"The Time Being," a sculpture by Paul Theodore Granlund,
was commissioned for the Federal Reserve Bank, Minneapolis.
Now Artist-in-Residence at Gustavus Adolphus College,
Mr. Granlund did graduate work in art at the University.

HERE COMES THE SUN

I

Almost all energy on the earth is from
e sun. Most of it used by man is retrieved
fr m sources such as fossil fuels which have
ac mulated for thousands of years. The
rest' omes from solar energy flowing
t
gh the planet's natural systems.
These so-called renewable
systems - sunshine, wind, water, and
plants - at present supply less than three
percent of the United States· energy
demand. But a major commitment to solar
research and development could increase
that figure to nearly 25 percent by the year
2020. As an indication of the possible trend,
for instance, a recent federal government
report concluded that solar energy would be
the cheapest way to heat new homes in
Minnesota by 1980.
The sun's energy can be captured in
several ways. Solar collectors provide heat
and hot water for homes and buildings.
Solar concentrators collect energy used in
electrical power generation and industrial
processes. Photovoltaic cells convert
sunlight into electricity. Solar energy stored
in plants through photosynthesis is
converted into gas and liquid fuels, or
burned directly. Wind, in part a solar
phenomenon, provides power to pump water
and generate electricity.
Creative efforts to put these ideas into
practice, however, were sidetracked early in
this century with the introduction of
inexpensive fossil fuels - coal, oil, and
natural gas. As the world supply of energy
has become unstable and prices continue to
climb, industrialized nations suddenly find
themselves scrambling to develop
alternative ways of producing energy.
States like Minnesota, even though per
capita energy consumption is near the
national average, have become more
interested in renewable energy sources
because virtually all of their supplies are
imported. In 1975, the North Central area of
the United States consumed 28 percent of
the nation's energy, while producing only
nine percent. The Minnesota Energy
Agency's 1978 report to the State
Legislature estimates that Minnesota's
energy demand will surpass supply from
present sources by the early 1990s.

SOLAR ENERGY RESEARCH AT THE UNIVERSITY
Pioneering in Solar Research
With respect to solar energy, Minnesota
is twice blessed. Not only does the state
receive above average solar radiation in
spite of its harsh climate, but Minnesota is
the home of solar research scientists whose
work at the University began decades
before the "energy crisis" became a publ ic
issue.
In the late 1940s mechanical engineer
Richard Jordan proposed and developed
solar assisted heat pump systems, designed
to use solar energy as a heat source in lieu
of the conventional air or water systems.
Soon thereafter, Jordan constructed a solar
laboratory for testing collectors, and began
gathering data on the frequency and
intensity of solar radiation in Minnesota.
Jordan and other University scholars
later became involved in numerous joint
solar research projects with private
companies. With Goodyear Aircraft
engineers, for example, they designed an
inflatable solar collector to be used in space.
They also have collaborated with engineers
at Honeywell, Inc., Northern States Power
Co., and Sheldahl Corp. in testing a solar
concentrator system designed to generate
large amounts of electrical power.

Ouroboros House was constructed by students
and faculty in the early 70s as a demonstration
project on solar energy technology and
architecture. Today, two University students live
there, and by arrangement conduct educational
tours. (For tour information, call 612/373-5170.)

Enthusiasm for solar research spread to
other University departments. In the late
50s, an architecture student and the wife of
an architecture professor won the two top
prizes in a worldwide solar home design
competition. A decade later, a facultystudent group in architecture and
engineering designed and built a solar home
they named Ouroboros, after the
mythological creature which survived by
eating its own tail.
In the early 70s, scientists in agriculturerelated departments on the University's St.
Paul campus began trading ideas with
engineering researchers about the potential
of plant materials as an energy source. A
"biomass" study group emerged, along with
numerous research projects aimed at
investigating the gamut of questions about
the sun's energy stored in plants: How do
plants collect and store solar energy? How
can the energy be converted to usable
fuels? How will harvesting biomass affect
the environment? How much will it cost?

