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ENERGY: ALTERNATIVES AND DIVERSITY 

The Northern Engineer magazine odginated because of an energy source- oil on 
Alaska's North Slope. Charles Behlke 's editorial for Volume 1, Number 1 exuberantly 
expressed the underlying situation: "A boundless giant - the North - has begun to 
stir. Even the yawns and stretches of this immense area have brought great activity 
and have focussed burning international attention on Northern Canada and Alaska. 
Exploration, discovery, and development of the North's riches are being simultaneous
ly pursued at a rapidly accelerating rate. Northern engineering problems of all magni
tudes abound." 

The problems still abound, even though the great Trans-Alaska Pipeline has 
already siphoned off a tenth of the estimated recoverable petroleum in the Prudhoe 
Bay field. The oil companies are moving offshore; the Canadians have similar needs, 
resources, and problems; Greenland is confronting offshore petroleum development 
and a whole new set of perplexities. TNE has followed - and will continue to follow
these prodigious efforts to the best of its abilities. For some time to come, the driving 
force in the New World north will be petroleum exploration, extraction, and asso
ciated developments. 

So it will be, but not forever. No one, north or south, entirely trusts petroleum 
any more. Ironically but appropriately, the north is using part of its petroleum income 
to try to make itself independent of oil for energy. The popular pressures in that direc
tion have reached legislators and managers, researchers and engineers, and the pages 
of this magazine. Some of this turning away from oil as the supreme energy source for 
the north has been toward traditional alternatives, for example the Susitna hydro
power project and the Beluga coalfields in Alaska. Some of it has been in directions 
that a few years ago would have been the province of wild-eyed wishful thinkers 
rather than working engineers and scientists; most of this issue covers the latter ground. 

It is stunningly diverse ground. We can only begin to reflect that diversity here, 
since there are enough subjects and projects in the works to fill a dozen such special 
issues. (You will be reading more articles on wind power, solar energy, super-insulation 
and related topics in future TNEs.) It has become a time for innovation and experi
mentation, especially in the north. Just as the temperate zones looked to northern oil 
and gas, so they are now looking north to see what new technologies will succeed. If 
we can work it out, so can they; if Alaskans can devise affordable ways to keep warm, 
surely New Yorkers need neither freeze nor go bankrupt; if in Quebec a home can be 
built that runs on solar energy, certainly technology can help the citizens·of Kansas 
be comfortably housed. 

Once again, the essential resource may prove to be the ideas of northern scientists 
and the skills of northern engineers. 

-Editor 
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COVER 

Since this issue centers on diverse energy technologies for the north, our cover 
harks back to a time when alternative energy sources were an unremarkable fact of 
life. The entrepreneurs at Peters Creek presumably could have selected steam, internal 

combustion, or even some other way of harnessing their running water to power 
their shingle mill. Looking back some eight decades, we can only make reasonable 

guesses about why they chose this undershot water wheel, but we can acknowledge
and for now envy - that they had a real choice among workable alternatives. (The 
cover photo was unearthed from the National Archives by UA history professor 

Claus-M. Naske. According to Orth's Dictionary of Alaska Place Names, Peters Creek 

was a supply center for the Cache Creel< mines in the Alaska Range, roughly 100 
miles north of Anchorage.) 

THE ~ORTHERN ENGINEER is a quarterly publication of the Geophysical 
Institute, University of Alaska- Dr. Juan G. Roederer, Director. It focuses on engin

eering practice and technological developments in cold regions, but in the broadest 
sense. We will consider articles stemming from the physical, biological and behavioral 

sciences, also views and comments having a social or political thrust, so long as the 
viewpoint relates to technical problems of northern habitation, commerce, develop

ment or the environment. Contributions from other polar nations are welcome. We 

are pleased to include book reviews on appropriate subjects, and announcements of 

forthcoming meetings of interest to northern communities. "Letters to the Editor" 
will be published if of general interest; these should not exceed 300 words. Subscrip

tion rates for THE NORTHERN ENGINEER are $10 for one year, $15 for two years, 

and $35 for five years. Some back issues are available for $2.50 each. Address all 

correspondence to THE EDITOR, THE NORTHERN ENGINEER, GEOPHYSICAL 

INSTITUTE, UNIVERSITY OF ALASKA, FAIRBANKS, ALASKA 99701, U.S.A. 
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by D.B. Stone and H. Small 

FLYWHEELS-

4 

A Partial Answer 
for Energy Storage? 

The recent oil shortages and the ensuing 
11en~r:-gy crisis" have focused much atten

tion pn the amount, type ar:'d efficiency 

of energy use in the world. 

The quick answers to the many ques

tions posed by the crisis are that there is 

no real shortage of energy in the world, 

but only an apparent shortage due to the 

facts that we have tied ourselves so close

ly to oil and that we use it extraordinar

ily inefficiently. 

The reasons for our present dependence 

on oil are not hard to find. It is relatively 

easy and safe to handle; it is cheap, even 

i ncl udi ng the recent price increases (after 

all, where else can one get a ton or so 

moved two or three tens of miles for 

~bout a dollar?); it has a very conveniently 

high ratio of energy to unit of weight or 
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TABLE 1 

Comparative Energy Densities 

(in Watt· hours per pound) 

Gasoline . .. . ... . 

Coal . . .... . 

Water at 240°C 

and 500 p.s.i. 

5800 

2000- 4000 

106 
Lithium-iron batteries . 36 

Lead-acid batteries . . . . . . . 6 - 15 

Predicted limit for 

resin-bonded flywheels 

Readily attainable with 

resin-bonded flywheels 

High-speed metal flywheels 

Oerlikon Bus (1950)* ... 

Howell torpedo (1884)* . 

*See page 8 for discussion. 

100 

.... 25-50 

3- 14 

. . . . . . . . 3 

volume (Tables 1 and 2). There are oc

casions in recent history, most notably 

during World War II, when oil shortages 

forced nations to look to other energy 

sources, but with the cessation of hos

tilities it was not long before oil reas

serted itself on the basis of its great 

convenience. The fact that world supplies 

are finite never seems to have worried any

one, except the few lone voices in the 

wilderness, until the evolving global polit-

ical and economic situtation led to the 
recent "crisis" and the big panic to find 

alternate energy sources. 

