feedlot sizes, the annual environmental costs per head for the four environmental

standards are higher than the base case. This result means that compost revenues are

critical for the decision to compost in order to offset the increased costs. The analysis

indicates that the price of compost could decrease by 29% before a 30,000 head feedlot

would switch back to manure spreading. However a 10,000 head feedlot is very
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sensitive to the price of compost. The decision to compost for a 10,000 head feedlot will

depend on the demand for compost in a local market.

The third critical variable is cattle identification costs. Labeling costs can

increase from 66% to 167% when comparing breakeven labeling costs for the

environmental standards to the base case results. This result is true if the

environmentally responsible beef premium is held at 1.6% per hundredweight and

compost revenues ($10.37 per tonne) exceed manure revenues ($3.81 per tonne).

Imposing Standards #2 and #4 (phosphorus limits) will result in slightly lower

returns for the hypothetical feedlots if an environmentally responsible beef premium

does not exist. Phosphorus limits will decrease returns (lRR) ranging from 0.1 % to

1.3%. Overall, the results indicate that implementing any of the environmental

standards without the environmentally responsible beef premium will not significantly

reduce the net present value or the internal rate of return of any of the three feedlot sizes.

It must be noted that a 30,000 head feedlot must obtain an additional $500,000 in

debt capital in order to implement Standards #2 to #4. A 20,000 head feedlot must

obtain an additional $300,000 in debt capital while a 10,000 head feedlot would not have

to obtain any additional debt capital. Annual operating costs per head for environmental

protection increase $2.00 to $5.00 per head to implement Standards #2 to #4 as

compared to the base case. The 30,000 head lot is the most able to afford an increase in

environmental protection costs.

Chapter Six provides an overview of the thesis. The next chapter also discusses

research limitations. Finally, Chapter Six suggests how this thesis may contribute to

future research.
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6. CONCLUSIONS

6.1 Overview

6.1.1 Literature reviewed

The literature reviewed for this thesis provided some interesting findings.

Alberta has now legislated nitrogen limits for agricultural soils. The USEPA is

becoming aware of high phosphorus content in agricultural soils. The new American

rules for concentrated animal feeding operations indicate that soil phosphorus will have

to be monitored in some circumstances. Australia is rapidly advancing information

technologies in food supply chains in order to provide information to the consumer. The

European Union is struggling to reduce livestock densities and soil nutrient content.

Saskatchewan has a significant land base in which to develop intensive livestock

operations however caution must be exercised in order to avoid the environmental

problems that have plagued other regions.

6.1.2 Conceptual framework

Referring to the conceptual framework, if an environmentally responsible beef

premium exists, it is essential, based on Hobbs (2001); that an environmental monitoring

system exists to verify the environmental label to beef eating eco-consumers. A feedlot

will adhere to a recognized cattle identification system for environmental branding if an

environmentally responsible beefpremium will at least cover the cattle identification
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costs. However a monitoring system must be in place to verify that a feedlot is truly

adhering to the requirements of the environmental standard or the environmental label.

The conceptual framework for this thesis also examined the welfare effects of

clean water and beef industry welfare if different environmental standards were

imposed. Mandatory environmental regulations and voluntary environmental standards

were compared while varying the presence or absence of beef labeling. The conceptual

framework showed that total welfare for clean water is unambiguously increased ifnew

mandatory environmental regulations are imposed and beef labeling is banned.

However if beef labeling is allowed, total welfare for clean water is reduced as

compared to the absence of beef labeling. This result occurs because of the increase in

the total number of feedlot operations. The opposite occurs for beef industry welfare. If

beef labeling is allowed beef industry welfare increases. This result occurs because beef

labeling allows the beef supply chain to market its product as environmentally

responsible which allows the supply chain to respond to demand for environmentally

responsible products.

It is clear that the welfare of clean water is reduced when a voluntary standard is

implemented compared to mandatory environmental regulations. However beef industry

welfare is increased when a voluntary environmental standard is imposed rather than

mandatory environmental regulations. Additionally, the effects of a domestic voluntary

environmental standard versus the effects of an international voluntary environmental

standard were ambiguous for beef industry and clean water welfare effects.
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6.1.3 Methodology

Four possible environmental standards were proposed for three different sized

feedlots (10,000, 20,000, and 30,000 head) in this thesis. All of the possible scenarios

had to adhere to provincial regulations and include an ex ante monitoring system in

order to verify environmentally responsible production practices to consumers. It was

assumed that feedlot operators will incur the costs of cattle identification only once they

are certain that an environmentally responsible beef premium exists in the international

marketplace. It was also assumed that mature manure markets exist in that farmers will

pay for compost and manure for its fertilizer value. Additionally, farmers will pay a

premium for compost over raw manure.

The first standard (Standard # 1) included adhering to provincial regulations,

environmental monitoring, and manure and effluent disposal based on crop nitrogen

limits. The second standard (Standard #2) was the same but crop phosphate limits were

imposed rather than crop nitrogen limits. These two standards were considered

performance standards where only the end result to the environment is considered. It

was assumed that Standard #2 was an international environmental standard and it would

provide the maximum quantity of clean water available in a local water market.

The third and fourth environmental standards were considered process standards

as they were based on environmental management systems (EMS). In this thesis,

environmentally responsible technologies were explored as process standards. Manure

composting, engineered wetland establishment to reduce effluent nutrient content, and

alternative manure application practices were explored as processes that could be

implemented into a feedlot's operations. The third environmental standard (Standard
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#3) was based on crop nitrogen limits while the fourth standard (Standard #4) was based

on crop phosphate limits. It was assumed that Standard #3 would increase the quantity

of clean water in a local water market as compared to the base case due to the prevention

of ground water contamination. It was further assumed that Standard #4 would increase

the quantity of clean water as compared to Standard #3 due to the prevention of ground

and surface water contamination. Standard #4 provided the maximum attainable

quantity of clean water in a local water market.

It was assumed that feedlot operators have full information regarding the detail

of an environmental standard before construction. A second assumption was that

feedlots would be built in the most environmentally responsible location in the province.

The hypothetical feedlots were located very close to Lake Diefenbaker within the

irrigation district that is part of rural municipality 284 around the Broderick area. The

soil in this area is a silty clay loam which contains over 13% clay composition which is

important for environmental protection. This assumption was important because based

on the literature review for this project locating feedlots in sandy areas could add

millions of dollars in capital costs to ensure environmental protection that is in

compliance with provincial regulations.

6.1.4 Results and policy implications

The results indicated that a 30,000 head feedlot must obtain an additional

$500,000 in debt capital in order to implement Standards #2 to #4. A 20,000 head

feedlot must obtain an additional $300,000 in debt capital while a 10,000 head feedlot

would not have to obtain any additional debt capital. The 30,000 head lot was the most

able to afford an increase in environmental protection costs.
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The results also indicated that the environmentally responsible beef premium

was the most critical variable in the project analysis. If the premium exists at the level

proposed in this thesis (1.6% per hundredweight) then it will more than compensate for

any of the proposed environmental standards. The premium would also compensate for

the absence of a mature manure and compost market.

It is unclear if an environmentally responsible beefpremium exists. Some

consumers may want "bundled" attributes such as safe, hormone and antibiotic free beef

that includes environmentally responsible production practices with high animal welfare

standards. This "bundle" may entice some consumers to pay a significant premium for

beef due to the number of attributes involved. It is unclear if some consumers would be

willing to pay for these attributes separately. Nonetheless the analysis in this thesis

indicates that the environment component of the beef premium should compensate

feedlot operators for the increased environmental compliance costs and cattle

identification costs they must incur to obtain this portion of the premium.

The environment pillar of the Agricultural Policy Framework is voluntary

therefore feedlots that are located where environmental protection is already sufficient

due to natural surroundings would likely enter the environmentally responsible beef

supply chain. The feedlots in areas with less natural environmental protection would not

be likely to join the environmentally responsible beef supply chain due to the high costs

involved. The geographical areas that need more environmental protection may not

receive it. The costs associated with adhering to any of the proposed environmental

standards vary greatly due to feedlot location.
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Some conclusions can be drawn when comparing process standards (Standards

#3 and #4) to performance standards (Standards #1 and #2). A larger feedlot (30,000

head) can more easily absorb the cost of implementing process standards than a smaller

feedlot (10,000 head). Additionally, the results showed that performance standards

affected all sizes of feedlots to relatively the same degree.

In conclusion, the environmental standards that could be implemented in reality

depend on the objectives of policy makers. If the sole objective is to increase the

quantity of clean water in many local water markets then policy makers would require

all feedlot operations to implement Standard #4 (process standard, crop-phosphate

limits). If the sole objective is to develop the livestock industry then none of the

standards detailed in this thesis should be implemented. However ifpolicy makers

desire some combination of these two objectives then they could require all feedlot

operators to implement Standard #1. Standard #1 requires independent monitors to

regularly sample ground water and manure-spread land. The cost increase to implement

Standard # 1 is likely minimal.

6.2 Research Limitations

This thesis provides a static analysis of the topic. The methodology and results

are based on technology that exists to protect the environment in 2003. The results are

highly dependent on numerous variables in the analysis such as the nutrient content of

manure, manure transportation costs, composting revenues and costs and the existence

of an environmentally responsible beef premium. In reality, the nutrient content of

manure varies widely and this would affect the thesis results to some degree. A

thorough knowledge of soil science is required to locate intensive livestock operations
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and to determine their effects on the environment. The author's knowledge of soils is

limited however numerous engineers were contacted.