The growing number of research projects
involving energy and the environment
prompted formation of the All-University
Council on Environmental Quality, a project
of the Center for Urban and Regional Affairs.
In addition to encouraging research and
courses related to the environment, the
Council brings together scholars from a wide
variety of departments and interests who
share an interest in planning for a more
healthy and productive environment.
Earlier this year, the federal Department
of Energy announced that Minnesota will
house one of four regional energy research
and information centers in the United
States. The Mid-American Solar Energy
Center in Eagan will serve as a
communication link between researchers
and the public, collecting and disseminating
information related to the development of
solar energy. The Center staff, its deputy
director a University agricultural economist
on leave, will undertake examination of solar
energy prospects in Minnesota and eleven
nearby states.

Seeing the Sun Again
Exploring ways to tap the sun's energy
will not be accomplished in dramatic leaps,
those instant technical miracles Americans
too often expect. Most ideas for using the
sun are centuries old; every one of the
approaches now being refined was known at
the start of the present century.
The challenge for solar researchers,
therefore, is not to reinvent the wheel.
Rather, it is to apply the ideas and skills of
their disciplines to finding effective ways of
harnessing the sun's energy for man's
needs.
What has been painstakingly learned
through years of continuing basic
research - encompassing such subjects as
heat conduction and convection,
photovoltaics, radiation, materials properties,
stress, hydraulics, design, cost-benefit
analysis, photosynthesis, and enzyme
chemistry - must now provide the
knowledge base from which solar energy
research can proceed.
Williamson Hall, a new energy-efficient
underground building on the Minneapolis
campus, will use solar energy for heating and
cooling.

COLLECTING MINNESOTA'S SUNSHINE
How reliable is solar energy?

How does wind affect collectors?

Everyone agrees that the sun is the
most plentiful source of energy within our
grasp. Energy needs of the twelve-state
North Central region of the country, for
instance, could be entirely supplied by just
the sun that shines on the metropolitan
Twin Cities.
But even though some states such as
Minnesota are located in a favorable
position to receive the sun's rays, effective
collecting of solar energy requires detailed
information on radiation patterns. At the
University's microclimate research station on
the St. Paul campus, agricultural
climatologist Donald Baker is compiling a
daily record of the sun's intensity.
Baker's instruments !called
pyranometers) measure both direct and
diffuse radiation from the sun, automatically
calculating the total received each day.
When completed, the record will enable
researchers to project daily radiation levels
and prolonged cloudy periods. It will also
enable them to describe relationships
between solar intensity and the surrounding
air temperature and wind movement.
Armed with such information, designers
of solar collectors and solar heating and
cooling systems will be better equipped to
tailor technology to the special climatic
requirements of Minnesota.

Environmental conditions, especially the
shifting speed and direction of the wind,
affect the amount of energy solar collectors
can catch. Mechanical engineer Ephraim
Sparrow has created in the laboratory a
controlled environment to isolate the effect
of wind and heat loss.
Sparrow's experimental collector is a
small flat object coated with a substance
called napthalene, also familiar as the basic
material of mothballs. Since in his
experiments napthalene evaporation is
analogous to heat, measurement of how
much of it is lost due to air motion becomes
a measure of how much heat might be lost
in the solar collection process.
Unlike ordinary collectors, Sparrow's is
not stationary. And unlike ordinary wind,
Sparrow's is carefully controlled. As he
moves the collector about inside a precisely
designed wind tunnel, Sparrow measures
the amount of napthalene evaporated by the
simulated variations in wind speed and
direction.
These calculations of how heat is lost by
exposure to wind eventually will provide
solar collector designers with useful
observations about how efficiency can vary
under changing wind conditions.
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Agricultural climatologist Donald Baker and his graduate assistant, Jon Ljungkull, adjust
test equipment which measures solar radiation reflected by the earth's surface.

Which collectors are best?
To help both consumers and designers
make sensible choices about solar
equipment, environmental engineer Michael
Hoffmann is conducting tests to judge the
comparative efficiency of collectors.
Last year, Hoffmann and several of his
students installed two solar collectors - a
common "flat plate" type and a "semiconcentrating" collector which absorbs
diffuse and direct sunshine equally well
regardless of its tilt - on the roof of the
University's Space Science Building.
An electronic device which they
designed records temperatures at different
locations within the collectors. Using the
recorded temperatures along with
measurements of solar radiation, they can
determine the relative efficiencies of the
collectors, once information such as wind
speed and flow rate of the fluid inside the
collectors is available.
From this kind of information, they hope
to determine which collectors are best
suited for year-round operation in
Minnesota. This year, in a report prepared
for the State Legislature, Hoffmann and his
students used computer programs to
evaluate performance and cost for several
different types of collectors.