The observation that there is enough 

energy on this planet to satisfy man's 

needs today raises two questions. Are 

these energy sources easily utilizable, i.e., 

can they solve our immediate problems? 

Is there any likelihood of a real energy 

crisis in the future? 

The answer to both of these questions 

would appear to be yes. 

To answer the second one first: Since 

the earth's climate is controlled and driven 

by temperature differences, most of these 

produced directly or indirectly by the in

teraction of the sun on the earth's atmos

phere, the limit of energy usable by man 

has to be the point where his re-distribu

tion of solar energy, or his creation of 

"new" energy sources such as fossil fuels, 

nuclear power etc., which are not in the 

normal energy cycle of the atmosphere, 

would upset the natural balance of the 

system. 

Estimates vary as to what this energy 

limit is, but a rule of thumb would be to 

keep within a few per cent of the total 

solar flux 1. In real terms this would 

allow mankind to increase his per capita 

energy consumption only by something 

less than a factor of ten over that used by 

the average American today. Since most 

of this energy will probably have to come 

TABLE 2 

Energy Conversions 

The standard unit used in flywheel engineering is the Watt · hour 
per pound, a hybrid metric and foot-pound-second unit of 
energy density. The table is designed to put this and other en
ergy units into perspective. 

The S.l. unit of energy is the Joule (J) . 

1 Joule= 1 Newton meter= 1 kg.m. 2sec- 1 

1 Joule· sec-1 =Power= 1 Watt (W) 

1 Watt· hour (Wh) = 3600 Joules 

1 Joule= 9.5 X 1 a·4 British Thermal Units (Btu) 

1 Watt· hour= 3.42 Btu 

1 Watt· hour = .0013 horsepower (hp) 

1 Watt · hour= .0013 horsepower for one hour 

1 Watt · hour x 103 = 1 kilowatt. hour (the standard unit of elec

trical energy) 

1 Watt· hour, pound- 1 = 3600 Joules per pound 
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from the conversion of solar energy, and 

the conversion of more than a few per 

cent of that is probably beyond our 

technology, a natural limit may well 

be set for us already. 

When one considers direct and indirect 

solar energy sources such as wind power, 

tidal energy, or direct use of the sun's ra

diation, the importance of efficient energy 

storage systems becomes obvious. These 

energy sources all have the problem that 

they are not continuous, but depend on 

the wind blowing, the sun shining, or 

something similarly irregular or cyclical 

at best. This is also true of several other 

natural energy sources, which, though 

smaller, can be significant on a local scale. 

This is where flywheels, along with the 

many chemical and electrical methods of 

energy storage currently being researched, 

may provide a helping hand. 

The answer to the other question - Is 

there a quick way to solve the immediate 

energy shortage? - is probably also yes, 

but involves many social and technical 

complexities. Within the next decade or 
two it should be well within man's tech

nical capability to construct. various "tem

porary" electric power generating s~ations · 

to keep our present level of civiliz.ation 

going, by which time a more global poli
cy or plan will have been implemented

or so we can hope. In terms of conven

iently packaged energy, such as is required 

for personal transport systems, a change 

in both individual and collective attitudes 

towards less wasteful use of gasoline and 

higher efficiencies should tide the devel

oped nations over the next few years. Af

ter that, we shall need better solutions for 

storing and transporting energy. Flywheels 

may provide a partial answer here too. 

Obviously there is a great need for en

ergy storage systems on both large and 

small scales. The large ones should be 

capable of feeding the electrical power 

networks on an intermittent basis as sup

ply and demand vary, and small ones 

should be suitable for driving various types 

of transportation systems. It is plausible 

that flywheel technology can partially 

fulfill both of these needs, with every

thing from large "flywheel farms" acting 

as buffers to the main power distribution 

systems, to smaller "super-flywheels"2 

being used for such things as private cars, 

"lawnmowers, and snowmachines. 
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PRINCIPLES OF FLYWHEEL ENERGY 
STORAGE 

In most people's minds the very word 

flywheel conjures up a mental image of 

some form of a heavy-rimmed wheel 
(Fig. 1), probably because at one time or 

another everyone must have come across a 
flywheel of this type. Common applica

tions of flywheels found in everyday life 

include toy vehicles of the "push and run" 
type, toy steam engines, automobile en

gine flywheels, pumping engines and so on. 

In each of these cases the design is such 
that a heavy-rimmed wheel maximizes the 
energy stored in a given space for a fixed 

set of conditions such as the permissible 
rotation speeds. This usual image also 
leads to the -false idea that to maximize 

the energy storable in a given flywheel 

Figure 1. 
Traditional heavy-rim

med flywheels for situa
tions involving low rota
tion speeds. (Illustrations 
by J. C. Holden.) 

diameter, one simply makes the rim 

heavier and heavier. This is only true for 

the cases where the rotation speed is 
relatively low, as it is in all the applica
tions mentioned above . In these cases the 

stresses imposed by the heavy rims are 

not so large as to break up the wheels 

themselves. 

In the context of maximizing energy 

storage, as opposed to the more common 

uses of flywheels where the stored energy 

is simply used to "smooth" the overall 
energy flow, the design criteria are some
what different, and the optimized designs 
bear I ittle resemblance to the classic fly
wheel. 

The energy stored in any rotating sys

tem is stored as kinetic energy. This is 
equal to one half the sum of each infini

tesimal mass (mi) making up the body 

times the square of its instantaneous ve

locity (vi): 

Kinetic Energy (K.E.) = ~ miv? 

It is obvious from this equation that since 
the energy of each piece increases as the 
square of the velocity, and as the velocity 
increases with radius, that to maximize the 
energy stored in a rotating system, the 

mass should be concentrated at the outer 
edge, and it should rotate as fast as pos

sible. It is also obvious that it is more im
portant to design for high rotation speeds 

than for high mass, si nee the energy stored 

increases as the square of the velocity. 

