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PREFACE 

This report has been developed as part of a 

study begun in July 1980 by the Center for Urban 

and Regional Affairs (CURA) at the University of 

Minnesota. A nine-member panel of University of 

Minnesota faculty was assembled to oversee the 

study and to formulate recommendations concerning 

peatlan<l policy. The panel, drawn primarily from 

the membership of CURA's All-University Council on 

Environmental Quality, reflects a variety of back-

and dis ines. Perry Blackshear, Profes-

sor of Mechanical Engineering; Rod Squires, Assis­

tant Professor of Geography; William Fleischman, 

Associate Professor of Sociology (Duluth); Howard 

Hobbs, Scientist, and Matt Walton, Professor and 

Director, Minnesota Geological Survey; Wilbur Maki, 

Professor, and Lee Martin, Professor, icultural 

and Applied Economics; and Thomas Anding, Associate 

Director of CURA. CURA s peat staff, Thomas Peek 

and Douglas Wilson, conducted the study and pre­

pared the report for the Panel. In addition, CURA 

contracted Thomas Triplett and Loni Kemp of the 

Minnesota Project to study the , regulatory 

and citizen participation issues associated with 

peatland development. Penelope Burke staff to the 

All-University Council on Environmental Quality, 

assisted the project staff and assembled the re­

port's bibliography. 

The report provides lawmakers, agency staff, 

industry officials and citizens with an integrated 

summary of peatland research. An analysis of the 

options for using peatlands and a review of the 

potential economic, social, and environmental im­

pacts of developing peatlands for energy are in­

cluded. The existing legal and regulatory frame­

work governing Minnesota peatlands is also examined. 

The recommendations of the panel are designed 

to assist lawmakers and other government officials 

in their formulation of public policy regarding de~ 

velopment of Minnesota peatlands for energy, and to 

suggest to industry ways of using the states peat­

land resource that will enhance the state's economy 

and energy position while minimizing detrimental 

economic, social, and environmental effects. 

~il~~ 
Dean E. Abrahamson April 1981 

ix 



EXECUTIVE SUMMARY 

Minnesota contains 5.9 million acres of peat­

land, most of which is located in the northern 

counties of Roseau, Lake of the Woods, Beltrami, 

Koochiching, St. Louis, and Aitkin. While the num­

ber of acres in Minnesota's peatland resource is 

large (exceeded in the United States only by Alas­

ka), the state's commercial reserves are unknown. 

The acreage that can actually be used will be much 

less than the 5.9 million acre resource. Commer­

cial viability depends not only on the surface 

area, but also on many other factors: the depth and 

quality of the peat, the size of the peatland, en­

vironmental limitations, ownership, transportation 

networks, and the public and private service sys­

tems needed to support adjacent economic expansion. 

Despite a long history of use elsewhere in the 

world, peatlands in the United States have tradi­

tionally been used only for limited horticultural 

and agricultural purposes. In some regions they 

have been regarded as "wasteland," a resource too 

difficult and expensive to exploit. This is be­

cause the products derived from peatlands have been 

produced more cheaply from other sources. As these 

products--especially energy--become more expensive 

in the United States, commercial use of peatlands 

has drawn more interest. The interest in develop­

ing this Minnesota resource has been generated by 

projected shortages and increased prices of tradi­

tional energy supplies, coupled with the possibili­

ty that peatland development might improve the 

economy of northern Minnesota. 

Current and anticipated uses of peatlands fall 

into three categories. Portions of these lands can 

be used for nonrenewable resource extraction, to 

produce peat for fuel in various forms and horti­

cultural products such as potting soil and soil 

conditioners, and as a raw material for industrial 

chemicals such as peat coke, waxes, and steroids. 

Peatlands can also be utilized for renewable re­

source production, including agricultural produc­

tion and forestry, and for growing energy crops 

that can be converted into various forms of energy. 

Finally, peatland preservation may be appro­

priate in order to protect portions of these lands 

which may have either scientific value, unique 

natural systems, recreational value, historical or 

1 



aesthetic importance, or which may provide a re­

source base important to future generations of 

Minnesotans. 

ANALYSIS OF PEATLAND DEVELOPMENT FOR ENERGY 

Examining the Options 

Mined peat or harvested energy crops can be 

converted into specific forms of energy through 

several approaches. They include 1) direct burning 

to produce process heat or electricity with or 

without steam heat, 2) gasification to produce 

methane, 3) liquefaction to produce alcohol, and 

4) briquetting or pelletizing for combustion. 

A number of factors should be considered when 

comparing the economic feasibility and social de­

sirability of these approaches to the development 

of Minnesota's peatlands for energy. First, the 

quality and quantity of en~rgy demanded and its 

value in the market should be identified. The cost 

of each development approach is also a major con­

cern. Components of total cost include private and 

public production costs, environmental costs, and 

user costs. The energy efficiency of each develop­

ment approach is also of key concern and needs to 

be determined by considering energy inputs associ­

ated with all aspects of the approach. Finally, 

2 

the long- and short-term energy supply stability is 

an important factor when evaluating the desirabili­

ty of any of these development approaches. 

While all of the energy approaches listed 

above are technically possible, their relative eco­

nomic feasibility and social desirability have not 

been demonstrated. Based on examination of these 

alternatives, several general observations are 

noted: 

• The quality and quantity of energy which could 

be produced from peatlands has not been iden­

tified. Nor has the market value of this en­

ergy been established. Thus, the profitabil­

ity of any of these approaches has yet to be 

demonstrated. Those private efforts now un­

derway have been heavily subsidized through 

public expenditures and for that reason do not 

necessarily indicate that peatland development 

for energy will he profitable. 

• At present there is no reason to believe that 

it is not technically feasible to utilize 

either peat or biomass to produce energy 

through direct burning, gasification, lique­

faction. or briquetting or pelletizing for 

combustion. However, economic factors will 

probably determine the forms of energy which 

•...•.. • .. ·.1 .... ·· .. ·.·.· ... ·· .•..•. • 
·1··· 
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can practically be produced and used. 

Current industry and government proposals for 

deriving energy from the state's peatlands are 

geared almost exclusively to large-scale peat 

gasification. To a much lesser degree, gasi­

fication of energy crops is also being consid­

ered. This focus on gasification is somewhat 

puzzling in light of the fact that the major 

energy-supply problems for the country and the 

state are related to decreasing supply and in­

creasing prices of liquid fuels. Moreover, 

Minnesota has given little attention to the 

direct combustion and briquetting approaches, 

despite the fact that these have been tradi­

tional uses of peat elsewhere in the world. 

The total cost associated with each approach 

has not been identified. 

Estimates of the energy efficiencies of the 

various approaches have been summarized in 

this chapter. The net-energy values of the 

approaches that involve peat extraction depend 

in part on the particular mining method used, 

with sod peat mining offering the highest pre­

conversion energy efficiency. Hydraulic min­

ing has a significantly lower net energy value. 

Gasification, cogeneration, and district heat-

ing all have similar net energy values, while 

briquetting is significantly more energy effi­

cient. 

• Growing energy crops, using peatlands as a re­

newable resource, provides significantly 

longer-term supply stability than all extract­

ive approaches. 

Examining the Impacts 

Any proposal to develop a part of Minnesota's 

peatlands for energy should be assessed in terms of 

its economic, social, and environmental effects. 

These effects and how they occur in a particular 

situation will depend on the nature and scale of a 

specific project and its particular location in the 

state. The nature of a project is defined by the 

energy technologies and re~ated activities associ­

ated with it. The scale of a project is its size 

in relation to other possible development approach­

es. The location provides the economic, social, 

and environmental context in which the development 

project is to occur. 

The table on page 4 outlines the particular 

economic, social, and environmental impacts related 

to the nature and scale of a project. The degree 

to which these impacts are positive·or negative de-

3 
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The Economic, Social and Environmental Impacts Related to the Nature and Scale of a Development Project. 

ECONOMIC IMPACTS 

Jobs and Workers 

• number of new jobs created 
• specific skills required of the 

labor force 
• mix of local and imported 

workers 

Economic Stability 

•long-and short-term stability 
of economic activity in the 
region 

• number of jobs which are 
seasonal or temporary 

Public and Private Services 

• commercial and industrial net­
works needed to provide goods 
and services to the development 
project 

• public ~ervices demanded by the 
development project 

• public and private services de­
manded by development-induced 
population growth 

• time required to make:- services 
available to the population. 

• ability of government to assume 
the costs of providing public 
services 

Local Economies 

• range of goods and services 
available 

• degree to which commercial enter­
prises are locally owned and 
operated 

• changes in cost of living 

SOCIAL IMPACTS 

Jobs and Workers 

• stability of employment in 
affected communities 

• variety of skills, education and 
background of workers 

• mix of local and imported workers 
living in surrounding communi­
ties 

Communities 

• rate of economic and social 
change in affected communities 

• ultimate size and character of 
affected communities after de­
velopment occurs 

• ability of affected communities 
to absorb changes in size and 
character 

• mix of new and original residents 
• diversity of religious practices 
• range of social opportunities 
• degree to which traditional life­

styles are disrupted 
• changes in local politics and 

government 

ENVIRONMENTAL IMPACTS 

Land 

• character and extent of 
land disturbance 

Water 

• potential changes in the 
quality of ground and 
surface waters 

• degree to which such change3 
can be geographically con­
tained 

Air 

• character and extent of air 
pollution 

l!I degree to which pollutants 
can be geographically con­
tained and technically 
mitigated or prevented 

Wildlife 

• potential alterations to 
native fish and wildlife 
habitats 

Workers 

• potential hazards to the 
health and safety of the 
labor force 

Reclamation 

method of reclaiming mined 
land and the degree to 
which it can be restored 
to a usable state follow­
ing peat extraction 

·1 
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pends in part on the characteristics of the particu­

lar areas where a project is located. 

Anticipating the potential economic, social, 

and environmental implications associated with the 

nature and scale of a project is essential for lo­

cating a project in a geographic area which can 

best accommodate those impacts. Such anticipation 

also makes it possible to plan for minimizing or 

preventing detrimental impacts. When a project is 

sited in an area that cannot accommodate such de­

velopment, the following detrimental impacts can 

occur: 

• Development which is rapid and nonorderly 

and therefore disruptive to existing social 

and economic systems. 

Reliance on imported rather than the local 

work force. 

• Excessive demands or burdens on existing 

service networks. 

• Budget shortfalls in local governments due 

to increased expenditures for public services. 

• Increases in the cost of living due to rising 

demand for goods and services. 

• Inadequate supply and increased prices of 

housing. 

• Disruption or displacement of local commerce. 

• Environmental impacts -which cannot be con­

tained, mitigated, or prevented. 

Development of Minnesota's peatlands for 

energy could enhance the state's economic and 

energy situations. However, development plans 

and state policies designed to realize those 

potential benefits must reflect careful considera­

tion of the energy, economic, social, and environ­

mental implications of peatland development. 

The factors of nature, scale and location will 

influence whether a peatland development project 

will be of social and economic benefit. The desir­

ability of a particular energy development approach 

will depend on the quality and quantity of energy 

it produces, its value in the market, its cost and 

energy efficiencies, and its ability to contribute 

a stable supply of energy to Minnesota, especially 

over the long term. In this regard, growing energy 

crops provides an apparent advantage over extrac­

tive approaches, particularly because it produces 

renewable energy. However, the economic feasibili­

ty of any energy approach has yet to be demonstra­

ted in Minnesota. 

Appropriate scale is defined not in terms of 

absolute size, but by the ability of a particular 

project to provide economic and social benefits and 
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minimal detrimental impacts in a specific location. 

The suitability of any location will depend on the 

nature and scale of the project planned as well as 

the characteristics of the site. Some locations 

will be inadequate for large-scale projects because 

they cannot absorb the economic, social, and envi­

ronmental changes that development will bring. In 

such locations, smaller scale projects are more 

appropriate. 

LEGAL Al\JD REGULATORY FRAMEWORK 

Because Minnesota has very little experience 

with peat development, peat is not specifically 

cited in most state laws governing mineral extrac­

tion or land use. Nevertheless, a panoply of fed­

eral, state, and local laws and regulations have 

general applicability to peatland development. Be­

cause peat is not a miner:al or a traditional energy 

source in this country, and because peat extraction 

is not quite like any other surfaci use such as ag­

riculture or forestry, the status of peat in this 

regulatory framework is often unclear. 

Research and Development Funding 

The federal government's commitment to syn­

fuels has caused peat research and development to 

focus on large-scale gasification instead of small-

6 

scale, renewable uses. There is a need for a 

broader research focus which state efforts could 

help fill. 

Peatland Development Policy 

No level of government has adopted an explicit 

peat policy. Minnesota is in need of a general 

policy towards peatland development which inte­

grates goals related to energy, agriculture, econ­

omy, and environment. 

Land Use and Transfers 

Different types of landowners can make peat­

lands available in different ways. Although the 

law is unclear, use of peat is generally consid­

ered a right of surface ownership and is not in­

cluded in mineral rights. The state, which owns 

the largest portion of peatlands, may not sel1 

peatlands but may lease them with the approval of 

the Executive Council. A wide variety of local 

planning and zoning authorities may influence 

decisions to use peatlands. 

Certificate of Need and Site Selection 

The Certificate of Need for major energy 

facilities would apply to major peatland develop­

ments for energy purposes, 
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Water Conservation and Drainage 

An extremely complex and confusing regula­

tory structure exists for decisions relating to 

water use and drainage. Interpretation and coord­

ination will be required to determine how peat­

land use will fit into the existing framework of 

laws, 

Mining and Reclamation 

A major gap in the current regulatory scheme 

is that no federal or state mining or reclamation 

laws are written to include coverage of peat mining. 

Environmental Regulation and Studies 

State and federal laws regarding protection of 

air and water quality and preparation of environ­

mental impact statements are adequate and appear to 

apply to peatland development. However, some 

coordination between the various agencies involved 

is needed. 

Taxation 

There are several different taxation methods 

which should be considered if peatland development 

is to occur. They include production, occupation, 

property, and income taxes. In addition, methods 

of distributing tax revenues must be evaluated to 

assure fair disbursement to various governmental 

levels. 

Social and Econ~~ic Development 

Many agencies at federal, state, regional, and 

local levels of government may be concerned with 

the social and economic effects of new peatland 

development. Again, coordination is required to 

assure comprehensive but not duplicated efforts. 

Legal and Regulatory_ Options 

There are three general approaches Minnesota 

could take in administering decisions about peat­

land development. Option #1 would retain the 

current system but would cLuify the ambiguitie.s 

and fill the regulatory gaps as outlined above. 

Option #2 would continue emphasis on private 

initiative but provide for coordination of state 

regulation. It would create a mechanism for 

state and local government agencies to work to­

gether to simplify the peat decision-making 

process. Option /13 would create a new public­

private structure. A public corporation could 

be given a range of powers, essentially allow­

ing the state to be more directly involved in 

initiating the kind of peat development that 

would be most beneficial in the long run. Be­

cause peat could play such an important role in 
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Minnesota's energy, employment, and economic 

future, and because of the extent of public in­

terest in this predominantly public-owned re­

source, a creative new structure may be desirable. 

Public Involvement 

Minnesota citizens will want to be involved 

in decision-making about the future of the 

state's peatlands. While Minnesota's regulatory 

structure allows substantial formal involvement 

in specific permit proces~es, broad public in­

put regarding basic policy directions is much more 

difficult to achieve, 
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I. MINNESOTA I S PEATLANDS: CRUCIAL DECISIONS AHEAD 

Minnesota contains some of the most extensive 

peatlands in the United States. Most of this 5.9 

million-acre resource belongs to the public: 

approximately 61 percent is owned by state, feder­

al, or county governments (Anderson November 1980). 

Although most of these lands are as yet underde­

veloped, interest in utilizing them for energy has 

escalated during the past five years. This inter­

est has been generated by projected shortages and 

increased prices of traditional energy supplies as 

well as the possibility that peatland development 

could improve the economy of northern Minnesota. 

Among those demonstrating interest in the de­

velopment of Minnesota's peatlands are Minnesota 

Gas Company (Minnegasco), Northern Natural Gas, 

Minnesota Power Association, United Power Assoc­

iation, Control Data Corporation, and business 

people interested in small-scale briquetting. 

The United States Department of Energy (U.S. 

DOE), which has had a strong commitment to develop­

ing synthetic fuels, has taken an interest in 

Minnesota's peatlands and has contributed to a 

major research and development effort for applica-

tion in Minnesota. The Minnesota Energy Agency 

(HEA) is also committed to the development of 

Minnesota-based sources of alternative energy. At 

present, the MEA apparently prefers using Minneso­

ta's peatlands as a medium for growing energy crops 

such as cattails and willows, rather than for peat 

extraction.,·, This renewable use of Minnesota I s 

peatlands would produce plant material which can 

be converted to fuel in various forms. 

Citizen groups interested in the environmental 

implications of peat development are particularly 

concerned that steps be taken to identify and pro­

tect from development tho~e peatlands with geo­

logically or biologically unique characteristics. 

Organizations showing interest include the Minne­

sota chapters of The Nature Conservancy, the Isaak 

Walton League, the Sierra Club, the Audobon So­

ciety, Defenders of Wildlife, hinnesota Public 

Interest Research Group, and Clear Air - Clear 

* Conversations with Ronald Visncss, Assistant Di­
rector of Alternative Energy Dev~~loprnent and 
Ronald Rieb, Manager of Alternative Energy Proj­
ects, 1980. 



Water Unlimited. 

This burgeoning interest indicates that por­

tions of Minnesota's peatlands--perhaps significant 

portions--will be seriously considered for develop­

ment over the next several decades. According to 

Ronald Visness of the Alternative Energy Development 

Division at the MEA, "it's not a question of whe­

ther we use the peatlands, but how we use them ••• " 

(CURA Peat Policy Panel Meeting of October 15, 

1980). 

Until now, most peat research has focused on 

the technical aspects of development, particularly 

on technologies for converting peat to fuel. There 

is no doubt that this research is essential if 

peatland development for energy is to go forward. 

However, it is also important to examine the broad­

er implications of peatland development, particu­

larly in these early stages when policy decisions 
' can be made before development begins. 

Minnesota may soon embark on widespread peat­

land development despite the fact that many aspects 

of Minnesota's peatlands and their development are 

not well understood. There is much to be learned 

about the biological, geological, and hydrological 

characteristics of Minnesota peatlands and the 

effects that development may bring about. Some of 
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the techniques being considered have been used ex­

tensively in European countries. Others--particu­

larly peat gasification and the production and 

conversion of energy crops--have not been widely 

used and are not well understood. In addition, the 

socio-economic analyses of peatland development 

done so far are at best preliminary. Site and 

scale analyses of development implications have 

not yet begun. 

For all these reasons, the need to carefully 

consider all implications of Minnesota peatland 

development cannot be overemphasized. This is a 

cautious but necessarily prudent approach; hastily 

formulated industry decisions or narrowly consider­

ed public policy can produce serious ramifications. 

Several important considerations should be 

made as Minnesota moves forward in developing its 

peatland resource. 

• As an energy-dependent state, Minnesota is 

faced with shortages of traditional sources 

of energy and rising energy prices, particu­

larly for oil. Unless Minnesota can either 

reduce its demand for energy or increase its 

supplies of alternative energy, the state 

may face severe economic hardships. While 

these hardships will fall on all Minnesotans, 



they could be especially burdensome for resi­

dents of particular regions of the state and 

for lower-income people and those on fixed in-

come. 

• The length of time that Minnesota's peatlands 

can provide energy will depend in large mea­

sure on the kind of development that occurs, 

particularly on whether renewable or nonrenew­

able approaches are used. 

• Some hope that development of the state's 

peatlands could improve the economic health of 

portions of the state, particularly on the 

Iron Range. If decisions to promote economic 

activity through peatland development are to 

be effective, they must be based not only on 

the levels of increased economic activity that 

are possible but also on the nature and loca­

tion of new industrial and commercial growth, 

prospects for long- and short-term employment 

stability, efficient use of the natural 

resource base, and the effects of development 

on existing public and private service net­

works. Dramatic increases in economic acti­

vity--depending on where and how much develop­

ment occurs--can cause shortages of public 

and private services and disrupt the economic 

and social character of communities. Radical 

increases in development are difficult for 

most communities to absorb. 

• The state's government and businesses are 

faced with the responsibility of formulating 

decisions that could permanently affect mil­

lions of acres of heretofore undeveloped land. 

Some of these landscapes are unique, and de­

cisions made by go~ernment or industry could 

alter or destroy their character forever. 

Obviously, decisions made in the next fewyears 

will have serious long-term consequences for Minne­

sota and its people. 
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II. PEAT AND PEATLANDS: WHAT CAN BE USED? 

WHAT ARE PEATLANDS? 

"Mires," "moors," "muskeg," "swamps"--these 

are names for the terrain generally known as peat­

lands. They are lands of peat, the dead and par­

tially decomposed plant material which accumulates 

in wet environments that inhibit decomposition of 

organic matter. Peatlands continually collect or­

ganic material slowly expanding both in surface 

area and depth. 

Peatlands are found world-wide, but the lar­

gest concentration is in arctic and subarctic re­

gions, areas with short, cool and moist summers 

favorable for peatland formation (U.S. DOE 19 79, p. 13). 

Some peatlands do exist in the lower latitudes, but 

they are concentrated around, rivers, river deltas, 

coastal regions, and rain forests. Figure 1 demon­

strates the distribution of the world's peatlands. 

Peat is sometimes called "organic soil" or 

"young coaL" Although coal was at one time simi­

lar in composition to peat, it was physically and 

chemically transformed after being buried under 

sedimentary rock and subjected to heat and pres­

sure from movement in the earth I s crust. Most 
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lands that produce peat, including Minnesota peat­

lands, will never experience those special condi­

tions and so will not produce coal. 

Peatlands are formed in two ways: one process 

is called "lakefill," in which organic and inorgan­

ic materials in the water collect on the bottom of 

a lake. At the same time, sedges begin to grow 

around the edge of the lake basin. As these die 

and decompose, peat fills in the basin until the 

lake disappears (see Figure 2) (Olson et al. 1979, p. 7), 

Peatlands can also be formed by a process cal­

led "paludification," in which organic material be­

gins to accumulate in the lake areas of a flat, 

poorly drained surface. The accumulating peat 

causes the water table to rise, and the peatland 

spreads ourtward and upward over the landscape (see 

Figure 3). Peatlands originally formed by lakefill 

can spread by paludification, if the lake is sur­

rounded by flat, poorly drained land. 

Minnesota's peatlands developed in the broad, 

gradually sloping glacial lake basins and outwash 

plains formed 10,000 years ago by the retreat of 

the Wisconsin Ice Sheet, Minnesota's most exten-



Figure 1 

World Peatlands 
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fl PEATLAND (Adapted from U.S. Department of Energy. Division of Fossil Fuel Processing.} 979. 
Peat Prospectus. Washington, D.C.: Department of Energy. p. 15.) 
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Figure 2. Lakefill Process 
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Lakefill peatland formation in east central 

sive peatlands lie in portions of former glacial 

Lake Agassiz in the counties of Roseau, Lake of the 

Woods, Beltrami and Koochiching. Major peatlands 

are also found in southwestern St. Louis and north­

ern Aitkin counties in the abandoned beds of former 

glacial Lakes Upham and Aitkin. Significant peat-

lands are also located in northwestern Carlton and 

southeastern Aitkin counties. Smaller, isolated 

peatlands are found throughout the rest of Minneso­

ta (Midwest Research Institute December 1976, 

p. 51). The map in Figure 4, produced by CURA for 

the University of Minnesota's bioenergy research 

program, shows the distribution of peatlands and 

wet mineral soils in Minnesota. 

Two basic types of peatland are found in Minn­

esota. Bogs have a slightly convex surface of 

vegetation that is dependent on precipitation 

rather than the ground-water system for its water 

and nutrient supply. Also called ombrotrophic 

bogs, their vegetation includes spruce, tamarack, 

heath shrubs and sphagnum moss. 
Minerotrophic fens, on the other hand, are 

flat peatlands. They are~wetter than raised bogs 

because their water and nutrient supply comes from 

both precipitation and the groundwater system. 

Their vegetation consists mainly of sedges, grasses, 

swamp birch and willow (Midwest Research Institute 

Decemher 1976, p. 51). 

In addition to the bog and fen and transition 

peatlands containing characteristics of both, other 

peatlands types are also found in Minnesota. They 

include the slightly raised islands of sphagnum on 

which stunted spruce and tamarack grow, as well as 

15 
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Figure 4 

AVAILABLE WETLANDS FOR BIOENERGY PURPOSES 
Land Use and Drainage Constraints 

LEGEND 

A consideration of current land use deter­
mined availability. Available wetlands have 
the following uses: open pasture, marsh or 
forested. Open pasture lands are excluded in 
regions of the state where agricultural drain­
age is common. 

• Available peats 

• Available poorly drained mineral soils 

• Other soils, drained lands and pre­
empting land uses 
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Vegetation such as black spruce, tamarack and heath 
shrubs are found on this typical east central 
Minnesota ombrotrophic bog. 

islands, ridges, and peninsulas of mineral soil 

which support terrestrial vegetation. Some peat­

lands bear "water-tracks," flat sedge areas that 

carry surface water from exposed mineral soils down­

slope toward the headwaters of streams. In some 

places, these water-tracks are constricted by raised 

bogs, stunted spruce islands, or upland mineral 

soil. Where this occurs, the fen develops a series 

of pools and ridges perpendicular to the direction 

of the surface-water flow. These are the 1'pattern­

ed fens" of northern Minnesota peatlands (Midwest 

Research Institute December 1976, p. 51-52). 

Peat deposits have formed over thousands of 

years, collecting at an estimated rate of one to 

two millimeters per year (U.S. DOE 1979, p. 11). 

Peat varies in age, degree of decomposition, and 

appearance. While the development of peat is not 

regular or its pattern consistent, its characteris­

tic pattern is described below. On the surface of 

raised bogs is the yellow fibric peat (sphagnum 

moss), the youngest and least decomposed layer. 

Its plant constituents are visible in thiE' material. 

Beneath that is the brown hemic (reed-sedge) peat 

which, being older, is more decomposed; much of the 

texture of the original plant material is still 

discernible in the hemic layer. At the bottom is 



Sedges, reeds arid stunted spruce are found on this flat minerotrophic fen in north central Minnesota. 
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the oldest and most decomposed layer, sapric peat. 

Its plant constituents are decomposed beyond recog­

nition, resulting in a blackish-brown product. 

RESOURCES AND RESERVES 

It is important to distinguish between acres 

of peatland resources and commercial reserves. 

Estimates of peatland resources are based on total 

acreages of peatland without regard to anticipated 

constraints on their commercial development. Esti­

mates of commercial reserves, on the other hand, 

are based on acreages available under a set of 

known constraints for particular commercial uses. 

Commercial viability depends not only on estimated 

surface area, but also on many other factors: the 

depth and quality of the peat, the size of the peat­

land, environmental limitations, ownership, trans­

portation networks and necessary public and private 

service systems needed to support adjacent economic 

expansion. Thus, while Minnesota's peat resource 

is presently estimated at 5.9 million acres, its 

commercial reserves for particular uses is much 

less and currently unknown. 

Table 1 represents a commonly-used estimate of 

world peat resources. The 408.8 million acres of 

peatland represent only about one percent of the 

Table 1: World Peat Resources 

Acres Percent of 
Country (Millions) World Total 

Soviet Union 228.0 55.8 

United States>'> 52.6 12.9 

Finland 35.6 8,7 

Canada*'~ 34.0 8.3 

East & West 
Germany 13.1 3.2 

Sweden 12.7 3.1 

Poland 8.6 2,1 

Ireland 7.3 1.8 

Great Britain 5.8 L4 
Indonesia 3.3 .8 

Norway 2.6 .6 

All Others 5 .2 1.3 

Total 408.8 100.0 

*Estimate includes non-permafrost peatlands of 
Alaska. 

**Estimate does not include arctic Canada peatlands. 

(Data from U.S. Department of Energy Peat Prospec­
tus July 1979, p. 14) 

world's surface, yet large portions of the surface 

area of some countries, such as Ireland and Sweden, 
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are completely covered by peatlands (U.S. DOE 1979, 

p. 15). More than 55 percent of the world's peat­

lands lie within the Soviet Union's borders. The 

United States ranks second, with almost 13 percent. 

Figure 5 and Table 2 identify the distribution of 

the United States 1 peat lands. With 27 million acres, 

Alaska accounts for more than 50 percent of U.S. peat­

lands. Minnesota ranks second with 5. 9 million esti­

mated acres, and Michigan, Florida, Wisconsin and 

Louisiana also have large amounts of peatlands. 

Traditional estimates of peat resources in 

Minnesota have ranged between 7 and 7.6 million 

acres. These estimates have been based on county 

and regional soil surveys, a limited amount of 

field-work surveying, and other sources. 

A recently compiled estimate using data from 

the Minnesota Soil Atlas has yielded what appears 

to be the most accurate £igures to date. The Cen­

ter for Urban and Regional Affairs as part of the 

University of Minnesota's bioenergy research pro­

gram and using the Minnesota Land Management Infor­

mation System, has calculated the state's total peat 

resource at 5.91 million acres, 15 to 22 percent 

less than was previously estimated (Anderson Novem­

ber 1980, p. 8). Many of the very small peat de­

posits are not included in this estimate, since the 
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Table 2: U.S. Peat Resources 

Acres Percent of 
State (Millions) U.S. Total 

Alaska 27.0 52.6 

Minnesota 5.9 11.5 

Michigan 4.5 8.8 

Florida 3.0 5.9 

Wisconsin 2.8 5.5 

Lousiana 1.8 3.5 

North Carolina 1. 2 2.3 

Maine . 77 1.5 

New York .65 1.3 

All Others 3.66 7.1 

Total 51.28 100.0 

(Data from Punwani, D.V. Peat as an Energy Alter­
native: An Overview. Paper read at IGT Symposium 
"Peat as an Energy Alternative," 1-3 December 1980; 
Anderson, J.P. An inventory of Minnesota's wet­
lands and their suitability for producing bioenergy 
crops. November 1980) 

computerized system is based on 40-acre parcels. 

It is believed, however, that these small deposits 

would not add a significant amount to the state's 

total peatlands. Figure 4 represents the distribu­

tion of Minnesota's peatlands based on the results 



Figure 5 

Peatlands of the Onited States 
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.PEATLAND (Adapted from U.S. Department of Energy. Division of Fossil Fuel Processing. 1979. 
Peat Prospectus. Washington, D.C.: December of Energy. p. 13.) 
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of this computerized study. This map and the asso­

ciated data are the most up-to-date estimate, de­

rived from what appears to be the best methods and 

data available. 

The commercial reserves of peatlands in Minne­

sota and the U.S. for particular uses have not been 

estimated. However the DOE's program to develop 

peat gasification includes an effort to locate and 

estimate the amount of fuel-grade peat in several 

states. DOE has established the following require­

ments to meet its definition of fuel-grade peat: 

• Exists to depths of at least 5 feet; 

• is found in peatlands containing 80 acres of 

contiguous peat per square mile; 

• contains 8,000 BTU/lb on a MAF basis; 

• contains less than 25 percent ash by weight 

(Kopstein 1980, p. 3). 

To further illustrate the importance of these 

or other criteria used in estimating peat reserves, 

two important factors in Minnesota peatland depth 

and ownership are discussed. 

The depths of peatlands are extremely variable 

and difficult to estimate since measurement in­

voles taking core samples or using ground-pene­

trating radar scans. Rough estimates have assumed 

a depth of five to seven feet in determining the 
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volume of peat in a specific peatland but depths 

can range from less than one foot to over 20 feet. 

In measuring depth, it is important to take into 

consideration the "edge effect," in which the depth 

of peat is almost zero at the edges of a peatland 

and increases toward the middle. Since peatlands 

are usually found in flat areas with very gradual 

changes in depth due to topography, only large 

peatlands are more likely to be the deepest, although 

small, deep peatlands are also found (Hobbs 1980, 

p. 1). Current surveys of Minnesota's peatlands 

are finding average depths much less than once 

thought, indicating that the state's reserves are 

not as large as anticipated. Preliminary results 

of two MDNR-sponsored surveys of Aitkin and Koochi­

ching counties showed that their 1.14 million acres 

of peat* have an average depth of 4.7 feet. Even 

more important is the fact that 65 percent of those 

peatlands are shallower than the five-foot depth 

thought by DOE to be the minimum for mining fuel 

peat (Malterer 1980, p. 6). 

*This is different from an estimated 972,000 acres 
of peat found in the CURA study. This difference 
represents 15 percent fewer acres for Koochiching 
County, 
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Aitkin County was estimated to have 390,000 

acres of peatlands (Malterer 1980, p. 6). Prelim­

inary results of the survey indicate that only 25 

percent of these peatlands are over five feet deep, 

meaning that 75 percent of Aitkin County's peat­

lands may not be suitable for mining for energy 

conversion. The same may be true of southwest St. 

Louis County. 

Current ownership of Minnesota peatlands is 

also important in determining available reserves 

because whoever controls the land and the terms of 

its lease or sale determines its use. Ownership 

patterns are particularly important in identifying 

suitable peatlands for large-scale projects requir­

ing many acres of contiguous peatland which may 

have multiple owners. Table 3 summarizes the re­

sults of a preliminary University of Minnesota 

study, conducted by CURA, that estimated the total 

amount and ownership of peatlands in Minnesota. 

Forty-three percent of these lands are owned by the 

state while 34 percent are privately owned. Feder­

al, county, and local governments and Indian reser­

vations own smaller portions. The same study esti­

that approximately 35 percent of the peat­

lands available or suitable for energy development 

are state owned--not 90 percent as some individuals 

have claimed (Anderson November 1980, 

preliminary estimate is based only on 

straints without regard to peatland characteristit:.s/' 

environmental limitations and economic factors~ 

Because of these and other constraints, the total 

available reserve may be much less than previously 

thought. In Alaska, for example, where peat re­

sources were estimated as large as 107 million 

acres, a survey showed ~hat only 5.5 million acres-­

about 5.1 percent of the resource--were available 

for fuel using DOE criteria (Huck 1980, p. 1). 
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Table 3: Minnesota Peat Resource by County and Ownership 

County/ 
County Federal State Local Indian Private Total 

Aitkin 9,000 228,000 81,000 * 127,000 445,000 

Carlton * 30,000 25,000 3,000 40,000 99,000 

Itasca 32,000 112,000 56,000 1,000 60,000 261,000 

Koochiching 38,000 757,000 60,000 32,000 86,000 972,000 

St. Louis 104,000 198,000 250,000 2,000 198,000 751,000 

Lake of the Woods 24,000 296,000 * 70,000 36,000 426,000 

Beltrami, Clear-
water, Hubbard 19,000 411,000 53,000 175,000 124,000 782,000 

All Other Counties 237,000 508,000 90,000 7,000 1,331,000 2,174,000 

Total 463,000 2,540,000 615,000 290,000 2,002,000 5,910,000 

Percent of Total 7.8 43.0 10.4 4.9 33.9 100 

*less than 1,000 acres 

(Data from Anderson, J.P. An Inventory of Minnesota's wetlands and their suitabil­
ity for pro~ucing bioenergy crops. November 1980) 



III. PEATLAND UTILIZATION: MINNESOTA'S OPTIONS 

In the United States, most peatlands have been 

viewed as "wasteland," remote, wild, difficult and 

expensive to exploit. In part, this is because the 

fuel, chemicals, food, and timber that peatlands 

might supply have been produced cheaply enough 

land rapidly expanded its use of fuel peat. Then, 

as energy prices increased, other nations, includ­

ing Finland, Sweden, Greece, Canada, and the United 

States, planned or initiated fuel peat development 

projects (Midwest Research Institute, May 1976, p. 

elsewhere. However, as supplies of certain natur- 29). 

al resources, particularly fossil fuels, have di-

minished and become more expensive, the United 

States and other countries have taken a new look 

development of peatlands. 

There are three basic land-use categories for 

a) extraction of nonrenewable re­

sources, b) production of renewable resources, and 

c) peatland preservation. (See Figure 6). 

EXTRACTION OF A NONRENEWABLE RESOURCE 

Peatlands have been a source of fuel for heat­

and cooking for hundreds of years, dating back 

at least to Roman times. Peat has been used in 

Scandinavia for many years, but was 

used on an industrial scale in the Soviet 

in the early 1900s. About 35 years ago Ire-

Peat extracted from a peatland can be used as 

a fuel in a variety of forms. It can be 1) burned 

directly to produce process heat or electricity 

with or without steam heat, 2) gasified to produce 

methane,3) liquefied to produce alcohol, and 4) 

briquetted or pelletized to be burned for home or 

industrial heat. Peat used as a fuel is typically 

dried to a moisture content of about 50 percent 

(Tsaros December 1980, p. 2), giving it a heating 

value of about 4500 BTU's per pound (EKONO October 

1977, p. 9). This heating value is substantially 

less than that of the North Dakota lignite and 

western subbituminous coal now used in Minnesota. 

A detailed discussion of these uses of peat for 

fuel is contained in Chapter IV. 
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Figure 6 ALTERNATIVES FOR (JTILIZATION OF PEATLANDS 

EXTR CTION 
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PR UCTION 
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Horticultural Products 

Peat can be used as a soil conditioner, as a 

growing medium for plants and nursery stock, and 

as an additive to potting soil. Minnesota has an 

estimated 100,000 acres of sphagnum peat (Anderson 

November 1980, p. 8) and over one million acres of 

reed-sedge peat (MnDNR April 1979a, p. 102), both 

of which have commercial value for horticulture. 

However, only about 1400 acres of Minnesota's peat­

lands, representing just .02 percent of the state's 

total peatland resource, have been developed for 

these uses. Most of this development is in Aitkin, 

Itasca, and St. Louis counties (MnDNR April 1979a, 

p. 101). 