Students Dan Moran and Paul Choitz assist
engineer Michael Hoffmann with routine
maintenance on the flat plate collector they
installed last year.
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This semi-concentrating solar collector is one of two operated by
Hoffmann and his students on the roof of the Space Science Center.

THE STORAGE PROBLEM
Increasing Storage Capacity

Improving Battery Design

Because available sunlight varies with
time of day, weather, and season, a well
designed storage system can dramatically
increase the energy span of one sunny day.
Materials such as water, rock, or salt, when
they are warm, can be said to "store"
thermal energy.
Engineer William Garrard believes that by
reducing collector size and increasing
storage capacity, he can lower the cost of a
solar heating and cooling system, and at the
same time lengthen by four fold the time
that heat can be retained.
Garrard is testing the performance of
both flat plate and concentrator collectors,
and combining them with water tank and
pebble bed storage systems capable of
holding heat for over three months. If
successful, Garrard's idea will virtually
eliminate the need for back-up energy
sources as well as lower the total price of
solar heating and cooling systems for
homes.

A solar battery, composed of a series of
photovoltaic cells, converts energy from the
sun into electricity. That electrical energy
can be used to power small scale
instruments such as watches and
calculators.
Electrical engineer R.M. Warner, Jr.,
assisted by graduate student Eileen Murray
and scientist Wiley Smith, is experimenting
with a solar battery designed to make these
low power devices less expensive and more
reliable. Called a "monolithic series-array
solar battery," it would produce the same
amount of power as a conventional solar
battery and allow for improved design
flexibility by increasing the ratio of output
voltage to current.
For calculators and other small
instruments with intermittent use, the need
for chemical storage batteries would be
eliminated. For devices with continuous use,
such as watches, the solar battery could be
connected with a storage battery.
Although still in the experimental stage,
Warner believes that this type of battery,
increased to three inches in diameter, also
could be used in solar concentrating
systems to reduce electrical losses and
therefore improve efficiency.

Storing Heat in Rocks
Storage is also a critical problem for
large scale applications of solar energy. In
cooperation with other scholars from several
disciplines, electrical engineer Mahmoud
Riaz has designed a large scale heat storage
system involving use of natural rock
formations. His heat storage beds for this
demonstration research project are the
porous limestone bluffs of the Mississippi
River at the University's Minneapolis
campus.
Riaz' system works like an enormous
sauna, with pipes collecting waste heat from
the University's heating system and pumping
it into the rock formations. The heat can be
stored there until a blast of cold air sucks it
from the rock bed back into the boilers, to
be used either for heating or power
generation. Long term storage of energy in
natural rock or sandstone, which Riaz and
his colleagues are showing to be both
feasible and economical, can make solar
technology even more realistic in the near
future.

Electrical engineering graduate student Eileen
Murray examines a small experimental solar
battery.

CATCHING THE WIND
Just as solar energy is best collected
under clear skies, its path unbroken by
clouds, trees, or buildings, so also is wind
energy most intense when allowed to travel
straight and unobstructed. The plains of
West Central Minnesota, where the
University's Morris campus is located,
recently was chosen as a demonstration
area for six small scale windmills designed
to generate energy.
The first windmill, completed this year,
resembles the old-fashioned variety but has
twice the fan diameter. Morris faculty
researchers Andy Lopez and Robert Tardiff
monitor the windmill's performance by
measuring wind speed and direction, as well
as calculating the amount of electrical
energy generated. Although still too early to
make definitive judgments about the
windmill's efficiency, they estimate that it
can supply about half of a Western
Minnesota household's energy requirements
other than space heating.
Like sunshine, wind is intermittent and
unpredictable. To prolong the lifespan of a
single gust, i.e., to store it, electrical
engineer Narendra Mohan has joined two
familiar technologies - a windmill and the
simplest kind of electrical motor. The
projected result is an ingenious system
which supplies inexpensive electricity for
space heating.
As the windmill's blades rotate, energy
is transmitted to the motor which converts
it to electricity, thus warming a set of coils
that heat surrounding air. Mohan is now
testing his energy conversion scheme in the
laboratory. If the tests prove successful, a
small demonstration system will be built.
Potential of the wind as an energy
source also has become a matter of interest
to power companies. In Northeastern
Minnesota, Minnesota Power and Light Co.
is considering use of wind powered
generators to supplement the electricity
needs of the taconite industry.
Physicist Donald Olson and a team of
researchers from the University's Duluth
campus have begun a study of wii,d
velocities along the Laurentian Divide, where
the Mesabi Range is located. After several
years of observation and analysis, they will
be able to judge the feasibility of wind as a
supplemental source of power for the area.