Following this line of reasoning, one 

immediately runs into the practical dif
ficulty which rules out traditional heavy

rimmed flywheel shapes. As the rotation 

speed goes up, so do the radial stresses 

rising from the centrifugal acceleration 
(Fig. 2). The centripetal force on each in

finitesimal mass is proportional to the 

mass times its centrifugal acceleration, 
where this acceleration (a) is given by: 

a= v2 /r 

and the force (F) given by : 

F = mv2/r = mrw2 

where w is the angular rotation rate. It 
can be seen now that heavy-rimmed fly

wheels also tend to maximize these forces 
which, like the energy stored, increase 
with the square of the velocity. If the 

wheel is not to fall apart, then the stresses 
imposed by the radial forces have to be 
contained by the material between the 

Figure 2. Both velocity (v) and outward acceleration (a) in
crease with radius (r) for fixed rotation rate. 

Figure 3. The outward directed radial forces give rise to tangen
tial forces trying to expand the circumference. These 
too increase with radius. 

db 
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Figure 4. The discus-shaped flywheel gives more strength near the hub where the 
material has to contain the sum of all the radial forces. 

rim and the hub of the wheel, be it spokes, 
a solid disc, or whatever. In addition, 
since the centripetal forces are radial, they 
concentrate towards the hub of the wheel. 
In practice, the situation is even more 

complex because as the radial stresses in

crease, so does the amount by which the 

wheel diameter tries to expand (Fig. 3). 
The problem thus involves not only the 

radial strength of the material, but also 

the tangential strength acting against any 
attempt to increase the circumference . 

It turns out that the limits to the a

mount of energy that can be stored in a 

given wheel are determined largely by 

the breaking strength of the inner parts 

of the system, where the radial stresses 

are concentrated. The tangentia I forces 

only become significant in systems made 

of highly anisotropic materials, such as 
in flywheels composed of radial fibers. 3 

FLYWHEEL DESIGN 

It is from this point on that the re

search done on flywheels as energy stor
age systems goes in two different direc

tions. One group of researchers, looking 
towards the long term future, has been 
studying all types of design possibilities 

and materials, both present and future, 
to produce very high energy per weight 

or high energy-density systems; other 

researchers have been trying to design 

within the immediate capabilities of cur
rent manufacturing technology to help 

solve the present-day problem. 

To maximize energy storage in a con

ventional steel flywheel, one that could 
be made in any modern machine shop, 

one has to design a system whereby the 

center of the wheel is capable of main

taining the stresses generated by the mass 

of the outer edge. This leads to an appar-
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ently "wrong" design where the wheel is 
discus-shaped, with more material in the 

central parts (Fig. 4). This added material 

supplies the strength needed to keep the 
outer rim from pulling the whole thing 

apart at the very high rotation rates needed 
for high energy storage (since the energy 

depends on v 2 
). Because these designs al

low very high rotation rates, they also lead 

to very high peripheral velocities. Since 
frictional drag also increases with increas

ing velocity, this drag has to be reduced by 

putting the whole flywheel into a partially 

evacuated chamber. This reduces the air 
friction which is particularly important 

when the edge velocities would be super

sonic under normal conditions. Tangential 
forces in flywheels of this type, those 
fabricated from isotropic materials such as 

steel, are unimportant since the limit to 
the speed is the radial breaking stress. 

Faster spinning, hence higher energy
density, disc-shaped flywheels have also 

been made using resin-bonded fibers. 
These fibers have high strengths along 

their long axes; however, the tangential 

stresses perpendicular to the principal 
fiber orientation can become very impor

tant at these higher speeds. Some designs 

using epoxy resins and fibers employ ma

terials with slightly different tensile 
strengths or "stretch properties" at dif

ferent radii; in this way their designers 

hoped to counteract the differential ex
pansion that takes place (Fig. 5) . Many of 
these designs, however, suffer from prob
lems due to lack of mechanical continuity 

from one bond or layer to the next, and 
have seldom reached their design limits. 

Another approach has been to use long 

fibers not attached to each other, thus al
lowing them to find their own equilibrium 

position. The simplest of these designs is 

literally a bundle of fibers - whose 

strengths can be made very high along 

their long axes and essentially zero per
pendicular to this - bound together at 
the rotation axis. In this way each fiber 
of the "brush" flywheel can find its own 
equilibrium position. Designs of this type 
tend to have problems with balance, but 
lead quite naturally to a bar and/or rod 

style flywheel design (Fig. 6). These de

signs generally also use very high longi

tudinal strength fibers bonded together 

in some sort of resin matrix (Fig. 7). Very 

high energy densities have been obtained 

with designs of this type, but again, most 

have failed mechanically before reaching 
their design speeds. This is commonly 

Figure 5. Some designs use concentric 
rings of material of different strengths 
to allow for the differential expansion 
due to the radially increasing forces. 

Figure 6. A basic bar-type flywheel. 

Figure 7. A typical resin-bonded lamin
ated bar-type flywheel. 
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thought to be due to failures in the coup
ling between the drive shaft and the fly

wheel itself. With the high rotation rates 

being attempted, a small imbalance can 

quickly lead to a catastrophic failure. 

From here it is an easy step "back

wards" to making a composite flywheel 

of steel bars. These bars, arranged in a "V" 

pattern for better dynamic stabi I ity, form 

a flywheel which is a compromise design, 

using common materials that are easy to 

machine fabricate into an exotic design. 

These are often referred to as the "super

flywheels" (Fig. 8). 

APPLICATIONS 

There is no question that flywheels 
can be used successfully to drive vehicles, 

and in fact several such vehicles have been 

used for a number of years on a limited 

scale . Perhaps one of the earliest "vehicles" 

was the Howell Torpedo. The energy 

storage and drive system worked well, 

but the Navy opted for a compressed air 

driven system on the basis of unreliable 

propeller systems and politics. 4 Oerlikon 

Company of Switzerland produced buses 

which were operated successfully in the 

late 1930s and continued to operate for 

many years until the low maintenance 

costs of diesels overtook them. An English 

company made a railway shunting engine 

which also operated with some success. 

Both of these designs ran on relatively 

slow, heavy flywheel systems that needed 

frequent recharging. 