A number of conditions .. affect the viability of 

extracting peat for horticultural purposes: access­

ibility, drainage, climaie, the depth and quality 

of the peat, and the availability--depending on 

ownership--of the peatlands. 

To utilize peat for horticulture, the peatland 

must be prepared for extractive use--cleared of 

trees and brush and, depending on the mining meth­

od, ditched for drainage. The peat is then mach-

Government~owned gasification research facility at 
the Institute of Gas Technology in Chicago. 
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Sphagnum moss, used in such horticultural products 
as soil additives and potting soil. 
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ine-cut or extracted with the vacuum technique of 

milled peat and then collected. It can also be 

mined hydraulically--cut away with a high-pressure 

hose or dredged--and then transported by a peat 

slurry pipeline. After the peat is extracted it 

is dried or dewatered and packaged in bags or 

bales. 

Despite their vast peat resources, the United 

States and Minnesota are net importers of horticul­

tural peat. Currently, Minnesota contributes only 

about three percent to U.S. production of horti­

cultural peat (Anderson March 1980, p. 14). Sub­

stantial potential exists for increased domestic 

production, but only if demand increases to a 

point where it is more economical to supply than 

to import horticultural peat. 

Industrial Chemicals 

Peat is a potential source of four types of 

industrial chemicals: 1) peat bitumens, 2) carbohy­

drates, 3) humic acids, and 4) peat coke. As the 

U.S.S.R., Finland, Germany, and other European na­

tions have shown, industrial chemical production 

could offer a viable alternative for developing 

peatlands. 

Peat bitumens have two by-products: waxes and 

steroids. Waxes produced from bitumens can be used 



as waterproofing agents in paints, as lubricants, 

and as ingredients in household products such as 

furniture polish. Steroids in the form of pharma­

ceutical products are used in medicine. Peat is a 

substitute for other sources of these waxes, such 

as brown coal and tallow made from animal by­

products (Fuchsrnan 1978, v). 

Peat carbohydrates are sources of cultures for 

yeast used in the production of alcohol and as a 

high-protein feed for livestock (Fuchsrnan, Lund­

berg, and Dreyer 1979, p. 23), Humic ae:ids are used 

in agriculture as root stimulants, pest controls, 

and as fertilizer additives. They also are used in 

the plastic and rubber industries, and in a product 

that prevents heavy solids from separating in 

drilling of oil wells. 

Peat coke is derived through a process called 

pyrolysis, in which peat is heated to a point where 

its organic substances decompose. Two by-products, 

peat coke and peat tar, are formed. Peat coke is 

used in the production of activated carbon, which 

acts as a reducing agent in electric smelting fur­

naces, as a hardening agenc for steel, as a polish­

ing aid, and in the production of alloys for trans­

former steel. Peat tar is often burned as an en­

ergy source for the coking operations. It can also 

yield pitch, solvents, and grease. 

The problems of producing industrial chemicals 

from peat are similar to those associated with other 

alternatives involving the extraction of peat-­

environmental problems related to water and air 

quality, and the reclamation of mined peatland. 

In addition, the development of an industrial 

chemical industry that uses peat as a raw material 

must make full use of th,e peaL Because the differ"­

ent chemicals extracted come from different types 

of peat, single-product plants would not fully 

utilize the resource. One solution is to locate 

complementary industries together, locating more 

than one process on one site. This may be pos­

sible, since chemical plants using a peat feedstock 

may be of a smaller scale than plants produciug 

fuel from peat. In addition, the chemical products 

are of higher value per unit and may offer more 

jobs per acre of peatland. 

Mining and Dewatering of Peat 

Before peat can be mined the peatland must be 

prepan2d for the particular mining method to be 

used. This can involve surveying, draining, clear­

ing, and leveling the peat1and,, and the entire 

sequence can take several years. 

First, a survey is made to identify the loca-
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tion of peatlands, their depth and size, the natur­

al drainage system, the characteristics of the 

peat, and the network of services in the peatland 

area. 

Drainage of peatlands is necessary, since they 

may consist of more than 90 percent water. The 

spacing, depth, and location of the drainage system 

varies with the type of mining planned. Milled 

peat mining requires a more extensive drainage sys-

tern with more closely spaced ditches than the 

system used with sod peat mining. Hydraulic mining 

will require little drainage, since water is an in­

tegral part of the harvesting process. 

After drainage is sufficient for the peatland 

surface to support heavy machinery, trees, bushes, 

and stumps can be removed. (Some clearing might be 

required prior to drainage.) Bulldozers with low 

ground pressure might be needed for clearing. In 

Ditching (left), the first step in the mining process, is necessary to drain the peatland so it can support 
heavy equipment such as the leveling machine (right), which prepares the surface of the peatland for mining. 
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Sweden, a 11 deep macerating" machine has been de­

signed to chop stumps and other underground mater­

ial and mix it with the top layers of peat (Namden 

for Energiproduktionsforsking 1977, p. 96). The 

final step in the preparation for mining is to 

level the surface so the mining machinery can oper­

ate efficiently and to slope it toward the drainage 

ditches so that surface water can drain properly 

(Namden for Energiproduktionsforsking 1977, p. 96). 

Sod peat mining involves extracting peat from a 
trench in the form of sods and placing the sods 
on the field for drying. 

Sod peat mining is done in Ireland, Finland, 

the Soviet Union, and Germany. This method produces 

cyiin<ler-shaped sods approximately 12 to 15 inches 

in length. First the peatland surface is stripped 

of overburden, including the sphagnum moss layer. 

The peat then is cut away from the surface and mix­

ed in a macerator to create uniform, densified 

sods. These sods are deposited on the ground, 

where they are cut into 12- to 15-inch pieces. 

After the sods have dried to a moisture content of 

75 to 81 percent, they are collected, turned over 

and formed into windrows. These windrows are con­

tinually turned to accelerate the drying process. 

Once the moisture content approaches 50 to 55 per­

cent, the sods are collected and stockpiled for 

storage. 

Milled peat mining is presently being used in 

Ireland, Sweden, Finland and the Soviet Union. 

After the peatland has been cleared and drained, a 

thin layer (one-half inch) of peat is milled away. 

The milled peat, in particles less than one-half 

inch in diameter, is allowed to dry. To speed up 

the drying process, the milled peat is turned over 

with a harrowing device. Depending on the weather, 

two to five harrow passes are necessary to reduce 

the moisture content to 45 to 50 percent. When 
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this desired moisture content is reached, the mill 

ed peat is collected and stockpiled for storage. 

These stockpiles are often compacted and covered 

with polyethylene sheets to protect the milled peat 

from high winds and rainfall. 

Hydraulic mining has had limited use in the 

United States, in Canada, and on a small scale in 

parts of Europe. In British Columbia, the Western 

Peat Moss Company uses hydraulic mining. A hover­

craft barge, which has a clamshell dredge on a ro­

tating unit with cutter heads, extracts the wet 

peat (Aspinall and Hudak 1980, p. 7). The peat is 

deposited in a hopper on the barge. It moves 

through a conveyor system where pressurized water 

is used to wash the peat off the stumps and debris. 

This debris is discharged back into the bog and wa­

ter is added to the remaining peat material so that 

a slurry containing no more than five percent sol­

ids is formed. This slurry is pumped to a dewater­

ing plant a few miles away or to a settling pond 

where water is slowly decanted off (Carncross 1980, 

p. 5). 

A harrow (foreground), used in milled peat mining, 
turns over the peat so it can dry prior to its 
collection by vacuum machines (background). 

Selection of the proper mining type depends on 

a number of factors, including environmental im­

pacts, costs of mining, anQ the state of the mining 

technology. 

The environmental impacts associated with each 

form of mining are not completely understood. Both 

milled and sod peat mining methods require exten­

sive drainage before the peat can be extracted. 

Hydraulic mining produces a slurry that is 95 to 

98 percent water, and after dewatering the result­

ing effluent must either be drained off or returned 

Hydraulic peat mining in British Columbia, using 
a clamshell dredge on a hovercraft barge. 
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to the peatland. Water may be the major environ­

mental problem associated with peat development. 

Fugitive dust, a problem associated with both the 

milled and sod peat methods of mining, may be 

another environmental factor. 

Cost estimates are difficult to determine for 

each type of extraction. The cost of the peat must 

also include the costs of clearing and draining the 

peatlands. It has been estimated that this could 

run between $550 and $1500 per acre (Aspinall and 

Hudak 1980, p. 12). Milled peat (50 percent mois­

ture) could cost $7.50 per ton (1978 dollars), but 

this is only a rough estimate. Hydraulic mining has 

yet to be tried on a large scale, thus the econ­

omies of scale are unknown. Equipment has yet to 

be fully developed for large-scale mining. One cost 

advantage that hydraulic mining has over sod and 

milled peat mining is that land preparation (drain­

age and clearing) is much less extensive. However, 

the company that manages the British Columbia hy­

draulic mining operation has estimated that its 

hydraulic operation costs are three-and-one-half to 

four times greater than its vacuum-harvested mill­

ed peat operation costs (Carncross 1980, p. 6). 

The sod and milled peat methods have a proven 

track record in Europe. Both have been used for 
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large- and small-scale mining in Ireland, Finland 

and the Soviet Union. Hydraulic mining has had 

only limited application. It seems apparent that 

a detailed study of the potential impacts and costs 

of each mining technique is needed. Smaller-scale 

trial applications are necessary first, so that an 

understanding of the impacts and costs is possible. 

The dewatering of peat is the most difficult 

technical problem in using peat as an energy 

source. Even after the peatland is drained, the 

moisture content of the peat can exceed 80 per­

cent. Present technologies for direct burning, 

gasification, and briquetting require peat with a 

moisture content of 50 percent or less. When sod 

and milled peat methods are used to mine the peat, 

it is left to air-dry on the peatland surface. 

This method of dewatering is both cost- and 

energy-effective but is dependent on the weather. 

Weather also affects the number of possible ex­

tractions in a year. 

Current research efforts suggest that dewater­

ing of peat is possible but can be expensive. Air-dryed 

peat has a high net energy value (energy content of 

peat minus energy used to dewater) but further de­

watering, requiring some form of energy input, is 

often necessary. 



Mechanical presses are sometimes used. They 

consume only a small amount of energy--a fraction 

of the heat content of peat--but they require a 

substantial initial capital investment. Thermal 

drying of peat may also be used. Unfortunately, 

thermal drying results in a lower net energy value, 

requiring as much as 15 to 34 percent of the energy 

content of the peat to reduce its moisture content 

to 50 percent (Namden for Energiproduktionsfor­

sking 1977, p. 148). One solution to this problem 

is to take advantage of waste heat generated when 

peat is converted to another form of energy. Irish 

briquetting operations separate out the larger 

pieces of peat and burn these to dry the processed 

peat (Midwest Research Institute May 1976, p. 53). 

Water is held in peat by two physical bonds: 

an extensive capillary system and natural electric­

al charges that bind the water to the peat (Namden 

for Energiproduktionsforsking 1977, p. 142). The 

existence of these physical bonds has prompted re­

search in three specific processes to separate 

water from peat: 

1. Wet Carbonization - actually a pre-treatment 

of the peat prior to dewatering. This process 

changes the physical properties of the peat so 

dewatering can be more effective. A Soviet 

plant in operation since 1938 uses wet carbon­

ization, and the basic technology has been 

around since the turn of the century (Namden 

for Energiproduktionsforsking 1977, p. 143). 

2. Wet Oxidation - controlled, pressurized com­

bustion of the peat. The combustion is allow­

ed to continue until the peat has reached the 

desire.d moisture content. Results of this 

process show a recovery of 70 to 80 percent of 

the peat solids (U.S. DOE 1979, p. 27). 

3. Solvent Extraction - slurried peat is combined 

with a solvent and heated under pressure. As 

the slurry cools, the peat, water, and solvent 

can be separated (U.S. DOE 1979, p. 27). 

Dewatering of peat has proved to be a diffj-

cult problem to solve. Not only are the technical 
+ 

questions not fully answered, but dewatering can 

cause environmental problems. Other dewatering 

methods which have not yet been adequately examined 

include: filtration, centrifuging, sedimentation, 

solar heat, deep freezing, and vacuum drying (Nam­

den for Energiproduktionsforsking 1977, p. 148). 

The technology, costs, and net energy value of each 

should be examined to determine their feasibility. 
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RENEWABLE PRODUCTION 

Energy Crops 

Growing wetland energy crops is a renewable 

approach to energy production from peatlands. 

Energy crops collect solar energy through photo­

synthesis and convert it to plant material or bio­

mass. Biomass can be utilized as fuel through 

direct burning, gasification, liquefaction, or 

processing into briquettes and pellets. 

Research on energy crops has expanded in re­

cent years as interest in renewable forms of energy 

has increased. Wetland plants currently being 

studied for energy crop production on peatlands 

include alder, willow and other wetland shrubs, 

cattails, reed-grass, and reed-canary grass. 

This renewable source of energy production 

does not require depletion of the peatland re­

source and thus extends 'indefinitely the resource 

life of the peatlands. A detailed discussion of 

energy crop production is contained in Chapter IV. 

Agricultural Uses 

In 1979, an estimated 655,000 acres of Minne­

sota's peatlands were used for agricultural pro­

duction. Hay and pasture land represented the 

most extensive use, approximately 78 percent of 

peatlands in agricultural production. Row crops, 
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The energy potential of cattails is being examined 
in a Minnesota Energy Agency and Department of 
Natural Resources funded project conducted under 
the supervision of Dr. Douglas C. Pratt and Ms. 
Nancy J. Andrews (pictured) of the University of 
Minnesota's Wetlands Biomass Program. 



such as corn and soybeans, and commercial wild rice 

production accounted for 13 percent and 3 percent, 

respectively (MnDNR April 1979a, p. 97). Peatlands 

are also used for commercial crops such as vege­

tables, grass seed, and cultured sod. A large por­

tion of the peatlands used for agricultural pro­

duction lies in the southern part of the state. 

More than half of the peatlands in Faribault, Free­

born, and Lesueur counties are used to produce 

crops. 

The majority of Minnesota's peatlands are in 

the northern portion of the state. Crops grown on 

these peatlands must be able to tolerate a shorter 

growing season and light frosts. This limits the 

potential for agricultural production of northern 

Minnesota peatlands. In addition, the need to 

drain peatlands and fertilize the peat also dim­

inishes the feasibility of agricultural production 

on some Minnesota peatlands. 

However, agricultural production could be used 

for reclamation of mined peatlarids. After extract­

ing a portion of the peat for horticultural or en­

ergy production, crops or pasture for livestock 

might be planted. In Ireland, all harvested peat­

lands must be reclaimed in such a way that the re­

maining peat and underlying soil can be utilized in 

some productive system. Experiments have shown 

that there is a need for nutrients and lime, but 

the productivity results have been encouraging. 

Grass and beef production on reclaimed peatlands is 

comparable to production levels on good mineral 

soils. Crops such as onions, carrots, and nursery 

stock also do well on reclaimed peatlands. The 

Soviet Union has two million acres of agricultural 

land on peatlands, much of it the result of recla­

mation (Midwest Research Institute May 1976, 

p. 44). 

Turnips grown on agricultural peatlands on the 
Norwegian island of Smola. 
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Timber 

The approximately 60 percent of Minnesota's 

peatlands that are forested represent a potentially 

valuable resource for the state's timber industry. 

In the seven counties of Aitkin, Beltrami, Carlton, 

Itasca, Koochiching, Lake of the Woods, and St, 

Louis, there are over two million acres of market­

able timber on peatlands (MnDNR April 1979a, p. 94). 

Forest types found on peatlands include tam­

arack (larch) white cedar, black spruce, and var­

ious hardwoods including black ash and elm, Black 

spruce on peatlands plays an important role in the 

state's pulpwood industry, In fact, peatlands pro­

vided 24 percent of the pulpwood in Minnesota in 

1976. Despite the fact that utilization of Minne­

sota's peatlands for timber has been far below its 

potential, the commercial value of the timber, if 

developed, is substantiaJ_, For instance, Koochi­

ching County alone harvested $5 million worth of 

black spruce and tamarack from peatlands in 1976 

(MnDNR April 1979a, p. 95). 

Recognizing that peatlands are an important 

timber resource, the MDNR has made several recom­

mendations about utilization of peatland timber. 

The MDNR suggests more intensive timber production 

on the state's peatlands. It also recommends 
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planting the valuable black spruce species on peat­

lands which currently have little or no commercial 

timber and, in addition, reclaiming mined peatlands 

through planting black spruce. The MDNR notes that 

Ireland has successfully planted 20,000 acres of 

timber as a means of reclaiming mined bogs (MnDNR 

April 1979a, p. 96). 

PRESERVING PEATLANDS 

More than 90 percent of Minnesota's peatlands 

are essentially undisturbed (MnDNR April 1979a, P• 

90) Most of this land is remote and largely un-

touched by human influence. It has natural features 

rarely found in Minnesota or elsewhere in the na­

tion. Minnesotans have an opportunity to plan for 

the protection of unusual and interesting portions 

of this natural landscape before significant de­

velopment occurs. Five categories of peatlands 

should be considered for preservation as private 

development plans and state peatland management 

policies are formulated: peatlands of 1) scienti­

fic value, 2) unique natural systems, 3) recrea­

tional value, 4) historical or aesthetic import­

ance, or 5) peatlands important as a resource base 

for future generations of Minnesotans, 

Some of Minnesota's peatlands support rare 



flora and fauna and others contain important 

paleontological records. In addition, others must 

be protected for their value as in-the-field ex­

amples of biological, geological, hydrological, or 

other phenomena important to scientific research or 

education. These are also peatlands whose distur­

bance or destruction could jeopardize future scien­

tific inquiry if left unprotected. 

Another category of preservation includes 

peatlands that contain environments essential in 

some way to the larger biosphere, those that con­

tain plant or animal species requiring protected 

environments, or peatlands which are in some other 

way biologically or geologically unique. 

The MDNR has identified a number of plant and 

animal species found on Minnesota's peatlands as being 

of "special concern," endangered, threatened, or de­

pendent on peatland habitat. See Table 4. 

Minnesota's peatlands also contain geological 

features rarely found in the United States. The 

most significant peatland in this regard is the so­

called "Big Bog" near the Red Lakes in Koochiching, 

Beltrami, and Lake of the Woods counties. Its huge 

expanse, about 450 square miles, makes it the larg­

est contiguous peatland in the lower 48 states. The 

"Big Bog" is part of an even larger peatland that 
Tear-drop islands of tamarack and shrubs in the 
"Big Bog" north of Upper Red Lake. 

39 



Table 4: Endangered, Threatened and Dependent Plant, and Animal Species Found in 
Minnesota's Peatlands. 

PLANTSa 

western Jacob's ladder 

ram's head lady's slipper 

bog-adder's mouth 

showy lady's slipper 

swamp pink dragon's mouth 

lingonberry 

small-round~leaved orchid 

calypso orchid (fairy slipper) 

twid rush (water bog rush) 

slender-leaved sundew 

* legally protected species 

Threatenedb 

*sandhill crane 

*pine martin 

*fisher 

Canada lynx 

*grey wolf 

ANIMALS 
C Dependent 

cinereus shrew 

short-tailed shrew 

arctic shrew 

star-nosed mole 

southern bog lemming 

northern bog lemming 

a - officially recognized as endangered or threatened, or located near the geo-
graphical limit of their natural range 

b - includes birds and mammals of changing and uncertain status 

c - primarily dependent on the lowland habitat of Minnesota peatlands 

(Data from Minnesota Department of Natural Resources. Minnesota peat program 
legislative status report. April 1979, p. 21, 46, 47.) 

is interconnected throughout the ancient glacial 

Lake Agassiz. 

shaped by the water tracks in which they lie, are 

typically teardrop, horseshoe, or ovoid in shape. 

By any standard, the "Big Bog," with its distinct 

islands and water tracks, is impressive, particu­

larly when viewed from the air. According to a 

The "Big Bog" is characterized by large water 

tracks in which islands of raised vegetation are 

found (Gorham and Wright, Jr., 1979). These islands, 
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..----------------------------------------------------------~-------

Drainage ditches, constructed on Minnesota's "Big 
Bog" early in this century, cut through an ovoid 
island, one of the unusual features of this peat­
land. 

scientist contracted by the MDNR, such large bogs 

with water tracks represent a delicate adjustment 

of vegetation to hydrology. This balance is sim­

ilar to that found in coastal salt marshes (Gorham 

and Wright, Jr. 1979). Formations like those found 

in the "Big Bog" cannot be found elsewhere in 

Minnesota. Although they are rare, similar forma­

tions are found in Canada and Alaska. 

Some peatlands are ~aluable for recreation, 

providing Minnesotans with opportunities to view 

first-hand unusual biological and geological 

characteristics. The distance from population cen­

ters of most of these areas and their wetland char­

acteristics make public access for recreation dif­

ficult. Currently, the peatlands are used for 

snowmobiling and cross country skiing in the win­

ter. For those interested. in experiencing the re­

mote and wild nature of what some have called 

"Minnesota's last true wilderness," designation of 

recreational areas on public land might be consid­

ered. 

Occasionally, lands are protected from devel­

opment in an effort to maintain them in an undis­

turbed form for posterity. This is sometimes done 

because these lands contain unique natural char­

acteristics, as discussed above, or because of 
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their human or natural historical significance or 

their aesthetic qualities. ·such protection might 

be afforded to portions of Minnesota's peatlands. 

While their disturbance might not endanger a 

species or upset a unique geological formation, it 

may destroy forever an important reference of the 

state's history (particularly its geological his­

tory). Or, development might permanently alter or 

destroy a beautiful and irreplaceable Minnesota 

landscape. 

Whenever an unexploited finite natural re­

source is being examined for development, the 

potential importance of that resource at a future 

time should be weighed against the advantages of 

immediate development. Minnesota's peatlands, 

while extensive, are limited. Used as a fossil 

fuel, their resource life is likely short-term at 

best. Thus, it is important to consider preserving 

some peatlands for use at a future time when the 

state might face a more critical need. Non­

extractive approaches for peatland utilization 

should be examined in this context. 

Some of Minnesota's peatlands have already 

been identified by the federal government as im­

portant natural landmarks. The decision to desig­

nate a site is made by the Secretary of the Inter-

42 

ior after reconnnendation by field evaluators and a 

review by the Board on National Parks, Historic 

Sites, Buildings and Monuments. After designation, 

a site can be "registered." A site is considered 

"registered" when the landowner informally agrees 

to keep the site in its natural condition. While 

such a designation has symbolic significance, it 

does not provide protection to the area, nor does 

it prevent the landowner from selling, leasing, 

altering, or in any way developing the land. 

The Lake Agassiz Peatlands National Natural 

Landmark, 22,000 acres in south-central Koochiching 

County, has been designated and registered as a 

national landmark. In addition, the Upper Red Lakes 

Peatland National Natural Landmark, consisting of 

138,000 acres in Beltrami County north of Red Lake, 

has been designated but not registered. Two other 

peatlands have been examined for designation as 

national landmarks. One of these, the Lost River 

Peatlands, 200,000 acres located in southwest Koo­

chiching County, was placed on the "inactive" list 

in 1975. The other, still being considered, is the 

North Black River Peatlands, encompassing over 

100,000 acres of land in north-central Koochiching 

County (MnDNR April 1979b, p. 38). 

The MDNR is also examining possible peatland 
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sites for preservation with the assistance of the 

Minnesota Natural Heritage Program. This program, 

a cooperative effort between the MDNR and The Na­

ture Conservancy, locates natural communities, 

plants and animal species, and geological features 

which need protection. A set of specific criteria 

for preserving Minnesota's peatlands may aid the 

effort in determining which peatlands should be set 

aside for the above reasons. The information is 

sorted into an integrated data management system 

which is compatible with the Minnesota Land Manage­

ment Information System (MLMIS), making it possible 

to examine these considerations along with other 

MLMIS variables in land use planning. 
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IV. DEVELOPING PEATLANDS 
FOR ENERGY: PROGNOSIS FOR THE FUTURE 

The Minnesota Energy Agency (MEA) projects 

that by the end of this decade, increasing demand 

for energy in Minnesota will begin to outstrip the 

available supplies of traditional fuels (see Figure 

7). According to the MEA, this shortfall will 

likely result in an economic slowdown, which by 

1985 could increase unemployment in Minnesota by 

4. 7 percentage points, By the year 2000, energy­

related unemployment could account for 11 percent­

age points (MEA 1980, p. 1-3). 

Minnesota, like other energy-dependent states, 

is at the end of domestic and international pipe­

lines. This means that Minnesota, like those other 

states, is vulnerable to virtually every change in 

supply or price of fossfl fuels. Growing scarcity 

and increased production costs have already had an 

effect on the prices of Minnesota's energy, with 

the cost of fuel oil rising 88 percent and natural 

gas 15 percent in 1979 alone. Forecasts for the 

next 20 years indicate a doubling in the real price 

of heating oil and increases in natural gas prices 

of 150 percent (see 8) (MEA 1980, p. 
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While reports of recent months indicate signi­

ficant new discoveries of natural gas requiring 

deep drilling (Easterbrook October 1980a and Octo­

ber 1980b), it has yet to be demonstrated how much 

and at what price that new gas will become avail­

able to states like Minnesota. According to the 

MEA, unless something is done to change our current 

and projected energy supply and demand, Minnesotans 

could be paying nine to ten times as much for 

traditional energy supplies as they do today (MEA 

1980, p. 1-3). 

Mined peat or harvested energy crops can be 

converted into specific forms of energy through 

several approaches. They include 1) direct burning 

to produce process heat or electricity with or 

without steam heat, 2) gasification to produce 

methane, 3) liquefaction to produce alcohol, and 

4) briquetting or pelletizing for combustion (see 

Figure 9). 

A number of factors should be considered when 

comparing the economic feas and social de~ 

sirability of these approaches to the development 
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Figure 7 
Baseline Primary Energy 
Supply and Demand in 
Minnesota to the Year 2000. 

Primary energy demand forecast (d2) is plotted 
against supply projections for traditional fuels (s2). 
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(Adapted from Minnesota Energy Agency. 1980. 
Draft 1980 Energy Policy and Conservation Biennial Report. 
St. Paul: Minnesota Energy Agency. p. 1-2) 
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of Minnesota's peatlands for energy. First, the 

quality and quantity of the energy demanded and 

its value in the market should be identified. The 

cost of each development approach is also a major 

concern. Components of total cost include private 

and public production costs, environmental costs, 
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Figure 8 
Residential Energy Prices, 
Actual ( 1970-1979) 
and Projected ( 1980-2000) 
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ENERGY FROM PEATLANDS: CHOICES FOR DEVELOPMENT 

Direct Combustion of Peat 

Direct combustion of peat to produce process 

heat or electricity with or without steam heat is the 

most conventional method of utilizing peat as a 

source of energy. While the United States has not 

used its peat for direct combustion, European 

countries have burned peat to produce electricity 

since 1922. Before then peat was burned for heat­

ing and cooking. In some regions of Europe, peat 

is used in much the same way we have depended on 

oil, coal, or natural gas for electricity and 

heating. 

The Soviets, with their large peat resource, 

built the first electric generating plant using sod 

peat. In 1931, the first district heating plant 

successfully utilized milled peat as a fuel (Mid­

west Research Institute May 1976, p. 31). Russia's 

peat consumption for power plants has grown to 80 

million tons a year. A total of 76 plants, with a 

combined capacity of 4000 megawatts(roughly equal 

to half of Minnesota's total generating capacity in 

1978) are peat fired. The largest of these plants 

has an output capacity of 730 megawatts, which is 

significantly larger than the typical power plant 

in Minnesota. 

Peat is an important source of energy in Fin­

land as well. As early as the late 1940s, sod 

peat was burned in boilers to heat individual 

buildings, offsetting the costs of imported oil and 

coal. In the late 1950s, Finland recognized the 

need to include district heating in its overall 

energy plan. Realizing that the cost of electrici­

ty to the individual consumer could be reduced and 

a more efficient energy source provided, Ftnland 

made long range plans to construct six district heat­

ing plants. When finished, these plants will have 

an output of 300 megawatts of electric power and 

600 megawatts equivalence of district heating (Mid­

west Research Institute May 1976, p. 38). 

In Ireland, an estimated 30 percent of the en­

ergy supply comes from peat, mostly in the form of 

electricity. The Irish Electrical Supply Board 

presently operates seven peat-fired electric plants 

with a combined output of 400 megawatts and has 

plans for an additional 200 megawatts in the next 

few years. Irish officials claim that the techni­

cal problems of direct combustion have been over­

come. With the high costs of imported oil, the 

cost per megawatt of peat-generated electricity in 

Ireland is cheaper than the cost of oil-fired elec­

tricity (Midwest Research Institute May 1976, p.35). 
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The United States is far behind the European 

countries. First Colony Farms in North Carolina 

have started to examine the feasibility of large 

power plants generating over 100 megawatts. In 

Minnesota, United Power Association is interested 

in studying the feasibility of a 100 megawatt "peat 

and biomass integrated gasification combined cycle" 

power plant. This plant would gasify peat into a 

low-BTU gas to burn in an adjoining power plant. 

Peat is transfonned into electricity or pro­

cess heat through direct combustion. This process 

heat is used either in a district heating system or 

in some industrial process such as taconite plants. 

Figure 10 demonstrates the general principles of 

direct combustion for electricity and district 

heating. After it is harvested and dewatered, the 

peat is processed into briquettes or pellets, or it 

is pulverized. The fuel is then either stored or 

transported to the plant site, where it can be 

further dried so that the BTU or heat content is 

increased. Then the fuel enters the boiler, where 

it is burned and turned into steam. 

The heat produced by combustion creates steam 

in pipes which pass through the chamber, This 

steam is then passed through a turbine to create 

electricity. In a plant that produces only elec-
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tricity, the steam is then condensed in a cooling 

tower. A more efficient system is one in which 

this "waste steam" is used to heat water, which is 

then transferred into a district heating system. 

If only electricity is produced, over 60 percent of 

the heat content of the fuel is lost, but when a 

district heating system is added it is possible 

that only 20 percent of the heat content is lost 

(Midwest Research Institute May 1976, p. 37). 

Because district heating requires that the 

plant be located near a population or industrial 

center, there is a trade-off between the cost of 

transporting the peat from the peatland to the 

plant and the savings derived from the district 

heating system. Because of these transportation 

costs, peat combustion provides primarily a local 

source of energy. 

Gasification 

Gasification is another means of utilizing 

Minnesota's peatlands for energy. It is thought 

that the advanced technologies used to convert coal 

and lignite to synthetic natural gas (SNG) are 

applicable to peat gasification, 

In the United States, peat gasification has 

received financial and political support through 

Congressional action that has promoted the develop-
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ment of synthetic fuels as substitutes for tradi­

tional fossil fuels, particularly imported oil. 

These efforts, culminating in the passage in 1980 

of the Energy Security Act, authorized billions of 

dollars for research and development of synthetic 

fuels. While this effort has been geared primarily 

to coal and shale technologies, peat gasification 

research has been funded as well. 

Minnesota Gas Company (Minnegasco) and North­

ern Natural Gas have indicated a strong interest in 

producing pipeline-quality synthetic natural gas 

from Minnesota peat. According to Minnegasco, as 
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' 
natural gas prices increase and Minnesotans begin 

to rely on expensive gas from Alaska, the still­

developing technology of p~at gasification will 

likely become economically feasible or even advan­

tageous. 

Peat can be converted into SNG in the form of 

methane through one of two basic processes: bio­

gasification and hydrogasification. In biogasifi­

cation, anaerobic fermentation converts organic 

matter to methane. Usually used for gasification 

of municipal and feedlot wastes and agricultural 

and forest residues, biogasification can also be 
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Figure 11 
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Microorganisms in the peat mixture act 

catalysts for the fermentation process that pro­

duces methane and carbon dioxide. This raw gas is 

scrubbed to remove the carbon dioxide and hydrogen 

sulfide, along with trace,acid gasses, from the 

methane. The remaining slurry, containing inor­

ganic wastes, residual microorganisms, and undi­

gestible peat components, can be utilized for 

animal feed, soil conditioners or, after stabiliza-

tion, for land sal (see Figure 11). 

One advantage of the biogasification process 

is that it apparently does not require dewatere<l 

peat and thereby eliminates some significant costs. 
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However, peat biogasification is a concept still 

only at the bench level of development and its 

prospects are as yet uncertain. 

Peat can also be converted to gas through a 

hy<lrogasification process similar to that used for 

coal and lignite. Despite the fact that peat 

hydrogasification is still limited to laboratory­

scale operation, its research and development is 

further advanced than that of biogasification. For 

this reason, it seems likely that gasification 

will be the process used by Minnegasco and others 

in Minnesota. Simply stated, in hydrogasification 

peat is combined with steam and air or oxygen under 

high pressure and temperature to make synthetic 



natural gas. If air is used, medium-BTU fuel gas 

is formed. If oxygen is used, high-BTU gas is 

produced (see Figure 12). 

According to the Institute of Gas Technology 

(IGT), gasification breaks peat down into the 

following products (in percentages): SNG, 52.4; 

fuel liquids, 8.4; benzene, 3.8; ammonia, 2.3; 

sulfur, 0.1; losses, 33.0 (Rader 1979, p. 296). 

There are several technical advantages of peat 

over coal gasification. Because of the greater 

amount of volatile material in peat, it can produce 

three times more hydrocarbon gases than can lignite 

or subbituminous coal; thus peat requires less 

catalytic methanation after it is gasified (Punwani 

March 1980a, p. 129). In addition, because peat is 

so volatile, the gasification vessels can be small-
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er and require lower pressures and temperatures 

than coal gasifiers (U.S. DOE 1979, p. 31). 

Liquefaction of Peat For Liquid Hydrocarbons 

The production of liquid fuels from peat has 

received little attention in the United States des­

pite the fact that the nation's primary energy­

supply problem is finding liquid fuel to replace 

imported oil. It is possible to generate liquid 

hydrocarbons, in the form of methanol or ethanol, 

from peat or biomass. Methanol is a toxic liquid 

sometimes referred to as wood alcohol. It is pro­

duced by a heating process. In contrast, ethanol, 

or grain alcohol, is produced by a fermentation 

process. Ethanol is the alcohol in wine, beer and 

distilled liquors. 

Ethanol production in the United States has 

received public attention for its role in the syn­

fuels program. Gasohol, 'a mixture of gasoline and 

ethanol alcohol, is presently being produced in a 

number of locations throughout the Midwest. It is 

usually produced from a grain feedstock such as 

corn. Other biomass materials such as those that 

could grow on peatlands could also be used, but 

they must be dewatered before ethanol can be made. 

In contrast, methanol has received much less 

attention than ethanol. Methanol can be produced 
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from material with a higher moisture content. For 

this reason peat, with a moisture content between 

85 and 95 percent (compared to a rough average of 

50 percent for biomass if converted to liquid 

fuel), would most likely be converted to methanol. 

One problem is that a significant amount of energy 

is needed to heat the peat or other feedstock for 

the conversion process. This can make the process 

less desirable because the energy efficiency can be 

lower. 

For a number of years, peat has been consid­

ered as a feedstock for conversion to liquid fuels. 

Early research was done in Sweden, the Soviet Union 

and Finland. Recently West Germany and Canada have 

been added to the list of interested countries 

(Bjornbom, Bjornbom, Granath, Hornell, and Karlsson 

1980, p. 1). Canadian interest in using peat as a 

feedstock for the production of "organic fuels" be­

gan in 1938 (Chornet December 1980, p. 2). 

Recognizing the potential advantages of syn­

thetic liquid fuels over other alternative energy 

forms using peat, both Finland and the Soviet 

Union are developing liquefaction facilities. The 

largest is a Soviet plant with a capacity of 2,750 

tons per day of methanol (Solantausta and Asplund 

1980, p. 2). 
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There are two general methods for producing 

methanol from peat. The first involves gasification 

of the peat (see the section on peat gasification), 

then converting the gas to a liquid. After the peat 

is blended and dried to a moisture content of about 

50 percent, the feedstock is gasified to produce a 

synthetic gas. Through a compression process the 

gas is then formed into a liquid methanol (Solan­

tausta and Asplund 1980, p. 26). 

The second process for converting peat to a 

liquid fuel is also a two-step procedure. (See 

Figure 13.) After it has been mined, wet peat is 

placed in a reactor unit where the temperature is 

increased until water begins to separate from the 

peat material. The water then is decanted off in 

a separator and the remainin,g mixture is combined 

with a solvent and placed in another reactor. High­

er temperatures in this reactor complete the lique­

faction and the solvent is then removed (Bjornbom 

et al. 1980, p. 1-2). Estimates of the efficiency 

of producing methanol vary between 50 and 70 per­

cent, depending on which processes are used (Chor­

net and Roy 1980, p. 6; Ikan et al. 1980, p. 3). 

The advantage of a liquid fuel is its versa­

tility. No only can it be used to heat and gener­

ate electricity in boilers, it can also be adapted 
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for use in the transportation network. In addi­

tion, higher energy efficiency in conversion is 

possible than when peat is burned directly. 

Liquefaction also eliminates the energy-intensive 

dewa tering stage, adding to the efficiency of the 

system. Finally, the liquefaction process appears 

to decrease the amount of sulfur, nitrogen, and 

oxygen in the liquid product when compared to the 

original amounts in the raw peat (Ikan et al. 1980, 

p. 5). This means that burning peat in liquid form 

may reduce the potential for adverse air quality 

impacts. 

Briquetting 

Briquetting produces a concentrated piece of 

peat in the form of a briquette or pellet. rt can 

serve as an effective energy source for home heat­

ing as well as a feedstock for burning in small in­

dustrial boilers (see direct combustion section). 