The first of six demonstration windmills
designed to generate electricity is now being
tested near the University's Morris campus in
West Central Minnesota.

BUILDING BELOW THE GROUND
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St. Paul architects John Carmody
and Tom Ellison, both University
graduates, designed this model of an
earth-sheltered energy efficient
home. Most suitable for a sloping
site, it employs passive solar energy
collection - partly through large directional skylights. (Information on
these designs and others in a new
comprehensive publication on earthsheltered housing design is available for $10 from the Underground
Space Center, 11 Mines and Metallurgy, Minneapolis campus, 612/3761200.)
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From the perspective of energy
conservation, probably the best way to face
Minnesota's bitter winters and scalding
summers is to retreat underground. The
climate there is moderate (approximately 50°
F, I0°C, 30 feet down all year) and
unpredictable weather is almost irrelevant.
In recent years, the University has
become an internationally recognized center
for research and innovation in underground
construction. Williamson Hall, the first
underground building on the campus, was
completed last year. Designed by architect
David Bennett in collaboration with engineer
Thomas Bligh, it houses a bookstore and
administrative offices of the Admissions and
Records Department. This year, the building
will be fitted with solar panels for heating
and cooling.
Williamson Hall demonstrates several
important qualities about underground
buildings. They can be attractive, and free
up valuable space for outside gardens and
walkways. They can be pleasant to
experience, with cleverly designed skylights
diffusing more sunlight inside than windows
in most conventional buildings. Best of all,
they can be relatively inexpensive to
construct, and with solar technology
conserve considerable energy.
Charles Fairhurst, Chairman of the Civil
and Mineral Engineering Department, now
has begun planning for construction of a
second underground building on the
campus - one which will provide a new
home for his own department - beginning
in 1981 ..
Fairhurst first must select a suitable site
for the 150,000 square foot structure, which
is to be energy independent -meaning it
will supply its own requirements of power,
heating, and cooling. Solar collectors will not ·
only heat the building, but power its
electrical generator as well. In addition, an
air conditioning system (designed by Bligh)
will circulate air which is cooled by ice
formed in winter and stored deep
underground for use in summer.
Also, Bligh and Bennett are working on
plans for an earth-sheltered (built partially
underground) energy-independent building
for the Minnesota Historical Society, to be
located in the Minnesota River bluff below
Fort Snelling, and an underground
neighborhood public library in Minneapolis.

Architect David Bennett and engineer Thomas
Bligh review their plans for the new energyindependent underground Minnesota Historical
Society building at Fort Snelling.

At the University's new Underground
Space Center, Director Ray Sterling and
other underground building experts are
studying the economics of earth-sheltered
residential housing in Minnesota. Recently,
the Center published a 300-page manual
containing 18 earth-sheltered housing
designs, and elaborate information on a
variety of factors - site selection, design,
energy use, waterproofing and insulation,
code requirements, and the like - to be
considered before building underground.
In addition, the Center is undertaking a
demonstration project in which the energy
conservation characteristics of ten earthsheltered houses, to be built in Minnesota
this year, will be compared with those of
two well insulated conventional homes.
When combined with solar collectors for
heating, cooling, and power, underground
and earth-sheltered structures have the
potential of significantly reducing
Minnesota's reliance on imported supplies of
energy.