Some newer, lighter designs are cur

rently being tested, including trial runs on 

New York subway cars. These cars are a 

hybrid design using a combination of the 
regular drive system with a flywheel en

ergy storage unit. Flywheels are also find

ing application in the Soviet Union in 

buses and windmills.5 

The literature available on the potential 

applications of flywheel technology in the 

U.S.A. is sharply divided into the two 

classes discussed above : immediate solu

tions to today's energy problems, and the 

development of new and exotic designs 

for the future. Studies of short time scale 
solutions with special reference to trans

portation problems were initially under

taken by companies such as Lockheed Air

craft Corporation.6 The research guide

lines laid down for them by the govern

ment agencies concerned seemed to be 

8 

Figure 8. A flying-wedge or composite 

type super-flywheel. 

shortsighted in the extreme. Basically 

they asked the researchers to study the 

feasibility of flywheel-driven systems op

erating private and public transport sys

tems very similar to the ones we have to

day. They required the cars to be essential
ly the same weight and size as they are 

today and to be able to maintain similar 

speeds and acceleration. Most of the re

search guidelines also assumed, presum

ably because of the need for an instant 

solution to the gasoline problem, that 

neither development nor production 

should employ any new or unusual tech

niques, but should allow the manufac

turers to build systems using existing fab

rication expertise. 

Predictably, the results of these re

searches were not very innovative; the 

investigators concluded that it was not 

possible to build a flywheel-driven system 

that could fulfill these requirements, but 

that certain compromise solutions, such 

as flywheel storage systems combined 

with regular engines, could be of limited 

use. 
Though the consensus of most reports 

on the possibilities of flywheels in trans

portation systems was negative, one must 

remember the restrictive guidelines under 

which the research teams were working. 

Since that time, several agencies have 

taken renewed interest in flywheel de

signs, particularly the U.S. Departments 

of Transportation and of Energy (initial

ly while it was ERDA) and have sponsored 

research programs at a number of univer

sities and private companies. This renewed 

support has led to a number of advances 

in overcoming the technical problems of 

high energy flywheels, and also has led to 
a number of practical tests of hybrid sys

tems such as the subway car mentioned 
above. In addition to the large agencies, 

companies and universities, a number of 

smaller companies and individuals are 

also pursuing the flywheel idea. This in 

itself is a good omen for the future of 

flywheels. 7 

In passing it should perhaps be men

tioned that one of the ways in which a 

flywheel may help save energy in a vehicle 

is that it can be made regenerative. In a 

regular car the engine does work to ac

celerate the vehicle or to drive it up a hill: 

Accelerating the engine gives the car kin

etic energy and climbing gives it gravita

tional potential energy. This accumulated 

kinetic and gravitational potential energy 

is dissipated or wasted as heat in the 

engine or the brakes whenever the vehicle 

is slowed down, or whenever the brakes 

are applied. In a flywheel-driven system it 

is possible to arrange the braking mechan

ism so that it slows the vehicle by putting 

a large proportion of this energy back 

into rotating of the flywheel, rather than 

wasting it as heat. 

One of the problems that has been 

facing the designers of flywheel-driven 

systems is that of getting the energy in and 

out of storage. This problem is particular

ly acute for the various super-flywheel de

signs with their extremely high rotational 

velocities that prohibit direct mechanical 

coupling. Similarly, the faster the rotor 

turns, the higher the friction in normal 

bearings, leading to a need for new bear

ing designs. For the high-speed flywheels, 

new exotic bearing designs are being de

veloped using magnetic and air techniques, 

with. the energy transmitted electrically 

or hydraulically. 2 Some designers are 

even investigating the use of cryogenic 

superconducting devices. The older de

signs with low rotation speeds, such as 

those employed by the Oerlikon Com

pany, used regular bearings, and the 

energy was stored and removed by com

mutators and a complicated switching ar

rangement for the squirrel cage motor-gen

erator in the flywheel center and other 

motor-generators in the driving wheels 

of the vehicle. Control I i ng the system ap

parently required considerable driver skill 
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in switching the poles of the various 
motor-generators. Today it is possible to 

simplify the proc-ss considerably by 
using electronic controls. 

Considering the amount of energy re
quired to be stored for a normal car or 
bus, the flywheel spin up and recharge 

times are not prohibitive. Even using an 

old design, the Oerlikon buses were able 

to run several miles on a full charge, and 
"topped up" the flywheel at regular pas

senger stops by engaging overhead conduc
tors. With a "super-flywheel" the same 

amount of energy can be carried in much 

smaller and lighter systems. Because the 

high-speed flywheels have to be run in 

evacuated chambers with some sort of 
special bearing, it is possible to reduce the 

friction significantly and greatly increase 

the rundown time. Post and Post estimate 

that for a "car-sized" system, rundown 

times of months can be achieved.8 •9 

One of the critical questions sometimes 
aimed at the flywheel as a power source 

for vehicles, especially cars, is: What hap

pens in the event of an accident? There is 
no escaping the fact that a large amount 

of energy is stored in the wheel, which 

could be very hazardous if released sud

denly. This is especially true if it is released 
as a wildly spinning lump of steel! In prac

tice it would be possible to minimize the 

problem by using suitable guard rings and 
shields. In a serious crash one might ex

pect the vacuum housing to be punctured, 

and thus part of the energy released as 
frictional heat to the air. One would also 
expect resin-bonded flywheels to disinte

grate, and probably into very small par

ticles or dust, thus making it relatively 
easy to design a confining shield. It has 

also been found in testing some resin

bonded wheels that about 98% of the 

stored kinetic energy went into tearing 

the wheel apart, and only 2% had to be 
contained by the shield.4 Many designers 
consider the potential hazard from cata
strophic release of the energy stored in a 

flywheel to be less than that from the re

lease of a similar amount of energy stored 
. k 10 
1n a gas tan . 