It was assumed in this thesis that every feedlot would establish an effluent

irrigation system. In reality, very few feedlots have an effluent irrigation system, rather

the effluent storage ponds are pumped out every few years. This reality complicated the

thesis because of the direct comparison of engineered wetland establishment costs to the

reduction of effluent irrigation costs. To compensate for this assumption, the author

used conservative estimates for effluent irrigation costs.

Another limitation of the thesis is manure application practices. The author

assumed that spreading manure or compost every year so as to just meet crop nutrient

requirements was the most environmentally sustainable waste application method. This

assumption prevented any nutrient accumulation in the soil which would protect ground

and surface water. This assumption may be heavily criticized for two reasons. It is

possible that annual compost or manure land application could lead to soil salinity

(Unterschultz and Jeffrey, 2001). Secondly, annual compost application could lead to a

higher risk of water contamination by Escherichia coli 0157:H7 bacteria due to the

frequency of application. From a nutrient perspective, annual compost land application

prevents excess nutrient accumulation however possible salinity and bacteria effects

must be considered.

A further limitation of the research is the assumption of mature manure markets.

These markets have not yet developed in Saskatchewan but the thesis assumes these

markets have been fully developed. It was assumed that once manure markets were

developed farmers would pay a premium for compost over raw manure.
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There is little information for the consumer willingness to pay for

environmentally responsible beef production. The author based the environmentally

responsible beef premium on the consumer willingness to pay for organic and natural

beef. Grannis and Thilmany (2000) was the only paper the author could locate where

the natural beef premium was scientifically divided for each of its benefits. The benefits

included hormone and antibiotic free, environmentally responsible practices, animal

welfare protection and protection of biodiversity. Market size is also unknown. Smith

(2000) suggests that only consumers from the European Union would be interested in

beefwith the single trait of being environmentally responsible.

6.3 Opportunities for Future Research

The conceptual framework provides structure to examine any future debate over

environmental farm plans and its interactions with food product labeling. The

interactions are complex as was evidenced in the conceptual framework. More

quantitative research is needed regarding consumer demand for environmentally

responsible food products. The author found very little information in this area.

Once there is more information regarding eco-consumer food demand, additional

welfare analysis is needed to determine the welfare effects for food consumers and

producers. Further welfare analysis will rely heavily on the decision to either allow

voluntary environmental standards or to impose mandatory environmental regulations.

If voluntary environmental standards are allowed, there is a complex interaction between

the conventional food market and the environmentally responsible food market.

Monitoring or enforcement costs for a third party verification system may be reduced if

147



mandatory environmental regulations are imposed however this will unambiguously

reduce consumer welfare. This result occurs because it limits consumer choice.

Further analysis is required on the relationship between livestock production and

water quality. Past research has not always conclusively linked large-scale livestock

production to water quality problems. The local water market surrounding an ILO must

be considered in any future welfare analysis. It is unambiguous that more local water

markets will benefit ifmandatory environmental regulations are imposed as compared to

voluntary environmental standards. Society must decide how many water markets must

be improved due to the harm imposed by livestock production. Once this is determined,

the decision to implement mandatory regulations or voluntary standards should be

clearer.

Further research is needed regarding changes in international environmental

regulations and cooperation at the World Trade Organization. The past ten years have

led to more stringent environmental regulations for ILOs around the world. This is quite

likely to continue. Two developments must be monitored. Firstly, as scientific research

progresses, there may be regulations regarding bacteria levels in manure. This would

lead to stricter regulations. Secondly, there will be more cooperation between countries

regarding environmental protection at WTO rounds in the future. These discussions

should be monitored as it may eventually lead to international environmental standards

for food production. It is likely that any future standards would be flexible to allow for

differences in local weather climates. The progression of the environment pillar of the

Canadian government's Agricultural Policy Framework should also be monitored by the

Canadian beef industry.
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A sensitivity analysis surrounding manure transportation costs with respect to

fuel prices and the decision to compost should be undertaken. Manure transportation

costs are a significant cost component in feedlot operations. Manure transportation costs

can widely fluctuate because fuel prices vary widely and fuel prices are a significant cost

component of manure transportation costs. It is expected that as fuel prices rise over

time it will become more feasible to implement manure-composting operations for large

scale feedlots due to the significant waste transportation savings compost provides.

Undoubtedly, there will be technological improvements in manure storage and

manure management practices. New technology will significantly reduce manure

storage and manure management costs. Technology will improve, consumers will

receive more information about their food products and new regulations will be imposed

in the future to protect the environment around intensive livestock operations. This will

create many more opportunities for further research on this topic.
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APPENDIX A

A.1 The Process of Composting

Windrow composting can be used to transform raw manure into compost.

Compost is beneficial to both a feedlot operator and a farmer because of its ease of

handling compared to raw manure. Windrow composting is the process of turning

manure rows with a tractor-drawn windrow turner for a three-month period (Freeze et aI,

1999). Windrow composting is explored as an environmentally responsible technology

because manure volume, moisture content, and nutrient composition changes to create a

stable agricultural fertilizer. Compost is nearly odourIess therefore compost can be

spread near communities without creating a public nuisance. Secondly, the composting

process kills weed seeds in the manure, which makes compost a more desirable fertilizer

for farmers than dried manure (Freeze et aI, 1999).

The volume of compost is significantly less than the volume of dried manure.

Compost volume is 40% less than stockpiled manure (AAFRD and ACFA, 2002).

Another important aspect of compost is that fecal coliform bacteria may be reduced or

eliminated due to the composting process (AAFRD and ACFA, 2002). AAFRD (2002a)

has stated that most surface water samples in Alberta during the past decade have

indicated that bacteria levels are above drinking water guidelines.

The process of composting means there is less livestock waste to transport which

significantly reduces waste transportation costs. However the reduction in transportation
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costs must be compared to the considerable costs of composting. The costs to consider

include the initial cost of a windrow turner, the operating costs of a tractor, and labour.

The reduction in volume means that significantly more nutrients will be in one

tonne of compost as compared to one tonne of dried manure. Composting alters the

nutrient ratio. Thirty percent of nitrogen is lost during the composting process through

ammonia volatization (Freeze et al, 1999) as manure volume decreases by 40%. The

result is that one tonne of compost will have slightly more nitrogen than one tonne of

manure. However no phosphorus is lost during the composting process (Freeze et al,

1999). This means that the phosphorus to nitrogen ratio is higher in compost than in

dried manure. It is very important to note that nutrient content varies significantly in

cattle manure. The author has chosen the nutrient values used in the model by

examining literature composed by SAFRR, AAFRD, Freeze et al, and the USEPA.

A.2 Engineered Wetlands

Engineered wetlands can reduce effluent nutrient content and eliminate effluent.

The process of reducing nutrient content starts with the effluent moving into a catch

basin. The catch basin separates the solids from liquids. The solids or sludge will

remain in the catch basin for a number of years until the sludge accumulation must be

removed. The liquids or the effluent are continuously drained into a holding pond. At

that point, the effluent is gradually drained from the holding pond into the engineered

wetland. If some treated effluent remains, it is drained from the engineered wetland into

a clean water storage pond to be used for irrigation (O'Byrne, 2002).

It is possible that the effluent will be absorbed and evaporated until it completely

disappears in the engineered wetland. This means there will not be any effluent
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discharge from the engineered wetland. However if there is treated effluent draining

from the engineered wetland, the quantity and the nutrient content of the effluent will be

reduced. Effluent drained from engineered wetlands has phosphorus levels reduced by

44% and nitrogen levels by 90% I. Engineered wetland establishment and maintenance

costs must be compared to the cost of centre pivot irrigation. An engineered wetland

will either eliminate or reduce the cropland area needed to spray effluent. This result

could eliminate or reduce the need for centre pivot irrigation.

A.3 Manure Management Calculations

In order to determine manure management costs for each feedlot size several

calculations had to be made. It was determined that on average, a feeder steer or heifer

produces six kilograms or thirteen pounds of dried manure per day (Unterschultz and

Jeffrey, 2001). The six kilograms or thirteen pounds of manure is the amount of dried

manure that would have to be removed from the feedlot; it is not the amount of fresh

manure produced by the animal each day. Based on this assumption it was determined

that the 10,000,20,000, and 30,000 head lots produce 18,250,36,500, and 54,750 metric

tonnes of dried manure respectively per year. The cost to remove this manure from the

feedlot is $3.81 per tonne (Freeze et al, 1999) but this cost does not include field

application. The nutrient content of manure used in this thesis is 5.2 kilograms of

available nitrogen per tonne and 5.6 kilograms of available phosphate (P205) per tonne

(AAFRD and ACFA (2002) and Livestock and Poultry Environmental Stewardship

Development Team, 2002). This is the amount of nutrients available for crop nutrient

requirements in their useable form over a two-year period.

1 Personal communication with Sandi Riemersma, AAFRD, December 10, 2002.
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Compost was also examined. Compost volume is 40% less than stockpiled

manure (AAFRD and ACFA, 2002). This means that the 10,000, 20,000, and 30,000

head lots produced 10,950, 21,900, and 32,850 tonnes of compost per year respectively.

Composting one tonne of manure costs $6.13 (Freeze et al, 1999) and this was also

factored into the calculations. Based on Freeze et al (1999), the author calculated that

there was 6.1 kilograms of available nitrogen per tonne and 9.3 kilograms of available

phosphate per tonne of compost.