PLANTS FOR POWER

Plants depend on sunlight, and have
evolved sophisticated solar collection and
storage systems. Through the process called
photosynthesis, plants absorb solar energy,
then convert it to chemicals such as
cellulose and starch. By several methods,
these chemicals then may be converted into
fuels. It has been estimated that the United
States' annual biomass (plant matter)
production for food, lumber, and the like, if
used exclusively for fuel, could provide 25
percent of the nation's energy needs.
Minnesota, an agricultural state also rich
in forest products, produces 150 to 200
pounds of cellulose per person per day,
according to biochemist Rex Lovrien. In an
effort to learn more about the potential of
plants as energy producers, Lovrien works
to isolate enzymes which break down
cellulose into sugars. Better understanding
of the biochemical process involved,
Lovrien's principal aim, eventually may lead
to better ways of fermenting these sugars
and converting them to fuels.
When University researchers first
became interested in biomass as an energy
source, many focused their attention on
crop residues such as cornstalks, ordinarily
plowed into the soil after harvest. They
examined the effects on the soil of residue
collection, and the economic feasibility of
residue conversion.
In recent years, however, interest has
shifted somewhat from farm lands to
wetlands. Northern Minnesota's swamps
and marshes are not only rich in peat, but
also happen to grow energy-rich weeds,
reeds, sedges, and grasses. The wetland
weed which has aroused the most interest
so far is the cattail.

Cattails
The cattail has an unusual capacity to
store solar energy, owing mostly to a long
growing season. Unlike most other leafy
plants, the cattail grows from early spring
until the first autumn frost. Botanist Douglas
Pratt is coordinating University research on
the cattail's unique physiology and
photosynthetic process, and testing its
response to the life of an "energy crop,"
cultivated in controlled conditions and then
harvested.
Biochemist Robert Glass, who recently
joined the University cattail research effort,
will study the carbohydrates stored in the
cattails's leaves, stems, and root system. He
will also consider methods for extracting the
energy from cattails, ultimately to be
converted to fuel.

Peat
Pratt and University soil scientist Rouse
Farnham, an internationally recognized
authority on peat, are intrigued by a
potentially productive partnership of cattails
and peat in Minnesota. Since cattails grow
best in swampy areas like peat bogs, their
cultivation would not require valuable
farmland. They also could provide a
commercial opportunity in northern areas of
Minnesota, for both mining peat and
producing fuel.
Farnham calls peat Minnesota's most
undeveloped natural resource. Its solar
energy comes from bog plants like the
cattail. In effect, bogs serve as long term
storage systems for solar energy collected
by the plants. Peat's high heat potential has
made it a familiar fuel in Europe and Asia.
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Most of Minnesota's considerable peat
resource is located in northern counties.
Farnham is currently amassing detailed
knowledge about these reserves, including
their location, quality and quantity. He
classifies the peat into three categories,
according to its degree of decomposition
and the amount of plant fiber it contains.
In addition, Farnham and his colleagues
are examining the environmental impacts of
peat harvesting, studying the peat resources
of other states, and collecting information
on efficient energy extraction and
conversion technologies.
Below: Soil Scientist Rouse Farnham examines
samples of peat to evaluate their type and
quality for commercial use.

Wood enthusiasts often recite the
statistic that forests covering only five
percent of the earth's surface could provide
for the whole world's energy needs.
Although a "fuel forest" on such a large
scale is not a realistic solution to the energy
crisis, in some areas of Minnesota - where
trees are plentiful and conventional fuels are
scarce - wood energy is probably the most
practical alternative energy source.
As part of a long term study of wood as
an energy source in Minnesota, forest
scientist Dietmar Rose has analyzed the
feasibility of small wood-fueled electrical
power plants. He has identified the
Headwaters Region of North Central
Minnesota as the most suitable site for
these plants.
At the same time, Rose is identifying
tree varieties which look promising for
cultivation in "energy plantations." He is
studying the effects of tree harvesting on
the natural and social environments, as well
as seeking the most economical methods for
producing wood fiber for energy.

MAKE ENERGY WHILE THE SUN SHINES

Farming consumes large amounts of
energy, both directly for fuel requirements
(machinery, irrigation systems, heating and
cooling) and indirectly for feeding and
protecting plants and animals. But farming
also presents special opportunities for
producing energy, from plant and animal
materials as well as from plentiful supplies
of sun and wind.