Another query that is often raised is: 
What happens to vehicle-mounted fly

wheels when the vehicle turns a corner 

or goes over a sharp incline? The gyro

scopic effects of these flywheels would 

be very great, but can be dealt with by 
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The effects of trying to tilt a flywheel can be quite dramatic, but can be over

come by gimbal mounting. 

having a gimbal mount on a basically hori

zontal system. This could easily be made 

so as to allow for normal attitudes that 
vehicles might be expected to assume, but 

could possibly lead to problems if a car 
started to roll because it would also spin! 

OTHER USES 

Most flywheel applications that have 
been talked about to date involve vehicles, 

particularly cars, but these are by no 
means the only possible uses. The use of 

large flywheels to smooth the flow of en

ergy was very common in old steam en

gines. This same principle is being used in 
a more sophisticated way in a large elec

trically powered dragline in Australia. 4 In 
this case the energy demand swings from 

zero to 15,000 kW, but by using a motor

generator attached to a flywheel, the op

erators can keep the power demand on 

the outside powerline within the range of 

40% to 50% of the peak load. Using the 
same principles, some work has been done 

on the feasibility of using large flywheels 
to help electrical power stations even out 

the load, 
11 

with results that look quite 
promising. Post and Post visualize "fly

wheel farms" as intermittent energy 

sources, and it does not seem beyond the 

realm of possibility to visualize individual 
household systems set up to spread the de

mand for electricity.8 

The Massachusetts Institute of Tech
nology is currently building a solar-pow

ered house with a flywheel energy storage 
unit built into a concrete pit in the base
ment. This prototype is designed to take 

energy from any source (solar panels, 
regular supply lines, etc.) anc! both store 
and convert it to the energy type used by 
the house. 12 

CONCLUSIONS 

As was discussed above, there were two 
approaches taken in investigating fly

wheels as a viable energy storage system 

- the instant solution using available ma

terials and technology and the long range 

solutions involving innovative ideas. 

The conclusions drawn from these re

searches indicate that in the short term it 

may be possible to help improve the effi

ciency of existing energy sources by using 
hybrid systems. This is particularly true 

for gasoline-powered vehicles. A number 
of hybrid designs have been put for
ward 1 O, 13• 14 and most employ fairly 

high-speed steel discs incorporated into 

a regular drive train. This allows the energy 

9 
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normally dissipated in braking, etc., to be 
reused; it also allows the use of a smaller 
engine to give the vehicle the same effec

tive performance as it would have with a 
large engine. This is achieved by using the 

energy stored in the flywheel when sudden 
bursts of power are needed, as for instance 

in accelerating to overtake, and using the 
regular engine simply to maintain speed. 

Various estimates of the efficiency of such 
systems have been made, and it seems 

probable that a saving of about 25% 

could be made in small cars. 

In the long term, using super-flywheels 

and innovative technology, it seems prob
able that purely flywheel-driven vehicles 

will become a reality. Post and Post8 ' 9 

calculate that vehicles suitable for urban 
driving are well within our capabilities. 

The distances an urban vehicle must be 
capable of covering between recharges 
of the flywheel vary with locality, but a 
vehicle capable of 100 plus miles between 
recharges, with recharges taking about 
half an hour each from an electrical out

let, would seem very reasonable. 15 Using 
flywheel-driven vehicles will surely de

mand some changes in people's driving 

habits and patterns, since repeated accel
eration will quickly lower the level of 

stored energy, making the vehicle pro

gressively more sluggish.16 For emergency 
use, one could no doubt add a small two

cycle engine capable of recharging the fly

wheel, given time. 

Presumably the principal energy source 

for recharging the flywheel would be elec

trical. This would allow a significant re
duction in atmospheric pollutants gen

erated by vehicles in general, as it is much 

more economical to clean the stack 
gases from a large generating plant than to 
clean the exhaust gases of each individual 

car. 

Dreaming a little, it is not beyond one's 
imagination to visualize many household 
wind and solar collectors charging their 
fixed household super-flywheels which in 
turn are supplying the energy for the 

house itself as well as the energy for 

personal transportation. In Alaska, a 
garage-sized flywheel charged up in 
summer could supply a whole winter's 
worth of energy. 

It would also seem quite feasible to 
make very small systems for use in lawn
mowers, snowmachines, etc., and get rid 

10 

of some of the loathsome (personal opin
ion) two-cycle engine noise that seems to 

abound today. 
On a very local note, it would seem 

that Interior Alaska is an area where fly

wheel systems, both for transportation 
and for energy storage, could really come 

into their own. The fact that flywheel 

systems are totally non-polluting would 

be of enormous benefit during tempera

ture inversions and "ice fog time". This 
is particularly true in terms of transporta

tion, but cou I d a I so be of great benefit if 

the emergency power boosters used by 

the utility systems were flywheels. The 

time when the demand for extra power is 
greatest is when it is coldest; thus this is 

the time when the boosters, usually ice 
fog-generating turbines, are fired up to 

meet this demand. 

On an even more local scale, it would 
seem that the University of Alaska at 

Fairbanks has a great opportunity knock

ing, in as much as it has great need for an 
on-campus bus -what better opportunity 
could there be to be innovators and 
leaders in an unusual field than to insti
tute a flywheel-driven shuttle bus? 

REFERENCES 

1 Von Arx, W.S. 1974. Energy: Natural 

limits and abundances. EOS 55:828-

832. 

2 Rabenhorst, D. W. 1970. New Concepts 

in Mechanical Energy Storage. In: Proc. 

3 

I ntersoc. Energy Conversion Conf.1970, · 
p. 295-299. 

Morganthaler, G. F. and S.P. Bonk. 1967. 
Composite Flywheel Stress Analysis 
and Materials Study, Advances in 
Structural Composites, Vol. 12. 

4 Dann, R.T. 1973. The revolution in fly
wheels. Machine Design 45( 12): 130-
135. 

5
N.A. 1976. Environmental Science and 

Technology, July. p. 636-639. 

6Gilbert, R.R., J.R. Harvey, G.E. Hever, 

and L. J. Lawson. 1971. Flywheel Feasi

bility Study and Demonstration. Final 
Report to the Envir. Protec. Ag., grant 
no. EHS 70-104. 

7 N.A. Business Week. '1976. Practical 
flywheel engine: will fiberglass be the 

answer? May 3. 

