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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
peatland policy. The panel, drawn primarily from
the membership of CURA's All-University Council on
Envivonmental Quality, reflects a variety of back-
grounds and disciplines: 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, Agricultural
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. 1In addition, CURA
contracted Thomas Triplett and Loni Kemp of the
Minnesota Project to study the legal, 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 emergy 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.

Ao Dt

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, éoupled 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 ra& 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




aesthetic importance, or which may provide a re-
source base important to future generations of

Minnesotans.

the long- and short-term energy supply stability is

an important factor when evaluating the desirabili-

ty of any of these development approaches.

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 energy 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,

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:

e 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 be 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




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 related 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-




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

ECONOMIC IMPACTS

Jobs and Workers

SOCTAL IMPACTS

Jobs and Workers

ENVIRONMENTAL IMPACTS
Land

e number of new jobs created

e specific skills required of the
labor force

e mix of local and imported
workers

Economic Stability

® long~ and short-—term stability
of economic activity in the
region

e 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

e public services demanded by the
development project

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

e time required to make  services
available to the population.

@ ability of govermment to assume
the costs of providing public
services

Local Economies

@ range of goods and services
available

e degree to which commercial enter-—
prises are locally owned and
operated

e changes in cost of living

e stability of employment in
affected communities

e variety of skills, education and
background of workers

e mix of local and imported workers
living in surrounding communi-
ties

Communities

e rate of economic and social
change in affected communities
e ultimate size and character of
affected communities after de-
velopment occurs
e 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

e character and extent of
land disturbance

Water

e potential changes in the
quality of ground and
surface waters

@ degree to which such changes
can be geographically con-
tained

Alr

® 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




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.

e 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 ﬁeatland 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




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 AND 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 peatiand development. Be-

cause peat is not a mineral or a traditional energy
N

source in this country, and because peat extraction
is not quite like any other surface 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-

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 sell
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.




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 varicus governmental

levels.

Social and Economic 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 Optdons

There are three general approaches Minnesota
could take in administering decisions about peat-

land development. Option #1 would retain the

current system but would clarify the ambiguities

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 #3 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




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 processes, broad public in-
put regarding basic policy directions is much more

difficult to achieve.




I. MINNESOTA'S PEATLANDS:

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-

CRUCIAL DECISIONS AHEAD

tion in Minnesota. The Minnesota Energy Agency
(MEA) 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 wiiiows, rather than for peat
extraction.* This renewable use of Minnesota'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 those 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, Minnesota Public

Interest Research Group, and Clear Air - Clear

% Conversations with Ronald Visness, Assistant Di-
rector of Alternative Energy Development and
Ronald Rich, 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 peét 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 develoﬁment 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.

e 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. 1If 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

will have serious long—term consequences for Minne-

sota and its people.

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 government or industry could
alter or destroy their character forever.

Obviously, decisions made in the next few years

11




IT. PEAT AND PEATLANDS: WHAT CAN BE USED?

WHAT ARE PEATLANDS?

AN A LA A

moors, "en

"Mires, 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 1979, 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.

"organic soil" or

Peat is sometimes called
"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'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) (Olsonetal. 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-
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Figure 1
World Peatlands

AN

. 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
Minnesota.

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 beatland 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
Decembher 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
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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

D Water




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 "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 devélopment 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 this 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

17




Sedges, reeds and 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 1.4
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' peatlands. With 27million 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 cof
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 fiigures 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

20

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. TFigure 4 represents the distribu-

tion of Minnesota's peatlands based on the results




Figure 5
R Peatlands of the (nited States

PEATLAND (Adapted from U.S. Department of Energy. Division of Fossil Fuel Processing. 1979.
Peat Prospectus. Washington, D.C.: December of Energy. p. 13.)




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;

@ 1is found in peatlands containing 80 acres of
contiguous peat per square mile;

e contains 8,000 BTU/1b on a MAF basis;

e 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 measdrement 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.




se

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-
mated 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, p. 13). This
preliminary estimate is based only on land use con-
straints without regard to peatland characteristics,
envirommental limitations and economic factors,
Because of these and other constraints, the total
available reserve may be much less than previously
thought. 1In Alaska, for example, where peat re-
sources were estimated as large as 107 million
acres, a survey showed that 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.
ity for producing bioenergy crops.

An Inventory of Minnesota's wetlands and their suitabil-
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
elsewhere, However, as supplies of certain natur-
al resources, particularly fossil fuels, have di-
minished and become more expensive, the United
States and other countries have taken a new look
at development of peatlands.