The nutrient composition of manure versus compost is quite different. No

phosphate is lost while composting; therefore the phosphate content in one tonne of

compost is significantly higher than in one tonne of manure. However 30% ofnitrogen

is lost (Freeze et al, 1999) during composting; therefore the nitrogen content in one

tonne of compost is only slightly higher than in one tonne of manure.

The next step in the manure management calculations was to determine manure

and compost transportation costs for the various feedlot sizes. In order to calculate this,

crop nutrient requirements were examined. It was assumed in this thesis that irrigated

cropland requires 112 kilograms of nitrogen per hectare and 50 kilograms of phosphate

per hectare (Unterschultz and Jeffrey, 2001). Based on this knowledge, the area

required to spread manure or compost was determined.

Two different manure management scenarios were calculated. The first scenario

was based on spreading manure at 200% of crop nutrient requirements. This was the

scenario applied for the base case model and Standards # 1 and #2. The second scenario

included spreading compost based on 100% of crop nutrient requirements. This was the
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Crop nitrogen limit 593 1186 1779

scenario applied in Standards #3 and #4. This differentiation between standards was

made to account for the differences in manure management practices.

In reality, most operations will spread manure based on 200% of crop nutrient

requirements but the 100% scenario was examined for its potential benefits for

environmental sustainability. AAFRD (2002b) has stated that annual manure or

compost spreading is an acceptable practice as long as spreading density remains below

twenty tonnes per hectare over a five to ten year period. The annual manure spreading

calculation used in this thesis was 21.5 tonnes of manure per hectare when spreading

based on crop nitrogen limits. For crop-phosphate limits, 8.9 tonnes of manure per

hectare was spread. The author notes that there are concerns that annual manure

spreading could result in increased soil salinity and bacteria problems. Tables A.l and

A.2 provide the areas needed to spread manure or compost for the three feedlot sizes.

Table A.l- Number of hectares required to spread manure based on 200% of crop
nutrient requirements

10,000 head 20,000 head 30,000 head

Crop nitrogen limit 424 847 1271

Crop phosphate
limit

1022 2044 3066

Source: Author's estimation

Table A.2 - Number of hectares required to spread compost based on 100% of crop
nutrient requirements

10,000 head 20,000 head 30,000 head

Crop phosphate
limit

2044 4088 6132

Source: Author's estimation
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Distance (miles) = (Acres required to spread manure)1I2*(0.25) [A. 1]

The next step in the process was to determine hauling distances. A USEPA

formula (2001 b) was used. In order to do this, the areas had to be converted from

hectares to acres. The formula converted areas to miles in the calculations. This

formula is shown in equation A.I :

The results from this equation were then converted to kilometres. Tables A.3

and A.4 provide the hauling distance (kilometres) required to spread manure or compost

for the three feedlot sizes.

Table A.3 - Hauling distance (kilometres) required to spread manure based on 200% of

crop nutrient requirements
10,000 head 20,000 head 30,000 head

Crop nitrogen limit 12.9 18.3 22.4

Crop phosphate
limit

20.1 28.4 34.8

Source: Author's estimation

Table A.4 - Hauling distance (kilometres) required to spread compost based on 100% of

crop nutrient requirements
10,000 head 20,000 head 30,000 head

Crop nitrogen limit 15.3 21.7 26.5

Crop phosphate
limit

28.4 40.2 49.2

Source: Author's estimation

Tables A.3 and A.4 indicate that the compost hauling distance exceeds the

manure hauling distance. This result occurs only because manure is spread based on

200% of crop requirements and compost is spread based on 100% of crop nutrient
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A.4 Effluent Irrigation Calculations

It was assumed in this thesis that every feedlot size would use a centre pivot

irrigation system to dispose of effluent. The area needed to spread effluent was based on

either crop nitrogen requirements (base case, Standards #1 and #3) or crop phosphate

requirements (Standards #2 and #4). However the author determined a minimum area

requirement of twenty-two hectares before an effluent irrigation system would be

installed. A minimum area requirement was used because below this threshold a two

hectare engineered wetland would eliminate the need for an effluent irrigation system.

This was the case for Standard #3 (crop nitrogen limits). However if the effluent still

needed to be spread over a twenty-two hectare area or more after engineered wetland

treatment it was assumed that an effluent irrigation system was still needed. This was

the case for Standard #4.

Riemersma (personal communication, 2002) stated that 129 milligrams of

nitrogen and 65 milligrams ofphosphorus were present per litre of effluent before

effluent was treated in the Chinook Feeders constructed wetland. Riemersma calculated

that effluent nitrogen content was reduced by 90% and effluent phosphorus content was

reduced by 44% due to engineered wetland treatment. The author converted phosphorus

requirements. In Chapter Five, the compost transportation costs are lower than manure

transportation costs. This result occurs because it costs $0.13 per tonne to transport

compost one kilometre while it costs $0.28 per tonne to transport stockpiled manure one

kilometre (Freeze et al, 1999). The cost difference arises due to the increased volume

and moisture content of manure compared to compost. The results are provided in

Chapter Five.
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Crop nitrogen limit 2 4 7

to phosphate by multiplying by 2.3 to obtain a result of 149 milligrams of phosphate per

litre of untreated effluent. Based on the 90% and 44% reduction ofnitrogen and

phosphorus respectively, the author calculated that engineered wetland treated effluent

contained 12.9 milligrams of nitrogen and 83 milligrams of phosphate per litre.

The author also determined that the annual rainfall around the Outlook area (the

location of the hypothetical feedlots) is similar to the annual rainfall of southern Alberta

where Chinook Feeders is located. Based on this assumption the author was able to

determine the amount of effluent produced by the hypothetical feedlots per year. The

area needed for effluent irrigation was based on crop nutrient requirements for irrigated

cropland. Areas were determined for both wetland treated and untreated effluent. These

areas are provided in Tables A.5 and A.6:

Table A.S - Number of hectares required to spread wetland treated effluent based on

100% of crop nutrient requirements
10,000 head 20,000 head 30,000 head

Crop phosphate
limit

32 64 96

Source: Author's estimation

Table A.6 - Number of hectares required to spread untreated effluent based on 100% of

crop nutrient requirements

Crop nitrogen limit 22 44 66
10,000 head 20,000 head 30,000 head

Crop phosphate
limit

57 115 172

Source: Author's estimation

165



Capital cost = (0. 166*(No. of acresi)+(57.958*(No. of acres))+54588

Operating cost = (3954*log(No. of acres))-13033

[A.2]

[A.3]

These area calculations allowed the author to use USEPA formulas (2001a) to

determine capital and operating costs (US$) for effluent centre pivot irrigation. The

USEPA formulas (200Ia) are provided in equations A.2 and A.3:

The results from these equations were then converted to Canadian dollars based

on the Canada - US exchange rate (US$l.OO = CDN$1.56) in December 2002. These

results are reported in Chapter Five. Standard #3 (engineered wetland treatment,

nitrogen limits) was below the twenty-two hectare minimum threshold so the capital and

operating costs for effluent centre pivot irrigation were zero.
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APPENDIXB

B.I Capital Recovery Charge

The capital recovery charge (CRC) is used in this thesis to calculate the capital

investment per head for items used for environmental protection surrounding a feedlot.

These items include an effluent irrigation system and an effluent storage pond for the

base case and Standards #1 and #2. Standards #3 and #4 also include the purchase of a

composter and engineered wetland establishment.

The CRC calculates the approximate costs of ownership for assets with a useful

life of more than one year. It includes depreciation and the opportunity interest rate on

the investment. The CRC has two parts to its calculation. The first part is the recovery

of the portion of the asset used in the production process (the purchase price minus the

salvage value). This calculation includes interest. The second part calculates the

interest accumulated on the salvage portion of the asset. These two parts are then

summed. It is calculated for each of the four items mentioned above. The CRC is

shown in equation B.1:

CRC= [ i *[PP-SV]]+[i*SV][1 - (l + i)
-n

]
[B.1]

where:

• i is the annual interest rate.
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Base Case, Standard #3 Standard #4
Std #1 and #2

• n is the number of years.

• PP is the purchase price of the asset.

• SV is the salvage value of the asset.

The long term interest rate used in the calculations is 8.5% (Basset et al, 2002).

The time period examined is ten years. In order to calculate the salvage values for the

effluent irrigation system, the effluent storage pond, the composter, and the engineered

wetland the capital cost allowance was calculated for each of these four items. It was

assumed that the effluent storage pond and the engineered wetland are depreciated at 5%

classified as Class 3 (storage and concrete structures). The effluent irrigation system

and the composter are depreciated at 30% classified as Class 10 (machines). The

itemized results for the CRCs for the 10,000, 20,000, and 30,000 head feedlots are in

Tables B.l, B.2, and B.3 respectively.

Table B.l- Environmental capital recovery charges (CDN $) for a 10,000 head lot

Effluent storage pond $25,776 $25,776 $25,776

Effluent irrigation system $14,102 $0 $14,102
(not required)

Composter $0 $6,004 $6,004
(not required)

Engineered wetland $0 $7,952 $7,952
(not required)

Total $39,878 $39,732 $53,834
Source: Author's estimation.
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Base Case, Standard #3 Standard #4
Std #1 and #2

Table B.2 - Environmental capital recovery charges (CDN $) for a 20,000 head lot

Effluent storage pond $51,552 $51,552 $51,552

Effluent irrigation system $15,910 $0 $15,910
(not required)

Composter $0 $12,008 $12,008
(not required)

Engineered wetland $0 $7,952 $7,952
(not required)

Total $67,462 $71,512 $87,422
Source: Author's estimation.