8 Post, R.F. and S.F. Post. 1973. Fly-
wheels. Sci. Amer. 229:17-23. 

9 Post, R.F. and S.F. Post. 1974. Letters 
to the Editor. Sci. Amer. 230:9-10. 

1 0walters, S. 1976. Caddy on the fly. Me
chanical Engineering. Sept. p.50-51. 

11 N .A. Mechanical Engineering. 1977. 

Low loss energy storage flywheel. 

Sept. 

12 Renner-Smith, S. 1979. Basement fly
wheel. Popular Science 215:76-78. 

13 Lindsley, E.F. 1973. Hybrid car: Part

time engine plus part-time flywheel. 

Popular Science 203:68-69. 

14 Lawson, L.J. 1971. Design and Testing 

of High Energy Density Flywheels for 
application to Flywheel/Heat Engine 

Hybrid Vehicle Drives. In: Proc. Inter
soc. Energy Conversion Conf, 1971. 
p.1142-1150. 

15 Armagnac, A.P. 1970. Super flywheel 

to power zero emission car. Popular 
Science 197:41-43. 

16McCaull, J. 1971. A lift for. the auto. 
Environment 13:35-41 . 

* * * * 

D.B. Stone is Professor of Geophysics 

at the University of Alaska, Fairbanks. He 
is noted for his work in paleomagnetism 

a~d the tectonics of Alaska. His best 

known publication involving energy con

cerned the amount of energy released 

if all 700 million Chinese jumped off 
step ladders at the same moment (Gee

times, Aug. 1969), which was only mar

ginally earthshaking. 

Harriet Small is a BS student in Geol· 

ogy at the University of Alaska, Fairbanks, 
and a lab assistant in the Geophysical 
Institute's Geochronology Lab. She was 

also editor of the Alaska Environmental 
Notes for the Fairbanks Environmental 
Center. 

The Northern Engineer, Vol. 11, No.3 



by Hai Toh Lim 

A NEW HEATING CONCEPT 
FOR INUIT HOUSING 
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PROBLEMS 

Cold Floors and Temperature Stratification 

Houses sited on permafrost-susceptible soils are almost invariably constructed 

over open crawl spaces to minimize heat transfer from the floor into the frozen 

ground, to prevent its thawing, and to economize on construction cost. Unfor

tunately, the exposed bottom of an elevated building can get cold, which leads 

to a cold floor. A cold floor causes severe temperature stratification from the 

floor to the ceiling. Condensation in the form of frost may occur on the cold 

floor and lower portion of the wall. 

Our bodies lose heat to cold surfaces in a house by conduction and radiation. 

Thus a cold floor creates discomfort and a health hazard, especially to children 

Material in this article was presented at a conference held December 1979 
and is reprinted with permission from Housing: Planning, Financing, Construc

tion, edited by Oktay Ural, (c) 1979, Pe_rgamon Press, Inc. , Fairview Park, 
Elmsford, NY 10523. 
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who play upon it. High thermostat set
tings of 75° to 85°F are common in north
ern houses, because residents attempt to 
compensate for the cold air temperature 
near the floor. 1 This results in higher 
heating costs than would normally be ex

pected . 
Field measurements in 1972 at Point 

Barrow, Alaska,2 revealed a house with a 
floor surface temperature of 58°F at an 
outdoor temperature of -25°F. The air 

temperature in the living room ranged 

from 73°F near the floor to 83°F at the 
thermostat and 93°F near the ceiling. 

The house was on an unheated post and 

beam foundation with 6 inches of fiber

glass insulation in the floor; it was heated 

by a hot air furnace and hot air registers . 

Winter Winds 

In the north, the cooling of premises 
exposed to the wind is very great. Winter 

wind storms affect the microclimate in 
the rooms and will produce sharp tem

perature drops in rooms on the windward 
side. Despite the most careful sealing of 

window sashes and despite very intense 
heating of the premises, unsatisfactory 

conditions arise for habitation. Occupants 
often have to vacate windward rooms 

during the entire season of the winter 
. d 3 Win S. 

Conventional Heating Systems 

In Alaska, except for Barrow, villages 

beyond the tree line import fuel for en

ergy. In the Northwest Territories of 
Canada, virtually all of the housing units 

are heated by oil furnaces. 4 Space heaters 
or stoves are common in remote arctic 
villages, but as houses become bigger, 
furnaces supplant stoves for heat. 

Extensive research has proved that 
convected-air heating is generally un
healthy5 and uncomfortable. With con

vected heat, air temperatures in a room 
must reach 68° to 70°F for basic comfort, 
yet this temperature is too high for us 

to discharge heat rapidly as we may need 
to when exercising, for example. 

The conventionally heated room usual

ly has wide temperature differentials 
between the floor and ceiling. Tempera

tures are highest at the ceiling level where 

12 

they actually do the least for comfort. 

An occupant has his feet on a cold floor 

while his upper body is subjected to 

sporadic blasts of superheated air. This 

unstable indoor thermal environment 
from conventional heating systems, both 

hot air furnaces with registers and hot 

water baseboard radiation, was demon
strated in the 1972 field study at Point 

Barrow, Alaska. 6 The study showed that 

although the air temperature at the ther

mostat remained uniform, the floor and 
ceiling temperatures fluctuated as the 

hot-air blower or hot-water circulating 

pump turned on and off. 

RADIANT HEATING 

THERMAL ENVELOPE 

The main purpose of heating a house 

is not to put heat into the occupants but 
to keep them from losing heat. Radia

tive heating methods provide comfort at 
lower air temperatures not only by heat

ing the occupants directly, as the sun 
does, but by providing them with warm 

surroundings to which their bodies do not 

radiate away the heat froduced by me
tabolism and exercise. (This principle 
has been a part of northern home heating 
experience for years: log-cabin dwellers 

quickly learn that it takes a long time to 
warm up their homes, but once the struc
ture is heated the inhabitants can remain 

comfortable for some time after the stove 
has gone out. They do not radiate their 
body heat to the warm log walls.) A ra

diantly-heated house provides comfort at 

65°F, three to five degrees. lower than for 
convected air heating. The result is a con

siderable fuel savings. The home's heat 

loss also would be less, since the tempera 

ture difference between inside and out

side would be smaller. Thus both comfort 

and heating requirements for an elevated 

arctic house could be improved substan
tially by using radiant heating. 