There are three basic land-use categories for
peatlands: a) extraction of nonrenewable re-
sources, b) production of renewable resources, and

c) peatland preservation. (See Figure 6).

EXTRACTION OF A NONRENEWABLE RESOURCE

Fuel
Peatlands have been a source of fuel for heat-
ing and cooking for hundreds of years, dating back
at least to Roman times., Peat has been used in
Europe and Scandinavia for many years, but was
first used on an industrial scale in the Soviet

Union in the early 1900s. About 35 years ago ITre-

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.
29). A

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 conteﬁt 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 UTILIZATION OF PEATLANDS
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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, climate, 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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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

Sphagnum moss, used in such horticultural products
as soil additives and potting soil. steroids. Waxes produced from bitumens can be used

28




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 (Fuchsman 1978, v).

Peat carbohydrates are sources of cultures for
yeast used in the production of alcohol and as a
high-protein feed for livestock (Fuchsman, Lund-
berg, and Dreyer 1979, p. 23). Humic acids are used
in agriculture as root stimulants, pest controls,
and as fertilizer additives. They also are used in
the plasticand 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 agent 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 the peat. 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 producing
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
prepared for the particular mining method to be
used. This can involve surveying, draining, clear-
ing, and leveling the peatland, 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-

tem 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 '"'deep macerating" machine has been de-
signed to chop stumps and other underground mater-
ial and mix it with the top layers of peat (N&mden
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
cylinder—-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, ana 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.




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 m;ch 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 (Wdmden

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
desired moisture content. Results of this
process show a recoGery 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 diffi-
cult problem to solve. Not only are the technical
questions not fully answeféd, 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.




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 peatlands. 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).

Norwegian island of Smdla.




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 1979%a, 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 substantial. 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 1979%a, 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 Tear-drop islands of tamarack and shrubs in the

"Big Bog" is part of an even larger peatland that "Big Bog'" north of Upper Red Lake.




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

ANTIMALS
PLANTS® Threatened? Dependent®
western Jacob's ladder *sandhill crane cinereus shrew
%; ram's head lady's slipper *pine martin short—-tailed shrew
bog-adder's mouth *fisher arctic shrew
showy lady's slipper Canada lynx star-nosed mole
swamp pink dragon's mouth *grey wolf southern bog lemming
lingonberry northern bog lemming
i small-round-leaved orchid
| calypso orchid (fairy slipper)
twid rush (water bog rush)

slender-leaved sundew

oo

* legally protected species

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
¢ — 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 shaped by the water tracks in which they lie, are
Lake Agassiz. typically teardrop, horseshoe, or ovoid in shape.
The "Big Bog" is characterized by large water By any standard, the '"Big Bog," with its distinct
tracks in which islands of raised vegetation are islands and water tracks, is impressive, particu-
found (Gorham and Wright, Jr., 1979). These islands, larly when viewed from the air. According to a
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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 valuable 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

Ly

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- acteristics, as discussed above, or because of
land.

because these lands contain unique natural char-




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 unexplbited 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-
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ior after recommendation 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. 1In 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




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 fossil fuels. Growing scarcity
and increased production costs have already had an
effect on the prices of Minnesota's energy, with
the cost of fuel o0il 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 Figure 8) (MEA 1980, p. 1-3).

4t

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 domne 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 feasibility 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.
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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,

Figure 8

Residential Energy Prices,
Actual (1970-1979)

and Projected (1980-2000)
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Figure 9 PEATLAND UTILIZATION FOR ENERGY

END-USES

and user costs.
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associated with all aspects of the approach.

to be determined by considering all energy inputs

The energy efficiency of each de-

velopment approach is also of key concern and needs
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ally, the long=- and short-term energy supply

stability is an important factor when evaluating

the desirability of any of these development

approaches.




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 sSource provided, Finland
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 dinterested
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 transformed 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 Eite, 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. 1In 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

N
-1/

natural gas prices increase and Minnesotans begin
to rely on expensive gas from Alaska, the still-
developing technology of peat 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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used for peat.

Microorganisms in the peat mixture act as
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 disposal (see Figure 11).