Table B.3 - Environmental capital recovery charges (CDN $) for a 30,000 head lot
Base Case, Standard #3 Standard #4

Std #1 and #2
Effluent storage pond $77,328 $77,328 $77,328

Effluent irrigation system $18,208 $0 $18,208
(not required)

Composter $0 $12,008 $12,008
(not required)

Engineered wetland $0 $7,952 $7,952
(not required)

Total $95,536 $97,288 $115,496
Source: Author's estimation.

The results in Tables B.I - B.3 indicate that the capital recovery charges are

quite similar for the base case and all of the environmental standards with the exception

of Standard #4. This is the case for all three feedlot sizes. This result occurs because

the addition of composting and effluent purification through a engineered wetland does

not eliminate the need for an effluent irrigation system in Standard #4 (process standard

with crop-phosphate limits). This result occurs because effluent phosphorus levels

remain too high therefore an effluent irrigation system is still required. This is not the

case in Standard #3 (process standard with crop nitrogen limits) where the addition of
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composting and effluent purification through an engineered wetland does eliminate the

need for an effluent irrigation system. Effluent nitrogen levels are reduced to such a

degree that an effluent irrigation system is no longer required. In order to calculate the

environmental capital investment per head the sum of the CRCs is divided by the cattle

throughput over a ten year period for each of the hypothetical feedlots. These results are

reported in Table 5.10.

B.2 Examining the Debt to Asset Ratio

The hypothetical feedlot models in this thesis are highly leveraged as is the case

in the industry (Iowa State University Extension, 2001). Any additional costs such as

environmental compliance costs may have a severe impact on a feedlot's daily

operations due to cash flow problems. In order to examine this possibility the debt to

asset ratios for each feedlot size are compared for the four possible environmental

standards. Additionally, there are two scenarios for each environmental standard; the

first scenario assumes that no environmentally responsible beef premium exists while

the second scenario assumes that a 1.6% per hundredweight premium exists for

environmentally responsible beef. Tables B.4 - B.6 compare the debt to asset ratio for

each year over a ten-year period for the 10,000, 20,000 and 30,000 head feedlots

respectively while varying the environmental standard and the environmentally

responsible beef premium.
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Table B.4 - The debt to asset ratio for a 10,000 head feedlot over a ten year period
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Base Case 0.84 0.84 0.83 0.79 0.74 0.68 0.62 0.57 0.52 0.46

Standard #1- 0.84 0.84 0.83 0.79 0.74 0.69 0.62 0.57 0.52 0.46
no premium

Standard #2 - 0.84 0.85 0.84 0.80 0.75 0.70 0.63 0.57 0.52 0.46
no premium

Standard #3 - 0.84 0.84 0.83 0.79 0.74 0.69 0.62 0.57 0.52 0.46
no premium

Standard #4 - 0.84 0.85 0.84 0.81 0.75 0.70 0.64 0.57 0.52 0.46
no premium

Standard #1 - 0.83 0.82 0.79 0.75 0.70 0.64 0.60 0.56 0.51 0.46
1.6% premium
Standard #2 - 0.84 0.83 0.81 0.76 0.71 0.65 0.60 0.56 0.51 0.46
1.6% premium
Standard #3 - 0.83 0.82 0.80 0.75 0.70 0.65 0.60 0.56 0.51 0.46
1.6% premium
Standard #4 - 0.84 0.83 0.81 0.76 0.71 0.66 0.60 0.56 0.51 0.46
1.6% premium
Source: Author's estimation.

Table B.S - The debt to asset ratio for a 20,000 head feedlot over a ten year period
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Base Case 0.81 0.78 0.74 0.70 0.64 0.61 0.58 0.55 0.51 0.47

Standard #1 - 0.81 0.78 0.74 0.70 0.65 0.61 0.58 0.55 0.51 0.47
no premium

Standard #2 - 0.82 0.79 0.76 0.71 0.66 0.62 0.59 0.55 0.51 0.47
no premium

Standard #3 - 0.81 0.78 0.75 0.70 0.65 0.62 0.59 0.55 0.51 0.47
no premium

Standard #4 - 0.82 0.78 0.75 0.71 0.66 0.62 0.59 0.55 0.51 0.47
no premium

Standard # 1 - 0.81 0.76 0.72 0.67 0.62 0.60 0.57 0.54 0.50 0.46
1.6% premium
Standard #2 - 0.81 0.77 0.73 0.69 0.63 0.61 0.58 0.55 0.51 0.46
1.6% premium
Standard #3 - 0.81 0.77 0.73 0.68 0.63 0.61 0.58 0.54 0.51 0.46
1.6% premium
Standard #4 - 0.81 0.77 0.73 0.68 0.63 0.61 0.58 0.55 0.51 0.46
1.6% premium
Source: Author's estimation.
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Table B.6 - The debt to asset ratio for a 30,000 head feedlot over a ten year period
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Base Case 0.81 0.77 0.74 0.69 0.64 0.61 0.58 0.55 0.51 0.47

Standard # 1 - 0.81 0.77 0.74 0.69 0.64 0.61 0.58 0.55 0.51 0.47
no premium

Standard #2 - 0.82 0.79 0.75 0.71 0.66 0.62 0.59 0.56 0.52 0.47
no premium

Standard #3 - 0.81 0.78 0.74 0.70 0.65 0.62 0.59 0.55 0.52 0.47
no premium

Standard #4 - 0.82 0.78 0.75 0.70 0.65 0.62 0.59 0.55 0.52 0.47
no premium

Standard #1 - 0.81 0.76 0.72 0.67 0.62 0.60 0.57 0.54 0.51 0.47
1.6% premium
Standard #2 - 0.82 0.77 0.73 0.68 0.63 0.61 0.58 0.55 0.51 0.47
1.6% premium
Standard #3 - 0.81 0.77 0.72 0.67 0.63 0.61 0.58 0.55 0.51 0.47
1.6% premium
Standard #4 - 0.81 0.77 0.73 0.68 0.63 0.61 0.58 0.55 0.51 0.47
1.6% premium
Source: Author's estimation.

The results in Tables B.4 - B.6 indicate that the debt to asset ratio is affected

very little by imposing the environmental standards. However the ratio does slightly

increase when there is no environmentally responsible beef premium. The presence of

the premium can result in a lower debt to asset ratio than the base case. One interesting

result is that the 10,000 head feedlot has a lower debt to asset ratio for Standard #2

(phosphorus limit - performance standard) than Standard #4 (phosphorus limit - process

standard). The 20,000 head feedlot results indicate that the debt to asset ratio for these

two standards is the same. However the 30,000 head feedlot results indicate that the

debt to asset ratio is lower for Standard #4 than Standard #2. The technology imposed in

Standard #4 benefits the 30,000 head feedlot, is neutral for the 20,000 head feedlot, but

is a disadvantage to the 10,000 head feedlot.
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APPENDIXC

C.I The Feedlot Model

C.l.I An explanation of the model

The model used in this thesis was based on a Microsoft® Excel file for a 10,000

head feedlot by Basset et al (2002). The author then developed a 20,000 and 30,000

head feedlot model based on the 10,000 head feedlot model. It was assumed there was

no substitution of capital for labour. This assumption may have slightly altered the

results for the 20,000 and 30,000 head feedlots but the author is confident in the results.

At the beginning of the process the model was tested to ensure that the input values were

transferred to the appropriate spreadsheet cells. All links between the various sheets

were checked to ensure the model was transferring data properly.

Any data that was not linked to environmental protection was maintained in the

thesis model as provided by Basset et al (2002). For example, Basset et al (2002)

obtained the selling price of finished cattle from SAFRR and this type of data was

maintained in the thesis model. The author manually inputted any data related to

environmental protection. The author established a manure and compost production

section in Schedule 4 (variable costs) (Figure C.1). The operating costs for cattle

identification, groundwater and soil monitoring, effluent irrigation and manure

management were inputted into Schedule 4. Additionally, the author modified Schedule

5 (fixed costs) to adjust for capital equipment for environmental protection. Schedule 11
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was created in order to examine the capital and variable costs per head for

environmental protection.

The environmental protection data was inputted into Schedules 4 (variable costs)

and 5 (fixed costs). If the model type (depending on the environmental standard)

required cattle identification costs to be entered; this was entered into Schedule 4. The

environmentally responsible beef premium and compost revenues were inputted into

Schedule 1 if the model type required it. Schedules 4 and 5 summed the environmental

protection costs along with the normal operating and capital costs for the three feedlot

sizes. The normal operating and capital costs included items such as salaries and cattle

transportation costs.

Schedule 1 summed the manure or compost revenues with finished cattle revenue

or sales. Schedule 3 was the cost of goods manufactured and the cost of goods sold

schedule. These costs included animal purchasing costs and feed costs. Fixed and

variable overhead costs were included in Schedule 3. Schedule 6 provided the financing

budget which included common shares, a credit line, and long term debt. Long term

debt servicing costs were in Schedule 8. Schedule 7 calculated the capital cost

allowance. The depreciation was automatically calculated by the software based on the

capital costs inputted in Schedule 5.

The values from the above noted schedules were automatically transferred by the

software to the Statement of Income and Retained Earnings. The Statement of Income

and Retained Earnings then automatically calculated pre-tax earnings. The pre-tax

earnings were automatically transferred to Schedule 9 to calculate federal and provincial

taxes. These after-tax earnings were then automatically transferred back to the
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Statement of Income and Retained Earnings. The Statement of Income and Retained

Earnings also automatically calculated the dividends to be paid to shareholders.