While gasification and direct combustion technolo­

gies serve concentrated population or industrial 

centers, an advantage of briquettes is that they 

can be transferred and stored for use in sparsely 

populated rural regions. 

Briquettes are produced from peat in Ireland, 

Russia, Finland, and Sweden. The Irish briquet­

ting industry, which began in 1935, has an annual 
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output of 350,000 tons. Ireland's three briquet­

ting plants require 850,000 Lons of raw peat per 

year. '_j_'he Soviets have plants that range in capa­

city from 30,000 tons a year to 200,000 tons a 

year (Midwest Research Institute May 1976, p. 32). 

So far, interest in briquetting within the United 

States has been limited. 

Briquetting involves pressing milled peat into 

briquettes of varying sizes without a binding 

agent. Figure 14 summarizes this process. The 

peat is mined and dewatered at the bog. It is then 

transferred to a briquetting plant, where it is 

first blended into a homogeneous product. This 

blending process is necessary to assure that the 

feedstock has consistent density, moisture, and 

fiber content (Namden for Energiproduktionsfor­

sking 1977, p. 154). 

The next step is to mill the blended peat, 

which reduces the peat to small particles 10 milli­

meters in size. Larger pieces of peat are segre­

gated as the milled peat is passed through a screen 

and fed into a boiler to produce heat for the 

drying process. 

After it is dried, the peat is in powder form, 

with a moisture content ranging from 9 to 12 percent. 

This powder is then compressed into uniform-sized 

• 
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Growing Energy Crops for Biomass Production 

The production of biomass is the only renew-
"' 

able approach for energy development of Minnesota's 

peatlands. If peat, a finite resource, is used as 

a fossil fuel, it can provide only a relatively 

short-term solution to the state's long-term energy 

problem. Other processes of converting peat-­

gasification, direct combustion, and briquetting-­

have one connnon characteristic: once the peat is 

consumed, the resource is gone. Biomass production 

is one possible means of greatly increasing the 
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life of the resource. 

Figure 15 demonstrates the general procedure 

that is followed to produce energy from biomass. 

Biomass is plant material formed through photo­

synthesis. Biomass not only includes live mater­

ial associated with timber, grains, or forage 

crops, but also indirectly produced material such 

as animal and municipal wastes. The components of 

biomass that can ultimately be converted to a 

usable energy source are chemically similar to 

traditional fossil fuels (MEA 1980, p. 4-31). 

While the present plans of Minnegasco, North­

ern Natural Gas, and DOE do not include production 

of biomass for use as a feedstock for gasification, 

biomass or a biomass-peat combination for gasifica­

tion appear technically possible. Like peat, bio­

mass can also be burned directly to produce heat 

and electricity, briquetted or pelletized, or 

Figure 15 ENERGY CROPS 
END-USES 
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converted to liquid fuels. 

Energy crops are grown primarily for their 

energy content. The traditional biomass resources 

have been grains, sugar crops, forage crops, wood, 

and crop residuals (Tyner 1980, p. 3). But using 

grains, sugar crops, and forage crops as a source 

of energy will conflict with the use of prime 

agricultural land for food production. Energy 

crops, on the other hand, can be grown on marginal 

land presently not used for agricultural production. 

In Minnesota, this land includes peatlands and wet 

mineral soils that are not drained due to their 

remoteness or low productivity. The energy crops 

associated with these wet soils include cattails, 

reeds, alder, and willows. Timber--other than 

alder and willow--has been mentioned as a possible 

energy crop but may require extensive drainage if 

grown on peatlands. Present stands of timber or 

peatlands like black spruce can supply a source of 

biomass energy, but their growth rates may be too 

slow to be economically feasible. 

In experiments done by the University of 

Minnesota, the cattail has proved to be a likely 

energy crop. It satisfies criteria set for yield 

and growing conditions (Pratt and Andrews April 

1980, p. 2). Cattail yields of 17.8 tons/acre are 

possible in natural stands. The cattail can be 

propagated either by seeds or by planting the rhi­

zome (the cattail's root structure). Planting by 

seed is much cheaper, but yield estimates are 

higher when the rhizome is planted. Cattails can 

also be grown in a monoculture setting in large 

stands, creating more efficient harvesting condi­

tions. Other potential energy crops include the 

reed phragmites and cert~in willows that grow on 

partially drained peatlands. 

An important consideration in determining the 

feasibility of an energy crop is the amount of 

energy consumed when the crop is converted to an 

end-use product. The MEA has identified fertiliz­

ing, harvesting and planting, resistance to disease, 

and drying as important factors to examine when 

judging the energy require;ments of a crop (MEA 1980, 

p. 4-40). In addition, storage and transportation 

are also critical factors for maximizing the net 

yield of an energy crop. 

Minnesota offers a large acreage of wetlands 

(peat and wet mineral soils) that could be used for 

growing energy crops. A significant portion of the 

estimated 5.9 million acres of peatlands in Minne­

sota (Anderson November 1980, p. 9), could be 

available for energy crops after the ownership and 
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social and economic constraints have been taken in­

to account. Although its technical feasibility has 

not been demonstrated, energy crops might also be 

used to reclaim mined peatlands. 

The MEA believes that large-scale biomass 

production could significantly contribute to Minne­

sota's annual energy supply. The MEA has estimated 

that there are potentially 5.5 million acres of 

wetlands of which 65 percent are peatlands that 

could be used for growing energy crops. They esti-
• 

mate that these lands could provide 1.29 quads of 

energy, an amount approximately equal to the esti­

mate of total energy used in Minnesota in 1980 

(MEA 1980, p. 4-41). It should be noted, however, 

that environmental, economic, and social con­

straints may reduce these estimates. 

EVALUATING ALTERNATIVES: WHAT ARE THE 
FACTORS? 

Quality and Quantity of Energy 

The first step in evaluating options for 

developing Minnesota's peatlands for energy is to 

determine what quality and quantity of energy is 

desired. Quality of energy is measured in two 

ways: 1) the form of energy (such as electricity, 

natural gas, or petroleum products), and 2) the 
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consumer's ability to convert this form of energy 

into an end-use that is compatible with the con­

sumer's needs. The quantity of energy is derived 

from matching the supply of energy to a level that 

meets the demand of specific types of fuels. Also 

important is the projected market value of the fuel 

produced and the profitability of its production. 

According to the MEA, Minnesota's demand for 

energy will outstrip its supply in the near future 

if present consumption patterns continue (MEA 1980, 

p. 1-3). Because the state and the nation now de­

pend largely on unstable foreign sources, petroleum 

products will be in shortest supply. Traditionally, 

Canada has supplied a large portion of the crude 

petroleum processed by Minnesota refineries, but 

this is expected to decline drastically over the 

next few years. The transportation sector depends 

almost exclusively on petroleum, and shortages 

could create serious problems. Possible discover­

ies of large amounts of natural gas and the large 

reserves of western coal make these two sources of 

energy more stable. The quantity of new fuel types 

and their dependability are important factors in 

evaluating development options. 

The efficiency of converting a fuel source 

into a usable end product is a measure of quality. 



Electricity has the highest efficiency, since it is 

easily converted into energy for a number of uses. 

Other fuel sources such as coal are not so easily 

converted. Distribution is another consideration 

of quality; while electricity is available to al­

most every household, natural gas is not, particu­

larly in rural areas. 

Since no cost estimates for mining, dewater­

ing, and specific conversion of Minnesota's peat 

and biomass exist, and since peat and biomass from 

peatlands are not currently used for energy in 

Minnesota, their market value as reflected by price 

is unknown. Peat and biomass must compete with 

traditional sources of fuel in order for projects 

to be profitable for their developers. 

Energy Efficiency 

Rising energy prices in the past few years 

have increased the importance of examining an op­

tion's overall energy efficiency. By comparing the 

net energy value--the total energy content of the 

resource minus the ene-rgy necessary for producing ener­

gy from it--of various options, the most efficient 

method of producing can be determined. This net en­

ergy contribution should be an important factor in 

assessing the desirability of a specific project. 

A study done in conjunction with this report 

has examined the energy inputs associated with var­

ious options of utilizing peatlands. Land prepara­

tion, mining, transportation, dewatering, and con­

version methods were all evaluated in relation to 

the amount of energy required to manufacture an 

end-use energy product. Although the figures are 

preliminary, the conclusions will aid in making 

decision about the efficiencies of various options. 

The following discussion ts based on the assump­

tions and calculations of that study, reported in 

"Peatland Energy Options: A System Analysis," by 

Roger G. Aiken. 

Table 5 compares the three types of mining-­

milled peat, sod peat, and hydraulic mining--in 

terms of the percentage of the available peat 

resource required for different stages in preparing 

the peat for conversion. Land preparation, extrac­

tion, and processing use relatively little energy. 

Only sod peat mining uses more than one percent of 

the total resource in these three stages of utili­

zation. 

The location of the conversion facility (i.e. 

gasification of liquefaction plant) is important in 

determining the efficiency of an option. Hydraulic 

mining requires almost three percent of the re­

source's energy content for transportation, while 
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sod and milled peat require less than one percent. 

The closer the plant is to the developed peatland, 

the less energy is used for transporting. 

Table 5: Percent of Available Peat Resource 
for Feedstock Fuel for Sod, Milled, 
and Hydraulic Extraction Processes 

Land preparation 

Extraction 

Processing (i.e., den­
sification, crushing, 
and loading) 

Transportation 

Dewatering 

Losses (i.e., dust or 
colloidal) 

(a) Negligible 

Extraction Process 
Sod Densified 

Peat Milled Peat Hydraulic 

(a) 

.9 

.s 

.6 

(c) 

1.0 

(a) 

.2 

.3 

.8 

(c) 

4.0 

(a) 

.2 

(b) 

2.9 

8.9-12.0 

20.0 

(b) Not necessary for this extraction process. 

(c) Drying is done naturally in the field and 
does not require additional dewatering. 

(Aiken, Roger G. Estimation of energy inputs and 
needs for peat and peatland biomass development. 
1981.) 
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An advantage of sod and milled peat mining is 

that they require no energy for dewatering. The 

extracted peat is dried naturally in the field by 

the sun. Hydraulic mining, on the other hand, must 

be dewatered by mechanical and/or thermal process­

es. This requires between 8.9 and 12.0 percent of 

the energy content of the peat. In milled peat 

mining, 4.0 percent of the peat is lost as dust 

when the peat is being mined, processed, and trans­

ported. In sod peat mining, that loss is one per­

cent. In hydraulic mining, as much as 20 to 30 

percent of the peat is lost as colloidal particles 

during dewatering and transportation. These parti­

cles remain in the slurry used for transportation 

and may be returned to the peatland. 

Of the three peat mining methods and their 

associated transportation requirements, hydraulic 

mining was found to require five to ten times the 

energy input of sod and milled peat mining. This 

is reflected in the first line of Table 6. This 

table demonstrates the net energy contribution of 

each possible conversion option under varying pro­

duction processes. In addition to the three mining 

methods discussed above, two energy crops are in­

cluded--one high and one low in nitrogen require­

ment for fertilizer. Production of nitrogen fertil-



Table 6: Energy Content in Fuel or Feedstock as a Percentage of Total 
Input Energy (Feedstock Resource+ All Other Energy Inputs). 1 

Extraction Process 
Conversion Process Densified 2 

Feedstock or Available Sod Peat Milled Peat Hydraulic Energy Crop 
End-Use Fuel to Consumers 35% Moisture 50% Moisture Peat High N 

Feedstock delivered to 
conversion plant site 97.0 94.8 69.1 70.7 

Gasification (SNG + 
by-products) 65.0 63.5 46.3 45.7 

Gasification (SNG only) 49.1 48.0 35.0 35.8 

Electricity only 24.2 21.8 16.5 16.5 

Cogeneration (electric-
ity and hot water) 58.3 52.7 39.7 40.0 

District heat only 
(hot water) 58.9 53.4 40.7 40.9 

Briquettes 85.4 78.1 59.1 60.7 

(Cattail) 
Low N 

75.5 

48.9 

38.3 

17.6 

42.6 

43.6 

64.6 

1rn comparing the different conversion options it is important to note that th~se figures only relate 
to the first law of thermodynamics, or the actual energy content of the fuel. The quality of energy 
which takes account of the second law of thermodynamics was discussed in a prior section. 

2For gasification, moisture content can be for 50 percent while electricity, cogeneration district 
heating and briquetting requires drying to a moisture content of 35 percent. The first three rows 
of this hydraulic mining column reflect a 50 percent moisture content while the remaining rows rep­
resent a moisture content of 35 percent. 

(Aiken, Roger G. Estimation of energy inputs and needs for peat and peatland biomass development. 
1981.) 
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izer in the form of anhydrous ammonia consumes a 

significant amount of natural.gas. The actual 

amounts of fertilizer required will depend on the 

nitrogen content of organic peat used as a growing 

medium for the energy crops. Of the five approaches 

to peatland utilization for energy, sod peat mining, 

with a net energy value of 97 percent, offers the 

highest preconversion energy efficiency. Hydraulic 

mining has the lowest preconversion net energy 

value of 69.1 percent. 
; 

Gasification (SNG and by-products), cogenera-

tion, and district heating all have relatively the 

same net energy value. For example, an equivalent 

of 97 percent of the peat resource is available as 

a feedstock for the gasification conversion process 

after the extraction, processing, and transporta­

tion requirements for sod peat mining. The gasifi­

cation process uses another 33 percent of the ener­

gy content of the resource. This results in a net 

energy value of 65 percent. 

Th combination of sod peat mining and bri­

quetting has the highest net energy value--over 85 

percent. Both the high and the low nitrogen bio­

mass production processes offer net energy values 

for briquetting of 60.7 and 64.6 percent, respec­

tively. These two have net energy values similar 
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to that of hydraulic mining. They may be more de­

sirable, however, since they offer renewable ap­

proaches that will lengthen the life span of the 

resource indefinitely. Overall, the differences in 

net energy values may be misleading for heating and 

other household uses because electricity is avail­

able to almost every household, while new equipment 

that could burn briquettes is expensive to install 

and few households have them. It may be possible 

that present equipment like wood stoves can be 

adapted for burning briquettes which would decrease 

the costs significantly. 

When examining the energy efficiency of these 

various approaches to peatland development, energy 

conservation s.trategies designed to reduce overall 

energy demand should also be considered. Capital 

investments in energy conservation at levels simi­

lar to those associated with energy supply expan­

sion through peatland development may yield a net 

energy contribution as high or higher than peatland 

development, Where this is the case conservation 

efforts may be cheaper in the long run while at the 

same time conserving of finite fossil fuel resources. 

Total Cost 

The total cost of developing peatlands will be 

greater than the price tag placed on the energy 



produced from such development. Under presrot mar­

ket systems, prices are usually only associated 

with the construction and operating costs that the 

producer bears. The costs that are borne by soci­

ety as a whole are often omitted. To realistically 

assess the relative desirability of various 

approaches to peatland development, these other 

costs should be considered. 

The total cost of a resource can be described 

with the following equation: 

Total Cost= PC+ EC+ UC 

PC - the private and public production costs 

associated with the construction and op­

eration of a peatland development project. 

EC - the environmental costs that are a re­

sult of the development project. 

UC - the user costs: the sacrifices that must 

be made for the use of the peatland re­

source. 

Development will also result in benefits to an 

area. Both benefits and costs must be weighed to 

determine the total cost of development. 

Production costs of peatland development in­

clude not only the actual construction and opera­

tion costs, but also the expenditures that must be 

made to supply public services such as hospitals, 

sew.er systems, and other services required by the 

increased population that results from the develop­

ment project. These costs can be paid either by 

area taxpayers--who pay for additional public ser­

vices financed through government--or by customers-­

who pay production costs passed on to them in the 

form of higher energy prices, In the long run, the 

benefits of greater public and private infra-

structures--increased ecpnomic activity--may out­

weigh the cost of developing them. 

If the plant must import a significant per­

centage of its work force, the expense of moving 

these individuals and their families becomes a fac­

tor in determining production costs. In addition, 

the costs of reclamation should be an integral part 

of the operational phase. Reclamation should not 

be a "one shot" task but i;J.n ongoing process until 

the land is returned to its original state or is 

able to produce a product beneficial to society. 

If the reclaimed land is able to produce a product 

with a higher value than the original peatland, 

this may be an added benefit of the development 

project. 

Environmental costs are those associated with 

environmental impacts of a project and efforts to 

prevent or minimize them. While it is difficult to 
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determine these costs, they must be considered when 

realistically assessing development alternatives. 

All parties involved or affected by the develop­

ment--the developers and the residents of the sur­

rounding area--should be thought about when the 

consideration of these costs take place. 

User costs can be divided into two components. 

The first is the cost of giving up the peatland for 

other uses. Wildlife habitats, recreation, timber 

production, and agricultural production are all al­

ternative ways to use peatlands and the cost of 

sacrificing those uses to development must be con­

sidered. 

The second user cost is the sacrifice future 

generations must make as a result of the present 

generation's exploitation of the resource. Since 

future generations are not here to protect their 

resource base, those responsible for the present 

must consider what those generations are being de­

nied. Retaining a resource is beneficial in three 

ways: 1) the resource increases in economic value, 

benefitting future generations as well as the pre­

sent one, 2) because production costs increase as 

readily accessible resources are consumed, fore­

going current consumption of the resource can mini­

mize production costs in the future, 3) future gen-
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erations are able to enjoy the value of the re­

source's environmental character (Howe 1979, p. 78). 

Including the cost to future generations is not an 

unusual practice; it has .been estimated that the 

price of OPEC petroleum may include the cost of de­

creasing the resource stock. 

Unfortunately, industry does not usually assume 

the responsibility of considering these costs, and 

they are often omitted when determining the desir­

ability of a specific project. Thus, government 

has traditionally taken the lead in determining what 

these costs are and who is responsible for them. 

Stability of the Supply 

With Minnesota partially dependent on foreign 

sources of energy (i.e., OPEC and Canada), ques­

tions of supply stability are never far from the 

top of the list of energy issues. Both long- and 

short-term physical and social questions are in­

volved in dealing with the peatland's potential for 

supplying a portion of the state's energy supply. 

The long-term stability of a resource base 

such as peat depends not only on what approach is 

applied but on how well that approach is managed. 

If a peatland's ability to produce energy crops is 

damaged through mismanagement, the resource base is 

no longer renewable. Long-term stability is also 



important for maintaining a stable regional economy. 

A renewable approach assures a region that the jobs 

and income generated by a development project will 

continue. Since nonrenewable approaches limit the 

resource's life, economic stability is also in 

jeopardy. 

Short-term stability deals with supply short­

ages or economic slowdowns due to seasonal or un­

expected events. These problems may be solved in 

a week or less, or they may take months or even 

years. One proposal for utilizing the peatlands 

for energy in Minnesota is a 250 million cubic feet 

per day gasification plant. If completed, this 

project could supply approximately 21 percent of 

the estimated amount of natural gas used in Minne­

sota in 1979 (MEA 1980, p. 2-26). Si.nee this is a 

significant percentage of the state's consumption, 

one plant shutdown because of strikes or extended 

mechanical problems could affect the state's 

supply of natural gas. While the lost supply could 

be temporarily replaced by natural gas from storage 

facilities or from other distributors,. the stabil­

ity over an extended period must be questioned. 

Planning for several smaller gasification plants 

generating the same amount of natural gas could 

prevent that supply problem. 

Another short-term stability problem is assoc­

iated with the mining of peat. It appears that 

peat can only be mined during the months of June, 

July, August, and September, with production peak­

ing sometime in July and August. Mining peat re­

quires drained land and unfrozen peat. Spring 

flooding also can limit the mining period. In the 

northern regions of Minnesota, the first and last 

frosts of the season occ~r during the first weeks 

of September and the first week in June. In hy­

draulic mining, a slurry method is used to trans­

port the peat to the conversion facility. This 

slurry may be as much as 97 percent water and tem­

peratures must be high enough so that the slurry 

does not freeze (Conklin 1978. p. 3-2). The short 

-harvesting season of northern climates means that, 

under current levels of ·terhnology, all of a con­

version plant's feedstock must be collected over 

the summer months. Chronic seasonal unemployment 

may be created, causing economic hardships for 

those relying on peat mining as their major source 

of income. 

Conclusions 

While all of the energy approaches discussed 

in this chapter appear to be technically possible, 

their relative economic feasibility and social de-
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sirability have not been demonstrated. Based on 

examination of these· nltcrnntives, several genera] 

observations are noted: 

• The quality and quantity of energy which could 

be produced from peatlands has not been iden­

tified. Nor has the market value of this en­

ergy been established. Thus, the profitabil­

ity of any of these approaches has yet to be 

demonstrated. Those private efforts now un­

derway have been he.avily subsidized througl1 

public expenditures and for that reason do 

not necessarily indicate that peatland de­

velopment for energy will be profitable. 

® At present there is no reason to believe it 

is not technically feasible to utilize either 

peat or biomass to produce energy through 

direct burning, gasification, liquefaction, 

or briquetting or pelletizing for combustion. 

However, economic. factors will probably de­

termine the forms of energy which can prac­

tically be produced and used. 

• Current industry and government proposals for 

deriving energy from the state's peatlands are 

geared almost exclusively to large-scale peat 

gasification. To a much lesser degree, gasi­

fication of energy crops is also being con­

sidered. This focus on gasification is some-
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what puzzling in light of the fact that the 

major energy-supply problems for the country 

and the state are related to decreasing supply 

and increasing prices of liquid fuels. More­

over, Minnesota has given little attention to 

the direct combustion and briquetting 

approaches, despite the fact that these have 

been traditional uses of peat elsewhere in the 

world. 

• The total cost associated with each approach 

has not been identified. 

• Estimates of the energy efficiencies of the 

various approaches have been summarized in 

this chapter. The net-energy values of the 

approaches that involve peat extraction depend 

in part on the particular mining method used, 

with sod peat mining offering the highest pre­

conversion energy efficiency. Hydraulic min­

ing has a significantly lower net energy value. 

Gasification, cogeneration, and district heat­

ing all have similar net energy values, while 

briquetting is significantly more energy effi­

cient. 

• Growing energy crops, using peatlands as a re­

newable resource, provides significantly 

longer-term supply stability than all extract­

ive approaches. 



V. THE IMPACTS OF PEATLAND DEVELOPMENT 

Industry, government, and citizens share re­

sponsibility for the wise use of Minnesota's peat­

lands for energy. While Minnesota's energy situa­

tion and economic condition could be improved 

through the development of its peatlands, the de­

gree to which those potential benefits are realized 

will depend on how and where energy development 

occurs. Because most of the peatlands in the state 

are still undisturbed, Minnesotans have the chance 

to plan careful for their use, and to consider not 

all possible energy options but their poten­

tial implications as well. 

In this chapter, three categories of impact-­

economic, social, and environmental--are examined, 

The first part of the chapter identifies issues 

associated with economic development and discusses 

how they relate to the region's labor force, the 

stock of private and public services, and the 

ability of the region's governmental units to off­

set possible negative impacts. The second portion 

presents a case study that illustrates the possible 

impacts of a specific development project currently 

being considered for Minnesota and compares the 

capacity of two regions of the state to accommodate 

such a project and its economic impacts. Social 

impacts dealing with the effects of boomtown growth 

and changing lifestyles due to development are dis­

cussed in the third portion of the chapter. The 

fourth part summarizes the possible environmental 

impacts that are possible when peatlands are de­

veloped, The manner in which Minnesota is affected 

will depend on the nature and scale of specific 

projects and their locations within the srate. 

Figure 16 provides a framework for examining these 

interlocking factors. These factors and how they 

relate to the possible economic, social and envi­

ronmental impacts are discussed in the final sec­

tion of this chapter. 

ECONOMIC EFFECTS 

Development of Minnesota's peatland for energy 

is being considered in part because it could pro­

vide economic development to northern Minnesota's 

troubled economy, particularly on the Iron Range. 

There is no question that if exploitation of this 

largely undeveloped resource becomes economically 
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Figure 16 
EXAMINING DEVELOPMENT APPROACHES 

DEVELOPMENT CHARACTERISTICS 

NATURE 

SCALE 

LOCATION 

teasible, it could generate new jobs and income, 

create new industry, and expand the range of goods 

and services. However, realizing these potential 

benefits will depend on how and where development 

occurs. This section contains a discussion of the 
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DEVELOPMErH IMPACTS 

ECONOMIC 
• Employment 

• Public Services 

• Private Services 

11 Financing of Local Government 

SOCIAL 
® Impact on Existing Communities 

• "Boomtown" Changes 

• Political Implications 

ENVIRONMENTAL 
• Water Quality 

• Ground and Surface Hydrology 

® Afr Quality 

• Fish and Wildlife 

• Health and Safety 

• Reclamation 

potential economic impacts associated with develop­

ment. The degree to which these are negative or 

positive depends on the specific nature and scale 

of energy projects and their particular locations 

in the state. 



Planned economic development of a region 

follows one of two approaches. The first approach 

is to maintain the status quo by attempting to 

minimize changes to both the economic and social 

systems of the region. The second is to introduce 

economic expansion by either broadening the econom­

ic base of the region or by altering it so it be­

comes more diversified. Each approach requires 

matching the needs of a development project to 

what a particular site can supply. Table 7 summa­

rizes the important factors in this matching pro­

cess. The nature and scale of a project determine 

its needs, and the private and public sectors of 

the region must be capable of meeting those needs. 

If the matching process is unbalanced--if a project 

is inappropriate for the site--there can be adverse 

impacts that burden the region's residents and its 

governmental units. 

Employment 

Increased employment and income are beneficial 

for a region's economy. Economic development 

through a new industrial project can enhance a re­

gion's economy in two ways: by maintaining existing 

employment and income levels or by promoting eco­

nomic expansion--more jobs and income--in the re­

gion. Depending on the specific nature, scale, and 

Table 7: Economic Development Relationship Between 
the Nature and Scale of a Project and Its 
Location. 

Nature and Scale 
Determines 

Required number of em­
ployees 

Additional population 
due to development pro­
ject 

Disposable income gen­
erated by development 
project 

Tax revenue generated 
by development pro­
ject 

Location Determines 

Available labor force 

Stock of housing 
Municipal services 
Educational system 
Transportation system 

Increased expenditures 
and jobs i.n retail trade 
entertainment and 
other industries 

Increased public expen­
ditures to provide 
required services 

the particular location of a project, development 

of Minnesota's peatlands could benefit regional 

economies either by preventing decline or promoting 

expansion. 

The development of the peatlands in these re­

gions would represent a growth in the industrial 

base. Economic theory divides industries into two 

groups, basic and nonbasic. Basic industries 

account for a larger share of a region's employment 
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than in the nation as a whole. They are not depen­

dent on the region's economy and usually serve out­

side markets. As external demand causes increased 

production in the basic industries, income earned 

by their employees increases. This additional in­

come is spent for goods and services produced by 

the nonbasic industries, such as retail trade and 

government, which are dependent on the economic 

activity generated by the basic industries. An ex­

ample of this basic-nonbasic relationship can be 

found by examining the taconite and iron ore indus­

tries in northeastern Minnesota. Towns such as 

Gilbert and Aurora, that supply the service or non­

basic industries, may not have even existed if not 

for the basic iron ore or taconite industries. 

A large-scale peatland operation would consti­

tute a basic industry. Construction and operation 

of such a project in an unpopulated area would re­

sult in an increase in nonbasic industries as well. 

The employees of the plant and their families would 

demand such services as food stores, health care, 

and services supplied by various government agen­

cies. Present communities would be expanded and 

new towns might be created. 

The addition of the basic industry and the 

associated nonbasic industries may do much to bol-
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ster a region's economy and maintain employment and 

income levels. The region's ability to supply the 

work force needed to operate a development project 

depends on the amount of local labor available. 

Factors that determine the amount of available 

labor include the unemployment rate, the region's 

population, competing employment opportunities, the 

distance of the project site from the region's 

communities, and the wage rate (Wieland, Leistritz, 

and Murdock 1979, p. 61). In addition, the scale 

of the development project is important. If a 

small project is planned, most regions will have 

little problem supplying the needed work force. A 

large-scale project, in contrast, may require many 

more times the workers than a region can supply, 

and outside labor will have to be brought in. 

A possible population gain resulting from 

large-scale development over a relatively short 

period of time could create the situation referred 

to as the "Gillette Syndrome." In Gillette, 

Wyoming, the local labor force in the sparsely pop­

ulated region was too small to supply the workers 

required for large-scale coal development. A huge 

influx of workers and their families occurred over 

a short period of time, bringing many economic, 

social, and land-use problems to the small Wyoming 
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town. In more populated areas, the employment re­

quirements for a project this size might be sup­

plied by the local labor force, and the adverse im­

of development would be minimized. 

Economic development can be used to maintain 

status quo in an area such as northern Minne­

or a development project can play a larger 

role by locating in areas of depressed economic 

activity. Chronic unemployment and low regional 

income, characteristics of depressed economic ac­

can be alleviated by matching a development 

to a specific region. 

An example of an earlier, successful matching 

can be found in this state. For many years, 

northeastern Minnesota has been plagued by cyclical 

economic activity. In the 1960s, as the sources 

for higher grade iron ore began to dry up, the 

mines began to close and the region experienced 

high unemployment. The ill effects were felt more 

widely than on the Iron Range; the decreased eco­

activity also hurt other portions of the 

because the iron ore industry provided a 

portion of Minnesota's gross state product. 

e increased unemployment and welfare payments 

placed burdens on many governmental units. When 

the taconite industry developed, in the 1960s, the 

export income of the region's mining industries 

grew and a level of near-full employment and in­

creased economic activity returned. In this exam­

ple, research led to the development of a new in­

dustry that utilized the region's resources. A 

peat industry could play a similar role. 

Development of the peatlands must be under­

taken carefully to avoid a short term boom. Ex­

traction of the peat resource would offer only a 

short term opportunity for exploiting the peat­

lands and longer term jobs would be questionable. 

A biomass development (or a peat extraction/biomass 

combination) has a better chance of supplying jobs 

for a much longer period since a renewable resource 

is utilized. 

The local labor force is an important part of 

economic development. If a region's labor force is 

large enough (the metropolitan area, for example), 

even the construction of a large-scale project may 

not have a significant impact. The opposite is 

true in an area without a large labor force. Thus, 

matching a project's scale with a region's ability 

to supply the required labor in the specified in­

dustries is an important factor in directing peat­

land development. 

The number of workers available for specific 
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industries is also important in siting a project 

for economic development reasons. Training em­

ployees for the operational phase of the project 

should be undertaken to make the best use of local 

labor. However, the construction phase requires 

certain trades that cannot be taught in a short 

period of time. Sufficient lead time would be 

needed to train construction workers from the re­

gion's labor force so that as many local workers as 

possible could be used. 

Some jobs associated with peatland development 

for energy will he seasonal because of limitations 

due to climate (see previous discussion on energy 

stability). Technical problems resulting from season­

al climatic variation may affect the economic stabili­

ty of the region. During the winter months, lay­

offs of mining or energy crop harvesting workers 

may cause unemployment,problems. Other jobs or 

income for these seasonal employees must be found. 

Loss of income will place a burden on the workers 

and their families as well as on the surrounding 

businesses and governmental units. A work force 

characterized by a large turnover each season may 

mean a loss of both time and productivity compared 

to a work force that remains constant over a 

longer period of time. 
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Public Services 

New development can greatly increase the de­

mand for services provided by local government. 

The degree to which these public services can be 

supplied when they are needed depends on the rate 

at which development occurs and whether sufficient 

planning and preparation have taken place. The 

scale and location of development are important 

factors in determining the amount of public ser­

vices required to satisfy the demand of the new 

population. Table 8 lists a summary of these ser­

vices and the percentage of total expenditure by 

counties, cities, and townships for those services. 

General government expenses are greater in 

larger districts as are the tax bases to pay for 

them. Smaller cities and townships have very few 

services to supply and do not need many employees. 

In contrast, counties and larger cities assume a 

much greater responsibility and must hire a larger 

number of employees. Smaller cities, as they grow 

in population, will sometimes require a wholly new 

set of services, thereby adding new employees in 

jobs where previously no service was supplied. 

Public safety comprises the largest share of 

operating expenses for many cities. In sparsely 

populated areas, law enforcement is usually pro-



r 

iJ 

iJ 

Table 8: Public Services Provided by Local Governmentgl Units. 

Percent of Expenditures for Services 
Counties Cities Townships 

1. 

2. 

3. 

4. 

5. 

General Government 

Elected officials, office workers, tax collect­
ors, administrative personnel 

Public Safety 

Law enforcement, fire, ambulance 

Health 

Hospitals and nursing homes, public health, 
civil defense 

Transportation 

Street and highway, intra- and inter-city 
bus service 

Education 

Capital costs, operating costs 

6. Sanitation 

Sewer, water, waste disposal 

7. Libraries 

8. Parks, Recreation, and Conservation 

9. Insurance and Interest Payments 

10. Welfare 

11. Other 

13.6 

8.8 

5.3 

21.9 

1.5 

3.1 

40.6 

5.2 

*Funding is through a special tax for school districts and from state funding. 

8.4 14.5 

19.8 

1.4 

17.4 

15.0 

1. 6 

10.9 

6.4 1.1 

19.1 8.8 

(Carlson, A.H. Report of the State Auditor of Minnesota on the Revenues, Expenditures, and Debt of the Lo­
cal Governments in Minnesota, April 1980, pp. 22, 50, 58.) 

[a - just for fire protection; b - road and bridge expenditures; c - just for sewer and water] 
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vided by the county. The sheriff's department must 

cover a large area, and as pqpulation increases the 

job becomes more difficult. Cities provide their 

own law enforcement. Demand created by a popula­

tion increase can be distributed in an orderly 

fashion--and most likely met at a lower cost--over a 

large, concentrated population. 

Fire departments serve in much the same way 

that law enforcement agencies do. Larger cities 

supply the surrounding area with services. In re­

turn, the smaller cities and the rural townships 

pay for the services through intergovernmental 

payments. The more dispersed a population is, the 

less efficient the fire service is. As in the case 

of law enforcement, a large population gain could 

be easily absorbed into a large present population, 

and fewer purchases of new fire fighting equipment 

would be necessary. 

The level of hospital and ambulance service 

usually depends on the size of the population. For 

example, more hospital beds and a greater diversi­

fication of health services are needed as the popu­

lation increases. Additions to present facilities 

can often be less expensive than building new ones. 

For this reason, development in areas where there 

is a larger, established population with an exist-
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ing health care system is of smaller financial 

consequence than the same development in a sparsely 

populated area. 

The transportation network is an important 

factor in determining the total cost of a develop­

ment project. Construction costs for new or up­

graded roads are substantial. According to 1977 

figures, upgrading a two-lane gravel road to a two­

lane paved road costs $70,000 per mile. To widen a 

two-land highway requires an investment of $160,000 

per mile (Waldum 1979, p. 20). Because an expanded 

population requires new residential, streets and up­

graded highways, a large burden is put on the local 

governments. State and federal aid for construc­

tion of new roads helps decrease the burden, but the 

increased costs can still place considerable stress 

on local government budgets. 

Education is administered through special ad­

ministrative districts. Revenue for individual 

school districts comes from a combination of 

property taxes, a state revenue-sharing program, 

and a series of special state and federal grants. 

Rapid and significant population increases result­

ing from a large-scale development project could 

have devastating effects on individual school dis­

tricts. A dramatic example occurred recently in 
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North Dakota during construction of a large-scale 

military project in North Dakota that put great 

financial strain on the educational system. One 

district attempted to raise the tax mill rate for 

education, but the increase was voted down by the 

public. This school district did not have funds to 

pay its staff and almost shut down for financial 

reasons (Boe 1975, p. 148). 

Before residential development in a concentra­

ted area can take place, planning and construction 

of a sanitation system is necessary. This means 

that construction of a sewer and water system and 

provision for waste disposal is necessary. Costs 

for such systems can be a great burden on smaller 

communities. An even greater problem arises when 

cities and towns construct sewer and water facili­

ties in anticipation of a new development only to 

learn that the project for which they were prepar­

ing is cancelled. This happened in North Dakota 

when an American Natural Resource coal gasification 

plant ran into financial difficulties. One small 

community, Hazen, sacrificed essential public ser­

vices to construct a new sewer system. These un­

necessary sacrifices can result in cutbacks for 

health care and education systems (Paul 1980, 

p. 46). 

Parks, recreational facilities, and libraries 

provide services that usually must be expanded to 

meet the demands of increased population. This is 

particularly costly for areas with few, if any, of 

these services, such as rural areas. Provision of 

these services can be delayed while other "essen­

tial" services are made available, but not without 

diminishing the local quality of life. 

Insurance costs for"governments increase as 

governmental units build roads and add other capi­

tal items to their inventory. As a community adds 

to its supply of facilities, it must sell more 

bonds to pay for them. Interest payments will in­

crease in relation to the amount of bonds with­

standing. While welfare costs make up a signifi­

cant portion of a county's budget, the initial im­

pact from a development project will be minimal. 

But as an industrial facility approaches the end of 

its operational life, welfare costs to the county 

could increase when people are laid off for extend­

ed periods of time. 

Private Services 

Just as new development can add to the demand 

for public services, the supply of private services 

in a region must also increase. Privately supplied 

services include housing, construction, transporta-
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tion, communications, utilities, retail and whole­

sale trade, and entertainment. 

In most communities, there is little difficul­

ty in matching the stock of housing with the demand. 

If development does not occur in an orderly fash­

ion, however, this matching process becomes diffi­

cult. A large-scale peatland development project 

could cause adverse impacts on a region's housing 

stock. Factors determining the extent of these im­

pacts include: 

• size of incoming population; 

• demographic characteristics of incoming popu­

lation (i.e., married or single, and number of 

children); 

• the region's supply of housing; 

• distance and location of surrounding larger 

communities that could possibly supply hous­

ing; and 

• the region's ability to supply temporary hous­

ing. 