One advantage of the biogasification process
is that it apparently does not require dewatered

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

hydrogasification 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 hydrogasification
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). 1In 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
some times 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 increased until water begins to separate from the

methanol from peat. The first involves gasification peat material. The water then is decanted off in

of the peat (see the section on peat gasification), a separator and the remaining mixture is combined

then converting the gas to a liquid. After the peat with a solvent and placed in another reactor. High-

is blended and dried to a moisture content of about er temperatures in this reactor complete the lique-

50 percent, the feedstock is gasified to produce a faction and the solvent is then removed (Bjornbom

synthetic gas. Through a compression process the et al. 1980, p. 1-2).

i
Estimates of the efficiency E
E

gas 1s then formed into a liquid methanol (Solan- of producing methanol vary between 50 and 70 per-—

tausta and Asplund 1980, p. 26). cent, depending on which processes are used (Chor- j

The second process for converting peat to a net and Roy 1980, p. 6; Ikan et al. 1980, p. 3). I
liquid fuel is also a two-step procedure. (See The advantage of a liquid fuel is its versa-
Figure 13.) After it has been mined, wet peat is tility. No only can it be used to heat and gener-
placed in a reactor unit where the temperature is 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
dewatering 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. It 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 technole-
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 tons of raw peat per
year. 'The 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




Figure 14
BRIQUETTING/PELLETIZING

briquettes or pellets with a healing value of 7,200
BTU/1b. The briquettes are sold either to indi-
viduals for home heating or to commercial interests

as fuel for industrial boilers.

Briquettes can be composed exclusively of peat
or they can be a combination of peat, bark powder,
wood chips, and biomass (Namden for Energiproduk-
tionsforsking 1977, p. 158). The result, as long
as the feedstock is blended, is a concentrated

product that can offer constant thermal properties.
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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 common characteristic:

consumed,

the resource is gone.

Biomass

once the peat is

production

is one possible means of greatly increasing the
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life of the resource. usable energy source are chemically similar to

Figure 15 demonstrates the general procedure traditional fossil fuels (MEA 1980, p. 4-31).
that is followed to produce energy from biomass. While the present plans of Minnegasco, North-
Biomass is plant material formed through photo- ern Natural Gas, and DOE do not include production
synthesis. Biomass not only includes live mater- of biomass for use as a feedstock for gasification,
ial associated with timber, grains, or forage biomass or a biomass-peat combination for gasifica-
crops, but also indirectly produced material such tion appear technically possible. Like peat, bio-
as animal and municipal wastes. The components of mass can also be burned directly to produce heat
biomass that can ultimately be converted to a and electricity, briquetted or pelletized, or

Figure 15 ENERGY CROPS
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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 certain 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 requirements of a crop (MEA 1980,
p. 4-40). 1In 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 couid 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 oﬁ 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-
Jarly 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 energy necessary for producing ener-—
gy from it--of various options, the most efficient
method of producing canbe 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 is 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 (di.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

Extraction Process

Sod Densified
Peat Milled Peat Hydraulic

Land preparation (a) (a) (a)
Extraction .9 o2 .2

Processing (i.e., den-
sification, crushing,

and loading) .5 .3 (b)
Transportation .6 .8 2.9
Dewatering (c) (c) 8.9-12.0

Losses (i.e., dust or N
colloidal) 1.0 4,0 20.0

(a) Negligible
(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 1s 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 (Cattail)
End-Use Fuel to Consumers 35% Moisture 50% Moisture Peat High N Low N
Feedstock delivered to
conversion plant site: 97.0 94.8 69.1 70.7 75.5
Gasification (SNG + .
by-products) 65.0 63.5 46.3 45.7 48.9 |
Gasification (SNG only) 49.1 48.0 35.0 35.8 38.3
Electricity only 24,2 21.8 16.5 16.5 17.6
Cogeneration (electric-
ity and hot water) 58.3 52.7 39.7 40.0 42.6
District heat only
(hot water) 58.9 53.4 40.7 40.9 43,6
Briquettes 85.4 78.1 59.1 60.7 64 .6

1 . )

In comparing the different conversion options it is important to note that these 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.)




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

62

to that of hydraulic mining. They may be more de-
sirable, however, since they offer renewable ap-
proaches that will lengthen the l1ife 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 strategies 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 present 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 wvarious
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,

sewer 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 govermment—-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 economic 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 an 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). Since 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. 1In the
northern regions of Minnesota, the first and last
frosts of the season occur 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
harvestingseason(ﬁfnorthernélimatesnmans that,
under current levels of ‘technology, 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 alternatives, several general

observations are noted:
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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 cxpenditures/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 faétors 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-

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 carefully for their use, and to consider not
only 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 state.
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 ar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>