During prolonged periods of sub-zero 

temperatures and continuous winds, an 

effective method of providing a warm 
floor, wall surfaces and ceiling would be 

to create a thermal envelope all around 
the house and circulate warm air through 
the envelope. In this way, a zone of com
fort encompasses the entire living space 
with little variance in the temperature 
throughout the house interior. 

The application of radiant heating 
I 

principles also allows the use of low grade 
heat from a low temperature solar sys

tem. Solar energy performs best when 
system temperatures are maintained as 

close to room ambient as possible . 
8 

Lower 
capital costs, efficiency, simplicity and 
easy maintenance of a solar system de
signed to operate at temperatures in the 
80° to 1 00°F range provide significant 
benefits over those designed to operate in 

the 149° to 160°F range like convention
al heating systems. Low temperature 
solar heat can be best utilized by circulat
ing warm air between floor joists and an 

air space fabricated on interior surfaces 

of walls and ceiling-the thermal envelope. 

Due to the large overall area of heat 

transfer surfaces in a thermal envelope, 

there will be minimum pressure drop as 

compared to the pressure drop in a con

ventional air distribution system (ducts). 

This allows the use of a small size blower 

and is less noisy. 

AN ENERGY EFFICIENT INUIT 

HOUSE (Figs. 1-5) 

Passive Solar System 

The 32' x 4' x 9' solar collecting and 

storage unit takes up the entire lower 
south side of the house. Thirty-four water

filled containers, painted black and made 

from recycled oil drums (55 gal. or other 

sizes), constitute the thermal storage 
(Figs. 3, 6). The south side of the house 

is triple glazed. The interior floor, walls 
and ceiling have reflective surfaces. 

On sunny days, direct and reflected 
radiation passes through the window, 
strikes the containers and is absorbed by 
them. When solar radiation is not avail

able, an insulating curtain is drawn 
immediately north (that is, inside) of the 

window to prevent excessive heat loss 

through the glazing. 

When the house needs heat, the blower 

circulates air through the solar storage 

to pick up heat stored in the drums and 

distributes the heat evenly to the house 

via thethermalenvelope(Figs. 7,8,9, 10). 

The inlet and outlet in the solar storage 
are located on the top and bottom respec

tively. 

The s9stem has zero collection start

up time. As soon as the solar radiation 
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Figure 6. Arrangement of water-filled containers 
in solar storage. 
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windows. 
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Figure 12. Thermal storage is depleted, system on back-up. 

reaches the solar storage, it is absorbed 
directly by the water-filled containers, 
heating them. Thus collection proceeds 
with high efficiency even in intermittent 
sunny and cloudy conditions. No ducts 

are involved in energy input to the stor

age system. 
Adjustable air vents are located on the 

seat and sleep deck (Fig. 8) to permit 
air flow along the south window sur

faces. This would minimize condensation 
on, and heat radiation to, cold glass sur
faces. The direct heat input to the house 

also compensates for heat loss from infil

tration and ventilation . 

Balancing dampers (Fig. 11) are lo

cated in the airway of the thermal enve

lope and can be adjusted manually where 

and when needed . 

The solar collection and storage is 

accessible for maintenance from inside 
the house. The occupant enters the solar 
storage area to draw the insulating cur

tain and refill the water containers. 

No antifreeze is needed in the drums . 

days, at night, during extremely cold days, 

etc., a sensor located in the outlet air 

stream of the solar storage would activate 

the furnace's fire box. The air thus picks 

up more heat from the furnace and the 

heated air is circulated in the thermal en
velope via a plenum (Fig. 9, 13). The sen

sor can be of the capillary type. 

Fresh Air Intake 

The properly built arctic house with 

tight floor, walls and roof, vapor barrier, 
sealed windows and weather stripping, 

may not have enough air supply to the 
furnace, which then can produce carbon 

monoxide. 1 0 A certain amount of fresh, 

dry air also is needed for the well-being 

of the occupants and for controlling the 
relative humidity in the house. In this de

sign the blower draws air both from the 

house (via the thermal envelope) and from 

outdoors (via the fresh air intake) to sup
port fossil fuel combustion. A manually 

adjusted counter-balance damper controls 

the amount of air from each source . 

Waste Heat Recovery 

Part of the smoke stack is located in 

the solar storage. As air circulates through 
the solar storage, it also picks up heat from 

the smoke stack. Waste heat going up the 
stack is extracted to warm water for do
mestic use in a recycled oil drum 11 (Figs. 

4, 6). 
Exhaust from the dryer in the utility 

room (Fig . 3) could be conveniently dis

charged into the solar storage for heat 

recuperation. 

Alternative Back-up Sy stem 

An instantaneous water heater could 

replace the hot air furnace as the back-up 

heating source. The water containers 

would act as a heat sink and be connected 

in a series arrangement. A pump would 

cir(:ulate the water within this closed 

loop . The water temperature would be 

maintained at a preset temperature for 

different heating seasons , ranging from 

80° to 100°F. Heat would be transferred 

to air passing through the solar storage 

and the warr-' air then would be circulated 
in the thermal envelope (Fig. 14). This 

system is more efficient and compatible 
with low temperature applications because 
it operates in the 80° - 100°F tempera

ture range at all times. But it has two ma
jor drawbacks that render it unsuitable 

to remote Inuit houses : 

1) Unfamiliar technology - hot water 
heating units are not common in re
mote Inuit villages, so local mainte

nance crews might not know how 
to repair and maintain them proper

ly; it might take a long time to re
place damaged parts. 

2) In a closed pressurized system, there 

is the danger of freezing in case of 
power failure, which is quite fre

quent in remote locations. Their thermal capacity is large, the solar 

storage is well insulated and is located 
within the thermal envelope, so freeze

up will not occur. Even if the drums do 
freeze, since it is an open non-pressurized 
system, it does not cause any problem. 
In case of leaks, the water can be drained 
outdoors (Fig. 9). 