Any significant change that results in demand 

for a large increase in housing causes problems not 

only for the new residents but also for the origi­

nal residents. These problems include: 

• increased cost of housing; 

• increased housing values and property taxes; 
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• inadequate zoning requirements; and 

• competition for construction materials and 

workers, resulting in shortages and increased 

costs. 

Renters of either multiple or single family 

dwellings may experience the greatest problems. 

The new workers often have larger incomes than do 

the original residents. This is most evident if 

the project is located in a rural area with little 

prior industrial development. During construction 

of the Anti-Ballistic Missile project in North 

Dakota, competition for housing resulted in enor­

mous increases in rental prices. Dwellings that 

previously rented for $50 suddenly rented for $200-

$250 a month (Boe 1975, p. 147). For the project's 

workers this might not be a problem, but for others 

·--such as those living on low or fixed incomes--it can 

he an enormous burden. Important goods and servic.es 

that were previously purchased must now be foregone 

to pay for the housing price increases. 

To minimize these problems, substantial lead 

time is important for planning and constructing 

residential housing. Protecting present residents 

should be an important element in the planning pro­

cess. Another critical component is a detailed in­

ventory of the region's housing stock and the re-
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quirements of the incoming population. Such an in­

ventory will directly aid the matching process and 

will help to minimize the possible adverse housing 

impacts. Federal housing programs and the possi­

bility of temporary housing may lessen the impact. 

Actually measuring private services can be 

very time consuming because it requires an inven­

tory for the entire region. It is also difficult 

to arrive at a consistent definition for all the 

services being inventoried. Therefore, an alterna­

tive method, measuring the total amount of retail 

trade, may be used. Use of this measurement rests 

on the assumption that total retail sal~s measure 

the amount of private services available to the 

residents of a region. Larger retail sales mean 

that not only are more customers buying the city's 

or region's products, but also that those customers 

may have a greater selection of services. Communi­

ties differ in the types of services they offer. 

Hamlets have few if any services, while communities 

the size of Hibbing or Bemidji offer complete shop­

Cities such as Minneapolis or Duluth 

wholesale as well as retail centers. 

Increased population due to a development project 

creates problems when attempts are made to meet de­

mand for private services. Competition for local la-

bor, which is already intense from the construction 

of the basic industry, can cause shortages in the op­

eration of private services (e.g. , retail clerks and 

mechanics) and in the construction of facilities for 

such services. Housing construction and the project 

itself compete for construction workers. Profession­

als must be encouraged to locate in less-developed re­

gions, but many professionals and businessmen may not 

wish to take the risk o~ locating when development 

may last for a relatively short period of time. 

The expansion of private services may promote 

economic growth in a region, but there are other 

factors such as inter-industry linkages, that must 

be taken into consideration. A region's linkages 

promote further growth as the region's demand for 

goods and services increases. These linkages are a 

measure of the amount of interdependence among a 

region's industries. The greater the interdepen­

dence, the more income remains inside a region as 

demand increases. This results in a region's rely­

ing less on other regions for the production of 

goods and services demanded by its residents. 

Financing Local Government 

Of all the sectors of a region's economy, lo­

cal governmental units may face the most difficulty 

in dealing with construction and operation of a 

77 



peatlands development project. The difficulties 

that arise are related to the.location and scale of 

the plant and the size of the governmental units. 

If the project is small and employs only a few peo­

ple, the responsibilities of the governmental units 

are accordingly small. On the other hand, a pro­

ject employing 2,000 workers or more may drastical­

ly change the local government unit's customary 

guidelines and priorities. Aproject's location de­

termines the governmental units affected, and the 

size of the units (township, city, county) deter­

mines the extent of the impact. For example, since 

a larger community has more facilities than a smaller 

one, the negative impacts of a large development 

project will most likely be less severe. 

Insufficient lead time causes many of the 

problems local governments have in dealing with the 

influx of a large number of people. These problems 

include: widespread and unplanned development, 

stretching the capacity of existing services, and 

insufficient financing for building the required 

public services. This last problem is further in­

tensified by the fact that tax revenues generated 

from peatland development may lag behind the need 

for public services. For this reason, many local 

governments must often cut back on services to 
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long-time residents so that more money can be di­

rected to planning and constructing new services. 

Finding capital for construction of public 

services is the first step after the needs have 

been identified. For smaller communities, the 

amount that must be spent on these new services may 

be far above what the community has spent previous­

ly. For larger communities, the size of the expen­

diture is just one of many factors in the decision 

to build more public services. 

Under present regulations, financing for ser­

vices is the responsibility of the local community, 

which must borrow the required capital through the 

bond market. There are two general types of bonds 

available to local governments for financing of 

public services: revenue bonds secured by revenues 

from a particular service, and general obligation 

bonds levied against the tax base of the community. 

The money received from the bonds is then paid back 

over a long period of time. There is, however, a 

state law governing bonding limits for communities, 

based on the total valuation of property within a 

community's boundaries. Once a limit is reached, 

the community must apply to the state leg·islature 

for an exemption or it must explore other means of 

financing. Two significant problems associated 



with this bonding limit are that the limit is not 

based on the valuation of new property but only on 

the existing stock, and that financing of future 

services and facilities must also be included in 

this bonding limit. If the community has already 

borrowed to its capacity, another alternative must 

be found. 

Except for selling bonds, other means of 

financing for new services are limited. Special 

assessments to build new services are often used in 

established communities. An assessment is placed 

on the homeowner or business, and the service is 

paid for over a specific period of time. Unfortu­

nately, "up front" money is required to pay for 

construction costs, and this is usually supplied by 

selling bonds. Another financing method is the 

sale of any securities that a community holds; but 

few communities are able to utilize this form of 

financing because of the lack of securities to 

sell. A community can also use short-term borrow­

ing as a way of raising capital, but this is gener­

ally much more expensive than long-term borrowing 

(bonds) in terms of interest charges and must be 

paid back in a much shorter period. Finally, a 

community can increase the taxes of its residents 

and commercial businesses. This type of funding 

could run into serious opposition from taxpayers, 

since they would be paying for services for the in­

coming population, not just for themselves. 

Because there may be a number of financing 

possibilities available, a detailed examination of 

these for each community is needed. Capital require­

ments, thepastbondingrecord, thegeneralfinancial 

condition, the tax base, and a number of other factors 

must be examined before a decision can be made 

about what financing alternatives are best. It is 

likely that even a combination of the above alter­

natives cannot fully finance the construction and 

operation of new services. At that point, a commu­

nity must look to outside sources for financial 

aid. The federal government, through programs from 

such sources as the Farmers Home Administration, 

the Department of Housing and Urban Development, 

the Economic Development Association, and the Small 

Business Administration, can help communities to 

provide services (Stadig 1975, p. 150). Congress 

has also enacted the Energy Impact Area Development 

Assistance Program. Although this program is 

directed at coal and uranium development, it could 

possibly aid communities experiencing adverse im­

pacts from peatland development projects. 

Another source of aid is community impact 
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fundssuch as those used in Montana and North Dako­

ta. Their role is to help communities meet the 

costs from the impact of a development project. 

Such funds are financed with severance taxes on the 

extracted resources. 

A severance tax on peat could help finance a 

community impact fund, although it would do little 

to help in the project's initial stages since fund­

ing would not be available until after the peat had 

been extracted, A solution to this problem would 

be for the fund to have the power to borrow from 

capital markets. Administratively, this fund could 

be a unit of an overall peatlands development agen­

cy patterned after the Iron Range Resources and 

Rehabilitation Board. Another method of taxation 

would have to be developed if the peatlands were 

used for growing biomass, since the severance tax 

cannot be applied to a non-extractive resource. 
' Local governmental units must prepare for 

other problems that could result from peatland de­

velopment. There is, first, the possibility that 

thriving communities could become ghost towns once 

the resource base has been depleted. New industry 

must be planned to prevent such a boom-bust cycle. 

The taconite industry's Northeastern Minnesota Eco­

nomic Protection Fund could be a model. Another 
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possible problem--one that would require coopera­

tion between local government--is that adverse im­

pacts may occur in one community while another re­

ceives the tax revenues from the project. For ex­

ample, if a project were developed in southwest 

Koochiching County, areas of Beltrami and Itasca 

counties would feel the effects from development. 

A transfer of tax revenues by a regional unit such 

as a regional development commission could aid 

those connnunities experiencing adverse impacts. 

CASE STUDY: TWO NORTHERN MINNESOTA SITES 

Because of the possible positive and negative 

impacts from peatland development, an example of a 

large-scale 250 million cubic foot gasification 

plant is used to illustrate these impacts in two 

study areas, each with different regional charac­

teristics. This analysis is based on a current 

project proposal that would mine, on a large scale, 

314,000 acres of land containing 200,000 acres of 

peat in north-central Minnesota. The project is the 

most specific and seriously considered proposal in 

Minnesota at this time. This analysis examines 

many of the factors of economic development dis­

cussed in the previous section and demonstrates the 

importance of matching a specific development pro-



ject to a particular region. When that matching 

process is carried out, not only are potential im­

pacts identified but adverse impacts can be dimin­

ished or avoided. Many of those impacts have 

occurred as the result of previous large-scale de­

velopment, particularly in the Minnesota taconite 

industry and in the coal and lignite developments 

of Wyoming, Montana, and North Dakota. 

The first study area is located in southwest 

Koochiching County near the town of Margie (see 

Figure 17). The hypothetical plant is centrally lo­

cated in an "eligible region" identified as meeting 

the necessary resource and accessibility require-, 

ments for large-scale mining and gasification (Ertec 

Atlantic, Inc. November 18, 1980, Attachment 6-8). 

A site-selection process was used by Ertec 

Atlantic, formally Fugro Inc., a consultant to 

MinneRota Gas Company, to select eligible regions 

for large-scale peatland development. This process 

utilized the "Delphi" technique involving a panel 

o:F experts from various backgrounds. first, areas 

unable to support large-scale development because 

of environmental, engineering, or resource factors 

are eliminated and areas "eligible" for development 

are selected. Next, issues are identified and 

by the panel, The weighed issues are then 

Figure 17 

Location of Study Areas 

Toivola Study Area, 

evaluated for each eligible region and a "preferred" 

site is chosen according to the evaluation (Ertec 

November 3, 1980, p. 6-7), 
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Figure 18 

Margie Study Area, 
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The second study area is in southwest St" 

Louis County near the town of Toivola (see Figure 

17), an area which was classified as "eligible" for 

a large-scale development project by the Ertec At­

lantic study and which also has drawn "unofficial" 
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interest from Northern Natural Gas Company. It is 

located south of the Iron Range communities of 

Hibbing, Chisholm, and Virginia. 

Surrounding each site is a development area 

with a 40-mile radius centered at a possible loca-
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Figure 19 

Toivola Study Area 

tion of a plant (see Figures 18 and 19). A 40-mile 

radius represents an area of potential impact over 

a longer time span. It is based on a study examin­

ing the characteristics of the labor force associa­

ted with North Dakota lignite development. That 

study assumed that a representative commuting re­

gion should have boundaries confined to 40 miles 

from the development site (Wieland, Leistritz, and 

Murdock 1979, p. 58). Actual commuting distances 

within the development area can be longer than 40 
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miles, depending on the extent and location of the 

roads. The same study surveyed construction and 

operational workers and found that the average 

commuting distances were 33.6 and 21.9 miles re­

spectively. Other studies have shown that as a 

project moves into the operational phase, workers 

tend to move their residences closer to their place 

of employment (Leholm 1975, p. 136). 

Population Characteristics 

Population figures from 1977 indicate substan­

tial population differences between the two devel­

opment areas. Table 9 summarizes the 1970 and 1977 

population data. The Margie study area has a popu­

lation of 20,433 people. It is predominantly ru­

ral; only 18 percent of its people reside in incor­

porated villages or cities. The rest are spread 

through the sparsely populated regions of north­

central Minnesota. In contrast, the Toivola study 
' area has a population of 133,133, 57 percent of 

which live in incorporated villages or cities. A 

significant portion of the population of this sec­

ond site is concentrated in a band of communities 

that runs from Grand Rapids to Virginia. Tables 10 

and 11 summarize the population of the communities 

that surround the two study areas and the distance 

to the possible plant site. It is evident that a 
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much larger number of people live within driving 

distance to the Toivola plant site than the Margie 

plant site. 

Each area is affected by an outside population 

center. Duluth lies just beyond the Toivola study 

area's boundary. The population of this city and 

surrounding area is in excess of 100,000. It is 

possible that construction workers could commute 

from Duluth to the plant site. The Margie study 

area lies between two major cities in north-central 

Minnesota--Bemidji and International Falls, with 

1977 populations of 11,490 and 8,842 respectively, 

and are within 20 miles of the study-area bounda­

ries. Although these two cities could not contrib­

ute the workers and services that Duluth could, 

they still could have an impact on the population 

and employment patterns at the plant site. 

Since the entire 1977 population of the Margie 

study area was only 20.433, mostly scattered in 

sparsely populated rural areas, a doubling of the 

population due to the construction and operation of 

a peat conversion facility could create the need 

for extensive additions to the present stock of 

public and private services. This would add a con­

siderable burden to present and future residents of 

the area. 



Table 9: Population for the Margie and Toivola Study Areas, 1970 and 1977. 

Margie Study Area 

Beltrami 

Itasca 

Koochiching 

Lake of the Woods 

Total S.W. Koochi-
ching Develop­
ment Area 

Toivola Study Area 

Aitkin 

Carlton 

Itasca 

St. Louis 

Total S.W. St. 
Louis Develop­
ment Area 

Incorporated 
Villages/Cities 

1970 1977 

903 

677 

1,827 

0 

3,407 

606 

1,079 

810 

1,791 

0 

3,680 

836 

9,012 11,741 

13,468 15,487 

47,809 48,129 

70,895 76,193 

Rural 
1970 1977 

1,890 

4,463 

6,446 

2,036 

2,431 

5,517 

6,678 

2,176 

14,835 16,802 

2,447 2,987 

4,768 2,230 

23,175 27,749 

19,798 23,974 

Total 
1970 1977 

2,793 

5,140 

8,273 

2,036 

3,510 

6,327 

8,469 

2,127 

18,242 20,433 

3,053 3,823 

13,780 13,971 

36,643 43,236 

67,607 72,103 

50,188 56,940 121,083 133,133 

Percent 
Change 

25.67 

23.09 

2.37 

4.47 

12.01 

25.22 

1.39 

17.99 

6.65 

9.95 

(Adapted from U.S. Department of Commerce. Bureau of the Census. Current 
Population Reports: Population Estimates and Projections. "1977 Population 
Estimates for Counties, Incorporated Places, and Minor Civil Divisions in 
Minnesota," Series P-25, No. 836. November, 1979) 

A more suitable site is the Toivola study area. 

Its larger population could mean that many of the 

impacts of large-scale development could be accom-

modated. A possible gain in population due to in­

creased employment in both the peat industry (the 

basic industry) and the industries that serve it 
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Table 10: Road Mileage to Plant Site and Popula­
tion of Surrounding Communities: Toivola 
Study Area. · 

1977 
City Mileage Population 

Floodwood 20 639 

Hibbing 23 16,209 

Chisholm 28 6,036 

Grand Rapids 34 9,400 

Eveleth 39 4,635 

Virginia 40 11,487 

Cloquet 53 11,445 

Duluth 55 ·100,578 

(Adapted from Minnesota Department of Transporta­
tion. Minnesota 1977-78 Official Transportation 
Map. May 1977; U.S. Department of Commerce. Bur­
eau of the Census. Current Population Reports: 
Population Estimates and Projections. "1977 
Population Estimates for Counties, Incorporated 
Places, and Minor Civil -Divisions in Minnesota." 
Series P-25, No. 836. November 1979.) 

(the nonbasic industries) would represent a much 

smaller increase in population. The pressure 

generated by a population gain of this magnitude 

would not be as great because local labor could be 

hired and the existing public and private infra-
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Table 11: Road Mileage to Plant Site and Popula­
tion of Surrounding Communities: Margie 
Study Area. 

1977 
City Mileage Population 

Big Falls 9 527 

Mizpah 15 124 

Northome 20 335 

Little Fork 28 805 

Blackduck 33 777 

International Falls 48 5,884 

Big Fork 50 473 

Bemidji 68 11,490 

Grand Rapids 82 9,400 

(Adapted from Minnesota Department of Transporta­
tion. Minnesota 1977-78 Official Transportation 
Map. May 1977; U.S. Department of Commerce. Bur­
eau of the Census. Current Population Reports: 
Population Estimates and Projections. "1977 
Population Estimates for Counties, Incorporated 
Places, and Minor Civil Divisions in Minnesota." 
Series P-25, No. 836. November 1979.) 

structure could be used. 

Employment 

In examining these two study areas, it is im­

portant to note the difference in the structure and 

size of the economy and labor force. These differ-



ences can aid in directing development where it 

might help the most. 

The labor requirements for a large-scale de­

velopment project are demonstrated in Table 12. 

The example used is a 250 million cubic foot per 

day gasification plant. It has been estimated that 

a plant this size would require 2,700 construction 

workers and an additional 5,500 employees of ser­

vice (nonbasic) industries. If little or no local 

labor is available, a population growth of 16,569 

J:~"'~n·,r.w,~·r::. ...... -
Representative communities in the two study areas: Northome (left), in the Margie study area, with a 1977 
population of 335; and a portion of Hibbing (right), in the Toivola study area, with a 1977 population of 
16,209. 
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could occur as the plant is being built. 

During the operational phase, an increase in 

population to 22,114 could be expected. Family 

size varies between the construction and operation­

al phase because many of the construction workers 

are nonlocal and their families do not accompany 

them. In addition, operational phase workers are 

more likely to be married than those in the con­

struction phase (Wieland, 1979, p. 60). The in­

direct impact of family size is less since the typ­

ical industries often employ the second member of a 

family in jobs such as retail clerks. 

Since planning must take into account the ex­

pected population gains over time, the pattern of 

these employment gains is important. Figure 20 

demonstrates a possible sequence for the project 

discussed above. It is assumed that very few ser­

vices and little local labor are available in the 

region prior to development. Until the third and 

fourth years, the increased population during con­

struction outstrips the public and private services 

provided by the nonbasic industries. As a result, the 

people in the area must live with inadequate services 

during that time. As operation of the plant begins 

in the fourth year, permanent employees replace the 

construction workers. Obviously, many construction 
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Table 12: Potential Employment and Population 
Changes Due to Construction and Opera­
tion of a Large-Scale SNG Plant (250 m. 
cu.ft./day capacity). 

Direct Impact 
1 Employment 

? 
Family Size-

Population (derived from 
direct employment) 

Indirect Impact 
1 

Employment 

F ·1 . 1 ami y Size 

Population 

Total Impact 

Employment 

Population 

Construction 

2,700 

2.4 7 

6,669 

5,500 

L8 

9,900 

8,200 

16,569 

Operation''' 

2,380 

3. 4 7 

8 092 

7,790 

1.8 

14,022 

10,170 

22,114 

>'<Includes both employment at the gasification 
plant and for the mining of the peat. 

~eagher, Maki, and Laulainen, Economic Effects 
of Minnesota Peatland Deve_!__op_211e_i:i:!:_. February 
1979 .. 

2 
Wieland, Leistritz, and Murdock, Characteristics 
and Residential Patterns of Energy-Related Work 
Forces in the Northern Great Plains. July 1979. 



Figure 20 

10,000 

!i:: 8,000 
111 

~ 

i 6,000 

4,000 

2,000 

Potential Employment Increase Due 
Construction of 250 
cu. ft./day Gasification Plant. 

- Total Employment 
mmm Non-Basic Employment 

Basic Employment (Construction) 
••• Basic Employment (Operation) 

0 1 2 3 4 5 
YEAR 

6 7 8 9 10 
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workers will decide to remain as permanent employ­

ees, but this does little to change the actual 

pattern of employment. Nonbasic employment con­

tinues to grow, reflecting the greater need for 

services during the operational phase. Since the 

family of the operational phase employee is larger 

and more permanent, more public services, such as 

educational facilities, are required. The nonbasic 

employment does not reach a maximum until the 

eighth year because of the time it takes to con­

struct these facilities. 

The ability of a region to absorb the popula­

tion increases due to the development project is 

partially demonstrated by examining each region's 

population. An addition of over 22,000 in the pop­

ulation of the Margie study area would mean a two­

fold increase in that area's residents. In con­

trast, the Toivola's area would only increase by 15 
' 

percent. The actual amount of impact will depend 

on the area 1 s stock of services and how much local 

labor can be employed. 

One key goal in economic development is to 

utilize the existing unemployed and underemployed 

in a region. The Toivola study area encompasses 

portions of the Iron Range. Presently, national 

and international actions have decreased the eco-
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nomic activity on the Iron Range. Stagnating de­

mand for products such as automobiles and large 

appliances, combined with increased competition 

from foreign ore sources, has significantly reduced 

the level of exports from this crucial northeastern 

Minnesota basic industry. This is not the first 

time that the level of this region's exports has 

decreased. 

This cyclical pattern of economic activity can 

be seen in the employment data of the past few 

years. Figure 21 demonstrates the unemployment 

rate for the last three years, while Figure 22 rep­

resents the total number of employed on a monthly 

basis for the same period. Since employment data 

is reported on the county level, two assumptions 

had to be made: 1) that the Margie study area pri­

marily draws workers from three counties, Koochi­

ching, Beltrami, and Lake of the Woods; 2) that the 

Toivola study area employs people residing in Carl­

ton, Itasca, and St. Louis (excluding Duluth) 

counties. 

Both areas show approximately the same rate of 

unemployment, one that is significantly higher than 

the rate statewide. Only for the period from June 

1980 to October 1980 was there a significant differ­

ence between the two unemployment rates. During 
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Minnesota Department of Economic Security. 1979-1980. Northeastern Minnesota Labor and Market 
Review. Duluth: Minnesota Department of Economic Security, Regional Labor Market Information Center. Ill, 
1 - N, 12.) 
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that period, the demand for steel products remained 

stagnant while other portions of the economy gener­

ally improved. 

Even more important is the number of unemploy­

ed. While the unemployment rates are similar be­

tween the two regions, the number of unemployed is 

much greater for the Toivola study area. For exam­

ple, in February 1980, when the two unemployment 

figures were almost the same, the Margie study area 

had 2,400 laborers out of work while the Toivola 

study area had over 8,000 unemployed workers. At 

no time during this three-year period did the 

Toivola study area have fewer than 3,000 laborers 

out of work. 

A peat development project could do much to 

provide jobs for the unemployed. When as many lo­

cal workers as possible are hired, the adverse im­

pacts from development can be decreased and the 

economic activity of the region improved. But the 

choice of location is important. In contrast to 

the Toivola site, construction of the large scale 

gasification project in the Margie study area would 

likely lead to many of the cldverse impclcts associ.­

ated with the "Gillette Syndrome 11 described earlier. 

The smaller number of available laborers, often 

fewer than 2,000, would mean that many construction 

and operational-phase workers would have to move 

into the region. 

Employment in specific trades is also impor­

tant, Table 13 details the construction and trade 

industries. The estimated 2,700 construction work­

ers required for a gasification plant are almost 

three times more than the number of construction­

industry workers now living in the Margie study 

area. In addition, a significant number of con­

struction workers will also be needed to build 

housing and various services to meet the needs of a 

growing region, 

The retail trade employ1T1ent figures are in­

cluded to demonstrate the extent of nonbasic or 

service industries for each region. The Toivola 

study area has almost three times the number of 

employees in retail trade than does the Margie area. 

Because retail trade is typical of all nonbasic in­

dustries, there is little doubt that the supply of 

services is much larger in the Toivola study area. 

Public Services 

The cost of providing new public services is 

increasing. If it is possible, development should 

be directed toward regions with an established network 

of these services, thereby lessening chances of 

overloading a region's stock of services. The 
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capacity of each system should also be examined. 

It is apparent that there are large differences be­

tween the two study areas' ability to provide ser­

vices to an increased population. These differ-

Table 13: 1978 Employment by County for the Con-
struction and Retail Trade Industries. 
(Annual Average not Seasonally Adjusted.) 

County Construction Trade Total 

Beltrami 759 2,727 8,650 

Koochiching 149 1,099 5,253 

Lake of the Woods 92 241 1,153 

Total for above 
counties 1,000 4,979 14,144 

Carlton 335 1,900 8,932 
' 

Itasca 748 2,885 12,677 

St. Louis (excluding 
Duluth) 2,912 7,684 37,797 

Total for above 
counties 3,995 12,469 59,406 

(Compiled from: Minnesota Department of Economic. 
Security. Minnesota Employment & Wages by County. 
First Quarter 1977 - Fourth Quarter 1979.) 
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enc.es appear in the following services: public 

safety, health c.are, transportation, education, and 

sanitation (sewer systems). 

Because of its dispersed population, the Mar­

gie study area could require new fire and polic de­

partments. Protection of public safety in the 

Toivola study area may be adequate since the popu­

lation is larger and new residents could be dis­

tributed throughout areas with existing departments. 

Figures 23 and 24 demonstrate the distribution 

of health care facilities (hospitals and ambulances) 

for the two study areas. The Margie study area has 

only 42 beds in two hospitals. The closest hospi­

tal to the study area's center is 28 miles away in 

Little Fork. In contrast, 553 beds in five hospi­

tals are available in the Toivola study area, with 

the closest hospital 23 miles away in Hibbing. If 

the study area boundaries are extended 15 more 

miles, these hospital bed totals increase by 128 

for the Margie area and 1,094 for the Toivola area. 

The Duluth area, which is adjacent to the Toivola 

study area, offers health care facilities that are 

supplied at very few locations in the state. Resi­

dents in the Margie study area would have a much 

greater distance to travel to receive these special 

services. 
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A population gain due to a large development In contrast, the capacity of the present facilities 

project in the Margie study area would most likely in the Toivola study area may be large enough so 

require new or expanded health facilities if the that few if any new facilities would be needed. A much 

problems of inadequate services are to be avoided. greater initial capital expenditure for health care 
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in the Margie area will be required. 

The Margie study area has fewer roads to 

accommodate increased traffic from economic expan­

sion than the Toivola area. In addition, since a 
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special techniques for road construction could be 
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would probably be necessary to increase the capac­

of the road network in that area, as well as to 

it. 

The difference between the two study areas' 

educational systems is demonstrated by Table 14, 

which summarizes pupil enrollment. The Margie area 

has an enrollment of 6,405 pupils, almost half of 

which lie within the International Falls district. 

The Toivola area had 28,419 pupils enrolled in the 

1978-1979 school year. Figures 25 and 26 demon­

strate the distribution of school facilities for 

each study area. 

A 250 million cubic feet a day plant could 

mean an increase of 2,210 students by the time the 

operational phase is reached.* This would mean a 35 

percent increase in enrollment for the Margie study ar­

ea, In 1975, the three districts within the Margie study 

area had the capacity for approximately 11 percent more 

students (Arrowhead Regional Development Commission 

1975, p.11). Not only would new schools have to be 

built to accommodate a 35 percent increase, but 140 

new staff would have to be hired. In the Toivola 

~'This was determined by assuming an increase of 
11,057 in population (see Employment Sec 
The state average percentage of public school pu­
pils in relationship to the state's population is 
approximately 20 percent. 

study area, the increase would be only 8 percent of 

current enrollment--assuming that local labor was 

not available. Similarly, the added cost would be 

Table 14: Development Area Educational System. 
Total Number of Students and Staff, 
1978-1979 School Year.* 

1978 - 1979 Margie Toivola 
Average Daily Attendance Study Area Study Area 

kindergarten 407 1,930 

Grades 1-6 2,753 11, 785 

Grades 7-12 3 245 14,704 

Total 6 405 28,419 

Total Staff*'>', 416 1,681 

Pupil/Staff Ratio 15.4 16.91 

,',These figures are approximations since boundaries 
of school districts do not completely conform to 
study area boundaries. Only school districts 
whose facilities and a portion of total en-
rollment lie within the study area are included, 

7d<Staff includes administrators, classroom teach­
ers, and other professional personnel. 

(Adapted from Minnesota Department of Education, 
sde. "School District Profiles, 1978-1979." 
July 1980) 
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much less for the Toivola study area. These figures 

illustrate the importance of examining individual 

school districts, their facilities, and their 
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Development of peatlands in northern Minnesota 

could put similar strains on sanitation facilities. 
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Soil conditions in the Margie study area are rated 

as "severe" for development. This means that con­

struction of sewer and water systems would have to 

LAKE 

II 

Figure 26 

Location of 
Educational 
Facilities for 

Toivola Study Area, 
1978-1979. 

ST. LOUIS 

A II 

WISCONSIN 

0 10 20 

Legend 
Elementary 11111 

Grades 7-12.& 
Grades 7-9 • 

Grades 9-12 or 10-12 A 

Privateo 

(Data from 
Minnesota Department of Education. 

30 M;1e, 1979. Minnesota Educational Directory 
1979-80. St. Paul: State of Minnesota.) 

overcome difficult engineering problems, adding 

further to the costs of development (Arrowhead Re­

gional Development Commission 1975, p.11). These 
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same conditions could also lead to problems in 

finding sites for solid waste disposal. 

Figures 27 and 28 show the cities and regions 

with existing sewer systems. While an examination 

of the capacity of each system is required to re­

assess the impacts of large-scale development, one 

can see that the Toivola study area has a much more 

extensive sewer system. This study area could 

possibly absorb the population expenditures for new 

or expanded sewer and water facilities. 

The public services discussed in this section 

and the costs associated with them must be included 

in estimates of the total cost of a development 

project. The difference between two locations of 

the project as demonstrated by the Margie and 

Toivola sites could mean millions of dollars. This 

money would not only have to be paid by the new 

population but also by the original residents. 

Private Services 

Both study areas could experience housing 

problems. The Toivola study area has recently gone 

through a construction boom caused by the develop­

ment of taconite plants. Because of their earlier 

experience, governmental units and the public as a 

whole may be able to react more efficiently to in­

creased demand for housing. And because more local 
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labor could be utilized in this study area, the 

possible adverse housing impacts would be less. 

The Margie study area is primarily rural and offers 

far fewer housing alternatives. This would mean 

considerable commuting from cities such as Inter­

national Falls until substantial housing could be 

built near the project site. Another possible problem 

is the amount of land available for residential con­

struction. Since much of the region's land area is 

peatlands, and suitable housing sites more difficult to 

find, housing construction costs may be higher. 

As mentioned earlier, total retail sales are 

a measure of the amount and extent of available 

services a region has. Tables 15 and 16 demon­

strate the differences in retail sales between the 

two study areas. While the Margie study area has 

no significant city or trade center within its 

boundaries, the Toivola study area has seven cities. 

Only Bemidji, which accounts for 90 percent of 

Beltrami County's retail trade, and International 

Falls, which represents 75 percent of Koochiching 

County's sales, have adequate supplies of services 

for a larger population in or near the Margie study 

area. Cities such as Hibbing, Chisholm, Virginia, 

Eveleth, and Grand Rapids, all in the Toivola study 

area, have significant amounts of retail trade that 
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its positive or negative impact on the Margie study 

area will depend on whether private service devel­

opment occurs in an orderly manner. 
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Economic studies of northern Minnesota have 

shown that peatland development will result in in­

creased economic activity due to the inter-industry 

linkages (Maki, Laulainen, and Meagher 1978, p.88). 
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The Toivola area, with a larger economic base in the 

Iron Range communities likely has a greater degree of 

inter-industry activity than does the Margie area. 

This means that as demand for goods and services 
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Table 15: Retail Trade for Counties and Specific 
Cities in the Margie Study Area, 1977. 

Counties and Retail Sales 
Specific Cities City/Area County 
Beltrami (1978) $104,008,000 
Bemidji $90,539,000 

County Excluding 
Bemidji 13,469,000 

Koochiching 58,162,000 
International 

Falls 42,894 

County Excluding 
Bemidji 15,268 

Lake of the Woods 6,519,000 

(Minnesota Department of Economic Security. North­
eastern Minnesota Labor Market Review. 1979-1980; 
Minnesota Department of Economic Development. 
1978 Retail Sales by Type, by Quarter: State, Re­
gions, Counties and Cities. 1979.) 

increases, the Toivola study area's economy could 

grow at an even greater rate as its industries 

react to the demand. 

Table 16: Retail Trade for Counties and Specific 
Cities in the Toivola Study Area, 1977. 

Counties and Retail Sales 

Specific Cities City/Area County 

Carlton $89,860,000 

Cloquet $51,084,000 

County Excluding Cloquet 38,776,000 

Itasca 130,190,000 

Grand Rapids 93,252,000 

County Excluding 
Grand Rapids 36,938,000 

St. Louis 782,653,000 

Chisholm 15,001,000 

Duluth 403,490,000 

Eveleth 21,830,000 

Gilbert 3,507,000 

Hibbing 90,080,000 

Virginia 105,304,000 

County Excluding 
Above Cities 143,441,000 

(Minnesota Department of Economic Security. North­
eastern Minnesota Labor Market Review. 1979-1980; 
Minnesota Department of Economic Development. 
1978 Retail Sales by Type by Quarter: State, Re­
gions, Counties and Cities. 1979.) 
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Government Financing 

Differences in problems of local government 

financing due to development impacts in the Margie 

and Toivola study areas are hard to distinguish. A 

much more detailed study of the individual units of 

government is required. It is evident, however, 

that the more urbanized Toivola site could absorb 

the possible impacts of peatlands development. 

This site has experienced the boomtown effects from 

the iron ore and taconite industries and may al­

ready be geared to handle these problems. Govern­

mental units such as the IRRRB demonstrate the 

cooperation that already exists between the local 

communities and counties. Since local-government 

financing involves a complex network of funding 

alternatives, cooperation between the different 

units of local government will do much to eliminate 

many possible problems in this complex network. 

SOCIAL EFFECTS 

Related to and as important as the economic ram­

ifications of peatland development are its social 

implications. While new development can bring many 

economic and social benefits to an area, it can 

also fundamentally alter the nature of com..munities 

by disrupting traditional settlement patterns, 
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changing the nature of commerce, and transforming 

personal lifestyles. The historical continuity of 

a community, which evolved through a series of in­

cremental changes over many years, can be radically 

altered in just a few years. 

The degree to which peatland development re­

sults in beneficial social impacts depends on the 

specific nature and scale of a project, its loca­

tion, and the rate of development. To avoid major 

disruption of existing communities and their resi­

dents, the nature and scale of a project should be 

compatible with the social and econo.mic systems and 

historical development patterns of the area in 

which it is proposed. 

Residents may welcome a change in the nature 

of their community and may desire the expanded eco­

nomic and social opportunities which can accompany 

major development. However, it is important that 

economic growth and social change occur in an 

orderly manner. Thus, the rate of development (in 

part a function of the project's scale) should be 

gradual enough to allow communities to identify and 

ameliorate detrimental impacts and anticipate the 

subsequently altered character of their communities. 

The Special Problems of "Boomtown" Growth 

One detrimental kind of energy development is 
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rapid-growth or 11boomtown11 development, which 

occurs when a community experiences faster than 

average economic and population growth. Although 

it results in increased employment opportunities, 

an expanded tax base, and increased social and cul­

tural diversity, boomtown growth severely strains 

existing community institutions. One major problem 

associated with boomtown energy development is the 

inflation due to increased demand for services by 

incoming personnel and their families. This demand 

exceeds the capacity of existing local systems. 

Problems associated with stress caused by rapid 

change also increase as this very nature of a 

community is altered (Davenport, III, and Davenport 

1980, p. 43). 

Depending on its specific nature, scale, loca­

tion and rate, development of Minnesota's peatlands 

for energy could result in disruptive social im­

pacts, including boomtown effects. For example, 

one proposal is for construction of a large-scale 

(250 million cubic feet a day) peat gasification 

plant in north-central Minnesota. Locations for 

the project are currently being examined in the 

Margie study area (see previous section; Economic 

Effects of Peatland Development), a sparsely popu­

lated area of Minnesota. The current economic 

bases of communities in the Margie area are agri­

culture, forestry, and tourism. This area is near 

the Red Lake Indian Reservation, which has a tribal 

community of 4,200 people economically and socially 

dependent on fishing, hunting, agriculture, wild 

rice production, and forestry. These communities 

could be greatly affected by the economic and 

social impact of such a project. 

It was estimated in'the previous section (Eco­

nomic Effects of Peatland Development) that this 

project could directly or indirectly cause a popu­

lation increase of over 16,000 people during con­

struction, assuming that no local people would be 

employed. Even if it is assumed that people from 

local communities substituted for 50 percent of the 

increased population, the 8,000 additional people 

would still result in a 41 percent increase in the 

population of the area (1977 population figures). Af­

ter the construction period and during the operation 

of the plant, the population would increase by 22,000 

people, again assuming that no local people were 

employed. If 50 percent of that potential increase 

could be replaced by existing populations, the 

11,000 additional people would still result in a 

long-term population increase of 54 percent. 

The impacts of these sudden and significant 
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increases will be amplified in the small towns near 

the development site. For example, the largest of 

the six towns in the Margie study area is Little 

Fork, with a population of 805. The smallest is 

Mizpa with only 124 people. While some of the pop­

ulation influx might be absorbed by International 

Falls (population 8,842), which lies just outside 

the study area, it is likely that the detrimental 

social impacts on these small towns would be sig­

nificant. 

While the gasification proposal is the largest 

thus far suggested for Minnesota, other large-scale 

peat utilization schemes for energy are also likely 

to be proposed, Thus boomtown effects on existing 

communities are a major concern. 