Schedule 10 performed the ratio analysis by automatically taking values from the

above noted schedules to calculate ratios such as the debt to asset ratios which were

reported in Appendix B. This schedule also contained the average days receivables and

payables. Additionally Schedule 7 automatically calculated the capital cost allowance.

These inputs were needed to create the balance sheet. Based on the above noted

schedules the balance sheet was created to ensure that total assets equaled total liabilities

plus shareholders' equity.

The balance sheet values were then automatically transferred by the software to

the Statement of Changes in Financial Position. This statement allowed the monitoring

of annual cash flow. If negative cash flow occurred, the author added debt capital to

Schedule 6 in order to provide positive cash flow. This was only required in some of the

higher cost simulations during the first year of feedlot operations.

Lastly, the cash flows in the Statement of Changes in Financial Position were

automatically transferred to Schedule 12; the investment analysis. The present value of

the ten-year cash flow was calculated using a shareholder required rate of return of 15%

(Basset et al, 2002). The net present value was then calculated by summing the present

values of these cash flows. The internal rate of return was calculated by setting the net

present value equal to zero. The sensitivity analysis was performed by manually

adjusting the critical variables for each feedlot model simulation. The model then

automatically calculated the sensitivity results based on these input values. The

investment and sensitivity values were then used as results in Chapter Five.
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C.1.2 Performing simulations in the model

The capital and operating costs for cattle identification, groundwater and soil

monitoring, effluent irrigation, engineered wetland establishment and manure

management were inputted into Schedules 4 and 5 (Figure C.I) for the various feedlot

models. The environmentally responsible beef premium was linked to the selling price

of the cattle in Schedule 1 (Figure C.I) for the feedlot models that included a premium.

Manure or compost revenues were also included in Schedule 1. The inclusion of the

environmental protection variables depended on if the base case or Standards #1, #2, #3

or #4 were being tested. Once this was completed, the cash level at the end of the first

year of feedlot operations had to be monitored so a cash flow deficit did not occur in the

various models. If the deficit did occur, additional debt capital was added to Schedule 6

to prevent negative cash flow.

Figure C.1 displays the 10,000 head feedlot model for Standard #4. This model

includes the 1.6% environmentally responsible beef premium. Figure C.l is only one of

the twenty-seven feedlot models that were tested to complete this thesis. This figure is

provided as an example of the models that were tested. Due to thesis size limitations

only one model is provided.
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FigureC.I-Feedlot model

10,000Head Feedlot

Standard#4 - Pbospborus Limits, Tecbnology Imposed - 1.6% per cwt - environmentally responsible beef premium
FinancialProjections
<AllValuesexpressed in Canadian dollars>

Statementof Income and Retained Earnings
Fortbeyear ended Dec. 31 2003

SalesRevenue:

SlaughterCattle

Compost
TotalRevenue

CostofGoods Sold

GrossMargin

7,393,022

�

7,506,574
5.912669

1,593,904

.....

-....l
-....l

Expenses:
Telepbone
DriedManure Removal Cost

CompostingCost

CompostTransport Cost (P based)
EffluentIrrigation Cost (P based)
SlurryRemoval and Disposal (every 5 years)
GroundwaterMonitoring
Monitoringof spread compost

ElectronicTags
Salaries

Benefits

Marketing
Administration

FuelCosts

MedicinalCosts

Transportation
InterestLTDebt

Interest-Credit Line

TotalExpenses

CasbIncome Before Taxes

IncomeTaxes

6,000

69,533

67,124

20,960

6,642
o

900

3,500

86,700

335,000

33,108

30,000

3,500

500,000

25,288

361,250

297,500

200.000

2,147,003

-553,099

Q.
-553,099NetCashIncome(Loss)

BegRetained Earnings
NetIncome(Loss)
Dividends

EndRetained Earnings

o

-553,099

Q

-553,099

DividendPolicy: Pay excess cash balance c=- 2,000,000 I

2004

15,007,835

l.l.4..6ll

15,122,522
12541932

2,580,590

6,120

70,923

68,466

21,379

6,775
o

918

3,570

88,434

341,700

33,770

30,600

3,501

510,000

50,575

722,500

277,446

200,000

2536.677

43,913

Q.

43,913

-553,099

43,913

Q.

-509,186

2005

15,232,953

l..l.i.JU1

15,348,786
12.644,722

2,704,065

6,242

72,342

69,835

21,807

6,910
o

936

3,641
90,203

348,534

34,445

31,212

3,571

520,200

50,575

722,500

255,688

200000

2,538,642

165,423

Q.

165,423

-509,186
165,423

Q
-343,763

After 2005

2006

15,461,447
1..l..2.m

15,578,439
12,609,471

2,968,968

6,367

73,788

71,232

22,243
7,049

o

955

3,714

92,007

355,505

35,134

31,836

3,642

530,604

50,575

722,500
232,080

200,000

2,539,232

429,736

16,438

413,298

-343,763

413,298

Q

69,536

2007

15,693,369

uaisa

15,811,531
12,617,093

3,194,438

6,495

75,264

72,657

22,688

7,190
o

974

3,789

93,847

362,615

35,837

32,473

3,715

541,216

50,575

722,500

206,466

200,000

2,538,299

656,139

183,475

472,664

69,536

472,664

Q

542,200

2008

15,928,769
.l.l.2.l11

16,048,113
12,656,754

3,391,359

6,624
76,769

74,110
23,142

7,333

7,599
994

3,864

95,724

369,867

36,553

33,122

3,790
552,040

50,575

722,500

178,674

200,000

2,543,281

848,078
244,588

603,490

542,200
603,490

Q

1,145,690

2009

16,167,701
iaasaz

16,288,238
12.720604

3,567,634

6,757

78,305
75,592

23,604

7,480
o

1,014

3,942

97,638

377,264

37,284

33,785

3,865
563,081

50,575
722,500

148,520

200,000

2,531,207

1,036,427
304,558

731,869

1,145,690
731,869

173,542

1,704,016

2010

16,410,216

12.1.:M3.

16,531,959
12802939

3,729,019

6,892

79,871

77,104

24,076

7,630
o

1,034

4,020

99,591

384,810

38,030

34,461

3,943

574,343

50,575

722,500

115,803

200,000

2,524,682

1,204,338

358,021

846,316

1,704,016

846,316

469,269

2,081,064

l!!!!

16,656,369
ill.22l!

16,779,329
12,899,601

3,879,729

7,030

81,468
78,646

24,558

7,782
o

1,054

4,101

101,583

392,506

38,791

35,150

4,022

585,830

50,575
722,500

80,305

200000

2,515,900

1,363,829

408,803

955,026

2,081,064

955,026

498,395

2,537,695

llill

16,906,215
ill..l2.Q

17,030,405
13,007,546

4,022,859

7,171
83,098

80,219

25,049

7,782
o

1,076

4,183

103,615

400,356
39,567

35,853

4,102
597,546

50,575

722,500

41,789

200,000

2,504,479

1,518,380

458,012

1,060,368

2,537,695

1,060,368
531,161

3,066,902



Balance Sheet

December 31 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Assets

Current Assets:

Cash 67,356 337,202 790,169 1,305,500 1,733,535 2,173,542 2,469,269 2,498,395 2,531,161 2,566,621
Accounts Receivable 143,962 290,021 294,360 298,765 303,235 307,772 312,377 317,051 321,795 326,610

Inventory 4,686,367 4,774,367 4,864,126 4,955,681 5,049,067 5,144,320 5,241,479 5,340,581 5,441,665 5,544,770

Total Current Assets 4,897,685 5,401,589 5,948,655 6,559,946 7,085,837 7,625,634 8,023,125 8,156,027 8,294,621 8,438,002

Plant and Equipment 4,388,384 4,388,384 4,388,384 4,388,384 4,388,384 4,388,384 4,388,384 4,388,384 4,388,384 4,388,384
Accumulated C.C.A. -387,553 -1,064,727 -1,721,810 -2,218,815 -2,596,635 -2,885�92 -3,106,923 -3,277,924 -3,410,496 -3,513,756
Net Plant and Equipment 4,000,831 3,323,657 2,666,574 2,169,569 1,791,749 1,503,093 1,281,461 1,110,460 977,889 874,629

Total Assets 8,898,516 8,725,247 8,615,230 8,729,515 8,877,586 9,128,727 9,304,587 9,266,487 9,272,510 9,312,630

...... Liabilities
-....l
00 Current Liabilities:

Accounts Payable 187,541 226,340 228,639 230,973 233,341 235,746 238,186 240,663 243,176 245,728
Credit Line 4,000,000 4,000,000 4,000,000 4,000,000 4,000,000 4,000,000 4,000,000 4,000,000 4,000,000 4,000,000
Total Current Liabilities 4,187,541 4,226,340 4,228,639 4,230,973 4,233,341 4,235,746 4,238,186 4,240,663 4,243,176 4,245,728

Long Term Debt

Long Term Debt 3,264,073 3,008,092 2,730,353 2,429,006 2,102,045 1,747�92 1,362,384 944,760 491,638 Q
Total Liabilities 7,451,614 7,234,433 6,958,992 6,659,979 6,335,386 5,983,037 5,600,570 5,185,423 4,734,814 4,245,728

Shareholders' Equity:

Share Capital 2,000,000 2,000,000 2,000,000 2,000,000 2,000,000 2,000,000 2,000,000 2,000,000 2,000,000 2,000,000
Retained Earnings -553,099 -509,186 -343,763 69,536 542,200 1,145,690 1,704,016 2,081,064 2,537,695 3,066,902

Total Shareholder's Eqnity 1,446,901 1,490,814 1,656,237 2,069,536 2,542,200 3,145,690 3,704,016 4,081,064 4,537,695 5,066,902

Total Liabilities and 8,898,516 8,725,247 8,615,230 8,729,515 8,877,586 9,128,727 9,304,587 9,266,487 9,272,510 9,312,630

Shareholder's Equity



Statement of Changes in Financial Position

For the year ended Dec. 31 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Cash from (used in) Operating Activities:

Net Cash Income(Loss) -553,099 43,913 165,423 413,298 472,664 603,490 731,869 846,316 955,026 1,060,368

Depreciation 387,553 677,174 657,083 497,006 377,820 288,657 221,631 171,002 132,571 103,260
Accounts Receivable -143,962 -146,059 -4,339 -4,404 -4,470 -4,537 -4,605 -4,674 -4,744 -4,815

Inventory -4,686,367 -88,000 -89,760 -91,555 -93,386 -95,254 -97,159 -99,102 -101,084 -103,106
Accounts Payable 187,541 38,799 2,299 2,334 2,369 2,404 2,440 2,477 2,514 2,552

Net Cash Flow from Operations -4,808,333 525,827 730,706 816,678 754,997 794,760 854,176 916,019 984,283 1,058,259

Cash from (used for) Financing Activities:

-

Sale of Common Stock 2,000,000 ° ° ° ° ° ° ° ° °-.l
\0

Long Term Debt 3,264,073 -255,981 -277,739 -301,347 -326,961 -354,753 -384,907 -417,624 -453,122 -491,638

Short Term Debt 4,000,000 ° 0 ° ° ° ° 0 0 0

Dividends 0 ° 0 ° ° ° -173,542 -469,269 -498,395 -531,161

Net Cash Flow from Financing 9,264,073 -255,981 -277,739 -301,347 -326,961 -354,753 -558,449 -886,893 -951,517 -1,022,799

Cash from (used for) Investing Activities:

Buildings, Land, & Fences {4,388,384)
Net Cash Flow from Investing -4,388,384 ° ° ° ° ° ° 0 ° 0

Increase(decrease) in Cash 67,356 269,846 452,967 515,331 428,035 440,007 295,727 29,126 32,766 35,460

Cash beginning of year 0 67,356 337,202 790,169 1,305,500 1,733,535 2,173,542 2,469,269 2,498,395 2,531,161

Cash end of year 67,356 337,202 790,169 1,305,500 1,733,535 2,173,542 2,469,269 2,498,395 2,531,161 2,566,621



SupportingSchedules

Schedule1:Economic Forecast

LongTermDebt Rate"!

ShortTermDebt RateA2

RateofInflation (expenses)A3

Schedule2:Revenues

GrowthinSelling Prices ($fcwt):
GrowthinSelling Prices:

SlaughterCattle

Compost
-

00
o

DaysinFeedlot - Slaughter [ 2101

SellingPrices($!cwt)

SlaughterCattleA4 Input
Environmentally Responsible BeefPremium Input

Environmentally Responsible BeefPrice

CompostRevenues per tonne (Freeze)
CompostRevenues

SalesRevenue

SlaughterCattle (1250 Ibs)

Compost
TotalRevenue

2003 2004 2007 20122005 2008 20102006 2009 2011

Input
Input
Input

- -
- - - - - -

-

8.5% 8.5% 8.5% 8.5% 8.5% 8.5% 8.5% 8.5% 8.5% 8.5%

5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%

2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0%

2003

Input

Input
Input

1.5% 1.5% 1.5% 1.5% 1.5% 1.5% 1.5% 1.5% 1.5% 1.5%

1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0%

2003 2005 2007 201220102006 2008 2009 20112004

Input

82.22 83.45 84.70 85.97 87.26 88.57 89.90 91.25 92.62 94.00

1.6%

83.53 84.78 86.06 87.35 88.66 89.99 91.34 92.71 94.10 95.51

10.37 10.47 10.58 10.68 10.79 10.90 11.01 11.12 11.23 11.34

113,552 114,687 118,162 122,960 124,190116,992 119,344 120,537 121,743115,834

7,393,022
113,552

15,007,835 15,232,953
114,687 115,834 122960

15,461,447
116,992

15,693,369
118.162

15,928,769 16,167,701 16,410,216 16,656,369 16,906,215
124.190121.743119.344 120,537

7,506,574 15,122,522 15,348,786 15,578,439 15,811,531 16,048,113 16,288,238 16,531,959 16,779,329 17,030,405



Scbedule 3: Cost of Goods Manufactured and Cost of Goods Sold

Direct Material Purcbases

Animals Purchased"6

Expected Animal Throughput
Price ofAnimals Purchased @ 400-500 lb. Input
Price of Animals Purcbased @ 500-600 lb. Input
Price of Animals Purchased @ 600-700 lb. Input
Price ofAnimals Purchased @ 700-800 lb. Input
Cost Animals Purchased @ 400-500 lb.

Cost of Animals Purchased @ 500-600 lb.

Cost of Animals Purchased @ 600-700 lb.

Cost ofAnimals Purchased @ 700-800 lb.

Animal Purchasing Costs

Weighted Average Costs/animals

-

00 Amount of Feed Purchased"?
-

Feed Purchase Costs Growth Rate Input
Mixed Feed Grains Ration (lbs.lheadlday) Input
Grain Price Paid Input
Mixed Grains Total Cost

Silage Price per lb. Input

Silage Ration (lhs.lheadlday) Input
Total Silage Cost

Meal Ration (lbs.lheadlday) Input
Meal Price per lb. Input
Meal Cost

Bedding Straw Cost

Vitamins and Minerals Cost Input

Hay Ration (lhs.lheadlday) Input

Hay Price per lb. Input

Hay Cost

Feed Purchase Costs

Direct Material Purchases

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

14.450 14.450 14.450 14.450 14.450 14.450 14.450 14,450 14.450 14.450

s 460.31 $ 467.22 s 474.23 s 481.34 $ 488.56 s 495.89 $ 503.33 $ 510.88 $ 518.54 s 526.32

s 551.23 $ 559.49 s 567.89 s 576.40 $ 585.05 $ 593.83 $ 602.73 s 611.77 s 620.95 s 630.27

$ 628.65 $ 638.08 $ 647.65 $ 657.36 $ 667.22 s 677.23 $ 687.39 s 697.70 $ 708.17 $ 718.79

$ 696.90 $ 707.36 $ 717.97 $ 728.74 $ 739.67 $ 750.76 $ 762.02 $ 773.45 $ 785.06 $ 796.83

$ 5,780.00 $ 5,780.00 $ 5,780.00 $ 5,780.00 $ 5,780.00 $ 5,780.00 $ 5,780.00 $ 5,780.00 $ 5,780.00 $ 5,780.00
$ 4,335.00 $ 4,335.00 $ 4,335.00 $ 4,335.00 $ 4,335.00 $ 4,335.00 $ 4,335.00 $ 4,335.00 $ 4,335.00 $ 4,335.00
s 2,890.00 $ 2,890.00 $ 2,890.00 $ 2,890.00 $ 2,890.00 $ 2,890.00 $ 2,890.00 $ 2,890.00 s 2,890.00 s 2,890.00

s 1,445.00 $ 1,445.00 $ 1,445.00 s 1,445.00 $ 1,445.00 s 1,445.00 s 1,445.00 s 1,445.00 $ 1,445.00 $ 1,445.00
7,873,978 7,992,088 8,111,969 8,233,649 8,357,154 8,482,511 8,609,149 8,138,895 8,869,918 9,(1)3,028

544.91

0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

20 20 20 20 20 20 20 20 20 20

2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25

1,365,525
0.012

10

317,654
4

0.0077

81,223
20.000

162,447 162,447 162,447 162,447 162,447 162,447
40.000 40.000 40.000 40,000 40.000 40.000

162,447 162,447
40.000 40.000

162,447
40.000

--.-
-- . �. -

-,- -,

21,675 43,350 43,350 43,350 43,350 43,350 43,350 43,350 43,350 43,350

3 3 3 3 3 3 3 3 3 3

0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125 0.0125

98,892
1,904,969
9,778,948

197,784 197,784 197,784 197,784 197,784 197,784

3,809,939 3,809,939 3,809,939 3,809,939 3,809,939 3,809,939
12,167,092 12,292,450 12,419,687 12,548,834 12,679,917 12,812,967

197,784 197,784
3,809,939 3,809,939

11,802,027 11,921,908

197,784
3,809,939

12,043,588



Sales. General and Admin Salaries

Staffing
General Manager
Marketing Mangaer

Secretary/ Accountant

Feedlot Staff

Vetemarian (on retainer)

Total S,G, & A Staff

......