Better Animal Environments
A perennial problem in livestock and
poultry buildings has been ventilation:
improper moisture content or temperature
can cause illness and poor production.
Turkey farmers, for instance, must change
the air in turkey houses a minimum of four
times an hour. Because heat is lost with
every change of air, heating these buildings
during Minnesota's winters is very
expensive.
Agricultural engineer Kenneth Jordan is
experimenting at a commercial turkey farm

with collecting solar energy to aid in
ventilating a turkey house. As a
supplementary source of heat, the collector
keeps the temperature high enough to allow
for proper ventilation minimizing the need
for heat provided by conventional fuels.
Dairy barns, often improperly ventilated
in winter in order to conserve heat
produced by the bodies of the animals, also
can accumulate excessive moisture.
In a demonstration project similar to
Jordan's, agricultural engineer E.G. Miller at
the University's Northwest Experiment
Station in Crookston has installed a $300
solar collector on the south side of a dairy
barn. The warm air from the collector is
circulated through the barn to improve
ventilation and reduce humidity.
Miller also has installed a recording
device to monitor building temperature.
Information gathered last winter indicates
that the system worked well, even in subzero weather.

Back to Windmills?
Mechanical engineer Arthur Erdman is
experimenting with the idea of using
windmills again on the farm, this time as an
economical alternative to purchased
electricity. His project involves using a
flywheel to store the energy collected by a
windmill.
Flywheels operate on the same principle
of momentum that keeps a potter's wheel
rotating with only occasional pedaling.
Attached to a windmill, a flywheel regulates
and extends the energy flow from the
irregular gusts of wind; in a way, it "stores"
energy.
Most flywheels are made of metal, and
have been cumbersome and expensive.
Erdman and his colleagues are
experimenting with wood - a lighter, but
strong material - so that the flywheel can
rotate faster and thus produce the same
amount of energy. In the laboratory, they
are testing how well birch wood can
withstand the stresses of rotation.
In Erdman's scheme, a windmill will
transmit its intermittent energy flow to the
wooden flywheel buried in an underground
vacuum. The flywheel then retains the
energy for use in producing electricity or
heat. According to Erdman, a flywheel can
be designed to store energy for several
weeks, eliminating the need for any backup
system and making the windmill a more
attractive source of energy for farmers.

Mechanical engineer Arthur Erdman and
graduate assistant Dave Hagen measure the
vibration of their experimental birch wood
flywheel designed to store wind-generated
energy.

Conversion of animal manures to energy and
nutrients in this anaerobic digestor is a current
research project of agricultural engineer Philip
Goodrich (left) on the farm of Verlo Larson near
Anoka.

Energy from Manures
Animal manures, often regarded as
pollutants, are also rich in material which
has potential as a source of energy.
Agricultural engineer Philip Goodrich has
demonstrated that converting these wastes
to methane gas (in devices called anaerobic
digestors) is a practical way of both treating
the manures and producing energy. As a
bonus, soil nutrients such as nitrogen,
phosphorus, and potassium are conserved in
the material which comes out of the
digester.
Manure conversion, however, is not
always easy. Large amounts of waste are
required, and practical technologies have not
yet been refined. Goodrich currently is
testing an anaerobic digester-electrical
generator system which could provide the
bulk of a farm's electricity requirements. His
project may become a model for an
alternative energy system on a small family
farm.

CURRENT SOLAR RESEARCH PROJECTS
Researcher

Area of Investigation

Donald Baker, Soil Science
101a Plant Sciences, 612/373-1356

How dependable is the sun as an energy
source? How much solar radiation is direct,
and how much diffuse? What is the intensity
of the sun's energy at the earth's surface?

*Harold Cloud, Agricultural Engineering
228a Agricultural Engineering, 612/373-0764
Vance Morey

How can the sun be used to supplement
conventional systems for drying grain?

* Arthur Erdman, Mechanical Engineering
307 Mechanical Engineering, 612/373-3040
Darrell Frohrib

Can a lightweight wood flywheel be
developed as an energy storage system to
accomodate the uneven flow of energy
collected by a windmill?

Charles Fairhurst, Civil & Mineral Engineering
112 Mines and Metallurgy, 612/373-3135

Is it possible to construct a large building
with heat provided by solar panels, air
conditioning by under ground ice storage,
and electricity by its own solar electrical
generator? What factors - site selection,
design, energy use, structure, waterproofing,
insulation, and public policy, for
example - govern the practicality of earthsheltered residential housing? How should
these factors be addressed?