Recent studies of boomtowns caused by energy 

development in western states document the detri­

mental social implications of rapid-growth develop­

ment. Statistics gathered'in boomtowns indicate 

dramatic increases in crime, alcoholism, suicide, 

family and child behavior problems, employee turn­

over, and declines in worker productivity (Freuden­

burg February 1980, p. 1-4). One such boomtown is 

Craig, Colorado. Its 5,000 population doubled in 

two years as a result of construction of a coal­

fired power plant. Statistics gathered from Craig 
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over those two years reflect a pattern found in 

other boomtowns: 

• Overall crime rate rose 300-450 percent (de-

pending on computation method). 

• Crimes against persons went up 900 percent. 

• Crimes against property rose 222 percent, 

• "Family disturbances" increased by 352 per-

cent. 

• "Child behavior problems" rose 1,000 percent. 

• Alcohol-related complaints rose 550 percent. 

• Other drug-related reports went up 1,400 per­

cent (Adapted from Lantz and McKeown 1979, 

p. 45, and Freudenburg 1980, p. 1-4). 

Researchers have interpreted these statistics 

as a reflection of both sudden growth in community 

population and of the characteristics of incoming 

residents. But the statistics apparently also re­

flect significant changes in the viewpoint and be­

havior of original residents. It appears, for ex­

ample, that an increased number of crimes are not 

committed only by the new residents, but also among 

the original residents following changes in the 

community (Freudenburg 1980, p. 6-7). Thus, the 

social problems of boomtowns may not be primarily-­

or even in part--brought on because of the charac­

ter of incoming residents, as has sometimes been 
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suggested. Rather, these problems may be due to 

the changes in the community resulting from rapid 

growth. 

Even so, the typical reaction of original and 

incoming residents to emerging social problems is a 

divided community. Referred to by boomtown re­

searchers as "bifurcation," this phenomenon is 

characterized by social dichotomies such as "old­

timer vs. newcomer," "rural vs. urban," or "ranch­

er vs. hardhat" (Davenport, III and Davenport 1980, 

p. 43-4) . 

The alienation and fragmentation in boomtowns 

may be related to an important change observed in 

one study: 

... each individual person becomes a smaller 
part of a larger whole, So the transition be­
gins--the community moves toward a larger and 
more diverse population, the longtimers know a 
smaller percentage of their neighbors, there 
is a differentiation of interests and associ­
ation, and more and more transactions between 
people become formal and contractual rather 
than personal and face-to-face (Cortese and 
Jones 1979, p. 10). 

Researchers have examined some of the effects 

of rapid growth on the well-being of particular 

boomtown residents. The following analysis draws 

heavily on a major paper by Freudenburg (1980) 

which summarizes the observations of a number of 

boomtown researchers. In general, newcomers tend 

to experience the benefits of rapid growth to a 

greater degree than do original residents. Con­

struction workers--usually from outside the commu­

nity--benefit from the employment and personal in­

come available due to development. They have free­

ly chosen to become part of the community with its 

new boomtown character. Their wives, however, do 

not fare as well, sharing in the negative conse­

quences experienced by local women in general: 

A construction worker's wife is generally not 
able to make friends or to gain a sense of 
personal worth from work, for her family may 
not stay in a community long enough to make it 
worth her while to search for a job. The wife 
generally reports that she does not have as 
much influence or free choice as her husband 
in deciding whether or not to move to a new 
community, and she may also be bothered more 
than her husband by inadequacies of housing, 
recreational, and educational opportunities, 
or by problems of isolation which result from 
living in a "fringe" trailer settlement 
(Freudenburg 1980, p. 21). 

Newcomers likely to remain in the community 

after construction--highly skilled managers and 

supervisors--tend to seek establishment in the 

community. They often benefit by eventually becom­

ing the leaders of the newly developed community, 

guiding its transformation (Freudenburg 1980, 

p. 22-24). 
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How does new development affect original resi­

dents whose livelihood is derived from current land 

uses? Studies of western boomtowns indicate that 

farmers and ranchers who do not expect to sell 

their own land for development experience undesir­

able effects of rapid growth development, in part 

because their once central role in the community 

diminishes. 

When compared with the ranchers in the three 
non-boom communities, the boomtown ranchers 
were significantly more likely to say that 
their community had grown "worse" in the three 
or four years before the survey, to say that 
the recent rate of change had been "too fast," 
and to assess the quality of their own lives 
in a very negative way: They were signifi­
cantly less happy, significantly more likely 
to describe their lives as "disappointing" 
(rather than "rewarding"), and as "discourag­
ing" (rather than "hopeful"), and they were 
even more likely to have experienced a number 
of stress-related physical illnesses (Freuden­
burg 1980, p. 36). 

It has been speculated that the original resi­

dents who are elderly are likely to suffer the most 

from rapid-growth development. However, the elder­

ly may be the best equipped to insulate themselves 

from the changes in their communities. This is be­

cause they are often "set in their ways," an 

attitude which gives their lives continuity despite 

the radical changes going on in their community. 
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This attitude is reinforced by insulation provided 

through association with a large network of friends. 

In addition, the elderly often support economic 

growth in principle, believing it will assure the 

continued existence and "progress" of their commu­

nity (Freudenburg 1980, p. 39-41). 

Even so, it seems likely that those elderly 

people who cannot or will not insulate themselves 

could be alienated by changes in the appearance and 

operation of the community, the destruction of lo­

cal landmarks, and the disappearance of the pre­

boom conmiunity's way of life. In addition, those 

elderly who live on fixed incomes may have a hard 

time adjusting to changing housing, food and other 

costs. 

The youth of original residents do not have 

insulating mechanisms to protect their sense of 

well-being. One study, which compared the atti­

tudes of boomtown students with other students of 

the same age living in the same region, indicated 

negative impacts: 

When compared to their peers in the three 
other western Colorado communities, the stu­
dents in the boomtown show a pattern of con­
sistently negative evaluations--of their 
communities, their schools, their peers, and 
even themselves. They feel worse about the 
energy growth, the government, their teachers, 



and their lives in general. They describe a 
social situation which few people would find 
desirable; they are significantly more likely 
to speak of fear, threats, and criminal vic­
timization; and many of them appear to have 
responded to the changes in their lives by de­
veloping a virtual sheath of cynicism, 
attempting to manage their malaise by dis­
counting or devaluing much of the world which 
surrounds them (Freudenburg 1980, p. 42). 

Educational institutions undergo major changes 

as a result of boomtown growth. In addition to over­

crowding, two other problems have been observed. The 

stability of school programs is often upset as a result 

of the transiency of many of the children, particularly 

those of construction workers. This can b~ damaging to 

the learning process for all students and it can 

create problems for teachers who must conduct an 

educational program while continually gaining or 

losing students in their classrooms. In addition, 

conflicts in values and lifestyles between local 

and incoming students can create friction in boom­

town schools. On the other hand, new demands 

placed on schools by incoming residents, some of 

whom are professionally trained, can ¾esult in im­

proved educational programs after a period of 

initial disruption (Cortese and Jones 1979, p. 9). 

Rapid development can also radically change 

the nature of commerce in existing communities in 

ways disruptive to community traditions. Rapid 

growth is often accompanied by a high turnover in 

business ownership. As the community and its busi­

ness clientele change, some local business people 

often decide to sell their businesses to take ad­

vantage of handsome offers made by incoming entre­

preneurs. In addition, although many existing 

businesses may benefit from expanded markets, the 

smaller businesses may find it difficult to compete 
' 

with new enterprises, especially national chains 

which often move into boomtown communities in re­

sponse to the sudden increase in consumer dollars. 

With their large volumes, they can often sell goods 

and services at lower prices than smaller existing 

businesses (Freudenburg 1980, p. 30; Cortese and 

Jones 1979, p. 8). 

While these new businesses may offer lower 

prices and a greater variety of goods and services, 

there are social disadvantages to the changes. "In 

particular, many business owners have found that growth 

requires them to change their ways of doing business-­

using new advertising techniques, discontinuing spe­

cialized services, learning that they 'can't afford the 

time' to chat with customers and so on" -(Freuden­

burg 1980, p. 29). These are important social as­

pects of commerce that contribute to the quality of 
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life in communities. 

Research into the social implications of rapid 

growth development in energy communities is not ex­

haustive. Much has yet to be learned about the 

reasons for increased crime and other problems 

associated with boomtowns. Those studies which 

have been completed provide some sense of the dis­

ruption that rapid growth can promote. 

Various methods for coping with boomtown 

effects have been examined. These include communi­

ty planning (Jirovec 1979; Bleiker 1980), "needs 

assessment" (Olson 1980; Hawkins 1980), improvement of 

mental heal th programs (Weisz 1980), grass-roots organ­

izing to mobilize citizens to prepare for the impacts 

of boomtown growth (Warner 1979; Jirovec 1979), and 

job training programs for local residents to reduce 

the need for imported workers (Davenport, III and 

Davenport 1980, p. 47). However, these measures 

assume large-scale energy'development will occur. 

Freudenburg argues that "an ounce of preven­

tion may be worth far more than a pound of miti­

gative measures," and that "it is only when we 

stick with large, centralized installations that we 

even need to worry about boomtowns ••• in fact, the 

only way to get a boomtown is to do everything 

wrong" (Freudenburg 1979, p. 58). He suggests that 
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projects should be modified in several ways in 

order to minimize their boomtown effects. These 

include reducing the size of facilities, using con­

struction technology which limits peak construction 

employment and thus minimizes the boom, increasing 

the duration of the construction period, and siting 

projects in densely populated areas that include 

several communities (Freudenburg 1979, p. 58-60). 

The problems of boomtown growth are especially 

obvious. But disruptive change in communities can 

also occur over longer periods of time as a result 

of any new development not compatible with estab­

lished community life. These changes--though more 

slowly manifest--can alienate original residents 

who have witnessed the replacement of their tradi­

tional way of life and their old community with 

something new and quite different. In this regard, 

the boomtown can be thought of as the most extreme 

form of community alteration at the most extreme 

rate. 

While the detrimental social impacts of new 

development may be less pronounced when they occur 

at a more accommodating rate, these same kinds of 

impacts can still be of great concern to original 

residents. Peatland development that will result 

in significant changes in communities should be 



examined for its social impacts even if the rate of 

development is more gradual than that which charac­

terizes boomtowns. 

Political Implications 

Among the possible social effects of peatland 

development are political changes resulting direct­

ly or indirectly from major development. A de­

tailed examination of political change is beyond 

the scope of this report. However, a number of 

implications are identified in the following dis­

cussion. New development can alter existing rela­

tionships between local, state, and federal govern­

ments as well as shift their particular responsi­

bilities. This can have significant effects on the 

local political process. Depending on the nature 

of the development, the state and federal govern­

ments can become directly involved, primarily 

through regulation of what have been local political 

and governmental affairs. As a result, local gov­

ernments at municipal and county levels may play a 

diminished role. 

The involvement of state and federal jurisdic­

tions may or may not enhance the influence of local 

citizens on development policy and other local 

matters. To some, these new government influences 

are just what is needed to "shake up" complacent or 

unresponsive local government officials. On the 

other hand, the shift of government control and 

political power from local to state and federal 

jurisdictions may not be welcomed by local citizens 

and public officials. It may be viewed as an in­

appropriate centralization of authority over deci­

sions which belong to local government. 

A political process based on local government, 

in which citizens have dtrect influence over poli­

cy, can suddenly be altered to include these dis­

tant, less well understood, and less locally ac­

countable jurisdictions. State and federal regula­

tory functions are typically performed by bureau­

cratic agencies that may use formal political process­

es primarily to generate legitimacy for decisions 

rather than to invite citizen participation. Thus, 

government accountability to local citizens is 

further eroded. 

In addition, the regulatory and planning func­

tions which remain the responsibility of local 

government become more complex and time consuming 

as the demand for government services increases. 

These functions, once performed by local elected 

officials or volunteer citizen committees, are 

delegated--perhaps out of necessity--to profes­

sional government staff or hired consultants. In 
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this way local government operations change in 

character and become less accountable. 

It has been thought that as citizen influence 

diminishes locally it increases at state and feder­

al levels. However, given the nature of the regu­

lating agencies at those levels, it is possible 

that when citizen influence erodes at the local 

level, it declines overall. 

Another possible political implication of sig­

nificant development is the creation of a "company 

town" atmosphere. The politics and government of 

growing communities can be heavily influenced by 

new developers, both particular companies and in­

dividual company leaders. New industries may be­

come the major employers in the community as well 

as its largest local taxpayers. Because of this 

dependence, new industries can become influential 

and even dominate the political forces in a commu-
' 

nity, thus overwhelming the influence of the citi-

zenry. 

ENVIRONMENTAL EFFECTS 

As is the case with economic and social im­

pacts, the specific nature and scale of the tech­

nologies used for producing energy and the particu­

lar peatlands selected will determine the character 
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and extent of the environmental effects of develop­

ment. Study of these potential impacts has only 

recently begun in the United States. As a result, 

many uncertainties remain about the nature and ex­

tent of environmental impacts. In particular, the 

impact of various methods of peat mining on ground 

and surface hydrology are not well understood and 

to a large degree require analysis of specific 

sites. In addition, little information exists 

about any of the impacts of energy-crop production 

on peatlands, some of which will also be site­

specific. 

However, studies have recently begun under the 

auspices of natural resource departments and other 

agencies in various states considering peatland de­

velopment. Of these studies, those being conducted 

by the Minnesota Department of Natural Resources 

since 1975 are probably the most extensive. The 

United States Department of Energy, as part of its 

peat gasification development effort, began a 

generic environmental analysis in 1979. In addi­

tion, environmental impact will be considered in 

Minnegasco's current feasibility study of large­

scale gasification. The 19-month study, being 

funded by DOE and the Gas Research Institute, is 

expected to be completed in mid-1982. 



Available information indicates that peatland 

development could affect the environment in several 

ways. Peatland development for energy could result 

in significant land disturbance and affect water 

quality, peatland hydrology, air quality, and fish 

and wildlife habitat. In addition, several health 

and safety issues are of concern. 

These environmental impacts can be managed in. 

several ways. Development sites can be selected so 

that impacts will be contained in or confined to 

narrow geographic areas. This can also reduce the 

total impact in any one location. For example, 

containment is of particular concern when distur­

bance of ground and surface hydrology could effect 

watersheds that span many miles and may cross in­

ternational boundries. 

Impacts can also be mitigated or prevented 

through the adoption of particular energy production 

technologies, pollution control devices, or manage­

ment practices which will minimize or avoid impacts. 

Impacts can be further prevented through the care­

ful selection of particular technologies and sites 

whose development will not generate as many impacts 

as development of other technologies and sites. 

Impacts of Land Preparation, Mining, and Dewatering 

Land disturbance is one of the impacts associ­

ated with the clearing and mining of peat for ener­

gy. This is because peat is a surface mineral, and 

its extraction affects wildlife, forecloses other 

land uses, and affects the efficacy of reclamation. 

While there is some variation between mining meth­

ods, all methods require disturbing large acreages 

relative to the amount of energy produced from 

their peat. For example, it has been estimated 

that a 250 million cubic feet a day SNG plant 

would require approximately 28,500 tons of dry peat 

a day. Since a peatland can yield 200 tons of dry 

peat per acre foot, such a plant would require 142. 5 

acre feet per day (Aspinall and Hudak 1980, p. 2). 

These kinds of volumes are required not only 

because of the scale of this project, but because 

peat, which is 80-90 percent water, contains fewer 

Btu's of energy per pound than other fuels. Land­

area requirements are also large because peat is 

found in mineable sites at depths of only 5 to 20 

feet. It has been estimated that an 800 megawatt 

power plant would require peat extracted (apparent­

ly with hydraulic methods) from 6,900 acres of 

Minnesota peatland per year. That same plant would 

require surface mining of only 50 acres of western 
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coal and 85 acres of eastern coal (Walters, King, 

and Richardson 1980, p. 6). 

Significant differences in land requirements 

exist between dry and wet mining approaches. The 

hydraulic method excavates to the full depth of the 

peat, while the milled method removes only the very 

top of the surface with each excavation pass. 

These differences mean that to remove the same 

amount of peat, hydraulic mining disturbs one acre 

while the milled peat method disturbs ten (Aiken 

1981). 

Further peatland disturbance will occur during 

the construction and stabilization of roads. Be­

cause peatlands cannot support heavy equipment ex­

cept when they are frozen, special construction 

arrangements, including ditching, will be required 

(Lofton 1980, p. 5). 

The substantial req~irements for peat mining 

and the disturbance associated with it should be 

considered when selecting a mining method and de­

termining the scale of mining and processing opera­

tions. 

Air quality impacts are also associated with 

peat mining. The major problem is the fugitive dust 

emitted during extraction and handling. This is 

especially a problem with milled and sod peat min-
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ing, in which the peat is air-dried on the peat­

land. Fugitive dust consists of soil particles and 

peat fibers stirred into the air by wind and equip­

ment operating on exposed peat surfaces. Factors 

that influence the amoung of dust include local 

weather conditions, the moisture content of peat, 

and the mining and dewatering methods (Ertugrul and 

Sober 1980, p. 7). 

Fugitive dust emissions can carry 20 to 30 

miles downwind of a mining operation (MnDNR April 

1979a, p. 68). These effects can be diminished by 

covering storage piles, using wa tersp,rays and the con­

struction of windbreaks (Ertigrul and Sober 1980, p. 7). 

However, the effectiveness of windbreaks for large 

scale mining, which requires expansive land area, 

has not been demonstrated (Walters, King, and 

Richardson 1980, p. 7). 

To a lesser degree, air quality is affected by 

exhaust emissions from vehicles and machinery used 

during excavation and handling. These emissions 

include sulfer dioxide (S0 2), nitrogen oxides (NOx), 

carbon monoxide (CO), hydrocarbons (HC), and par­

ticulates (Ertugrul and Sober 1980, p. 7). The de­

gree to which these are a problem depends on the 

number of vehicles and other machinery and pollu­

tion control devices on the equipment. 



Water impacts associated with land prepara­

tion, mining, and dewatering are perhaps the major 

environmental concerns of peatland development. 

Ditching and the clearing of the land, excavation, 

drainage of the peatland and peat dewatering all affect 

water quality and surface and groundwater hydrology. 

These impacts have been extensively examined 

for the Minnesota Department of Natural Resources 

(MDNR) as part of their Peat Program. This section 

relies heavily on their work (MnDNR April 1979a; 

Clausen and Brooks 1980; Clausen 1980; Crawford 

1978). 

Several water quality impacts have been iden­

tified in the MDNR studies. Potentially harmful 

constituents fovnd in natural peatlands could be 

released into nearby lakes, rivers, and streams 

during development. "Based upon the literature, 

discharge waters from natural peatlands have the 

potential of exceeding the toxic limits for fish 

for the constituents pH, zinc, and dissolved oxy­

gen; exceeding drinking water standards for iron 

and color; and exceeding the MPCA fisheries and 

recreation standards for pH, color, and dissolved 

oxygen" (Clausen and Brooks 1980, p. ix). The 

herbicide DDT and its breakdown form DDD have been 

found in Canadian peatlands (Clausen and Brooks 

1980, p. viii). In addition, mining, with or with­

out drainage, could result in impacts from the 

"apparent tendency of peat to absorb such heavy 

metals as copper, nickel, and mercury ••• Such heavy 

metals could be released into the ecosystem if 

peatlands were disturbed" (MnDNR April 1979a, 

p. 12). 

Other impacts relate to development-induced 

changes in the water quality of the peqtlands them­

selves. 

• Drainage and mining of bogs may increase pH, 

calcilllll, magnesilllll, bicarbo~ate, sulfate, and 

humic and fulvic acids and decrease chloride 

and nitrate concentrations in discharge waters. 

• Drainage and mining of fens may increase pH, 

magnesium, sulfate, nitrate, and humic and 

fulvic acids and decrease calcium and bicar­

bonate concentrations in discharge waters. 

• With the increased age of drainage and mining 

operations, pH, iron, calcium, magnesium, bi­

carbonate, and humic and fulvic acid concen­

trations increased due to increased aeration 

(Clausen .and Brooks 1980, p. x). 

Other water quality impacts are associated 

with peat dewatering and with the disposal of water 

after peat has been removed from slurries used in 
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some forms of hydraulic mining. The constituents 

outlined above are likely to be also found in this 

waste water and could deteriorate waters into which 

they are disposed. 

It is important to note the large volumes of 

water that could be affected. It has been estima­

ted, for example, that the peat required each day 

to fuel a 250 million cubic feet a day gasification 

plant would contain 43 million gallons of water 

(Aspinall and Hudak 1980, p. 2). Much of this 

water -- perhaps even 50 percent of it -- would 

have to be disposed after the peat is dewatered. 

Much has yet to be learned about the ground­

water systems of peatlands and the hydrology im­

pacts of development. However, some significant 

impacts have been identified by the MDNR (MnDNR 

April 1979a; Clausen and Brooks 1980; Clausen 1980). 

When peatlands are drained, groundwater collection 

and flow are affected. Peat subsidence (sinking) 

increases, causing the peat to become more dense 

and to lose some of its porosity, permeability, 

water content, and capacity for holding water. 

Drainage generally reduces evapotranspiration, 

especially during the summer and in dry years. It 

lowers the groundwater table and modifies the pat­

tern of flow so that water moves toward the ditch. 
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It also increases the storage capacity of the peat­

land. 

Drainage also affects peatland runoff. Ac­

cording to MDNR, the effects of drainage on runoff 

vary with the spacing, age, and type of drainage 

ditching used; peat or peatland type; vegetation 

type; and climate. Drainage has been found to in­

crease runoff overall and to distribute flow more 

evenly throughout the year. Apparently it also de­

lays runoff by increasing the storage capacity of 

the peat (Clausen and Brooks 1980, p. vii). 

Possible techniques for mitigating those water 

impacts have been identified (Ertugrul and Sober 

1980, p. 11-13). These include: 

~ Buffer zones to control or limit subsurface 

interchange of mining area water and surround­

ing environs. 

• Control of pH in affected waters through 

natural or artificial methods. 

• Control of vertical and horizontal movement of 

surface and sub-surface water within mining 

areas and between these areas and surrounding 

environs using layers of relatively imperme­

able hemic and sapric peats or impermeable in­

situ clays" 
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• Control of the ratios of buffer zones, ponding 

waters (for dewatering and slurry effluent), 

agriculture zones, and wildlife areas to pro­

duce a hydrologic response during and follow­

ing peat extraction comparable to the pre­

mining hydrologic response of the system. 

All of the impacts associated with land prepa­

ration, mining, and dewatering outlined in this 

section also affect the fish and wildlife habitats 

of peatlands. Disturbing peatlands through develop­

ment will annihilate immobile species and drive 

mobile species out of the area. Wildlife popula­

tions will be displaced not only on,but near areas 

that are disturbed or destroyed. Wildlife will 

also be affected by the presence of human popula­

tions, which can interfere with mating, nesting, 

rearing and migration. In addition, changes in 

these habitats and removal of particular species 

can alter the prey-predator relationships of 

carnivores and herbivores both on and off develop­

ment sites. Wildlife can also absorb toxic mater­

ials in the terrestrial biota caused by changes in 

air and water environments. These toxic materials 

can be transmitted through the food chain to higher 

organisms (King et al. 1980, p. 3: 45). 

In addition, the drainage and ponding required 

by mining generates physical and chemical changes 

that affect aquatic and estuarine ecosystems. 

These can affect fisheries positively or negatively, 

depending on the particular situation and species: 

Potential beneficial effects ... would occur if, 
for example, low flows are supplemented with 
good quality water; increased habitat is 
created by formation of additional drainages 
and lakes; or small increases in micronutri­
ents are discharged,from drained areas. The 
opposite situation would occur if water quali­
ty or other stresses are placed on the system 
that adversely impact the fishery resource. A 
few common examples of these conditions are 
discharges of poorer quality water, reduction 
of dissolved oxygen levels, removal of habi­
tat, severe sedimentation, salinity changes, 
and temperature stresses (King et al. 1980, 
p. 3: 39). 

The magnitude of impacts on fish and wildlife 

will depend on the particular method and scale of 

mining, its water and air quality impacts, and the 

extent to land which is disturbed. Because peat 

lands vary in their importance as fish and wildlife 

habitats, the significance of projected impacts on 

fish and wildlife will depend on the location of 

development. 

Impact of Growing Energy Crops on Peatlands 

Unfortunately, there is little information 

available about the environmental impacts of growing 
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energy crops on peatlands. However, a few general 

observations can be made. 

Land disturbance through peatland preparation 

and energy crop production and harvesting could 

have a major impact. It has been estimated that to 

produce a given amount of energy through production 

of cattails would require ten times the land area 

used to produce that same amount of energy from 

peat extracted with the milled peat method, and one 

hundred times the land area used to produce energy 

using hydraulic mining of peat (Aiken 1981). 

However, unlike extractive approaches, the 1and 

disturbed by energy-crop production can be used in­

definitely because the peat is not removed. Peat­

lands hold more energy potential if they are used 

to grow energy crops than if they are mined for 

their peat, but more land is disturbed at any one 

time to produce that ene1'gy. 

Air quality impacts of energy crop production 

and harvesting are likely to be less severe than 

those associated with peat extraction. They are 

primarily related to air pollutants emitted from 

production and harvesting equipment. Fugitive peat 

dust is not a major problem, because the peatland 

is largely left intact. However, peat dust and 

crop residues, stirred by wind, tillage, and har-

118 

vesting, could create local air quality problems. 

Water imp~ct~ of energy crop production could 

also be significantly less severe than those asso­

ciated with peat extraction. It has been suggested 

that full-scale drainage, like that associated with 

peat extraction, would not be necessary, thus 

avoiding major changes in water quality and hydrol­

ogy (Minnesota Water Planning Board 1980, p. 17). 

However, major drainage can probably be avoid­

ed onlv if wetland energy crops such as cattails 

are used. Even then, some drainage may be required 

to regulate water level. Production of woody crops, 

such as willows, may require drainage of the type 

used in agricultural or forest production. In 

addition, water quality might be affected by use of 

fertilizers and pesticides, depending on the degree 

and type of use necessary. 

Thus it is possible that water quality impacts 

like those associated with agricultural and forest 

production on peatlands could occur when growing 

energy crops. According to the MDNR agricultural 

and forest production on peatlands can generate the 

impacts listed below. Could these then also occur 

as a result of energy crop production? 

• Agricultural activities which include: drain­

age, cultivation, and fertilization appear to 



increase nitrogen, phosohorus, and potassium 

concentrations in discharge and soil solution 

waters. 

• Cultivation and fertilization appear to in­

crease the specific conductivity of soil solu­

tion and discharge waters. 

• Agricultural practices modify the relative a­

mounts of various forms of nitrogen in dis­

charge waters. 

• Forest drainage is likely to increase pH, cal­

cium, sodium, potassium, manganese, and possi­

bly conductivity; and decrease organic carbon 

and acidity and possibly iron, ammonium, and 

phosphate with the magnitude of change being 

greater if the ditch intercepts mineral soil. 

• Forest drainage is likely to increase suspend­

ed sediment immediately after drainage follow­

ed by a reduction over time with periodic 

rises during rain storms. 

• Fertilization with NPK (nitrogen, phosphorus, 

and potassium) of drained forested.peatlands 

increases phosphorus and decreases iron in 

peatland waters. Fertilization with NPK and 

lime (Ca Co3) increases pH and calcium and re­

duces iron in drainage waters, and reduces 

ammonium and nitrate in the peat (Clausen Jan-

uary, 1980, p. ix). 

Fish and wildlife might also be affected by 

energy crop production on peatlands. The impacts 

on their habitats could be significant, replacing 

ecosystems of diverse plant and animal species with 

large expanses of monocultural plant communities. 

Impacts might include displacement of species, in­

terference with wildlife ~ctivities, and the ef­

fects on fish and wildlife resulting from changes 

in soil, air and water quality. 

Impact of Processing and Utilization of Peat 

Little information is available regarding the 

impact of processing crops to produce energy. For 

this reason, the following discussion focuses ex­

clusively on peat processing. Because peat and 

biomass are both composed of plant material, it may 

be that some of the impacts discussed below are 

pertinent to biomass processing as well. 

After peat is extracted and dewatered, it can 

be processed or used directly as fuel. Consultants 

for DOE have identified several air quality impacts 

associated with processing and utilization of peat 

as a fuel (King et al. 1980, p. 3:29 - 3:36). The 

following chemical species are produced: 
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• Carbon monoxide (CO), from direct combustion 

of sod peat, peat briquettes, or pe,1t-fuel and 

peat synfuels plants. Carbon monoxide results 

from incomplete combustion. It is not easily 

collected in scrubbers and can be controlled 

only by improving the combustion process. 

~ Nitrogen oxides (NOx), particularly nitric 

oxide (NO), from direct combustion of peat 

fuel and peat synfuels plants. In the atmo­

sphere, nitric oxides are transformed to nitro­

gen dioxide (NO 2), a catalyst in the formation 

of photochemical air pollutants. 

• Sulfur oxides (SOx), from direct combustion of 

peat-fuel and peat synfuels plants. w'hile 

peat is relatively low in sulfur content, 

combustion and processing to synfuels could 

aggravate the problem of acid rain. 

• Particulates, from direct combustion of sod 

peat, peat briquettes, or peat-fuel and peat 

synfuels plants. These include particulate 

sulfate, heavy metals and polynuclear hydro­

carbons. 

• Non-methane hydrocarbons, from direct combus­

tion of sod peat, peat briquettes, or peat­

fuel and peat synfuels plants. The result of 

incomplete combustion, these compounds can re-
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act in the atmosphere to produce photochemical 

oxidants. In addition, polynuclear aromatic 

hydrocarbons are often carcinogenic. 

@ Metals, from direct combustion of sod peat, 

peat briquettes, or peat-fuel and peat syn­

fuels plants. Accumulated in peat, these 

metals can be emitted as suspended particles 

or gaseous molecules. 

• Reduced sulfur compounds, from peat synfuels 

plants. 

e Nitrogen compounds, in the form of ammonia and 

hydrogen cyanide, from peat synfuels plants. 

e Halgen compounds, such as hydrogen chlorine 

and hydrochloric acids, from peat synfuels 

plants. 

• Water vapor, from facilities using direct com­

bustion of sod peat, peat briquettes, and 

peat-fuel and peat synfuels plants. Vapor 

significantly reduces visibility and promotes 

increased chemical activity of other pollu­

tants. For example, water vapor forms acid 

mists when combined with sulfur oxides, Water 

vapor can occur as icefog during winter in 

northern peatlands, such as those in Minnesota. 

• Carbon dioxide is produced by combustion of 

peat in any form, including the production and 



use of synfuels. Production and consumption 

of synfuels produces more co2 per useful Btu 

than does direct burning of peat (King et al, 

1980, p. 3:36). Within the past decade, sci­

entific consensus has formed that if fossil 

fuel combustion rates continue as currently 

projected by energy conventional forecasts, 

which ignore the resulting COz buildup in the 

atmosphere, will result in significant changes 

in climate and sea levels. These changes 

could begin within a few decades. As now pro­

jected, the changes would have a serious, ad­

verse, impact on, for example, agricultural 

productivity and other human activities. In 

summarizing these impacts, and the scientific 

evidence supporting them, the President's 

Council on Environmental Quality concluded in 

a 1981 report: 

The analysis presented in this report of 
the potential risks from even moderate 
increases in the burning of fossil fuels 
over the coming decades underscores the 
vital need to incorporate the CO2 issue 
into the development of U.S. and global 
energy policy and to accelerate the use 
of renewable energy sources and energy 
conservation techniques (Council on 
Environmental Quality 1981, p. 56). 

The production and use of biomass as an energy 

source produces no net increase in atmospheric 

CO2 and hence does not contribute to increas­

ing the risks from COz induced climate change 

(Council on Environmental Quality 1981; Wood­

well et al. 1979; World Meteorological Organi­

zation/U.N. Environmental Program/Internation­

al Council of Scientific Unions 1980). 

According to the DOE consultants, some of 

these emissions may exceed federal and perhaps 

state limits during combustion of all forms of 

peat. However, peat synfuels plants will have 

greater difficulty staying within these limits than 

will direct combustion approaches. In fact, syn­

fuels plants may exceed allowable limits for par­

ticulates, non-methane hydrocarbons, photochemical 

oxidants, metals, reduced sulfur compounds, nitro­

gen compounds, and halogen compounds (King et al. 

1980, p. 3: 27 - 3: 36). 

Other impacts resulting from peat processing 

and combustion for energy include the accumulation 

of solid wastes and waste water similar to that 

associated with the operation of other fossil-fuel 

fired boilers and related equipment (Walters, King, 

and Richardson 1980, p. 8). Because of the large 

volumes of peat to be processed or burned directly, 

disposal of ash could be a significant problem. 

This ash may contain heavy metals, making disposal 
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more difficult. 

Similarly, waste water. treatment facilities 

will be necessary for some peat facilities. For 

example, peat gasification plants will produce 

noxious by-products such as phenol, benzene (a car­

cinogen), and polynuclear aromatics (e.g. benzo­

pyren). While much of these products can be re­

moved through treatment, significant amounts will 

escape unavoidably and enter the environment (Craw-. 

ford 1978, p. 17). 

Health and Safety 

Several health and safety hazards are associ­

ated with producing energy from peatlands. A major 

problem is the exposure of workers to dust from 

peat mining and handling processes. Experience in 

Europe suggests that this problem can be mitigated 

by using pressurized cabins on equipment or by 

placing these cabins above the level of dust clouds, 

or by providing face masks for workers (Conklin 

1978, p. 4-1). 

It is also important to protect workers from 

hazards related to the presence of high-temperature 

and high-pressure equipment in peat gasification 

and liquefaction plants (Walters, King, and Richard­

son 1980, p. 8). Exposure of workers to the hazard­

ous substances associated with peat processing, 
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such as metal carbonyls, trace elements, and organ­

ic carcinogens can also be a problem (King et al. 

1980, p. A: 68 - A: 70). 

Two other major concerns are dust explosions 

due to spontaneous combustion or accidental igni­

tion of peat, as well as fires on peatlands and 

in peat stockpiles. 

Reclamation 

If Minnesota'& peatlands are mined for energy 

it will be necessary to reclaim them for some long­

term beneficial use. Most current information re­

garding peatland reclamation comes from experience 

in Europe and the Soviet Union, and is based only 

on relatively small scale projects (MnDNR April 

1979a, p. 127). The MDNR, in anticipation of its 

requirement that all state-owned peatlands leased 

for development be reclaimed, has initiated stud­

ies for reclaiming mined peatlands with agricultural 

and forest production. 

There are several possible approaches to re­

claiming mined peatlands. Returning these lands to 

agricultural production is the primary approach 

used in the Soviet Union and is used in Ireland as 

well. Conversion of these lands to livestock 

pasture is also used. Forest production is the 

major reclaimed use of peatlands in Finland, an 



approach which can also provide wildlife habitat 

at the same time that commercial activity is being 

conducted. Wildlife habitat can also be provided 

by transforming mined peatlands into open water for 

aquatic species and migratory waterfowl. Ireland 

has considered reclaiming these lands for recrea­

tion by creating artificial lakes for waterskiing, 

sailing, canoeing, fishing and hunting (Midwest Re­

search Institute May 1976, p. 43-46). 

Recently, interest has developed in reclaiming 

peatlands by growing energy crops on them. In 

Peatland mined for horticultural products in 
northeastern Minnesota prior to reclamation. 

fact, this approach has been suggested by the MEA 

so these lands can continue to contribute to Minne­

sota's energy supply (MEA 1980, p. 4-45). 

If mined peatlands are to be reclaimed, enough 

peat must be left at the base of the mined area to 

enable growth of agricultural products, and energy 

crops, or for forest production. In Finland, Ger­

many, and the Soviet Union, developers are required 

to leave 18 inches for tliis purpose (Midwest Re­

search Institute May 1976, p. 44). 

It is also essential that an adequate drainage 

system be developed after peat mining. Mined peat­

lands are often left in an overdrained condition 

requiring back-filling to provide sufficient mois­

ture for crop production (Midwest Research Insti­

tute May 1976, p. 46). Most reclaimed peatlands 

will also need leveling and some should be cambered 

between ditches to allow surface runoff of rain­

water (Midwest Research Institute May 1976, p. 46). 

If crop production is selected as the reclama­

tion approach, the mined peatland will require the 

following: 

• An initial fertilizer treatment is needed to 

correct for phosphorus and potassium de­

ficiencies. 

• Lime is needed on peats if pH is below 5.0. 



• Application of proper minor elements such as 

copper, manganese, and boron is needed for 

certain vegetable and grass crops. 

• Preparation of a desirable seed bed by disking 

and rototilling is necessary. 

• Use of proper weed control chemicals for 

specific crops is required (Midwest Research 

Institute May 1976, p. 46). 

When selecting the method, scale and location 

of peat mining, it is wise to consider the desired 

reclaimed use of the land and the feasibility of 

possible reclamation approaches. Reclamation 

should be viewed as a necessary part of any mining 

scheme. 

Conclusions 

Development of Minnesota's peatlands for ener­

gy could improve the state's economic and energy 

situations. However, development plans and state 

policies must reflect careful consideration of the 

economic, social, and environmental effects of 

peatland development. 

How they occur in a particular situation de­

pends on the nature and scale of a specific project 

and its particular location in the state, 

The nature of a project is defined by the en-
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ergy technologies and related activities associated 

with it. The types of economic, social, and envi­

ronmental impacts likely to occur depend, in large 

measure, on the nature of the project. 

The appropriate scale of a project is defined 

not in terms of any absolute size, but by the 

ability of a particular project to provide economic 

and social benefits and minimal detrimental impacts 

in a specific location. 

A project's location provides the context in 

which development will occur. The suitability of 

any location will depend on the nature and scale of 

a project as well as the characteristics of the 

site. Some locations will be inadequate for large­

scale projects because they could not absorb the 

economic, social, and environmental changes that 

development will bring. In such locations, con­

sideration of smaller-scale projects is more 

appropriate. 