00
tv

Annual Compensation
General Manager
Marketing Manager

Secretary / Accountant

Feedlot Staff

Vetemarian (on retainer)

Total Annual Salaries

General Manager
Marketing Manager

Secretary / Accountant

Feedlot Staff

Vetemarian (on retainer)

Total Salaries

Benefits for Salary Employees

Employment Insurance

Canada Pension Plan

Workers Compensation
Medical, Dental, Optical
Total Benefits for Salary Employees

2003 2006 20122005 2007 2008 20092004 2010 2011

Input
Input
Input
Input

Input

1 1 I 1 1 1 I I 1 1

I 1 I I I 1 I I I I

1 1 I I I 1 I 1 I I

8 8 8 8 8 8 8 8 8 8

1 I I I I 1 I I I 1

12 12 12 12 12 12 12 12 12 12

Input
Input
Input
Input
Input

55,000 56,100 57,222 58,366 59,534 60,724 61,939 63,178 64,441 65,730
45,000 45,900 46,818 47,754 48,709 49,684 50,677 51,691 52,725 53,779
25,000 25,500 26,010 26,530 27,061 27,602 28,154 28,717 29,291 29,877
25,000 25,500 26,010 26,530 27,061 27,602 28,154 28,717 29,291 29,877
10,000 10,200 10,404 10,612 10,824 11,041 11,262 11,487 11,717 11,951

55,000 56,100 57,222 58,366 59,534 60,724 61,939 63,178 64,441 65,730

45,000 45,900 46,818 47,754 48,709 49,684 50,677 51,691 52,725 53,779
25,000 25,500 26,010 26,530 27,061 27,602 28,154 28,717 29,291 29,877

200,000 204,000 208,080 212,242 216,486 220,816 225,232 229,737 234,332 239,019
10000 10200 10404 10.612 10 824 11041 II 262 11487 11 717 11951

335,000 341,700 348,534 355,505 362,615 369,867 377,264 384,810 392,506 400,356

10,553 10,764 10,979 11,198 11,422 11,651 11,884 12,122 12,364 12,611
14,405 14,693 14,987 15,287 15,592 15,904 16,222 16,547 16,878 17,215

3,350 3,417 3,485 3,555 3,626 3,699 3,773 3,848 3,925 4,004
4800 4896 4994 5,094 5196 5300 5406 5514 5624 5736

33,108 33,770 34,445 35,134 35,837 36,553 37,284 38,030 38,791 39,567



Variable Manufacturing Overbead Costs

Cost:

Maintenance for buildings, equipment, and fencin Input
Maintenance for manure storage pond Input
Berm Maintenance Input
Catch basin maintenance Input
Wetland Maintenance Input
Utilities Input
Insurance Input
Total Variable Overhead

Fixed Manufacturing Overhead Costs

Note: These costs are based on the capacity of tbe facility.
Building Square Footage Input
Natural Gas Input

......

00
W

Property Taxes

Capital Cost Allowance

Electricity
Total Fixed Overhead

Total Manufacturing Overhead

Cost of Goods Manufactured

Direct Materials Used

Manufacturing Overhead

Cost ofGoods Manufactured

Cost of Goods Sold

Beg Finished Goods Inv

Cost of Goods Manufactured

Goods Available for Sale

End Finished Goods Inv

Cost of Goods Sold

2003 2004 20122005 2006 2007 2008 2009 2010 2011

54,264 57,009 59,894 62,925 66,109 69,454 72,968 76,660 80,539 84,615
11,612 11,844 12,081 12,323 12,569 12,821 13,077 13,339 13,606 13,878

125 128 130 133 135 138 141 144 147 150

0 0 0 0 0 0 0 0 0 0

7,000 7,140 7,283 7,428 7,577 7,729 7,883 8,041 8,202 8,366
10,000 10,200 10,404 10,612 10,824 11,041 11,262 11,487 11,717 11,951
30,000 30,600 31,212 31,836 32,473 33,122 33,785 34,461 35,150 35,853

113,001 116,921 154,811121,004 125,257 129,688 139,116134,304 144,131 149,359

Input

3,680 3,680 3,680 3,680 3,680 3,680 3,680 3,680 3,680 3,680
920 938 957 976 996 1,016 1,036 1,057 1,078 1,099

10,479 10,688 10,902 11,120 11,342 11,569 11,801 12,037 12,277 12,523

Input

387,553

�I 22,1831 22,627

691,569

533,701 827,905 812,573 657,438 543,387 459,558 398,076 353,208 320,767 297,685

2003 2004 2005 2006 2007 2008 2009 MIl.!! 2011 2012

9,778,948 11,802,027 11,921,908 12,043,588 12,167,092 12,292,450 12,419,687 12,548,834 12,679,917 12,812,967
533,701 827,905 812,573 657,438 543,387 459,558 398,076 353,208 320,767 297,685

10,312,648 12,629,932 12,734,481 12,701,026 12,710,479 12,752,008 12,817,763 12,902,041 13,000,684 13,110,651

0 4,399,979 4,487,979 4,577,738 4,669,293 4,762,679 4,857,932 4,955,091 5,054,193 5,155,277
10,312,648 12,629,932 12,734,481 12,701,026 12,710,479 12,752,008 12,817,763 12,902,041 13,000,684 13,110,651

10,312,648 17,029,911 17,222,460 17,278,764 17,379,772 17,514,686 17,675,695 17,857,132 18,054,877 18,265,928
4,399,979 4,487,979 4,577,738 4,669,293 4,762,679 4,857,932 4,955,091 5,054,193 5,155,277 5,258,382

5,912,669 12,541,932 12,644,722 12,609,471 12,617,093 12,656,754 12,720,604 12,802,939 12,899,601 13,007,546



Schedule 4: Expenses
Variable Rates

Telephone
Dried Manure Production (tonnes)
Dried Manure Removal Cost per tonne

Dried Manure Removal Cost

Compost Production (tonnes)
Compost Cost per tonne Input

Composting Cost Input

Compost Transport Cost (P based) (Annual) Input
Effluent Irrigation Cost (P based) Input

Slurry Removal and Disposal (every 5 years) Input
-

00
+:0-

Groundwater Monitoring
Monitoring of spread compost

Electronic Tags @ $6 per head

Salaries (SG &A)
Benefits (SG &A)
Marketing Expenses" I 0

Admin Expenses
Fuel Costs

Medicinal Costs'Tl

Transportation Rate ($/head)"12

Transportation Costs

Interest - LT Debt

Interest - Credit Line

Total Expenses

2003 2004 2010 201220ll2005 2006 2007 2008 2009

Input

Input
Input

6,000 6,120 6,242 6,367 6,495 6,624 6,757 6,892 7,030 7,171

18,250 18,250 18,250 18,250 18,250 18,250 18,250 18,250 18,250 18,250
3.81 3.89 3.96 4.04 4.12 4.21 4.29 4.38 4.46 4.S5

69.533 70.923 83.09872.342 73.788 75.264 76.769 78.30S 79.871 81.468

Input 10,9S0 10,950 10,950 10,950 1O,9S0 10,9S0 10,9S0 10,9S0 10,9S0 1O,9S0
6.13

67,124 68,466 69,835 71,232 72,657 74,110 75,592 77,104 78,646 80,219

20,960 21,379 21,807 22,243 22,688 23,142 23,604 24,076 24,558 25,049

6,642 6,775 6,910 7,049 7,190 7,333 7,480 7,630 7,782 7,782
0 0 0 ° 0 7,599 0 0 0 °

900 918 936 955 974 994 1,014 1,034 1,054 1,076

3,500 3,570 3,641 3,714 3,789 3,864 3,942 4,020 4,101 4,183

86,700 88,434 90,203 92,007 93,847 95,724 97,638 99,591 101,583 103,615

Input

Input
Input

335,000
33.108

341,700
33.770

362,615
35.837

400,356
39.567

348,534
34.445

355,505
35.134

369,867
36.553

377,264
37.284

384,810
38.030

392,506
38.791

Input

Input

Input

Input
Input

30,000 30,600 31,212 31,836 32,473 33,122 33,785 34,461 35,150 35,853

3,500 3,501 3,571 3,642 3,715 3,790 3,865 3,943 4,022 4,102

500,000 510,000 520,200 530,604 541,216 552,040 563,081 574,343 585,830 597,546

25,288 50,575 50,575 50,575 50,575 50,575 50,575 50,575 50,575 50,575
50 50 50 50 50 50 50 50 50 50

361,250 722,500 722,500 722,500 722,500 722,500 722,500 722,500 722,500 722,500

297,500 277,446 255,688 232,080 206,466 178,674 148,520 115,803 80,305 41,789

Input 200,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000

2,147,003 2,536,677 2,538,642 2,539,232 2,538,299 2,543,281 2,531,207 2,524,682 2,515,900 2,504,479



Schedule5: Capital Budget

ta\\d Input

Buildings Input

Equipment Input

FencingExpenses Input
EffluentIrrigation System (P based) Input
WetlandEstablishment Input
Catchbasin for wetland (included in wetland est) Input

Composter Input
Geo-technical fees Input
Berms Input
,_.ManureStorage Pond Input
00
VIGroundwater Monitoring Test Holes Input

Development and training for manure mgt plans Input
2TagTrackers @ $1500 CDN Input

TrenchingjPipelExcavationlPen Concrete Input

NaturalGas Trenching to site Input

Miscellaneous Input
TotalCapital Outlay

Schedule6: Financing Budget

LongTermDebt Input
CreditLine Input
NewCommon Shares Input

Total

2003 2004 20122007 2008 20092005 2006 2010 20ll
- - -

250,000 - - - - - - - - -

162,540 - - - - - - - - -

1,549,555 - - - - - - - - -

1,001,085 - - - - - - - - -

93,952

71,652
-

40,000

18,000

6,256

232,244
3,000
3,600

3,000

743,500 . . - - . - - -

10,000

200,000

4,388,384 o o o o oo oo o

1 ::: 1 -I r -I --: 1 : 1 -I : 1 -I -I
9,500,000



Schedule7: Cal!ital Cost Allowance

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Class6-Buildings Input Rate I 10%1
BeginningBalance 0 154,413 138,972 125,075 112,567 101,310 91,179 82,061 73,855 66,470
Additions 162,540 0 0 0 0 0 0 0 0 0