Rouse Farnham, Soil Science
303 Soils, 612/373-1447

Is Minnesota's substantial peat resource a
viable alternative energy source? Where in
the state is peat found, and in what
quantity? Can it be extracted economically
and without damage to the environment?
Can land used for peat mining be reclaimed
for growing other crops?

William Fleischman, Sociology & Anthropology
311 Anderson Hall, UM Duluth, 218/726-7528

How much peat is there in each state, and
how do states regulate the extraction of
peat resources? How much peat is currently
being used, and what are each state's plans
for future development? How are environmental impacts examined?

Edward Fletcher, Mechanical Engineering
465 Mechanical Engineering, 612/373-4525

How can the separation of water into
hydrogen and oxygen contribute to solar
energy storage technology?

William Garrard, Aerospace Engineering
107 Aeronautical Engineering, 612/373-2675

Can home storage of solar energy be
lengthened from less than a week (the
current limit) to more than 3 months using a
system of small, low cost solar panels and
large pebble bed or water tank storage
units? How much might this approach save
in home construction costs?

•

University of Minnesota investigators are
looking at a broad spectrum of questions
related to potential solar energy
applications. For further information on a
particular project, contact the researcher.
*indicates principal contact.

Philip Gersmehl, Geography
573 Social Science, 612/376-4900

How is soil quality affected by the collection
of crop residues (corn stalks, for example) to
be used as an energy source? What kinds of
tillage and farm management practices use
energy most efficiently?

Robert Glass, Biochemistry
258a Gurtner Laboratory, 612/373-1274

Can the solar energy stored in the leaves,
stems, and root systems of cattails be
extracted to produce fuel?

Richard Goldstein, Mechanical Engineering
125 Mechanical Engineering, 612/373-3302

How might heat transfer and thermal
storage devices in solar energy systems be
improved?

*Philip Goodrich, Agricultural Engineering
305 Agricultural Engineering, 612/373--0764
James Moore

Are animal manures an economical energy
source? What are the environmental and
energy advantages of converting animal
manures to methane gas?

Eville Gorham, Ecology & Behavioral Biology
208a Zoology, 612/376-1743

What is the potential productivity of natural
stands of wetland plants which might be
suitable for biomass harvest? How is their
productivity controlled by environmental
factors?

Lowell Hanson, Soil Science
301 Soils, 612/373-1442

When crop residues are used for energy,
what is the long range impact on soil
quality?

Michael Hoffmann, Civil & Mineral Engineering
280b Experimental Engineering, 612/373- 2514

What low cost solar collector designs are
best suited to Minnesota's climate? How
much energy can Minnesotans expect from
these collectors? What factors affect their
economic attractiveness?

Herbert lsbin, Chemical Engineering
235b Chemical Engineering, 612/373-2310

How do variations in heat intensity and
water flow inside collector tubes affect
steam generation for electrical power in
solar boilers? How do these factors affect
the overall performance of large solar
thermal power systems?
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CURRENT SOLAR RESEARCH PROJECTS
Kenneth Jordan, Agricultural Engineering
309 Agricultural Engineering, 612/373-1327

Can low cost solar collectors provide the
supplemental heat necessary for proper
ventilation in turkey houses? Can solar
collectors help improve air quality in
livestock dwellings?

*Richard Jordan, Mechanical Engineering
209 Mechanical Engineering, 612/373-3983
Thomas Bligh
Ernst Eckert
Emil Pfender
James Ramsey

What is the most efficient solar collector
design for heating and cooling a medium
size underground building?

David Kittelson, Mechanical Engineering
309 Mechanical Engineering, 612/373-3009

Can crop residues be efficiently converted
to usable fuels through intense heating
processes?

*Blanchard Krogstad, Biology
321 Life Science, UM Duluth, 218/72&"-7289
Donald Olson

Can a hybrid aspen tree grown in
Northeastern Minnesota be harvested for
use as a fuel? How might this tree be used
by other Northeastern Minnesota
industries?

*William Larson, Soil Science
201 Soils, 612/373-1444
Satish Gupta
Lowell Hanson

Can crop residues be collected and
converted into energy without depleting the
soil?