Table 17 outlines the economic, social, and 

environmental impacts related to the nature and 

scale of a project. The degree to which these im­

pacts are positive or negative depends in part on 

the characteristics of the particular areas where a 

project is located. 

Anticipating the potential economic, social, 



Table 17: The Economic, Social and Environmental Impacts Related to the Nature and Scale of a Development 
Project. 

ECONOMIC IMPACTS 

Jobs and Workers 

• number of new jobs created 
• specific skills required of the 

labor force 
• mix of local and imported 

workers 

Economic Stability 

•long-and short-term stability 
of economic activity in the 
region 

• number of jobs which are 
seasonal or temporary 

Public and Private Services 

• commercial and industrial net­
works needed to provide goods 
and services to the development 
project 

• public '?ervices demanded by the 
development project 

• public and private services de­
manded by development-induced 
population growth 

• time required to make services 
available to the population. 

• ability of government to assume 
the costs of providing public 
services 

Local Economies 

• range of goods and services 
available 

• degree to which commercial enter­
prises are locally owned and 
operated 

• changes in cost of living 

SOCIAL IMPACTS 

Jobs and Workers 

• stability of employment in 
affected communities 

• variety of skills, education and 
background of workers 

• mix of local and imported workers 
living in surrounding communi­
ties 

Communities 

• rate of economic and social 
change in affected communities 

• ultimate size and character of 
affected communities after de­
velopment occurs 

• ability of affected communities 
to absorb changes in size and 
character 

• mix of new and original residents 
• diversity of religious practices 
• range of social opportunities 
• degree to which traditional life­

styles are disrupted 
• changes in local politics and 

government 

ENVIRONMENTAL IMPACTS 

Land 

• character and extent of 
land disturbance 

Water 

• potential changes in the 
quality of ground and 
surface waters 

• degree to which such changes 
'can be geographically con­
tained 

Air 

• character and extent of air 
pollution 

• degree to which pollutants 
can be geographically con­
tained and technically 
mitigated or prevented 

Wildlife 

• potential alterations to 
native fish and wildlife 
habitats 

Workers 

• potential hazards to the 
health and safety of the 
labor force 

Reclamation 

• method of reclaiming mined 
land and the degree to 
which it can be restored 
to a usable state follow­
ing peat extraction 
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and environmental implications associated with the 

nature and scale of a project is essential in 

choosing a geographic area which can best accommo­

date those impacts. Such anticipation also makes 

it possible to minimize or prevent detrimental im­

pacts. When a project is sited in an area that 

cannot accommodate such development, the following 

detrimental impacts can occur: 

1. Development which is rapid and nonorderly and 

therefore disruptive to existing social and 

economic systems. 

2. Reliance on imported rather than the local 

work force. 

3. Excessive demands or burdens on existing ser­

vice networks. 

4. Budget shortfalls in local governments due to 

increased expenditures for public services. 

5. Increases in the cost of living due to rising 

demand f,or goods and' services. 

6. Inadequate supply and increased prices of 

housing. 

7. Disruption or displacement of local commerce. 

8. Environmental impacts which cannot be con­

tained, mitigated, or prevented. 
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VI. LEGAL AND REGULATORY FRAMEWORK FOR PEATLAND 
DEVELOPMENT 

Despite extensive public ownership, Minneso­

ta's peatlands have been largely ignored by the state's 

lawmakers and planners. Now that interest in develop­

ing the peatlands for energy and other uses is in­

creasing, policy-makers will have to decide what 

alternatives for development or preserving peat are 

best for the state. The decision will not be easy, 

since the alternatives are diverse and in some 

cases mutually exclusive. 

Since the state has very little experience with 

peatlands development, peat is not specifically cited 

in most Minnesota laws governing mineral extraction 

or land use. Nevertheless, a panoply of federal, 

state, and local laws and regulations have general 

applicability to any peatland development. Because 

peat is not a mineral nor a traditional energy 

source in this country, and because peat extrac­

tion is not quite like any other surface use such 

as agriculture or forestry, peat's status in this 

regulatory framework is often unclear. 

Whatever the ultimate content of Minnesota's 

policy on peatland development· (what use, if any; 

when; what scale; where), it is extremely import­

ant that the process of decision-making be care­

fully considered. Who decides, and how and when the 

decisions are made can be as important in our sys­

tem of government as thB ultimate decision itself. 

The optimum process will allow all affected per­

sons to participate and all relevant considerations 

to be weighed. 

The first section of this chapter briefly 

summarizes existing laws and regulations related to 

various aspects of peatland development. Relevant 

laws fall into three categories: 

1. Laws which clearly apply to any peatland de­

velopment. 

2. Laws which may apply. In many cases, these 

are laws that give government agencies discre­

tion over their regulatory actions. In other 

cases, statutory language is vague. 

3. Laws which appear to be relevant but are writ­

ten so as to exclude application to peatland 

development. 

The second section of this chapter summarizes 
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options for improving the overall decision making 

framework for peatlands. Three administrative op­

tions are described and evaluated, 

EXISTING LEGAL AND REGULATORY FRAMEWORK 

Research and Development Funding 

Although the state of Minnesota and private 

industry have invested modestly in peatland re­

search and development, funding and direction for 

basic research and development of peat as an ener­

gy source have been generally left to the federal 

government. The Department of Energy (DOE) has 

taken the lead in evaluating the possibilities of 

large scale peat gasification. The Peat Develop­

ment Program, undertaken under the Alternative 

Fuels legislation, is administered through the Of­

fice of Resource Application in DOE. Most of the 

federal work on Minnesota,peatland development has 

been in conjunction with, or oriented toward, the 

large-scale gasification plans of industry. Minne­

gasco and others in the gas industry (Northern 

Natural Gas and the Institute of Gas Technology) 

have also contributed to these studies. 

Two new federal programs may eventually be 

used for peatland development. The 1980 Energy 

Security Act created the U.S. Synfuels Corporation, 
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which can provide various types of financial assis­

tance to projects converting peat to any solid, 

liquid, or gas that can be substituted for petrol­

eum or natural gas. It appears that research and 

development are not eligible for funding by the 

corporation, but land, mines, conversion facilities, 

transportation systems, and power plants are 

eligible. 

The Biomass Energy and Alcohol Fuels portion of 

the Act provides similar types of funding for projects 

converting renewable organic matter--wood, cattails, 

willows, or other crops grown on peatlands--to 

energy mostly for alcohol. DOE will administer the 

Act for aquatic plants, presumably including peat­

related crops, while the United States Department 

of Agriculture (USDA) will administer the Act for 

non-aquatic plants. 

Up to $88 billion may ultimately be approp­

riated until the Energy Security Act is phased out 

over the period 1992-1997. 

One related law which may be of significance 

is the National Environmental Policy Act which re­

quires federal government agencies to "study, devel­

op, and describe appropriate alternatives to 

recommended courses of action in any proposal which 

involves unresolved conflicts concerning alterna-



tive uses of available resources" (42 USC §4332(E) 

1976). Since there are many alternative uses of 

peatlands to be explored, DOE may be required to 

study them in addition to the current focus on 

large scale gasification. 

DOE research funding priorities are not put 

before the public for hearings or comment, and 

there is very little that citizens can do to in­

fluence them. 

The state's role in peatland research and de­

velopment has consisted of two large studies. The 

first, the Minnesota Peat Program, is scheduled for 

presentation to the legislature in 1981. The study 

covers environmental, social, economic, and techni­

cal aspects of peatland development. 

In addition, the 1980 session of the Legisla­

ture appropriated $225,000 to the Minnesota Energy 

Agency (MEA) for the Wetlands Biomass Project, to 

be performed at the University of Minnesota. These 

studies will focus in part on the feasibility of 

growing cattails on peatlands and other wetlands 

for subsequent conversion to energy. 

The Iron Range Resources and Rehabilitation 

Board and the Arrowhead and Headwaters Regional 

I:Evelopment Commissions have also been involved to 

greater or lesser degrees in other studies. 

The federal government's commitment to synfuels 

has caused peatland research and development to 

focus on large-scale gasification instead of small­

scale, renewable uses. To the extent that these 

alternative uses are not developed and explored, 

they will tend to be eclipsed by the momentum that 

large-scale gasification now has. There appears 

to be virtually no opportunity for citizens to 

affect the manner in whieh federal research dollars 

are spent on peat. 

Peatland Development Policy 

Neither the federal government nor Minnesota 

has adopted a specific peat land policy or plan. The 

state's peat policy to date has been merely to 

maintain ownership over large areas of peatlands 

and to lease small acreages for horticultural ex­

traction. The state has not indicated what role, 

if any, peatlands will play in its overall energy con­

servation policies. Although the MEA is now ad­

vocating use of Minnesota's peatlands for renew­

able energy crops, no one knows whether that policy 

will be ultimately adopted. The Energy Security 

Act, enacted by the federal government, could pro­

vide funds for pea-tland development, since the goals 

of the act include replacing petroleum and natural 

gas with other energy sources, including peat. How-
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ever, it is not clear whether the funds appropriated 

under the act will go to peatland development. Al­

though local governments could influence a general 

peatland development policy through their land use 

and taxation powers, no local governments have 

elected to use their powers toward this end. 

No unit of government has developed a comprehen­

sive peatland development policy, nor sought public 

participation in the development of such a policy. 

Because of federal funding of research and develop­

ment in the area of large-scale gasification, that 

option appears to be, de facto, the federal peat 

policy. Because peatland development can sub­

stantially affect Minnesota's long-term interests 

in the areas of energy, environment, agriculture, 

and economic development, it is imperative that a 

comprehensive development policy be adopted in a 

way that involves all affected interests, includ­

ing the general public. 

Land Use and Transfers 

The land use and land transfer system in Minneso­

ta is critical to decision-making in peatland 

use. In this system, private landowners and num­

erous levels of government play a variety of roles. 

Conveyance of Privately Owned Lands. A pri­

vate landowner may convey land or rights to land in 
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a number of ways. First, he or she may sell the 

land outright. A conveyance of "fee simple title" 

without limitation will divest the landowner of any 

residuary interest in the property. In order to 

convey "fee simple title" without limitation, the 

landowner must have absolute title to the property, 

and the land cannot be encumbered by liens or other 

restrictions. 

A landowner also may convey land subject to 

limitations on title. Such limitations may exist 

because the land has special significance as a hab­

itat for wildlife, a historic site, a recreation or 

drainage area, or some other special use. Such 

restriC"tions could affect peatland development, but 

it is not known precisely how muc.h of the private­

ly owned land in the peatland regions is subject to 

such limitations. 

In Minnesota, a landowner may convey the min­

eral rights beneath the surface of his or her 

property. Although the law is unclear, peat is 

generally considered by state agencies as a surface 

resource. Therefore, at least as far as state gov­

ernment is concerned, someone who owns only the mineral 

rights to property would not have the right to mine 

the peat there. According to MDNR officials, re­

cent leases of state lands have specifically men-



tioned how peat will be considered in order to 

avoid confusion over its status under the laws. 

A landowner can lease his or her peatland for 

development. Fee title to the property stays with 

the landowner, and full interest in the property 

will revert to the owner at the end of the lease. 

During the term of the lease, a lessee will be able 

to mine or otherwise use peatland located on the prop­

erty. If the typical mineral lease is used as a 

model, the lease will often include a flat annual 

per acre rental plus royalties based upon the 

value of the product. 

Conveyance of Publicly Owned Peatlands. Sev­

eral government units own peatlands in Minnesota. 

The federal government owns approximately 460,000 

acres, managed primarily as national forests, na­

tional wildlife refuges, and by the Bureau of Land 

Management. The state owns approximately 2,540,000 

acres; all are managed by the MDNR. Indian reser­

vations in the state own approximately 290,000 

acres, managed by the various tribal councils. 

Counties administer 615,000 acres, most of which is 

tax forfeited land. Other local government units 

own insignificant amounts. 

Conveyance of lands owned by each of these 

public owners is subject to procedures unique to 

that government unit. With some restrictions, each 

of the various public owners is permitted to sell the 

properties, and each may lease property for peatland 

development. As a general rule, the more "intense" 

the present use of the land, the more difficult it 

is to convey the property. Thus, for example, peat­

lands now part of national or state forests require 

more complicated conveyance procedures--sometimes 

including legislation--than do county owned or ad-
' ministered tax forfeited lands or federally owned 

lands that do not have recreational or other signi­

ficance. 

In addition to outright sales or leases of 

publicly owned lands, transfers are possible. For 

example, Minnesota law allows the state to trade 

land it owns for land owned by federal or local 

government units. In addition, state lands can be 

transferred between uses (for example, from recrea­

tional purposes to unrestricted use). 

Because of the complexities involved in con­

veying publicly owned lands, it is not useful here 

to consider every form of conveyance in detail. It 

is useful, however, to discuss conveyances of state 

owned lands more completely, since the state owns 

most publicly owned peatlands in Minnesota, and 

state law does contain some specific provisions 
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relating to the conveyance of peatlands. 

Minnesota Statutes, Section 92.461, first en­

acted in 1935, prohibits the sale of any state 

lands "which are chiefly valuable by reason of 

deposits of peat in commercial quantities." This 

section also states that before any state land is 

offered for sale, the Commissioner of Natural 

Resources shall evaluate the land to see whether 

it falls within this category. According to de­

partment personnel, peat exists in "commercial 

quantities" only if it extends to a depth of at 

least four feet. 

Minnesota Statutes, Section 92.50, provides 

the terms under which the state may lease its lands 

for purposes of removing sand, gravel, peat, and 

other surface products. Generally, the leases may 

not extend for more than 10 years, except that 

peatland leases may extend for up to 25 years if 

approved by the state's Executive Council (the 

Governor and other statewide elected officials). 

State law permits the leases to contain conditions 

defining exactly how the peat resource will be 

developed. 

There are other provisions for the sale and 

lease of state lands, including forest lands, but 

it is unclear how these provisions relate to those 
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which specifically govern the conveyance of peat­

lands. Presumably, under general rules of statu­

tory construction, the laws relating specifically 

to peat will supercede general statutes affecting 

conveyances of state owned lands. 

State law also contains provisions relating 

to leasing of tax forfeited peatlands. Under 

Section 282.04, a county auditor may, with the 

approval of the county board and the Commissioner 

of Natural Resources, lease peatlands for up to 

25 years. Before these leases can be effective, 

however, a public hearing must be held. 

Land Use Planning and Zoning. Local govern­

ment units can exert control over private peatland 

development through their land use planning and 

zoning powers. (Note: whether local zoning or­

dinances can control the use of state or federally 

owned lands is unclear. The statutes are not spe­

cific, but it is presumed that the state, within 

limits of reasonableness, is able to determine 

uses for its own lands.) 

Minnesota Statutes, Sections 394.21 through 

394.37, give county boards a wide range of discre­

tion in controlling the use of lands within the 

county. For example, a county's comprehensive 

plan and resulting zoning ordinance may establish 



controls in a number of areas that are relevant to peat­

land development. According to the statutes, these 

areas include agriculture, forestry, soil conserva­

tion, water supply conservation, surface water 

drainage and removal, conservation of shorelands, 

wetlands preservation, open space, protection of 

groundwater, protection of "slope, soils, uncon­

solidated materials or bedrock from potentially 

damaging development, 11 preservation of woodlands 

and wildlife habitat, reclamation of non-metal 

mining lands, and erosion and sediment controls. 

In addition, a zoning ordinance may cover the lo­

cation of transportation routes and industrial and 

processing facilities. 

Where countywide zoning is not in effect, a 

town board may ask the residents of the township 

to approve a referendum granting zoning powers to 

the board. If the referendum is approved, the 

board can write a comprehensive plan and then pre­

scribe zoning regulations affecting the location 

and extent of industry, agriculture, and other land 

uses within the township. 

Other Forms of Land Use Control. Various 

state and local government agencies have control 

over the siting of improvements or facilities that 

will affect peatland development. Such facilities 

include power line corridors, roadway and railway 

construction corridors, and waste dumps. 

The current peatland ownership structure is 

complex. Varying laws relating to conveyances and 

permissible uses will apply depending on the type 

of ownership. Because of this situation, it will 

be difficult to implement a development policy af­

fecting all of our state's peatland resources. 

Because state government owns so much of the 

state's peatlands, and because decisions about their 

use are significant land use decisions, a mechanism 

must be developed to insure that peatland develop­

ment meshes with land use policies. The task will 

not be easy, since federal, state, and local gov­

ernment units are all involved in land use deci­

sions, and since peatlands cover such a large total 

acreage. 

Although the state owns so much of the land, 

it may have difficulty ensuring that it is de­

veloped wisely because of ambiguities about such 

things as the legal status of peat as a mineral and 

the variety of conveyance and use restrictions. 

These issues should be resolved as soon as possible 

in a way that will facilitate the implementation 

of a comprehensive peatland development policy. 

Until a comprehensive peatland development 
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policy is adopted, the state should retain its pro­

hibition on selling peatlands and should continue 

its policy of leasing them only for restricted uses 

and for limited periods of time. Executive Council 

approval (or approval of a coordinating structure) 

should be required for all peatland leases of major 

size or duration. The Legislature should review 

maximum allowable lease periods to assure that 

leases for nonextractive uses are long enough to 

allow fair return on investments. 

The Legislature should determine whether to 

treat peatland development as a mineral or a sur­

face use. The authors of this study believe that 

development of peatlands should be designated a 

surface use. This would allow peatland conveyance 

to be consistent, whether the peatland was to be 

mined or where the peatland is used for biomass 

production. Transfer of ~ineral rights, whether on 

private or public lands, would not constitute 

rights to the peat. 

Peatland leases should include specific condi­

tions for reclamation, environmental protection, 

taxes and royalties, so that a lease can be revoked 

if the conditions are not met by the lessee. 
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Certificates of Need and Site Selection 

MEA requires public hearings on energy supply 

and demand before it will issue a certificate of 

need for the following, 1) a new fuel conversion 

facility with a peak capacity of 25 tons per hour, 

2) a new gas pipeline of at least 200 pounds per 

square inch of pressure and length greater than 50 

miles within Minnesota, 3) a peat-fired power plant 

producing 50 megawatts or more of electricity, or 

4) an expansion of a pilot fuel conversion plant. 

(Smaller scale peat energy facilities or biomass 

operations would not require certificates of need.) 

Criteria to be considered include: 

~ forecasts of energy demand; 

• ability of existing facilities to meet that 

demand; 

• the effects of conservation or promotional 

practices by the applicant company; 

• the effect of the proposed facility in making 

efficient use of resources; 

~ the appropriateness of the size, type, and 

timing of the facility; 

• costs, compared to alternatives; 

effects on natural and socioeconomic environ­

ments, compared to alternatives; 

• expected reliability; 



• evidence of benefits to society, compatible 

with protection of envir-onment, economy, human 

health; 

o evidence that the proposed facility can meet 

relevant policies and regulations of state, 

federal, and local governments. 

The certificate of need process requires pro­

posers to list anticipated sites for the project if 

they are known. It is possible that certificate of 

need proceedings would not consider any particular 

site. Thus, a proposed project might be evaluated 

without regard to specific local effects and without 

notification of a specific local community. 

After the MEA completes the certificate of need 

process, the Minnesota Environmental Quality Board 

(MEQB) begins the process of identifying a specific 

site. The MEQB would select sites for peat-fired 

power plants and resultant large transmission 

lines, but not for energy conversion facilities and 

gas pipelines. 

Because the state owns large portions of the 

peatlands, it could presumably have significant 

power in determining project sites: the MDNR and 

the Executive Council could decide precisely which 

state owned lands to lease for what type of use. 

The existing state process for determining the 

need for major energy facilities is a good one. The 

broad consideration of alternatives, conservation, 

economic feasibility, and local effects is import­

ant in assuring that major facilities be built only 

if they are needed. 

Water Conservation and Drainage 

Usable peat is most often found in marsh 

lands bogs or other wetland areas. All of the , , ' 

means for extracting peat from these areas involve 

relocation of water. In traditional extraction 

techniques, excess water is drained from the bog. 

The newer hydraulic mining process uses water as 

a transport medium. Whichever technique is adopted, 

peat extraction will involve relocating excess 

water, at least temporarily. 

Minnesota law contains a variety of regula­

tions relating to water conservation and drainage. 

If peatlands include "public waters," that is, 

waters "which serve a material beneficial public 

purpose," they will be subject to an array of 

water-planning and regulatory provisions under 

Chapter 105 of Minnesota Statutes. The public 

waters category includes waters which have a sub­

stantial impact upon agriculture, underground water 

strata, wildlife habitat, and areas designated as 

"scientific and natural." If the "public waters" 



designation applies, then the peatlands will be 

subject to the jurisdiction of the Com.missioner of 

Natural Resources, the Water Planning Board, local 

government units, other state agencies and "special 

districts." 

If the waters in the peatland areas are not 

"public waters," then relocation of those waters 

may call into play an entirely different regulatory 

system. If the peatland can be defined as a "water 

basin," then the laws relating to drainage systems 

in Chapter 106 of Minnesota Statutes will apply. 

To be defined as a water basin, an area must be 

"an enclosed natural depression with definable 

banks capable of containing water which may be 

partly filled with waters of the state and which 

is discernible on aerial photographs." Many of 

the peatlands in the state fall technically within 

this definition. 

If Chapter 106 applies, then drainage of the 

peatlands will be subject to the public notice and 

hearing requirements for the construction of 

"county ditches" and "judicial ditches" in the 

state. These proceedings allow any landowners 

who may be adversely affected by the drainage to 

file for compensation for any damages incurred. 

On its face, the law relating to drainage does 
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not appear to have been written with peatlands in 

mind. However, a narrow reading of the law sug­

gests that these laws may in fact apply to many 

possible uses of peatlands. 

Under Minnesota Statutes, Section 111.03, a 

district court judge may order the creation of a 

"drainage and conservancy district" for the pre­

vention of fires "in areas of agricultural lands 

or in peat areas subject to destruction and damage 

by fire." These districts are created pursuant to 

petitions that may be filed by individuals or 

appropriate local government officiais. Once a 

district is created, the district board must 

approve any alterations in the water for drainage 

or other purposes. In addition, the court may or­

der the construction of dams, levees, and other de­

vices in order to preserve the water supply. 

The federal government also plays a role in 

water drainage and conservation. The U.S. Army 

Corps of Engineers has permit authority for filling 

and dredging on federal lands and in navigable waters. 

The Corps may take the lead on a federal environ­

mental impact statement, if a proposed development 

is large enough and close to public waters. More 

generally, the International Joint Connnission, con­

sisting of U.S. and Canadian representatives, has 



3. 

some jurisdiction over water use and discharge in 

basins draining into the Great Lakes. 

Although peatland development will inevitably 

displace significant amounts of both surface and 

sub-surface waters, laws relating to water usage 

and transfer are confusing and unclear in their 

application to peatlands. These laws do not 

appear to have been written with the unique char­

acteristics of peatland development in mind. 

Mining and Reclamation 

It appears that neither federal nor state 

mining and reclamation regulations apply to peat 

mining. The federal Surface Mining Control Act 

refers explicitly only to "coal" and "lignite." 

No official interpretation of peat's standing 

under the Act has been made. An internal staff 

memo prepared by the Office of Surface Mining, 

which administers the Act, has concluded, how­

ever, that peat and peatlands do not fall under the Act. 

The chairman of that staff committee submitted a 

minority position that peatland development for 

energy uses should be covered by the Act because 

it will pose major environmental issues as a re­

sult of its mining methods and the location of 

peat deposits. To date, no one has submitted a 

formal request to the Director of the Office of 

Surface Mining for a definitive interpretation. 

It is possible that at a later date the Act may 

be interpreted to include peat. 

If the Act did apply to peat and peatlands, it 

would require permits for peat mining (which cou1d, 

by agTC'C'ment, re administered by the state) and ad­

herence to performancr:· guarantres that land wi l 1 

be restored to original contours and a better 

land use. The mining co~pany would be required 

to contribute to a reclamation fund at so much 

per ton extracted. Areas could be designated 

as unsuitable for surface mining, either by a 

state planning process or by a citizen petition. 

lt is quite clear that the state minelancl ree­

l amation law would not apply to peatlancl develop­

ment, since the law refers only to "metallic 

minerals." This law is the only source of MDNR 

authority over mining, other than the authority 

to place conditions on leases of state land. If 

changed by legislation to include peat mining, 

the reclamation law would allow the state to adopt 

rules covering permits to mine peat, reclaiming 

peatlands,and disposal of peat mining waste. The 

law also would spell out the liability of the 

mining company. Public hearings would be held on 

the proposed rules relating to peat mining and 
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perhaps on each mining permit considered. 

Apparently, no federal or state laws directly 

regulate peat mining or peatlands reclamation. Be­

cause e.xperience with reclarna tion of coal and 

taconite mineland may not apply to peatlands 

reclamation, research will be needed to design 

appropriate regulations. 

Environmental Regulation and Studies 

Over the past decade, an impressive array of 

structures and laws for controlling environmental 

degradation have evolved. Both the United States 

and Minnesota have enacted environmental protection 

acts. Laws designed to protect air and water qual­

ity authorize the federal government to set basic 

guidelines and the state government to administer 

and possibly strengthen the law. Many federal and 

state agencies have potential roles in guarding 

against harmful environmental effects of peatland 

development. 

Air quality. The U.S. Environmental Protect­

ion Agency (EPA) develops standards for implement­

ing the Clean Air Act and its amendments, but the 

Minnesota Pollution Control Agency (MPCA) admin­

isters the law. Five sections are important to 

peatland development. 
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1. National Ambient Air Quality Standards have 

been set for five major pollutants (total 

suspended particulates, sulpher dioxide, 

oxides of nitrogen, carbon monoxide, and 

ozone). The MPCA administers this law by 

granting permits to stationary sources. 

Minnesota's standards are generally more 

strict than federal standards. Air quality 

regulations may be reviewed at both the 

state and national levels in 1981. 

2. Areas in which the levels of one of the 

primary five pollutants are already greater 

than those allowed by standards are desig­

nated Non-Attainment Areas. No new emissions 

of the pollutant are allowed in these areas 

unless pollution from existing sources is 

reduced. Several peatland areas in the 

state are within non-attainment areas. 

3. New Source Performance Standards, which are 

stricter than National Ambient Air Quality 

Standards, apply to newly constructed fuel­

fired facilities. The MPCA conducts pre­

construction reviews. Under its own author­

ity, MPCA can also assess total air quality 

impacts of mining operations (JvrPCA Rules APC 

1, 5, 6, 8). 



4. Hazardous Air Pollutant Standards have been 

established for certain heavy metals. Peat 

tends to absorb such materials, and pro­

cessing or burning peat may release them in-­

Lo the air. 

3. Prevention of Significant Deterioration re­

quires areas in the state to be classified 

according to how much additional air pollu­

tion will be allowed. Class 1 areas are 

allowed almost no additional air pollution. 

Voyageurs National Park and the Boundary 

Waters Canoe Wilderness Area are currently 

Class 1 areas. Indjan reservations, such as 

Red Lake, may designate their lands Class 1, 

by a decision of their governing body. In 

Class 2 areas, some degradation of air quality 

is allowed, such as that which would accompany 

moderate, well-controlled growth. J\'los t peat­

lands are in Class 2 areas. In Class 3 areas, 

large scale development is allowed if second-· 

ary standards are met. It is unclear whether 

wind-blown mining dust or fugitive dust from 

soil are exempt from the requirements for 

prevention of significant deterioration. If 

they are exempt, dust from pc,at mining would 

be excluded from regulation. 

Water quality, The Federal Water Pollution 

Control Act (Public Law 92-500) is also adminis­

tered by the r1PCA under federal guidelines. The 

MPCA administers the National Pollutant Discharge 

Eliminat~ion System by granting permits for the 

treatment of waste water discharges, with specific 

conditi.ons attached. Effluent guidelines are set 

on a case-by-case bas:Ls. The United States has 

set a "no pollution discharge" goal for 1985, 

meaning all water discharges will have to be clean­

ed up by then. In addition, the federal Act sets 

effluent standards for certain kinds of new faci.1-

ities .. , It: it: possible t]1,c:3.t ,c:t,t_h. facilities 1_7,--, .'."cc 

those which convert peat into energy, In the case 

of toxic pollutants, the Act specifies the type of 

anti-pollution devices that must be used. Again, 

the state may adopt stricter requirements Lhan 

those set by the federal EPA,. In addition, MPCA 

requires permits for the construction and oneration 

of closed system waste treatment facilities, in-

c 1 uding tailings basins. Peat mining methods that 

use drainage or hydraulic transportation would 

prohc1hly fall under this requirement. 

Also, MI)CA has authori..ty over all non-point 

source runoff (general runoff not traceab1e to one 

specific source). Noise, disposal of solid waste, 



storage and disposal of liquids, solid wastes, and 

residual materials (i.e., scrubber sludge) are also 

regulated by MPCA. 

Both the air and water laws provide opportun­

ities for public comment. Public hearings are op­

tional. 

Environmental studies. The National Environ­

mental Policy Act (Public Law 91-190) requires that 

an environmental impact statement (EIS) be prepared 

for "major federal actions significantly affecting 

the quality of the human environment." Because it 

is likely that federal subsidies will be sought for 

peatland energy projects, proposals will almost sure­

ly require a federal EIS. DOE is beginning stud­

ies that will gather data which could be used in pre­

paring an environmental impact assessment for peat­

land development. Each proposed peatland development 

project would be subjected to the assessment in order 
' to dee ide whether an EIS is warranted. The purpose of 

EIS is to provide information to the public and deci­

sion-makers about the possible effects of a devel­

opment project, and to give full consideration to 

alternatives to the proposed action. An EIS does 

not require changes in proposed developments; it 

merely provides information. 

It is likely that a state EIS will also be 
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required for peatland development in Minnesota. 

The state is currently rewriting its regulations 

of the state EIS process, which applies to private 

as well as public activities. Under legislation 

passed in 1980, the MEQB will adopt rules which 

will specify in advance what kinds of proposals 

will require an EIS and those that will require 

an environmental assessment worksheet, which may 

or may not show the need for a full-scale EIS. 

Public hearings on these rules are scheduled for 

March 1981. Under the proposed rules, the agency 

responsible for conducting the study will also 

be specified in advance. Proposed rules would 

require an EIS for the following facilities or 

activities that might be associated with peatland 

developmert t: 

• electrical power plants greater than 50 mega­

watts; 

• fuel-conversion facilities for converting 

peat or biomass to gaseous, liquid, or solid 

fuels, if greater than 350,000 dry tons per 

year are processed; 

• peat mining on more than 320 acres; 

• stationary sources of air pollution emitting 

more than 100 tons per year of any one pollu­

tant. 



Environmental assessment worksheets would be re­

quired for: 

• conversion of more than 640 acres of peatlands 

(to biomass, agriculture, etc.); 

• electrical power plants of 1-50 megawatts; 

• conversion of peat and biomass to fuel where 

more than 5,000 dry tons/year are processed; 

• gas pipelines greater than 200 pounds per 

square inch and greater than 50 miles long; 

• stationary sources of air pollution emitting 

25-100 tons of a pollutant per year; 

• alteration of wetlands, stream diversion, or 

water impoundment. 

Other requirements may also apply. 

Under the. proposed rules, financial transac­

tions, legislative actions, and agency rulemaking 

are exempt from the EIS process. If both a federal 

and a state EIS were required for a project, the 

federal EIS would be prepared first and would serve 

as the draft statement for the state EIS. Provision 

is also made in the proposed rules for a generic 

EIS which would cover new types of activities prior 

to development of site-specific proposals. Peatland 

development is specifically identified in the 

comments to the rules as an activity where a gener­

ic approach might be appropriate. 

Other environmental laws. 

1. The National Historical Preservation Act re­

quires that federally financed, permitted, or 

assisted projects cannot adversely affect im­

portant historic or cultural sites unless no 

alternative exists. 

2. In administering the Endangered Species Act, 

the U.S. Fish and Wildlife Service identifies 

endangered species and critical habitats and 

reviews projects in which the federal govern­

ment is involved. It also administers and en­

forces the Executive Orders on floodplains and 

wetlands (Executive Orders 11988 and 11990). 

3. The Fish and Wildlife Coordination Act; Wild­

life and Scenic Rivers Act; Coastal Zone 

Management Act; and the Marine Protection, 

Research and Sanctuaries Act are federal laws 

which may apply to specific peatlands in the 

state. 

The Minnesota Environmental Coordination Pro­

cedures Act provides a mechanism for coordinating 

the diverse and numerous permits which may be re­

quired for a development proposal. A person pro­

posing a project may apply to the environmental 

permits coordination unit of the MEQB for all 

necessary state permits. If the proposal complies 



with all local Jaws and regulations, then MEQB 

staff contacts appropriate state agencies, holds 

a11 necessary public hearings, and requires each 

agency to make a final decision on the permits, 

The purpose of the Act is not only to coor­

dinate procedures and make sure that a development 

complies with state laws, but also to give citizens 

an opportunity to present their views on a proposal 

as a whole. 

Local governments also have the power to con­

trol environmental effects of peatland development., 

Counties, municipalities, and townships may use 

their zoning laws to encourage and discourage dif­

ferent uses of peatlands. Performance standnrds or 

conditions may be applied to rezoning actions or 

conditional-use permits. 

The Red Lake Indian Reservation is a special 

case, Since it is a sovereign nation within Minne·-

sota, , · r,~1J11.~i·1 has full J·uris-the tribes governing-·• L 

diction over its lands. In addition, the council 

may be able to influence development outside the 

reservation borders if the development would dis­

rupt the reservation's natural resources or its 

economy. 

If properly and conscientiously applied, 

existing laws and regulations should provide ade-

142 

quate protection against environmental degradation 

caused by peatland development. Any problems are 

likely to be caused by the difficulty of coordi­

nating the various authorities involved. 

Taxation 

State and local governments in Minnesota have 

yet to decide how they will tax the revenues derived 

from peat development. The tax system selected-­

and whether it tends to favor non-extractive as 

opposed to extractive uses--may have a significant 

effect on the type of development that ultimately 

occurs. Several types of taxes now in use in 

Minnesota are potentially applicable to the var­

ious options for peatland development. 

Production taxes. This system of taxation 

assesses a flat amount per ton of resources removed. 

Typically, a production tax is used in lieu of 

property taxes (since the "value of the use of the 

land" will be known only after the chief resource 

of the land--the mineral--is removed). 

The Minnesota production tax on minerals is a 

"severance" tax. The general theory underlying 

severance taxation is that the extraction of min­

ends or other products from the land is a one,­

lime evento Once these rroducts are extracted, 

the people of the state will forever be denied any 



benefit from these products. Therefore, severance 

tax supporters argue that it is appropriate to 

place a tax on the gross amount of resource mined. 

Occupation taxes. Occupation taxes are based 

on a mining company's earnings after production ex­

penses are deducted or credited. Occupation taxes, 

because they are based on net earnings, are often 

used in lieu of income taxes. 

Although Minnesota has production taxes and 

occupation taxes for iron ore, taconite and copper­

nickel, no similar taxes have been placed on peat. 

Peatlands and the earnings from their development are 

therefore currently subject to forms of taxation 

used for non-mining activities in the state. 

Property taxation. Peatlands, whether or not 

they are in the process of being developed, are now 

subject to property taxation. State law, however, 

does not specify which property tax classification 

applies to peatlands. The Department of Revenue 

staff has indicated that it is likely they are 

classified Class "4b," undeveloped nonagricultural 

lands. 

If full-scale extractive development of the 

peatlands occurs, and if no production tax is sub­

stituted for the property tax, state policymakers 

will need to assign a tax classification to peat-

lands. Peatlands could be classified as undevel­

oped nonagricultural lands, as agricultural lands, 

or as "mineral interests." Alternatively, the Leg­

islature could establish separate classifcations 

for peat and/or the peatlands themselves. (This 

latter approach was adopted for iron ore and deriv­

atives. Class 1 property is the iron ore; the iron­

bearing lands themselves are classified according 

to their "surface" characteristics.) A separate 

peatland classification system also may be needed 

if non-extractive development--e.g. agricultural 

development--occurs. 

Property taxes on any peat processing facility 

are also at issue. Since the facility may possibly 

be processing peat brought from peatlands which lie 

outside the jurisdiction of the taxing authority 

where the facility is located, it may be appropriate 

to consider a property tax system which also bene­

fits those units of local government that have 

jurisdiction over the peatlands. 

Income taxation. As noted above, income taxes 

on mining companies are commonly eliminated when 

occupation taxes are levied on the companies. This 

has happened in the case of Minnesota's taconite 

industry. (The income tax has been retained for 

copper-nickel mining although state officials are 
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studying whether it should be dropped.) Even if 

peat extraction is exempted from the income tax, 

earnings from non-extractive uses could be subject 

to the income tax. Also, rental and royalty income 

derived from private peatlands could be taxed as 

income or, as is done with taconite and other min­

erals, could be taxed under a separate rate struc­

ture which encourages development. 

Miscellaneous taxation provisions. As noted 

above, there are no production, occupation, or sev­

erance taxes for mined peat, norhave lands where 

peat is being mined been given a specific property 

tax classification. However, peat is mentioned 

specifically in two Minnesota tax laws. 

One of these laws specifically prohibits pri­

vate citizens from removing peat, standing timber, 

and other minerals from lands on which property 

taxes are owed. If there is peat on such land, the 

Commissioner of Finance or the county auditor is 

empowered to mine the peat, sell it, and apply the 

proceeds to the payment of the taxes. It is un­

known whether this option has ever been used, nor 

is it clear how this provision would relate to 

other regulatory laws affecting the peat. (Rele­

vant sections of law are Minnesota Statutes, Sec­

tion 272.38-272.40.) 
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The second law prohibits mining of peat from 

property which has been forfeited for nonpayment of 

taxes until the new owner has made full payment for 

the land. (See Sections 282.321-282.35.) 