CapitalCost Allowance 8,127 15,441 13,897 12,507 11,257 10,131 9,118 8,206 7,386 6,647

EndingBalance 154,413 138,972 125,075 112,567 101,310 91,179 82,061 73,855 66,470 59,823

Class8-Eauil!ment Input Rate 1 20%1
BeginningBalance 0 900,977 720,781 576,625 461,300 369,040 295,232 236,186 188,949 151,159
Additions 1,001,085 0 0 0 0 0 0 0 0 0

CapitalCost Allowance 100,109 180,195 144,156 115,325 92,260 73,808 59,046 47,237 37,790 30,232

EndingBalance 900,977 720,781 576,625 461,300 369,040 295,232 236,186 188,949 151,159 120,927

Class10-Machines InputRate I 30%1
BeginningBalance 0 1,430,981 1,001,687 701,181 490,826 343,579 240,505 168,353 117,847 82,493
.......Additions 1,683,507 0 0 0 0 0 0 0 0 0
00
CapitalCost Allowance 252,526 429,294 300,506 210,354 147,248 103,074 72,1510'1 50,506 35,354 24,748

EndingBalance 1,430,981 1,001,687 701,181 490,826 343,579 240,505 168,353 117,847 82,493 57,745

Class3-Concrete Structures InputRate I 5%1
BeginningBalance 0 1,044,861 992,618 794,094 635,275 508,220 406,576 325,261 260,209 208,167
Additions 1,071,652 0 0 0 0 0 0 0 0 0

CapitalCost Allowance 26,791 52,243 198,524 158,819 127,055 101,644 81,315 65,052 52,042 41,633

EndingBalance 1,044,861 992,618 794,094 635,275 508,220 406,576 325,261 260,209 208,167 166,534
TotalCCAExpense 387,553 677,174 657,083 497,006 377,820 288,657 221,631 171,002 132,571 103,260

Schedule8:Long Term Debt

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

BeginningBalance 0 3,264,073 3,008,092 2,730,353 2,429,006 2,102,045 1,747,292 1,362,384 944,760 491,638
Addition 3,500,000 0 0 0 0 0 0 0 0 0

Interest Term 297,500 277,446 255,688 232,080 206,466 178,674 148,520 115,803 80,305 41,789
DebtPayment I 10 I 533,427 533,427 533,427 533,427 533,427 533,427 533,427 533,427 533,427 533,427

EndingBalance 3,264,073 3,008,092 2,730,353 2,429,006 2,102,045 1,747,292 1,362,384 944,760 491,638 0



Schedule9:Income Tax

IncomeBefore Taxes

Accumulated Loss Carryforward
LossCarryforward Used

TaxableIncome

FederalTax@28%,21%
FederalSurtax @ 4%

SmallBusTax Credit@ 16%

ProvincialTax @ 6%, 10%

TotalTaxes

Schedule10:Ratio Analysis"13

LiquiditvRatios

;c;CurrentRatio
-....JQuickRatio

ActivityandOperating Ratios

AccountsReceivables Turnover

InventoryTurnover (Feed)
InventoryTurnover (Cattle)
Land&Bldgs/$I,OOO Sales

Equipment/$I,OOO Sales

TotalAssetTurnover

ProductionCosts

RawMaterials/Sales

TotalSalaries/Sales

ProductionOHlSales

ProductionCosts/Sales

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

-553,099 43,913 165,423 429,736 656,139 848,078 1,036,427 1,204,338 1,363,829 1,518,380
-553,099 -553,099 -509,186 -343,763 ° ° ° ° ° °

° -43,913 -165,423 -343,763 ° ° ° ° ° °
° ° ° 85,974 656,139 848,078 1,036,427 1,204,338 1,363,829 1,518,380
° ° ° 24,073 151,789 192,096 231,650 266,911 300,404 332,860
0 ° ° 963 6,072 7,684 9,266 10,676 12,016 13,314
° ° ° -13,756 -32,000 -32,000 -32,000 -32,000 -32,000 -32,000
° ° ° 5,158 57,614 76,808 95,643 112,434 128,383 143,838
0 ° ° 16,438 183,475 244,588 304,558 358,021 408,803 458,012

Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

1.411 1.551 1 I I I I0.211 0.491 0.78 1.04

52.14 52.14 52.14 52.14 52.14 52.14 52.14 52.14 52.14 52.14

26.07 26.07 26.07 26.07 26.07 26.07 26.07 26.07 26.07 26.07

1.789 1.789 1.789 1.789 1.789 1.789 1.789 1.789 1.789 1.789

93.84

120.03

0.84

29.03

47.66

1.73

27.69

37.57

1.78

26.48

29.61

1.78

22.61

11.43

1.78

25.38

23.34

1.78

21.84

9.01

1.81

21.13

7.10

1.83

24.38

18.40

1.76

23.46

14.50

1.75

130.3%

4.5%

7.1%

78.0%

2.3%

5.5%

77.7%

2.3%

5.3%

76.6%

2.3%

2.9%

75.9%

2.3%

2.1%

75.6%

2.3%

1.9%

75.2%

2.4%

1.7%

77.3%

2.3%

4.2%

77.0%

2.3%

3.4%

76.2%

2.3%

2.4%



OperatingExpenses
TotalOperating Expense/Sales
Sell&Admin/Sales

InterestExpense/Sales

AverageDaysReceivables

AverageDaysFeed Inventory

AverageDaysPayables
AverageCattle Stay

WorkingCapital
AccountsReceivable

FeedInventory
CattleOn-hand

AccountsPayable

;X;Total
00

CashConversion Cycle

LeverageCashFlow Sales Ratios

DebttoAssetRatio

AverageDebtto Asset Ratio

DebttoEquity

ProfitabilitvRatios

GrossProfitMargin
NetProfitMargin
ReturnonTotalAssets

ReturnonEquity
NetProfitMargin *

ReturnonTotalAssets *

ReturnonEquity *

*Usingnetcash income before tax

�---

RED 0.84 0.83 0.81 0.76 0.71 0.66 0.60 0.56 0.51 0.46
0.67

RED 5.15 4.85 4.20 3.22 2.49 1.90 1.51 1.27 1.04 0.84

28.6%

8.8%

4.0%

16.8%

4.5%

1.8%

16.5%

4.5%

1.7%

16.3%

4.5%

1.5%

16.1%

4.5%

1.3%

15.8%

4.6%

1.1%

15.5% 15.3% 15.0%
4.6% 4.6% 4.6%
0.9% 0.7% 0.5%

14.7%

4.7%

0.2%

Year

Input
Input

Input
Input

2003 2004 2005 2006 2007 2008 2009 2010 2011-- --

7 7 7 7 7 7 7 7 7 7
14 14 14 14 14 14 14 14 14 14

7 7 7 7 7 7 7 7 7 7
210 210 210 210 210 210 210 210 210 210

2012

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
143,962 290,021 294,360 298,765 303,235 307,772 312,377 317,051 321,795 326,610
286,388 286,388 286,388 286,388 286,388 286,388 286,388 286,388 286,388 286,388

4,399,979 4,487,979 4,577,738 4,669,293 4,762,679 4,857,932 4,955,091 5,054,193 5,155,277 5,258,382
187,541 226,340 228,639 230,973 233,341 235,746 238,186 240,663 243,176 245,728

5,017,870 5,290,728 5,387,126 5,485,418 5,585,643 5,687,838 5,792,042 5,898,295 6,006,637 6,117,109

224 224 224 224 224 224 224 224 224 224

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

21.2% 17.1% 17.6% 19.1% 20.2% 21.1% 21.9% 22.6% 23.1% 23.6%
-7.4% 0.3% 1.1% 2.7% 3.0% 3.8% 4.5% 5.1% 5.7% 6.2%

-6.2% 0.5% 1.9% 4.7% 5.3% 6.6% 7.9% 9.1% 10.3% 11.4%
-38.2% 2.9% 10.0% 20.0% 18.6% 19.2% 19.8% 20.7% 21.0% 20.9%

1.1% 2.8% 4.1% 5.3% 6.4% 7.3% 8.1% 8.9%



Schedule12: Investment Anal�sis 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

RequiredReturn on Equity 1 Input I 15%1

PresentValue of Eguity Investment

EquityInvestment
2,000,000 0 0 0 0 0 0 0 ° 0

PresentValue ofEquity Investment 2,000,000 0 0 0 0 0 0 0 0 0

PresentValue of Eguity Returns

NetCashFlows to Equity 67,356 269,846 452,967 515,331 428,035 440,007 295,727 29,126 32,766 35,460

Dividends
0 0 0 0 0 0 173,542 469,269 498,395 531,161

SalvageValue 0 ° 0 0 0 0 0 0 0 6,500,281
.....-

- - - -

\0
TotalNetCash Flow to Equity 67,356 269,846 452,967 515,331 428,035 440,0070 469,269 498,395 531,161 7,066,902

PresentValue ofNet Cash Flows 3,495,285

PVofAllCash Flows to Equity -2,000,000 67,356 269,846 452,967 515,331 428,035 440,007 469,269 498,395 531,161 7,066,902

INetPresentValue I I 1,495,285

IInternalRate of Return I GREEN I 24.4%

Source:Author's estimation
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