* Andy Lopez, Mathematics
237 Science, UM Morris, 612/589-1665
Robert Tardiff

In windy areas of Minnesota, can farmers
and homeowners use windmills as a major
source of their electrical power?

Rex Lovrien, Biochemistry
270 Gortner Laboratory, 612/373-1276

Can the cellulose in the leaves and stems of
plants be converted to economical fuels?
How do enzymes break cellulose down into
sugars? How can the sugars be fermented
and converted to fuel?

Walter Maier, Civil & Mineral Engineering
280 Experimental Engineering, 612/373-2517

Can methane gas be produced economically
from crop residues? Can sewage be
processed into methane gas and fertilizer
without incurring public health hazards? Are
solid wastes (garbage, for example) an
economical source of energy?

Eugene Miller, N.W. Experiment Station
212 ARC, UM Crookston, 218/281-6510

Can low cost solar panels provide enough
heat in dairy barns to allow for improved
ventilation and thereby reduce dampness?

*Narendra Mohan, Electrical Engineering
129 Electrical Engineering, 612/373-5419
Mahmoud Riaz

Is it possible to use wind energy to provide
electric heating by means of low cost
devices (specifically, capacitor-excited
squirrel cage induction machines)?

Donald Olson, Physics
378 Alworth Hall, UM Duluth, 21Bn26-8125

How can wind blowing across the Laurentian
Divide be harnessed to provide electrical
power to supplement the needs of
Minnesota's taconite industry?
Can solar panels heat the water in a medium
size building more efficiently than
conventional systems?

Roger Peterson, Agricultural Extension Service
266 McNeal Hall, 612/373-0911

How efficient is a solar heat storage system
built under the attached garage of a
residence? How much heat can rocks and
soil together store? Are air-flow channels
built into the roof an efficient method of
collecting solar energy?

Douglas Pratt, Botany
220 Biological Sciences, 612/373-2211

What is the potential of cattails as solar
energy collectors, given their biological
makeup and the problems of growing and
harvesting them? What are the ecological
implications of cattail farming?
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*Mahmoud Riaz, Electrical Engineering
125 Electrical Engineering, 612/373-2472
Vernon Albertson
Perry Blackshear
Thomas Bligh
Michael Hardy
Hans-Olaf Pfannkuch

Is it possible to construct a large scale
system for storing thermal energy at high
temperatures in natural rock formations, and
later retrieving it to supply thermal and/or
electrical needs?

Dietmar Rose, Forest Resources
101b Green Hall, 612/373-1319

Can small wood-fueled electric power plants
operate efficiently in Minnesota? How might
the conversion of present plants to wood
power affect the economy? Which forest
stands are available for harvest, and what
are the most efficient harvesting
techniques?

E.M. Sparrow, Mechanical Engineering
246 Mechanical Engineering, 612/373-3034

How does the shifting direction and speed
of the wind affect heat collected by solar
panels? How can we allow for the wind
when designing solar collectors? How can
heat be stored by the process of melting a
solid?

Raymond Sterling, Civil & Mineral Engineering
11 Mines and Metallurgy, 612/376-1200

Can earth-sheltered homes - those
constructed partially underground - be
made realistically energy-independent in
Minnesota? What are the best designs and
sites for earth-sheltered home construction?

R.M. Warner, Jr., Electrical Engineering
357 Electrical Engineering, 612/373-2479

Can solar batteries be developed that will
boost the efficiency of solar concentrator
systems by increasing the ratio of output
voltage to current?

MORE ABOUT SOLAR ENERGY
RESEARCH
For additional information on the research
projects listed and described, or assistance
in locating a researcher, contact the
Graduate School Research Development
Center, University of Minnesota, 417
Johnston Hall, Minneapolis campus, 612/373-3001.

TECHNICAL INFORMATION
TREE (The Renewable Energy-Environment)
library collection contains technical
publications on solar energy and technology
not generally available in other area libraries.
For further information, contact the
Engineering Library, 128 Lind Hall, University
of Minnesota, Minneapolis campus, 612/373-2957.

COURSES
A summary list of courses at the
University on solar energy or directly related
to solar issues is available. It includes
course descriptions and scheduling
information. For a copy, contact the AllUniversity Council on Environmental Quality,
967 Social Science Building, University of
Minnesota, Minneapolis campus, 612/373-7796.
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