Tax revenue distribution issues. If a produc­

tion or occupation tax, or some combination of the 

two, is imposed on the extraction of peat, then a 

formula will be needed for distribution of the tax 

revenues. Since the revenues will be in lieu of 

property taxes, the local governments in the area 

will lose revenues and would presumably seek reim­

bursement from the new tax collections. 

For example, more than 90 percent of the rev­

enues from the taconite taxes are returned to local 

governments. Most goes to school districts; lesser 

amounts go to counties and municipalities. Some 

portions go to two separate economic development 

funds, and a small portion of the taconite tax is 

deposited in the state's general fund since it is 

assumed that all the citizens of the state have 

legitimate claim to benefits derived from removal 

of one of the state's natural resources. Although 

the precise distribution formula may need to be 

modified, the general concept of revenue distribu­

tion used for the taconite tax with beneficiaries 

including local government units, schools, and state 
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as a whole, and economic development funds--could 

also be used for distribution of peatland tax rev­

enues. 

Because peat can either be used in place or 

extracted, it is difficult to simply adopt in toto 

one of the existing tax systems for minerals or 

agricultural land. What is needed is a system that 

can reflect the peatlands unique characteristics as 

both an in-place growing medium and as a source of 

raw material for energy and other uses. However, 

adopting a "flexible" system may raise a whole 

series of new issues for Minnesota. 

First, valuation of the resource will be dif­

ficult. Many of the contemplated extractive uses-­

especially gasification--are still experimental, 

and it is impossible to know the efficiency of the 

process and the ultimate value of its product. Al­

so, the value of an energy resource is highly vola­

tile in this period of unstable energy supplies and 

prices. Therefore, the system must not only be 

flexible in order to recognize a range of possible 

uses, but it must be easily adjustable to market 

and supply conditions. 

Second, both extractive and non-extractive 

uses of the resource may occur on the same land. 

For example, research indicates that it may be pos-

sible to extract a portion of the peat in an area 

and use the remainder as a growing medium for cat­

tails or other energy crops. Thus, any taxation 

system must recognize possibilities for dual use. 

Finally, it is imperative that a taxing system 

reimburse local governments for costs associated 

with peatland development. If property taxes on peat­

lands are replaced by forms of mineral taxation, the 

Legislature should adopt a peatland tax distribu­

tion system that properly compensates the govern­

ment units for lost property tax revenues and any 

increased services required because of the de­

velopment. Also, special provisions should be 

made for protecting local economies against the 

"boom and bust" cycle that often accompanies 

mineral development. 

Social and Economic Development 

A number of governmental agencies are inter­

ested in the social and economic impact of peatland 

development. They include: 

Fe_~I_2:l and interstate development agencie_c::~ 

In recent years, the federal government has esta­

blished a number of agencies to he1p economically 

depressed areas of the country. One of these is 

the Upper Great Lakes Regional Commission, which 

serves the northern portions of Minnesota, Wiscon-
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sin, and Michigan. The agency distributes federal 

money for a variety of research and development 

projects. It has helped analyse and resolve prob­

lems created by the iron ore and taconitc industry 

in northern Minnesota, and, presumably, would help 

resolve similar problems relating to peatland de­

velopment. Future funding for the Commission is 

uncertain, however. 

Other federal agencies which may have an in­

terest in the social and economic issues connected 

with peatland development include the Economic De­

velopment Administration in the Department of 

Commerce, the Department of Housing and Urban De­

velopment, and the Department of Energy. The De­

partments of Interior, Agriculture, and the Bureau 

of Indian Affairs may also have a role in planning 

peatland development. Finally, the Department of 

Transportation and the Interstate Commerce Cormnis­

sion may be involved in regulating the development 

of new transportation facilities and franchises 

needed to distribute the peatlands' products to lo­

cations outside Minnesota. 

State development agencies. The state Depart­

ment of Economic Development and the regional de­

velopment commissions could participate in peatland 

development. 

146 

As the agency having general responsibility 

for promoting business development in Minnesota, 

the Minnesota Department of Economic Development 

could help attract peat processors, distributors, 

and necessary supporting industries to the state. 

In addition, DED has experience in locating and ob­

taining financing for the types of businesses (food, 

clothing, and auto repair, for example), that will 

be needed to serve any increased population result­

ing from peatland development. 

The Arrowhead and Headwaters Regional Develop­

ment Cormnissions have jurisdiction over the areas 

of heaviest peatland concentration. Charged by 

state law with promoting economic development and 

comprehensive planning, the RDCs work with both 

private businesses and local government units. 

RDCs can help local governments plan for expansion 

related to peatland development, and they also can 

provide financing assistance for businesses moving 

into the area. 

Mineral area development programs. In 1941, 

the Iron Range Resources and Rehabilitation Board 

(IRRRB) was created to help reduce unemployment 

and "economic distress" on the Iron Range in Minne­

sota. The Board, consisting of 10 legislators and 

the state Commissioner of Natural Resources, annu-



receives a portion of the taconite production 

tax. The money is deposited 'in the "taconite area 

environmental pro tee tion fund" and is used for the 

following purposes: 

e to study the environmental impacts of taconite 

mining and processing; 

e to reclaim minelands; 

to enhance local economic development projects 

through the construction of public 1vorks; and 

@ to monitor health problems among mining em­

ployees. 

The IRRRB will clearly be involved if peatland 

development occurs near taconite areas, pri·­

marily St. Louis, Itasca, Aitkin, and Cass counties. 

The vast peatlands in Koochiching, Beltrami, and 

Lake of the Woods counties are not within the 

Boards funding area. 

In 1977 the Legislature created the "North­

east Minnesota Economic Protection Fund," also con­

sisting of proceeds from the taconite production 

tax. The fund will be used after the year 2002 to 

redevelop local economies that have been deprc.ssed 

depletion of the taconite ore. Within the past 

year, various government officials have suggested 

that this fund should be made available now to aid 

the development of the peatlands so that an indus-

try is fully developed hy the' time of taconite 

depletion. 

Other state and sub-state agencies. A sub­

stantial number of localized public and quasi-pub­

lic developmental organizations may become involved 

in peatland development. These organizations include 

area redevelopment authorities and federal- and 

state-chartered community development corporations 

A broad array of other public agencies could 

help local communities cope with the impact of 

peatland development. For example, the Minnesota 

Housing Finance Agency (MHFA) is charged with meet­

ing the housing nec.ds of low- and moderate-income 

people in Minnesota. If there is a need for exten­

sive new housing development, JvIHFA is a like 

source of assistance. Assistance also could be 

provided by the Minnesota Department of Transpor­

tation, the Energy Agency, the Agriculture Depart­

ment, the Department of Natural Resources, and the 

Department of Labor and Industry. 

At the local level, major peatland development 

will have a significant effect on local service 

agencies. Housing, social services, transportation 

and education systems at the local level will be 

immediately affected by an influx of people working 

on peat-related activities. 
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A substantial number of federal, state, region­

al, and local government agencies could concern 

themselves with social and economic issues related 

to peatland development. In most cases it is left 

to the discretion of the agency to decide the ex­

tent to which it will become involved. 

GENERAL OPTIONS FOR ADMINISTRATIVE STRUCTURE 

This section covers in more general terms op­

tions available for instituting a decision-making 

process for peatlands. The first option is to re·­

tain the current system, by changing the existing 

regulatory framework to apply to peatland develop­

ment. The second option, to coordinate regulatory 

activities, would allow simultaneous implementation 

of various recommendations made in the first part 

and would also allow for some meshing of the vari­

ous agencies' efforts. The third option, to create 

a wholly new public-private structure, would go 

even further in giving Minnesota the power to guide 

and control any development of its peatlands. 

Option #1: Retain the Current System 

It is possible to control peatland development 

through existing laws and rules once the few regu­

latory gaps are filled and ambiguities are clarified. 
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Relying on the current system, however, is a piece­

meal approach because regulatory control is dis­

persed among many governmental units. 

It is impossible to implement a comprehensive 

and rational policy on peatland development with the 

current system. For example, while energy planning 

occurs at DOE, MEA, and the Public Utilities Com­

mission, decisions about protecting resources are 

being made at MDNR, MEQB, and :MPCA. Agricultural 

promotion decisions are being made at the federal 

and state agricultural departments, land use 

decisions are being made by a host. of public and 

private landowners and local government units, and 

economic assistance decisions are being made by a 

number of federal, state, and regional development 

agencies. Various other agencies are simultaneous­

ly making decisions about water drainage, transpor­

tation, energy facility siting, and energy research 

funding. 

Another disadvantage of the current system is 

that the number of governmental units involved will 

deter all but the most determined of citizens and 

citizen groups from participating in the regulatory 

and development processes. By the same token, a 

developer interested in small-scale peatland devel­

opment may become discouraged once he or she is 
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appri.sed of the bureaucratic hurdles to be cleared. 

Option #2: Continue Emphasis on Private 
Initiative; Coordinate State Regulation 

If the Legislature desires to continue in its 

current role of being a regulator and lessor 

(rather than being an initiator and participant in 

peatland development), then the focus of change 

should be on the state regulatory process. Improve­

ments in this process will reduce the problems 

identified with Option #1 above while continuing 

the dominant role for the private sector in peat­

land development. 

In order to improve the state regulatory pro­

cess, a more formal coordinative structure may be 

needed. Three options appear to exist. First, a 

procedure for coordinating permits could be estab­

lished, An existing state agency such as the MDNR 

or the MEA could be designated to coordinate acti­

vities between agencies and to help peatland developers 

and citizens deal with the various agencies having 

regulatory jurisdiction. Secondly, a new inter­

agency task group could be established--e.g. a 

Peatland Development Board consisting of represen­

tatives of all state agencies with peatland-related 

responsibilities. (Note: There now exists an in-

formal peat advisory task force consisting of 

agency representatives.) Finally, a wholly new 

agency could be created, and all existing state 

regulatory functions relating to peat lands could be 

transferred to it. 

At the same time, coordination could be at­

tempted among state agencies involved in economic 

development. This could be done through the inter­

agency group identified above, The state Depart­

ment of Economic Develop~ent could be charged with 

coordinating all peatland-related activities of the 

various state and regional agencies concerned with 

economic development. A third approach might be 

the creation of an agency analogous to the IRRRB to 

perform similar functions in respect to peatland 

development. (Note: This idea would be especially 

appropriate if a new tax distribution system were 

to be created to benefit peatland areas.) Finally, 

a public/private community development corporation 

could be founded to coordinate the delivery of not 

only public assistance, but private development 

dollars as well. 

There might be an opportunity for coordination 

at the local level also. Since most major peat­

lands cross over township--and occasionally county-­

boundaries, it will be extremely beneficial to have 

a mechanism for coordinating local inter-governmen-
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tal responses to peatland development issues. Such 

a technique will be useful for zoning, water drain­

age or roadway construction problems caused by 

peatland development. One method to accomplish 

this coordination might be the creation of regional 

peatland development boards consisting of represen­

tatives from each affected county in the regions. 

(Note: So-called "special districts" have been used 

in Minnesota to deal with topics of inter-jurisdic­

tional interest--e.g,, soil and water conservation 

and hospitals. Perhaps this model could apply to 

the peatlands as well.) 

Increasing coordination among government agen­

cies, as outlined above, should simplify somewhat 

the peatland decision-making process. Problems 

will remain, however. Coordinating activities 

within each governmental level will not necessarily 

resolve the need to mesh pplicies and programs be­

tween levels of government. For example, an energy 

policy devised at the state level could easily be 

countered by local government units that become 

convinced that the state policy does not properly 

accommodate the interest of their residents. Simi­

larly, a county zoning board's efforts to encourage 

renewable uses of the peatlands could be blunted by 

a state decision to lease its peatlands for a major 
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gasification facility. In addition, coordination 

does not necessarily give citizens more opportunity 

for input into the decision-making process. 

Option #3: Create a New Public-Private Structure 

A third option would be to create a wholly 

new structure that would meld together the various 

private and public interests in peatland develop­

ment. Such a structure could take a variety of 

forms. It could be a "public corporation" govern­

ed by representatives from both the private and 

public sectors. Such a corporation would be 

chartered by legislative enactment and would there­

fore have close ties and accountability to the pub­

lic. The public corporation would have as its 

prime purpose the representation of the public 

interest and the implementation of the state 

peatland development policy. 

In Minnesota there is no precedent for a pub­

lic corporation with statewide jurisdiction. Prece­

dent is provided, however, by other states, the 

federal government and many regional entities. Al­

though the Minnesota Constitution specifically 

prohibits the creation by the Legislature of "pri..,. · 

vate corporations," the model envisioned here for 

a public corporation would not violate that res­

triction. Peatland development by a public corpor-



ation has successfully been practiced in Ireland, 

Sweden and Finland. The Bord ma Mona, a peatland 

development public corporation in Ireland has taken 

the responsibility for peat extraction, conversion 

to energy and reclamation efforts. 

A variation of the public corporation discuss­

ed above would be the creation of several smaller 

corporations, each having jurisdiction over a par­

ticular peatland area. Other alternatives for 

public-private structures might be local or commun­

ity development corporations. These entities now 

provide the opportunity for joint public-private 

participation in a large number of areas, through­

out the state • 

Whatever the precise structure, the goal would 

be the creation of one or more entities that would 

combine the best features of public agencies and 

private businesses. Ideally, this structure would 

serve more than a passive role in peatland develop­

ment; it would actively represent the public 

interest and serve as a participant and initiator 

of sound development activities. 

The range of potential jurisdiction for the 

public-private cooperation on corporations is broad. 

The entity could be given title to peatlands now 

under public ownership, and it could be given the 

power of eminent domain over private peatlands. 

Or the public owners may simply designate the cor­

poration as the lessee for specific development 

purposes. 

The entity could also be given broad energy 

policy jurisdiction. For example, it could be 

charged with determining permissible energy uses of 

the peatlands; it could be responsible for coordi-
' nating peat research; it could be given the author-

ity to determine appropriate facilities for conver-

sion of peat or biomass to energy; and it could 

even be granted the power to construct and operate 

those facilities. Alternatively, it could be given 

the power to contract with private entities for the 

performance of any or all of these functions. 

If the Legislature desired, it could allow the 

entity to supersede local land use and drainage 

powers. It could coordinate the various economic 

development programs that apply to communities af­

fected by peatland development. Finally, it could 

monitor and enforce laws governing peat mining and 

reclamation. 

Financing for the corporation could come from 

any number of sources. Private investors would be 

encouraged to invest and share in the profits. 

Public support could come from: 
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• dedication of a portion of the taxes on the 

peatlands or their products to the corporation, 

• proceeds from a levy on property in the area, 

• biennial general fund appropriations, 

• proceeds from the conveyance of peatlands, or 

• proceeds from the sale of general obligation 

or revenue bonds. 

Income from the sale of peatland products would be 

shared by the participating public and private in­

vestors. 

If the public corporation vehicle is used, the 

Minnesota Legislature would need to specify the 

composition of the corporation's board of directors. 

The board could include representatives from the 

public at large; residents of the affected areas of 

the state; state agencies having responsibilities 

in the areas of energy, environment, agriculture 

and economic development; ~rivate sector develop­

ers and investors; organized labor; affected local 

government units; tribal representatives and federal 

agency representatives. 

It will be imperative to make the public cor­

poration's board of directors accountable to the 

public and the Legislature. Several techniques 

are available to accomplish this. First, the dir­

ectors could be elected at large from the state as 

152 

a whole, or as representatives from specific 

affected regions. Second, they could be appointed 

for specified terms of office by elected officials 

(e.g., the Legislature, the Governor, local county 

boards). As a final option, members initially 

could be appointed, but their replacements would be 

selected by the remaining board members. (This 

would be similar to the typical, self-perpetuating 

corporate board having staggered terms of office 

for its members.) 

The creation of a new public-private entity has 

several advantages over the other options discussed 

in this chapter. Such an entity, whether it be a 

single, larger public corporation or several smaller 

corporations, can be the focal point for input from 

a broad sector of individuals and entities inter­

ested in peatland development. It would allow the 

state to be more than a responder to private ini­

tiatives; it would serve as an initiator and par­

ticipant in development activities. Finally, it 

would ensure that control over one of Minnesota's 

few indigenous energy sources will be retained by 

the people of Minnesota. 

A public-private entity also has disadvantages. 

First, consolidating powers over peatland develop­

ment may unduly limit the rights of citizens who 
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now have power through local government units to 

control, if not stop, types of investment which they 

believe to be undesirable. Also, merely establish­

ing such an entity may create a strong pro­

development momentum that may be diff1cult to 

restrain, 

Finally, and more generally, bigness does not 

always lead to better decisions. The mere size of 

the corporation--if one statewide corporation is 

used--together with the powers it may be given, 

suggests that the public interest may not necessar­

ily be served. If a number of local peatland 

development corporations are used, then the oppo­

site problem may emerge--the lack of a cohesive and 

coordinated policy for peatland development. Also, 

wholly private entities could prove more efficient 

and economical in peat development, and may there­

fore--if properly monitored--do the best job of 

meeting the public interest. 
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VII. RECOMMENDATIONS OF THE CURA PEAT POLICY PANEL 

Based on its examination of the energy, eco­

nomic, social, legal, and environmental issues in­

cluded in its full report, the CURA Peat Policy 

Panel has formulated recommendations regarding de­

velopment of Minnesota peatlands. These are di­

rected to all interested in the future of the 

state's peatlands, including industry, government, 

and citizens. 

PREMISES UNDERLYING THE RECOMMENDATIONS 

1. Regions of Minnesota, particularly the Iron 

Range, are in need of local economic develop­

ment and may benefit from peatland develop­

ment. 

2. The degree to which economic development is 

beneficial to citizens depends on the nature 

and scale of development as evaluated in the 

context of specific locations. 

3. Unless current patterns of energy availabili­

ty and use are altered, Minnesota and the 

rest of the nation can expect near- and long­

term shortages of traditional fossil fuels 
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accompanied by increasing prices associated 

with scarcity, decreasing accessibility, and 

changes in government regulation. 

4. Portions of Minnesota's peatlands contain 

important and in some cases rare biological, 

geological, aesthetic, or other characteris­

tics which could be disturbed or destroyed 

by development. 

5. Many questions regarding the availability, 

utilization methods, and the potential eco­

nomic, social, and environmental effects of 

peatland development are still unanswered. 

The recommendations offered in this report 

are based on research findings currently 

available. 

RECOMMENDATIONS OF THE PANEL 

Development of Minnesota's peatlands for en­

ergy could improve the state's economic and ener­

gy situations. However, development plans and 

state policies must reflect careful consideration 

of the energy, economic, social, and environmen-



tal implications of peatland development. With 

this in mind the following Tecommendations are 

made. 

1. A comprehensive state policy for peatlands 

should be established. Minnesota needs a 

coordinated and comprehensive policy for its 

peatlands. The Legislature should design a 

policy and establish appropriate institutions 

broad enough to encompass both public and 

private developmental interests. The policy 

should recognize that developing this re­

source is desirable but that it should occur 

only if it can be demonstrated that a) there 

will be positive economic, energy, and social 

results and b) any detrimental economic, 

social, and environmental impacts can be pre­

vented or minimized. The Legislature should 

solicit broad public input by conducting pub­

lic hearings throughout the state during this 

process of policy formulation. 

2. Certain peatlartds should be preserved. Be­

fore significant development commitments are 

made, appropriate governmental agencies, with 

the participation of citizen groups, should 

identify the type, size, and location of 

peatland areas to be preserved in their natu-

ral state. Such lands could be preserved 

for their scientific value, unique natural 

systems, recreational value, historical or 

aesthetic importance, or their value as a 

future resource. 

3. An administrative structure should be 

created. Because so many interests and fac­

tors are involved in potential peatland de­

velopment, it is imperative that a structure 

be created to coordinate and interrelate 

these interests and factors. Because the 

state is the single largest landowner of 

peatlands and because various state and lo­

cal agencies have jurisdiction over deci­

sions affecting peatland development, we 

recommend that the Legislature establish 

either a new structure that would bring to­

gether the public and private interests in 

peatland development or a new state coordi­

nating body to oversee development. Because 

the current regulatory and developmental 

framework is too fragmented to permit imple­

mentation of a rational and comprehensive de­

velopment policy, the following are proposed: 

a. If the Legislature desires the state to 

be an initiator of and participant in 
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peatland development, then the Legisla­

ture should create one or more public 

corporations to consist of governmental, 

citizen, labor, and private industry 

representation. This corporation could 

have jurisdiction in some or all areas 

of peatland development including energy 

utilization and planning, land use, re­

source utilization and processing, and 

regional economic and social development. 

b. If the state elects to remain as a regu­

lator and "lessor," then the existing 

regulatory and developmental framework 

needs modification. Specifically, the 

Legislature should establish a coordi­

nating structure to ensure that the in­

terests of affected state and local 

agencies are represented in the deci­

sion-making process. 

c. Whatever structural model is ultimately 

selected for regulating and developing 

peatlands, it is necessary that the 

existing regulatory processes regarding 

water, drainage, and other environmental 

controls be clarified and coordinated. 

d. Because of the wide-ranging impact of 

peatland development on our state's en­

ergy, economic, social, and environmen­

tal conditions, it is imperative that 

opportunities for input from private 

development and citizens be provided 

regardless of the structural model 

chosen. This input must be obtained 

before and at frequent points through­

out the process. It is not sufficient 

simply to allow citizens to testify at 

permit hearings. The citizens of the 

state must be fully informed about the 

issues relating to peatlands before de­

velopment decisions are made. 

4. Energy proposals should be carefully evalua­

ted. The following factors should be con­

sidered in determining the desirability of 

specific proposals: 

a. The quality of energy to be produced 

compared with the quality demanded. 

b. The quantity of energy produced com­

pared with the quantity demanded, and 

its value in the market. 

c. Total cost, accounting for all private 

and public production, environmental 

and user costs. 



d, Energy efficiency and the net energy 

contribution of the proposed develop­

ment. 

e. Stability of the energy supply to be 

provided, 

In this regard, the process of Certification 

of Need should be used to compare the pro­

posed project's costs and benefits with those 

of other available alternatives, The exist­

ing process should be improved with a review 

of the criteria for certification, Some 

categories might be expanded to include 

smaller peat-related projects. Proponents of 

projects should demonstrate in detail that 

their total cost, capital requirements and 

net energy contribution are competitive with 

those associated with general energy conser­

vation strategies 

5. A well defined development policy should be 

adopted. The specific nature and scale of 

development should be matched with appropri­

ate locations. The goals of such a policy 

should be: 

a. Development at a rate which assures or­

derly economic growth and desired social 

change. 

b. Development with beneficial long-term 

economic and social effects, Detrimen­

tal economic and social can be 

prevented or minimized by locating de­

velopment in areas capable of provid 

public and private services for what-

ever population may occur. 

c. Energy for use within the area as well 

as for export. 

d. Enhanced possibilities for containing, 

mitigating, and preventing detrimental 

environmental impacts, 

Certificate of Need proposals should 

cific to particular sites so that specific 

impacts can be considered and citizens from 

the proposed development area can be in­

volved. 

6. Development should occur on a suitable 

scale. Development of Minnesota's peatlands 

for energy should occur on a scale which is 

economically and technically feasible but 

small enough to 

a. Promote and protect local economic ac­

tivity and ensure the greatest possible 

level of locally owned and ope-rated busi­

nesses associated with new development. 
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b. Minimize the detrimental economic and 

social impacts often associated with 

large-scale development, including the 

disruption of the economic and social 

systems of existing communities. 

c. Contain, mitigate, or prevent detrimen­

tal environmental impacts by narrowing 

the geographic area of impact and by re­

ducing the overall impact in any one lo­

cation. 

d. Promote multiple uses of Minnesota's 

peatlands so that the resource can be 

made available to diverse energy and 

other development interests; and to pro­

vide the state with management flexibil­

ity over peatlands owned by or under its 

jurisdiction. 

7. Production of wetland energy crops should be 

emphasized. The economic feasibility of pro­

ducing energy from peatlands in Minnesota, 

including energy crop production approaches, 

has not been demonstrated. However, we be­

lieve that utilization of Minnesota's peat­

lands for energy crop production is the most 

prudent approach for the following reasons: 

a. As a renewable energy approach, it of-
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fers the longest-term use of Minnesota's 

peatlands for energy and, thereby, en­

hances the long-term economic stability 

of the area. 

b. This approach is potentially as versa­

tile as extractive approaches because 

energy crops can be used as a feed 

stock for direct-burning, liquefaction, 

gasification, and briquetting. 

c. This approach preserves Minnesota's 

finite, nonrenewable peat resource for 

future generations to use at a time 

when the state might face a more criti­

cal need for the products which can be 

produced from peat. 

8. Conditions for extracting peat should be 

clearly defined. In situations where small­

scale production of energy crops is clearly 

not technically or economically feasible, 

small-scale approaches which require peat 

extraction--despite their nonrenewable use 

of the resource--should be encouraged if all 

of the following can be demonstrated: 

a. Such development will be of clear bene­

fit in providing local economic activity 

and local employment. 



b. Such development will provide a locally 

available and usabl€ source of energy. 

c. Detrimental economic, social, and envi­

ronmental impacts of such development 

can be prevented or minimized. 

d. Reclamation of the mined peatland to a 

usable form is possible and will be 

guaranteed through arrangements with the 

peatland developer. Potential uses of 

mined peatlands should be evaluated from 

economic, social, and environmental 

standpoints, and a planned optimum mix 

of end-uses for the region should be 

projected as a guide to policy and regu­

lation. 

Because peat mining is currently not covered 

by state laws, the state must adopt a peat­

lands mining and reclamation law and the ad­

ministrative rules necessary to implement the 

law. 

9. Peatlands slated to become inaccessible 

should be considered for mining. Those peat­

lands slated to become inaccessible due to 

other kinds of development--such as those 

lands scheduled to become taconite tailings 

dumps--should be considered for mining. Ap-

propriate state agencies should begin imme­

diately to determine the exact location and 

acreage of such peatlands. 

10. Research and development efforts should be 

broadened. In keeping with the preceding 

recommendations, current research and devel­

opment efforts--now almost exclusively 

geared to large-scale peat mining, dewater­

ing, and gasification-~should be broadened 

to include research and development in the 

following areas: 

a. Economic, social and environmental ef-

fects of peatland development. 

b. Small-scale energy crop production. 

c. Small-scale peat extraction. 

d. Small-scale dewatering and conversion 

of energy crops and peat. 

e. Methods to contain, mitigate, and pre­

vent detrimental environmental impact. 

f. Reclamation. 

In order not to rely primarily on federally 

funded research and development projects, 

state agencies should expand their work in 

those research areas that are not currently 

of interest to the federal government. 

11. Demonstration projects should be started. 
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Among other research and development efforts, 

the state should begin demonstration projects 

as soon as possible that are consistent with 

the policies developed in this report. These 

projects should be funded by industry and 

government and could be located on peatlands 

slated to become inaccessible as described in 

Recommendation 9. Such projects should in­

clude examination of the technical and eco­

nomic feasibility of: 

a. Land preparation for energy crop produc­

tion and peat extraction. 

b. Small-scale approaches for energy crop 

production--both to produce energy on 

unmined peatlands and as a technique for 

reclaiming mined peatlands. 

c. Small-scale approaches for peat mining. 

d. Small-scale approaches to energy crop 
' and peat utilization. 

e. Dewatering and conversion of energy 

crops and peat. 

f. Reclamation approaches. 

12. Sufficient lead time is required. Lead time 

should be required to prepared for potential 

development impacts. This lead time will 

allow a sufficient period of time for private 
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and public service providers to prepare for 

the development project by either expanding 

or adjusting their supply of services. 

Leases for peatland development should not 

be approved until plans for preventing or 

minimizing the potential impacts have been 

formulated. Requirements in the lease 

agreement should include that the developer 

aid state and local government in the formu­

lation and implementation of plans to pre­

vent or minimize potentially adverse impacts. 

13. Peat revenue policy should be established. 

Because peat is not subject to special 

treatment under our tax laws, it is doubtful 

that revenues from our current system of 

taxes, rents, and royalties will compensate 

for the costs attendant to peatland develop­

ment. Therefore, state revenue laws should 

be written to: 

a. Establish a tax that recognizes the 

unique results and costs attendant to 

both extractive and nonextractive uses. 

b. Tax extractive and nonrenewable uses in 

ways generally comparable to mineral 

taxation (with consideration given to 

both production and occupation taxes). 



c. Tax nonextractive and renewable uses in 

ways generally comparable to agricultur­

al land taxation. 

d. To the extent permitted by the constitu­

tion, establish a preference by the use 

of favorable tax rates to encourage the 

utilization of peat to solve Minnesota's 

energy needs. 

e. That tax revenues, rents, and royalties 

be distributed in ways designed to com­

pensate fairly the government units ab­

sorbing the costs of peatland develop­

ment. 

14. A peatland leasing policy should be estab­

lished. As the primary landowner of peat­

lands, the state's ability to lease peatlands 

will be a primary means of controlling the 

nature, scale, and location of development. 

a. For purpose of legal title to lands, 

peat should be statutorily established 

as a surface use rather than as a miner­

al right. This will recognize that peat 

is a surface resource and will be con­

sistent with Minnesota Department of 

Natural Resources' current administra­

tive treatment of its status. 

b. The state should make full use of its 

authority to place conditions on a 

lease in order to ensure that environ­

mental, financial, and other obliga­

tions are met by developers. 

c. The maximum number of years currently 

allowed for leases may be too short for 

non-extractive qses, and should be re­

viewed. 

d. The creation of any new decision-making 

structure to manage and regulate Minne­

sota's peatlands would include appro­

priate changes in existing leasing 

authority. However, if the existing 

structure is retained, Executive Coun­

cil approval and legislative consulta­

tion should be required for all leases 

which are major in size or duration. 
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TY REPORT* 
PB UNIVERSITY OF MINNESOTA, 

DEPARTMENT OF SOIL SCIENCE, 
ST PAUL MN 55108* 

YR 1974* 
DE PEAT, ENVIRONMENTAL ISSUES, WATER QUALITY, HYDROLOGY, WATER* 
GC MN* 
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ID BI BLIO* 
AU FARNHAM, ROUSE SMITH* 
IN UNIVERSITY OF MINNESOTA, 

DEPARTMENT OF SOIL SCIENCE, 
ST PAUL MN 55108* 

TI INFLUENCE OF INTENSIVE AGRICULTURE ON WATER QUALi TY IN PEATLANDS* 
TY REPORT* 
PB UNIVERSITY OF MINNESOTA, 

DEPARTMENT OF SOIL SCIENCE, 
ST PAUL MN 55108* 

YR 1974* 
DE PEAT, ENVIRONMENTAL ISSUES, WATER QUALITY, HYDROLOGY, AGRICULTURE* 
GC MN* 

ID BI BLIO* 
AU GOUGH, Se; VANDERBORGHT, S.; AASE, G.; CUMMISKEY, P.* 
IN MANKATO STATE UNIVERSITY, 

DEPARTMENT OF BIOLOGY, 
MANKATO MN* 

Tl SURVEY OF HEAVY METALS IN NORTHERN MINNESOTA PEAT* 
TY REPORT* 
NT PAPERS FROM THE 48TH ANNUAL SPRING MEETING OF THE MINNESOTA ACADEMY 

OF SCIENCE, APRIL 25-26, 1980, MANKATO, MINNESOTA* 
PB MINNESOTA ACADEMY OF SCIENCE, 

PIONEER BUILDING, 
ST PAUL MN 55101* 

SN MINNESOTA ACADEMY OF SCIENCE* 
YR 1980* 
PR MO CHARGE* 
DE PEAT, ENVIRONMENTAL ISSUES, SOIL ANALYSIS, HEAVY METALS* 
GC MN* 

ID BI BLIO* 
AU GRIFFIN, K. O.* 
Tl PALEOECOLOGICAL ASPECTS OF THE RED LAKE PEATLAND, NORTHERN MINNESOTA 
TY JOURNAL ARTICLE* 
SO CANADIAN JOURNAL OF BOTANY, VOLUME 55; P172-192* 
YR 1977* 
DE PEAT, ENVIRONMENTAL ISSUES* 
GC MN, REGION 2, BELTRAMI COUNTY, RED LAKE PEATLAND* 

ID 8 IBLI O* 
AU HAGEN, R.; MEYER, M.* 
Tl VEGETATION ANALYSIS OF THE RED LAKE PEATLANDS BY REMOTE SENSING 

METHODS* 
TY REPORT* 
SO 56P* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
CENTENNIAL OFFICE BUILDING, 
ST PAUL MN 55155* 

YR 1979* 
DE PEAT, ENVIRONMENTAL ISSUES, REMOTE SENSING, VEGETATION, INVENTORIES* 
~~ MN_ RFGION 2. BELTRAMI COUNTY, RED LAKE PEATLAND* 



ID BIBLIO* 
AU HEINSELMAN, M. L.* 
Tl LANDSCAPE EVOLUTION, PEATLAND TYPES AND THE ENVIRONMENT IN THE LAKE 

AGASSIZ PEATLANDS NATURAL AREA MINNESOTA* 
TY JOURNAL ARTICLE* 
SO ECOLOGICAL MONOGRAPHS, VOLUME 40; P235-261* 
YR 1970* 
DE PEAT, IRONMENTAL ISSUES, CLASSIFICATION, ENVIRONMENTAL EFFECTS, 

SOILS, BOGS, VEGETATION, WATER CHEMISTRY* 
GC MN, LAKE AGASSIZ* 

ID Bl BLIO* 
AU JANSSEN, C.R.* 
Tl FLORISTIC STUDY OF FORESTS AND BOG VEGETATION, NORTHWESTERN 

MINNESOTA* 
TY JOURNAL ARTICLE* 
SO ECOLOGY, VOLUME 48; P751-765* 
YR 1967* 
DE PEAT, ENVIRONMENTAL ISSUES, FORESTS, VEGETATION* 
GC MN* 

ID BIBLIO* 
AU KARNS, D.R.* 
IN UNIVERSITY OF MINNESOTA, 

BELL MUSEUM OF NATURAL HISTORY, 
MINNEAPOLIS MN 55455* 

Tl BOG WATER ACIDITY AND AMPHIBIAN REPRODUCTION* 
TY REPORT* 
SO 33P* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

MINERALS DIVISION, 
BOX 45 CENTENNIAL BUILDING, 
ST PAUL MN 55155* 

YR 1981* 
DE PEAT, ENVIRONMENTAL ISSUES, WATER QUALITY, WILDLIFE, ECOLOGY* 
GC MN* 

ID BIBLIO* 
AU KARNS, D.R.* 
IN UNIVERSITY OF MINNESOTA, 

BELL MUSEUM OF NATURAL HISTORY, 
MINNEAPOLIS MN 55455* 

Tl RELATIONSHIP OF AMPHIBIANS AND REPTILES TO PEATLAND HABITATS OF 
MINNESOTA* 

TY REPORT* 
SO 84P* 
NT Fl REPORT TO THE MINNESOTA PEAT PROGRAM* 
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PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 
MINERALS DIVISION, 
BOX 45 CENTENNIAL BUILDING, 
ST PAUL MN 55155* 

YR 1979* 
DE PEAT, ENVIRONMENTAL ISSUES, WILDLIFE, HABITATS* 
GC MN* 

ID BIBLIO* 
AU MANSON, P.W.; MILLER, D.G.* 
Tl GROUNDWATER FLUCTUATIONS IN CERTAIN OPEN AND FORESTED BOGS OF 

NORTHERN MINNESOTA* 
TY JOURNAL ARTICLE* 
SO UNIVERSITY OF MINNESOTA AGRICULTURAL EXPERIMENT STATION TECHNICAL 

BULLETIN, VOLUME 217, DECEMBER* 
YR 1955* 
DE PEAT, ENVIRONMENTAL ISSUES, GROUNDWATER, HYDROLOGY, FORESTS, BOGS* 
GC MN* 

ID BIBL 10* 
AU MARSHALL, W. H.; MIQUELLE, D. G.* 
Tl TERRESTRIAL WILDLIFE OF MINNESOTA PEATLANDS* 
TY REPORT* 
SO 193P* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES* 
YR 1978* 
DE PEAT, ENVIRONMENTAL ISSUES, WILDLIFE* 
GC MN* 

ID BIBL 10* 
AU PIETZ, P. J.; TESTER, J. R.* 
IN MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
ST PAUL MN 55155~ 

Tl UTILIZATION OF MINNESOTA PEATLAND HABITATS BY SNOWSHOE HARE, WHITE 
TAILED DEER, SPRUCE GROUSE, AND RUFFED GROUSE* 

TY REPORT* 
SO BOP* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
BOX 45 CENTENNIAL OFFICE BUILDING, 
ST PAUL MN 55155* 

YR 1979* 
DE PEAT, ENVIRONMENTAL ISSUES, WILDLIFE* 
GC MN* 

ID BIBLIO* 
AU RADFORTH AND ASSOCIATES* 
Tl FUGITIVE DUST IN PEAT HARVESTING* 
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TY BOOK* 
PB PARRY SOUND, 

OMTARIO CANADA* 
YR 1978* 
DE PEAT, ENVIRONMENTAL ISSUES, HARVESTING, MINING* 
GC MN* 

ID BIBL O* 
AU SIEGEL, D .. * 
Tl HYDROLOGICAL SETTING OF THE RED LAKE PEATLANDS, NORTHERN 

MINNESOTA* 
TY REPORT* 
NT WATER RESOURCES INVESTIGATIONS 81-24* 
PB US GEOLOGICAL SURVEY* 
YR 1981* 
DE PEAT, ENVIRONMENTAL ISSUES, HYDROLOGY* 
GC MM* 

ID BI BL IO* 
AU WARNER, D.; WELLS, D.* 
Tl BIRD POPULATION STRUCTURE AND SEASONAL HABITAT USE AS INDICATORS OF 

ENVIRONMENTAL QUALITY OF PEATLANDS* 
TY REPORT* 
SO 84P* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
BOX 45 CENTENNIAL OFFICE BUILDING, 
ST PAUL MN 55155* 

YR 1980* 
DE PEAT, ENVIRONMENTAL ISSUES, WILDLIFE, BIRDS* 
GC MN* 

ID BIBLIO* 
AU WHITE, E. H.* 
Tl FORESTRY RECLAMATION OF PEATLANDS IN NORTHERN MINNESOTA* 
TY REPORT* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
BOX 45 CENTENNIAL OFFICE BUILDING, 
ST PAUL MN 55155* 

YR 1980* 
DE PEAT, ENVIRONMENTAL ISSUES, RECLAMATION, FORESTRY* 
GC MN* 
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KEYWORDS= PEAT, GOVERNMENT POLICIES 

ID BIBLIO* 
AU AIKEN, ROGER G.* 
IN MINNESOTA ENERGY AGENCY, 

740 AMERICAN CENTER BUILDING, 
ST PAUL MN 55101* 

Tl PEAT: EXECUTIVE SUMMARY AND LEGISLATIVE RECOMMENDATIONS* 
TY REPORT* 
SN MINNESOTA ALTERNATIVE ENERGY RESEARCH AND DEVELOPMENT POLICY 

FORMULATION PROJECT TASK FORCE SUBCOMMITTE 8: PEAT* 
YR 1978* 
DE PEAT, GOVERNMENT POLICIES, ENERGY* 
GC MN* 

ID BIBL 10* 
AU CARTER, JAMES E.* 
IN MINNESOTA ENERGY AGENCY, 

740 AMERICAN CENTER BUILDING, 
ST PAUL MN 55101* 

Tl MINNESOTA PEAT PROGRAM* 
TY REPORT* 
NT MINNESOTA ENERGY AGENCY'S LETTER TO GOVERNOR'S PEAT TASK FORCE* 
YR 1977* 
DE PEAT, GOVERNMENT POLICIES* 
GC MN* 

ID 81 BLI O* 
AU CURA PEAT POLICY PROJECT* 
Tl ENERGY FROM PEATLANDS: OPTIONS AND IMPACTS; A REPORT OF THE CURA 

PEAT POLICY PROJECT* 
TY REPORT* 
SO 183P* 
NT EXTENSIVE BIBLIOGRAPHY; CURA REPORT NUMBER 81-2* 
PB CENTER FOR URBAN AND REGIONAL AFFAIRS, 

311 WALTER LIBRARY, 
117 PLEASANT STREEET SOUTHEAST, 
MINNEAPOLIS MN 55455* 

YR 1981* , 
PR $5.00 (POSTAGE AND HANDLING INCLUDED)* 
DE PEAT, GOVERNMENT POLICIES, ENVIRONMENTAL ISSUES, INVENTORIES, 

BIOMASS, HARVESTING, ECONOMIC FACTORS* 
GC MN* 
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ID BI BL IO* 
AU CURA PEAT POLICY PROJECT* 
IN CENTER FOR URBAN AND REGIONAL AFFAIRS, 

313 WALTER LIBRARY, 
117 PLEASANT STREET SOUTHEAST, 
MINNEAPOLIS MN 55455* 

Tl EXECUTIVE SUMMARY; ENERGY FROM PEATLANDS: OPTIONS AND IMPACTS* 
TY REPORT* . 
SO 20P* 
NT PUBLICATION NUMBER 81-1* 
PB CENTER FOR URBAN AND REGIONAL AFFAIRS, 

313 WALTER LIBRARY, 
117 PLEASANT STREET SOUTHEAST, 
MINNEAPOLIS MN 55455* 

YR 1981* 
PR NO CHARGE* 
DE PEAT, GOVERNMENT POLICIES, ECONOMIC FACTORS, ENVIRONMENTAL EFFECTS, 

LAND USE* 
GC MN* 

ID BIBLIO* 
AU FARNHAM, ROUSE SMITH* 
IN UNIVERSITY OF MINNESOTA, 

DEPARTMENT OF SOIL SCIENCE, 
ST PAUL MN 55108* 

Tl PEAT REPORT* 
TY REPORT* 
SN MINNESOTA DEPARTMENT OF NATURAL RESOURCES* 
YR 1978* 
DE PEAT, GOVERNMENT POLICIES* 
GC MN* 

ID Bl BLIO* 
AU MINNESOTA DEPARTMENT OF NATURAL RESOURCES* 
IN MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
ST PAUL MN 55155* 

Tl MINNESOTA PEAT PROGRAM FINAL REPORT* 
TY REPORT* 
SO 93P* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
BOX 45 CENTENNIAL BUILDING, 
ST PAUL MN 55101* 

YR 1981* 
DE PEAT, GOVERNMENT POLICIES* 
GC MN* 
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ID B IBLI O* 
AU MINNESOTA DEPARTMENT OF NATURAL RESOURCES* 
IN MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
ST PAUL MN 55155* 

Tl MINNESOTA PEAT PROGRAM POLICY RECOMMENDATIONS* 
TY REPORT* 
SO 37P* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

MINERALS DIVISION, 
BOX 45 CENTENNIAL OFFICE BUILDING, 
ST PAUL MN 55155* 

YR 1981* 
DE PEAT, GOVERNMENT POLICIES, ENERGY* 
GC MN* 

ID BIBLIO* 
AU MINNESOTA DEPARTMENT OF NATURAL RESOURCES* 
IN MINNESOTA DEPARTI~ENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
ST PAUL MN 55155* 

Tl PEAT PROGRAM; TESTIMONY PRESENTED TO THE SENATE NATURAL RESOURCES 
AND AGRICULTURAL COMMITTEE* 

TY REPORT* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
BOX 45 CENTENNIAL OFFICE BUILDING, 
ST PAUL MN 55155* 

YR 1977* 
DE PEAT, GOVERNMENT POLICIES* 
GC MN* 

ID BIBLIO* 
AU MINNESOTA ENVIRONMENTAL QUALITY BOARD* 
IN MINNESOTA ENVIRONMENTAL QUALi TY BOARD, 

CAPITOL SQUARE BUILDING, 
ST PAUL MN 55101* 

Tl RESOLUTION OF THE MINNESOTA ENVIRONMENTAL QUALITY COUNCIL CONCERNING 
PROPOSALS FOR PEAT MINING AND GASIFICATION* 

YR 1975* 
DE PEAT, GOVERNMENT POLICIES, ENVIRONMENTAL ISSUES, ENERGY CONVERSION* 
GC MN* 

ID B IBL IO* 
AU MINNESOTA LEGISLATURE SCIENCE AND TECHNOLOGY RESEARCH OFFICE* 
IN MINNESOTA LEGISLATURE, 

SCIENCE AND TECHNOLOGY RESEARCH orFICE, 
49 STATE OFFICE BUILDING, 
ST PAUL MN 55155* 

Tl STATUS OF MINNESOTA PEAT PROGRAM* 
TY REPORT* 
NT INQUIRY RESPONSE NUMBER 14* 
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PB MINNESOTA LEGISLATURE, 
SCIENCE AND TECHNOLOGY RESEARCH OFFICE, 
49 STATE OFFICE BUILDING, 
ST PAUL MN 55155* 

YR 1977* 
PR NO CHARGE* 
DE PEAT, GOVERNMENT POLICIES* 
GC MN* 

ID BIBLIO* 
AU MORGENWECK, RALPHO.* 
Tl PEAT PROGRAM: STATUS REPORT* 
TY REPORT* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
BOX 45 CENTENNIAL BUILDING, 
ST PAUL MN 55155* 

YR 1977* 
DE PEAT, GOVERNMENT POLICIES* 
GC MN* 

ID BIBLIO* 
AU NATIONAL NATURAL LANDMARKS* 
Tl NATURAL LANDMARK BRIEF: UPPER RED LAKE PEATLAND* 
TY REPORT* 
PB US DEPARTMENT OF THE INTERIOR* 
YR 1975* 
DE PEAT, GOVERNMENT POLICIES, LAND USE, ENVIRONMENTAL ISSUES* 
GC MN, REGION 2, BELTRAMI COUNTY, RED LAKE PEATLAND* 
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KEYWORDS= PEAT, INVENTORIES 

ID BI BLIO* 
AU CONWAY, V.* 
Tl BOGS OF CENTRAL MINNESOTA* 
TY JOURNAL ARTICLE* 
SO ECOLOGICAL MONOGRAPHS, VOLUME 19; P174-206* 
YR 1949* 
DE PEAT, INVENTORIES* 
GC MN* 

ID BIBLIO* 
AU FARNHAM, ROUSE SMITH* 
IN UNIVERSITY OF MINNESOTA, 

DEPARTMENT OF SOIL SCIENCE, 
ST PAUL MN 55108* 

Tl CLASSIFICATION CRITERIA FOR A PEATLAND IN NORTHERN MINNESOTA* 
TY PROCEEDINGS* 
SO INTERNATIONAL PEAT SOCIETY SPECIAL SYMPOSIUM* 
PB UNIVERSITY OF MINNESOTA, 

DEPARTMENT OF SOIL SCIENCE, 
ST PAUL MN 55108* 

YR 1974* 
DE PEAT, INVENTORIES, CLASSIFICATION* 
GC MN* 

ID BIBLIO* 
AU FARNHAM, ROUSE SMITH; GRUBICH, D. N.* 
IN IRON RANGE RESOURCES AND REHABILITATION BOARD* 
Tl PEAT RESOURCES OF MINNESOTA: REPORT OF INVENTORY NUMBER 3, RED LAKE 

BOG, BELTRAMI COUNTY MN* 
TY REPORT* 
YR 1966* 
DE PEAT, INVENTORIES* 
GC MN, REGION 2, BELTRAMI COUNTY, RED LAKE BOG* 

ID BIBLIO* 
AU FARNHAM, ROUSE SMITH* 
IN UNIVERSITY OF MINNESOTA, 

DEPARTMENT OF SOIL SCIENCE, 
ST PAUL MN 55108* 

Tl POTENTIAL OF MINNESOTA'S PEAT RESOURCES* 
TY JOURNAL ARTICLE* 
SO MINNESOTA SCIEMCE, VOLUME 23, NUMBER 3, APRIL* 
PB UNIVERSITY OF MINNESOTA, 

AGRICULTURAL EXPERIMENT STATION, 
ST PAUL MN 55108* 

YR 1967* 
DE PEAT, INVENTORIES* 
GC MN* 
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ID BIBLIO* 
AU FINNEY, H. R.; FARNHAM, ROUSE SMITH* 
Tl MINERALOGY OF THE INORGANIC FRACTION OF PEAT FROM TWO RAISED BOGS IN 

NORTHERN MINNESOTA* 
TY PROCEEDINGS* 
SO THIRD INTERNATIONAL PEAT CONGRESS PROCEEDINGS, QUEBEC, AUGUST 

19 - 23* 
YR 1968* 
DE PEAT, INVENTORIES, CHEMICAL ANALYSIS* 
GC MN* 

ID BIBLIO* 
AU FINNEY, H. R.* 
Tl SOME CHARACTERISTICS OF FOUR RAISED BOGS IN NORTHERN MINNESOTA; 

STRATIGRAPHIC RELATIONSHIPS AND MINERALOGICAL PROPERTIES OF THE 
INORGANIC FRACTION* 

TY DISSERTATION* 
PB UNIVERSITY OF MINNESOTA* 
YR 1966* 
DE PEAT, INVENTORIES, CHEMICAL ANALYSIS* 
GC MN* 

ID BIBLIO* 
AU FOX, ROBIN; MALTERER, THOMAS; ZARTH, RANDEE* 
IN ~11 NNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIV SION OF MINERALS, 
CENTENNIAL OFFICE BUILDING, 
ST PAUL MN 55155* 

Tl INVENTORY OF PEAT RESOURCES IN MINNESOTA; PROGRESS REPORT* 
TY REPORT* 
SO 36P* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

MINERALS DIVISION, 
CENTENNIAL OFFICE BUILDING, 
ST PAUL MN 55155* 

YR 1977* 
DE PEAT, INVENTORIES* 
GC MN* 

ID BIBLIO* 
AU HEINSELMAN, M. L.* 
Tl FOREST SITES, BOG PROCESSES, AND PEATLAND TYPES IN THE GLACIAL LAKE 

AGASSIZ REGION, MINNESOTA* 
TY JOURNAL ARTICLE* 
SO ECOLOGICAL MONOGRAPHS, VOLUME 33; P327-374* 
YR 1963* 
DE PEAT, INVENTORIES, CLASSIFICATION, FORESTS* 
GC MN* 
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ID BI BLI 
AU IRON RANGE RESOURCES AND REHABILITATION BOARD* 
Tl RESOURCES OF MINNESOTA: POTENTIALITY REPORT, FENS BOG AREA, ST 

LOUIS COUNTY MINNESOTA* 
YR 1970* 
DE INVENTORIES* 
GC MN REGION 3, ST LOUIS COUNTY, FENS BOG* 

ID BIBLIO* 
AU IRON RANGE RESOURCES AND REHABILITATION BOARD* 
Tl RESOURCES OF MINNESOTA, REPORT OF INVENTORY NUMBER ONE: WEST 

CENTRAL LAKES BOG, ST LOUIS COUNTY, MINNESOTA* 
TY REPORT* 
YR 1964* 
DE INVENTORIES* 
GC MN* 

ID BIBL O* 
AU RON RANGE RESOURCES AND REHABILITATION BOARD* 
Tl PEAT RESOURCES OF MINNESOTA, REPORT OF INVENTORY NUMBER TWO: COOK 

BOG, ST LOUIS COUNTY, MINNESOTA* 
TY REPORT* 
YR 1965* 
DE PEAT, INVENTORIES* 
GC MN* 

ID BIBLIO* 
AU IRON RANGE RESOURCES AND REHABILITATION BOARD* 
Tl PEAT SAMPLING: ARLBERG BOG, CENTRAL LAKE BOG, COTTON BOG, EAST 

COTTON BOG, EAST TOIVOLA BOG, FLOODWOOD BOG, FLOODWOOD EAST BOG, 
NORTHWEST BOG, MEADmVLANDS EAST BOG, PRAIRIE LAKE BOG, SILICA BOG, 
TOIVOLA AREA, TOIVOLA, SOUTH BOG* 

PB UNPUBLISHED* 
YR 1970* 
DE PEAT, INVENTORIES* 
GC MN, REGION 3, ST LOUIS COUNTY* 

ID BIBLIO* 
AU IRON RANGE RESOURCES AND REHABILITATION BOARD* 
Tl PEAT SAMPLING: NAKODA BOG* 
TY REPORT* 
PB KOOCH I CH I NG COUNTY PEAT RESEARCH o·FF I CE, 

HIBBING MN* 
YR 1966* 
DE PEAT, INVENTORIES* 
GC t-1N, REG I ON 3, KOOCH I CH I NG COUNTY* 
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ID B IBL IO* 
AU ITKONEN, BRUCE; GRUBICH, DONALD* 
IN IRON RANGE RESOURCES AND REHABILITATION BOARD, 

PO BOX 678, 
H I GH~/A Y 53 SOUTH, 
EVELETH MN 55734* 

Tl PEAT RESOURCES OF MINNESOTA; A SUMMARY OF BOG INVENTORIES CONDUCTED 
DUR NG 1961 - 1968 INCLUDING BOGS IN AITKEN, BELTRAMI, CARLTON, 
ITASCA, KOOCHICHING, AND ST LOUIS COUNTIES OF MINNESOTA* 

TY REPORT* 
SO 42P* 
PB IRON RANGE RESOURCES AND REHABILITATION BOARD, 

PO BOX 678, 
HIGHWAY 53 SOUTH, 
EVELETH MN 55734* 

YR 1979* 
DE PEAT, INVENTORIES, VEGETATION, DRAINAGE, NATURAL RESOURCES, BOGS* 
GC MN, REGION 2, REGION 3, BELTRAMI COUNTY, KOOCHICHING COUNTY, ITASCA 

COUNTY* 

ID BIBLIO* 
AU LARSON, ROYE.* 
Tl MEMO: MINNESOTA PEAT RESOURCES* 
TY PROCEEDINGS* 
SO SUMMARY OF MEETINGS HELD AT MINNESOTA CLUB, ST PAUL MINNESOTA, 

MAY 8* 
PB MIDWEST RESEARCH INSTITUTE* 
YR 1975* 
DE PEAT, INVENTORIES* 
GC MN* 

ID BIBLIO* 
AU MEINEKE, DAVID G.; VADIS, M. K.; KLAYSMAT, A. W.* 
Tl PILOT STUDY ON PEAT EXPLORATION GEOCHEMISTRY, BEACH LAKE AREA, LAKE 

COUNTY, MINNESOTA* 
TY REPORT* 
YR 1977* 
DE PEAT, INVENTORIES, GEOLOGY, CHEMICAL ANALYSIS, GEOCHEMISTRY* 
GC MN, REGION 3, LAKE COUNTY* 

ID BIBLIO* 
AU MINNESOTA DEPARTMENT OF NATURAL RESOURCES* 
IN MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIV SION OF MINERALS, 
ST PAUL MN 55155* 

Tl PEAT RESOURCE ESTIMATION: INVENTORY OF PEAT RESOURCES IN 
KOOCHICHING COUNTY* 



TY REPORT* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISI OF MINERALS, 
BOX 45 CENTENNIAL OFFICE BUILDING, 
ST PAUL MN 55155* 

YR 1 
DE INVENTORIES* 
GC REGION 3, KOOCHICHING COUNTY* 

IDB BLIO* 
AU M NNESOTA STATE PLANNING AGENCY* 
IN MINNESOTA STATE PLANNING AGENCY, 

LAND MANAGEMENT INFORMATION CENTER* 
Tl MAJOR PEAT RESOURCES IN MINNESOTA* 
TY REPORT* 
PB MINNESOTA STATE PLANNING AGENCY, 

MANAGEMENT INFORMATION CENTER, 
LL45 METRO SQUARE BUILDING, 
ST PAUL MN 55101* 

YR 1975* 
DE PEAT, INVENTORIES* 
GC MN* 

ID BIBLIO* 
AU SEVERSON, L. S.; MOOERS, H. D.; MALTERER, T. J.* 
Tl INVENTORY OF PEAT RESOURCES: KOOCHICHING COUNTY* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

MINERALS DIVISION, 
PO BOX 567, 
HIBBING MN 55746* 

SN US DEPARTMENT OF ENERGY* 
YR 1 
PR NO CHARGE* 
DE PEAT, INVENTORIES* 
GC MN REGION 3, KOOCHICHING COUNTY* 

ID BIBL O* 
AU SEVERSON L. S.; MOOERS, H. D.; MALTERER, T. J.* 
IN MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
ST PAUL MN 55155* 

Tl INVENTORY OF PEAT RESOURCES, KOOCHICHING COUNTY; APPENDIX E: 
STE DESCRIPTIONS* 
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TY REPORT* 
SO 114P* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
PO BOX 567, 
HIBBING MN 55746* 

SN US DEPARTI•1ENT OF ENERGY* 
YR 1980* 
PR NO CHARGE* 
DE PEAT, INVENTORIES* 
GC MN, REGION 3, KOOCHICHING COUNTY* 

ID BIBLIO* 
AU SOPER, EDGAR K.* 
IN UNIVERSITY OF MINNESOTA, 

MINNESOTA GEOLOGICAL SURVEY, 
1633 EUSTIS STREET, 
ST PAUL MN 55108* 

Tl PEAT DEPOSITS OF MINNESOTA* 
TY JOURNAL ARTICLE* 
NT PLATE 1: PEAT DEPOSITS OF THE NORTHERN HALF OF MINNESOTA, 1:1000000; 

PLATE 2: PEAT DEPOSITS OF BELTRAMI COUNTY, MINNESOTA, 1:300,000; 
PLATE 3: PEAT DEPOSITS OF KOOCHICHING COUNTY, MINNESOTA, 1:250,000; 
PLATE 4: MAP SHmllNG PEAT DEPOSITS OF ITASCA COUNTY, MINNESOTA, 
1:300,000* 

SO MINNESOTA GEOLOGICAL BULLETIN, VOLUME 16; Pl-261* 
PB UNIVERSITY OF MINNESOTA, 

MINNESOTA GEOLOGICAL SURVEY, 
1633 EUSTIS STREET, 
ST PAUL MN 55108* 

YR 1919* 
DE PEAT, INVENTORIES, GEOLOGY* 
GC MN, REGION 2, REGION 3, KOOCHICHING COUNTY, ITASCA COUNTY, BELTRAMI 

COUNTY* 
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KEYWORDS= PEAT, NON ENERGY USES 

ID BI BLI O* 
AU FARNHAM, ROUSE SMITH* 
Tl ADVANCED WASTEWATER TREATMENT USING ORGANIC AND INORGANIC MATERIALS* 
TY PROCEED NGS* 
SO FOURTH INTERNATIONAL PEAT CONGRESS, HELSINKI FINLAND* 
YR 972* 
DE PEAT, NON ENERGY USES, SEWAGE TREATMENT* 
GC MN* 

ID BIBLIO* 
AU FARNHAM, ROUSE SMITH; LEVAR, T. GORHAM* 
IN UNIVERSITY OF MINNESOTA, 

DEPARTMENT OF SOIL SCIENCE, 
ST PAUL MN 55108* 

Tl AGRICULTURAL RECLAMATION OF PEATLANDS* 
TY REPORT* 
SO 70P* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
CENTENNIAL OFFICE BUILDING, 
ST PAUL MN 55155* 

YR 1980* 
DE PEAT, NON ENERGY USES, AGRICULTURE, DRAINAGE, LAND USE, RECLAMATION* 
GC MN* 

ID BIBLIO* 
AU FARNHAM, ROUSE SMITH; BOELTER, DONALD* 
IN UNIVERSITY OF MINNESOTA, 

DEPARTMENT OF SOIL SCIENCE, 
ST PAUL MN 55108* 

Tl MINNESOTA'S PEAT RESOURCES: THEIR CHARACTERISTICS AND USE IN SEWAGE 
TREATMENT, AGRICULTURE AND ENERGY* 

TY PROCEEDINGS* 
SO SYMPOSIUM ON FRESHWATER WETLANDS AND SEWAGE EFFLUENT DISPOSAL, 

UNIVERSITY OF MICHIGAN, ANN ARBOR, MAY* 
YR 1976* 
DE PEAT, NON ENERGY USES, AGRICULTURE, SE\AJAGE TREATMENT* 
GC MN* 

ID BI BLI O* 
AU FARNHAM, ROUSE SMITH; JAOWICH, B. A.* 
IN UNIVERSITY OF MINNESOTA, 

DEPARTMENT OF SOIL SCIENCE, 
ST PAUL MN 55108* 

Tl POTENTIAL OF PEAT FOR POLLUTION ABATEMENT* 
TY REPORT* 
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PB UNIVERSITY OF MINNESOTA, 
DEPARTMENT OF SOIL SCIENCE, 
ST PAUL MN 55108* 

YR NA* 
DE PEAT, NON ENERGY USES, POLLUTION CONTROL* 
GC MN* 

IDB Bl O* 
AU FARNHAM, ROUSE SMITH* 
IN MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

D VISION OF MINERALS, 
CENTENNIAL OFFICE BUILDING, 
ST PAUL MN 55155* 

Tl STATUS OF PRESENT PEATLAND USES FOR AGRICULTURAL AND HORTICULTURAL 
PEAT PRODUCTION; FINAL REPORT, PHASE 2, PEAT PROGRAM* 

TY REPORT* 
SO 50P* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
CENTENNIAL OFFICE BUILDING, 
ST PAUL MN 55155* 

SN MINNESOTA DEPARTMENT OF NATURAL RESOURCES* 
YR 1978* 
DE PEAT, NON ENERGY USES, LAND USE, AGRICULTURE, GOVERNMENT POLICIES, 

HORTICULTURE* 
GC MN* 

ID BI BL IO* 
AU FUCHSMAN, CHARLES H.* 
IN BEMIDJI STATE UNIVERSITY, 

CENTER FOR ENVIRONMENTAL STUDIES, 
BEMIDJI MN* 

Tl POTENTIAL INDUSTRIAL CHEMICAL UTILIZATION OF MINNESOTA PEAT* 
TY REPORT* 
SO 71P* 
PB BEMIDJI STATE UNIVERSITY, 

CENTER FOR ENVIRONMENTAL STUDIES, 
BEMIDJI MN 56601* 

SN MINNESOTA DEPARTMENT OF NATURAL RESOURCES* 
YR 1981* 
DE PEAT, NON ENERGY USES, INDUSTRIES, CHEMICAL ANALYSIS* 
GC MN* 

ID BIBL 10* 
AU HARDING, B.; WHITE, E. H.* 
Tl UTILIZATION OF PEATLANDS FOR WOOD PRODUCTION* 
TY REPORT* 
PB MINNESOTA DEPARTMENT OF NATURAL R~SOURCES, 

DIVISION OF MINERALS, 
CENTENNIAL OFFICE BUILDING, 
ST PAUL MN 55155* 

YR 1978* 
DE PEAT, NON ENERGY USES, FORESTRY, BIOMASS* 
GC MN* 



ID BIBLIO* 
AU JOHNSTON, WILLIAM F.* 
Tl TAMARACK SEEDLINGS PROSPER ON BROADCAST BURNS IN MINNESOTA PEATLAND* 
TY REPORT* 
NT RESEARCH NOTE NC-153* 
PB US DEPARTMENT OF AGRICULTURE, 

US FOREST SERVICE, 
ST PAUL MN* 

YR 1973* 
DE PEAT, NON ENERGY USES, FORESTRY, BIOMASS* 
GC MN* 

ID BIBLIO* 
AU PASSER, MOSES* 
Tl PEATS OF MINNESOTA; CHEMICAL PRODUCTS FROM PEAT PROJECT* 
TY REPORT* 
SO REPORT NUMBER 12, APRIL* 
PB UNIVERSITY OF MINNESOTA, 

DEPARTMENT OF CHEMISTRY, 
DULUTH MN* 

YR 1956* 
DE PEAT, NON ENERGY USES, INVENTORIES, CHEMICAL INDUSTRY* 
GC MN* 

ID BIBLIO* 
AU POWER O'PEAT COMPANY* 
Tl MINNESOTA PEAT; MOSS, NATURE'S COMPOST* 
TY REPORT* 
PB POWER O'PEAT COMPANY, 

GILBERT MN* 
DE PEAT, NON ENERGY USES, AGRICULTURE, HORTICULTURE* 
GC MN* 
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KEYl1JORDS = PEAT 

ID MAP* 
AU ENG, MORRIS T.* 
IN MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DI SON OF MINERALS, 
ST PAUL MN 55155* 

Tl ION OF THE SURFICIAL GEOLOGY AND BOG PATTERNS OF THE RED 
LAKE BOG; BELTRAMI AND LAKE OF THE ~IOODS COUNTIES MINNESOTA* 

TY SHEET* 1 

PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 
DIVISION OF MINERALS, 
BOX 45 CENTENNIAL BUILDING, 
ST PAUL MN 55155* 

YR 1979* 
MS 1 :125,000* 
FT 24"X24";COLOR* 
PR NO CHARGE* 
DE PEAT, GEOLOGY* 
GC MN* 

ID MAP* 
AU ENG, MORRIS T.* 
IN MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
ST PAUL MN 55155* 

Tl EVALUATION OF SURFICIAL GEOLOGY AND PEAT RESOURCES, SOUTHWEST ST 
LOUIS COUNTY* 

TY SHEET* 
NT VERSO: EXPLANATION OF SURFICIAL GEOLOGY AND PEAT RESOURCES, 

SOUTHWEST ST LOUIS COUNTY* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
BOX 45 CENTENNIAL BUILDING, 
ST PAUL MN 55155* 

YR 1979* 
MS 1:125,000* 
FT 28"X32 11 ;COLOR* 
PR NO CHARGE* 
DE GEOLOGY* 
GC MN REGION 3, ST LOUIS COUNTY* 

ID MAP* 
AU ENG, MORRIS T.* 
IN NINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
ST MN 55155* 

Tl EVALUATION OF SURFICIAL GEOLOGY WITH PEAT RESOURCES DELINEATED; 
SOUTHWEST ST LOUIS COUNTY* 
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TY SHEET* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
BOX 45 CENTENNIAL BUILDING, 
ST PAUL MN 55155* 

YR 1979* 
MS 1:125,000* 
FT 28"X22";COLOR* 
PR NO CHARGE, DISTRIBUTED WITH REPORT: INVENTORY OF PEAT RESOURCES 

IN ST LOUIS COUNTY* 
DE PEAT, GEOLOGY* 
GC MN, REGION 3, ST LOUIS COUNTY* 

ID MAP* 
AU ENG, MORRIS T.* 
IN MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
ST PAUL MN 55155* 

Tl SURF CIAL GEOLOGY; KOOCHICHING COUNTY* 
TY SHEET* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
PO BOX 567, 
HIBBING MN 55746* 

YR 1980* 
MS 1:125,000* 
FT 40"X34"; COLOR* 
PR NO CHARGE, DISTRIBUTED WITH REPORT: INVENTORY OF PEAT RESOURCES 

OF KOOCHICHING COUNTY* 
DE PEAT, GEOLOGY* 
GC ~1N, REG I ON 3, KOOCH I CH I NG COUNTY* 

ID MAP* 
AU MALTERER, THOMAS J. (COMPILER)* 
IN MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIV SION OF MINERALS, 
ST PAUL MN 55155* 

Tl MINNESOTA PEATLANDS* 
TY SHEET* 
NT INFORMATION COMPILED FROM MINNESOTA SOIL ATLAS PROJECT* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIV SION OF MINERALS, 
BOX 45 CENTENNIAL OFFICE BUILDING, 
ST PAUL MN 55155* 

YR 1978* 
MS 1 :1,250,000* 
FT 28"X22";COLOR* 
PR NO CHARGE* 
DE PEAT, LAND USE, INVENTORIES* 
GC MN* 
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ID MAP* 
AU MALTERER, THOMAS J. (COMPILER)* 
IN f/J I NNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DI ISION OF MINERALS, 
ST PAUL MN 55155* 

Tl PEATLANDS: MINNESOTA, WISCONSIN, MICHIGAN* 
TY 
NT INFORMATION COMPILED FROM SOIL ATLAS PROJECT* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
BOX 45 CENTENNIAL BUILDING, 
~T PAUL MN 55155* 

YR 1978* 
MS 1 :2,000,000* 
FT 28"X22";COLOR* 
PR NO CHARGE* 
DE PEAT, INVENTORIES* 
GC MN vl I , M I * 

ID MAP* 
AU MINNESOTA DEPARTMENT OF NATURAL RESOURCES* 
IN ~INNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF MINERALS, 
ST PAUL MN 55155* 

Tl DISTRIBUTION OF RAISED BOGS IN MINNESOTA* 
TY SHEET* 
PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

DIV SION OF MINERALS, 
BOX 45 CENTENNIAL BUILDING, 
ST PAUL MN 55155* 

YR 1979* 
MS 1 :1,000,000* 
FT 17 "X22"; BLACK/\1H I TE* 
PR NO CHARGE, DISTRIBUTED AS PART OF THE REPORT: SPHAGNUM PEAT 

DEPOSITS IN MINNESOTA* 
DE PEAT, INVENTORIES* 
GC MN* 

ID MAP* 
AU MINNESOTA DEPARTMENT OF NATURAL RESOURCES* 
IN MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 

MINNESOTA PEAT INVENTORY PROJECT, 
DIVISION OF MINERALS, 
ST PAUL MN 55101* 

Tl PEAT RESOURCES; KOOCHICHING COUNTY MINNESOTA* 
TY SHEET, PART OF A SERIES* 
NT OTHER MAPS IN SERIES TO BE PUBLIS~ED: AITKIN COUNTY (1981); 

BEL TRAM I AND LAKE OF THE \··JOODS COUNT I ES ( 1982); SOUTHWEST ST LOUIS 
COUNTY (1982); CARLTON COUNTY (1982); PINE COUNTY (1982); ITASCA 
COUNTY (1982)* 
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(1982); CARLTON COUNTY (1982); PINE COUNTY (1982); ITASCA COUNTY 
(1982)* 

PB MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 
DIVISION OF MINERALS, 
PO BOX 567, 
HIBBING MN 55746* 

YR 1980* 
MS 1 :125,000* 
FT 36"X36";COLOR* 
PR NO CHARGE, DISTRIBUTED WITH REPORT: INVENTORY OF PEAT RESOURCES 

OF KOOCHICHING COUNTY* 
KOOCHICHING COUNTY* 

DE PEAT, INVENTORIES* 
GC MN* 

ID MAP* 
AU MINNESOTA STATE PLANNING AGENCY* 
IN MINNESOTA STATE PLANNING AGENCY, 

LAND MANAGEMENT INFORMATION CENTER, 
LL45 METRO SQUARE BUILDING, 
ST PAUL MN 55101* 

Tl MAJOR PEAT RESOURCES IN MINNESOTA* 
TY SHEET, PART OF A SERIES* 
NT MAP SERIES NUMBER 4; OTHER MAP SHEETS IN THE SERIES: PEAT 

RESOURCES OF KOOCHICHING COUNTY; PEAT RESOURCES OF THE SOUTHERN 
ARRm/HEAD REG I ON; PEAT RESOURCES OF THE NORTHERN HEADWATERS 
REGION* 

PB MINNESOTA STATE PLANNING AGENCY, 
LAND MANAGEMENT INFORMATION CENTER, 
LL45 METRO SQUARE BUILDING, 
ST PAUL MN 55101* 

YR 1973* 
MS 1 :3,000,000* 

_ FT 8"X9"; BLACK/WHITE* 
PR NO CHARGE* 
DE PEAT, INVENTORIES* 
GC r-1N* 

ID MAP* 
AU MINNESOTA STATE PLANNING AGENCY* 
IN NINNESOTA STATE PLANNING AGENCY, 

LAND MANAGEMENT INFORMATION CENTER, 
LL45 METRO SQUARE BUILDING, 
ST PAUL MN 55101* 

Tl PEAT RESOURCES OF KOOCHICHING COUNTY* 
TY SHEET, PART OF A SERIES* 
NT MAP SERIES NUMBER 4; CONTAINS 5 MAP FIGURES; OTHER MAP SHEETS IN 

THE SERIES: MAJOR PEAT RESOURCES OF MINNESOTA; PEAT RESOURCES OF 
THE SOUTHERN ARROWHEAD REGION; PEAT RESOURCES OF THE NORTHERN 
HEADt/ATERS REG I ON* 
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PB MINNESOTA STATE PLANNING AGENCY, 
LAND MANAGEMENT INFORMATION CENTER, 
LL45 METRO SQUARE BUILDING, 
ST PAUL MN 55101* 

YR 1973* 
MS 1 :500,000* 
FT 26"X20";COLOR* 
PR NO CHARGE* 
DE PEAT, LAND OWNERSHIP, INVENTORIES* 
GC MN, REGION 3, KOOCHICHING COUNTY* 

ID MAP* 
AU MINNESOTA STATE PLANNING AGENCY* 
IN MINNESOTA STATE PLANNING AGENCY, 

LAND MANAGEMENT INFORMATION CENTER, 
LL45 METRO SQUARE BUILDING, 
ST PAUL MN 55101* 

Tl PEAT RESOURCES OF THE NORTHERN HEADWATERS REGION* 
TY SHEET, PART OF A SERIES* 
NT MAP SERIES NUMBER 4; CONTAINS 5 MAP FIGURES; OTHER SHEETS IN THE 

SERIES: MAJOR PEAT RESOURCES OF MINNESOTA; PEAT RESOURCES OF 
KOOCHICHING COUNTY; PEAT RESOURCES OF THE SOUTHERN ARROWHEAD REGION* 

PB MINNESOTA STATE PLANNING AGENCY, 
LAND MANAGEMENT INFORMATION CENTER, 
LL45 METRO SQUARE BUILDING, 
ST PAUL MN 55101* 

YR 1973* 
MS 1:500,000* 
FT 28"X32"; COLOR* 
PR NO CHARGE* 
DE PEAT, LAND OWNERSHIP, INVENTORIES* 
GC r,1N, REG I ON 2, LAKE OF THE \i'OODS COUNTY, BEL TRAM I COUNTY* 

ID MAP* 
AU MINNESOTA STATE PLANNING AGENCY* 
IN ~INNESOTA ~TATE PLANNING AGENCY, 

LAND MANAGEMENT INFORMATION CENTER, 
LL45 METRO SQUARE BUILDING, 
ST PAUL MN 55101* 

Tl PEAT RESOURCES OF THE SOUTHERN ARROWHEAD REGION* 
TY SHEET, PART OF A SERIES* . 
NT MAP SERIES NUMBER 4; CONTAINS 5 MAP FIGURES; OTHER SHEETS IN THE 

SERIES: MAJOR PEAT RESOURCES OF MINNESOTA; PEAT RESOURCES OF 
KOOCHICHING COUNTY; PEAT RESOURCES OF THE NORTHERN HEADWATERS 
REGION* 

PB MINNESOTA STATE PLANNING AGENCY, 
LAND MANAGEMENT INFORMATION CENTER, 
LL45 METRO SQUARE BUILDING, 
ST PAUL MN 55101* 

YR 1973* 
MS 1 :500.,000* 
FT 32"X28"; COLOR* 
PR NO CHARGE* 
DE PEAT., LAND OWNERSHIP, INVENTORIES* 
GC MN, REGION 3, ST LOUIS COUNTY, ITASCA COUNTY, AITKIN COUNTY, 

CARLTON COUNTY* 
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