Figure 13. Longitudinal section of supply plenum. 

Back-up Heating (Fig. 12) 

When the house demands heat but the 
thermal storage is depleted, e.g., on cloudy 
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Figure 14. Alternative back-up system. 

Entrance and Exit 

The house is entered through an un

heated but sheltered space underneath 

the house. This sheltered space provides 

ample cold storage area, as well as a wind

sheltered entrance to the house, sheltered 

play area for the children, and work space 

for the occupants (e.g., repairing snow 

machines, hunting equipment, etc.) (Figs. 
2, 5). 

The main entrance of the house is on 

the north side to let the prevailing wind 

maintain a snow-free entrance way . The 

entrance vestibule is at a higher level to 

reduce cold drafts in the house when the 

door opens. The exterior door is steel

clad panel with a foam urethane core. Be

cause heavy snow drifting is common in 
the wind-swept tundra, all exterior doors 

open inward and an emergency exit, lo

cated at a higher level of the house and 

at an opposite direction to the ground 

level entrance, is provided to ensure safe 

egress for the occupants in case of a fire. 

Form 

The 24' x 32' (plan proportion ratio 

of 1 :1.3) house is simple and compact 

in form to achieve optimal heat gain and 

loss rates, and to minimize wind and 
snow drift problems. 12 The simple visual 

form also provides a means of easy visual 

identification of the community in the 
13 

tundra landscape. 

Windows 

The longer side of the house is oriented 

on an E-W axis. The number and size 

I 
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of window openings are 

kept minimal, with only 

one small window on the 

north side, limited win

dows on the east and west 

sides, and large windows 

on the south. Direct solar 

radiation admitted by a 

south-facing window is al

so stored in two water 

containers in the cooking 

area (Fig. 4). All windows 

are triple glazed. The N, 
E, W windows have ex

terior insulating shutters 

that double as reflectors. 

The inner panes of the 

large south windows are 
sealed; the outer panes are vented to 

the outdoors. This will ensure that the 

windows remain clear throughout the 

winter.14 Whenever the sun is not shining, 

insulating curtains are drawn over the 

south windows to minimize heat loss. The 

condensation problem associated with 

using interior insulating curtains in a se

verely cold climate should not be a prob

lem with triple glazing. Even if frost does 

build up on inner panes, the melted water 
from the frosted windows would be re

ceived by a metal tray beneath (Figs. 8, 
9). Vents are installed over south windows 

and are protected by hoods from blowing 

snow and mosquitos (Fig. 5). 

Space Use 

The Inuit house is to be kept at op

timum size for minimum heating cost. 

Flexible, multi-purpose space, built-in 
furniture and open planning is most ap
propriate to maximize usable space and 

to make a small house look more spacious. 

To facilitate flexible space use, a rails

and-pallets system 15 is constructed in 

one room (Figs. 3, 4, 9). Horizontal2 x 2's 

at 12-inch vertical intervals are attached 

along two walls. By using a 16-inch mod

ule, a panel of desired width for bed, table, 

chair, elevated platform or storage shelf 

can be made from an arrangement of pal

lets bridging the width of the room. These 

pallets can be slid back and forth length

wise for instantaneous changes. Built-in 

seats, sleeping and seating decks help 

solve the furniture shortage common to 

most Inuit families. They enable versatile 

space use and provide adequate living and 

sleeping spaces for many occupants and 

overnight visitors, very similar to the ele

vated living platform in indigenous Inuit 

shelters. The interiors have few partitions; 

curtains and level changes are used to de

fine space and provide privacy. 

Ample storage area is required in an 

Inuit household. The storage or sleep 

deck (Fig. 4) is accessible from the rails

and-pallets room and the main living area. 

People entering the entrance vestibule 

can take off their parkas and keep them 

in the warm storage located off the vesti

bule before opening the second door 

(Fig. 3). 

Water 

Water is very scarce in many arctic 

villages, and is generally delivered to each 

household all year round by water truck . 

Every effort should be made to conserve 

water and to provide ample water storage 

in the house. Recycled oil drums, plenti

ful in most Inuit villages, store water that 

serves as thermal storage in the passive 

solar system and also for washing pur

poses. Each water container is connected 

to the adjacent ones, so that by filling the 

most accessible drums, the rest of the 

containers are filled by gravity. Drinking 

water is stored in a separate container in 

the cooking area. All water containers are 

covered with lids to prevent excessive 
evaporation and to keep away dust. Grey 

water from the kitchen sink, washing ma

chine and basin is gathered in the grey 
water tank and treated before it is dis

charged. 

Human Waste Disposal 

In most remote Inuit villages, human 

waste is collected in large buckets ( "hon

ey buckets") I i ned with plastic bags 

("honey bags") that are disposed of like 

garbage. This method of disposal consti

tutes an unacceptable hazard to human 

health, but because of soil conditions and 

prohibitive expense, other methods are 

not likely to replace honey buckets in the 

near future. This design therefore locates 

the toilet near the ground to facilitate 

outdoor handling of the bags. The emer

gency staircase provides a sheltered out
door space in which to empty the honey 

bucket (Fig. 3). 
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Figure 15. Schematic of pack-freeze-compost human waste handling process. 

A future development that would be 

both functional and feasible would be to 

provide community methane digesters in 
remote villages. The bags of waste would 

be sealed and stored in covered containers 
over the winter to minimize the health 

hazard. In early spring they would be 

collected and transported to the digester, 
which would convert the waste to valuable 

biogas for fuel and to sterile sludge for 

fertilizer. (Fig. 15). 

Construction 

Since elevated buildings in the arctic 

minimize thawing of ice-rich ground, 
disturbance to the site and snow drifts in 
the buildings' vicinity , the house is sup
ported by posts placed in the frozen 

ground. Pile foundation is also cheap and 

easy to construct and can frotect the 
house from spring flooding. 6 A gravel 
pad is laid over the building site for fire 

and mud control. Piling should be placed 

and left to settle for a winter before con
struction begins in the spring. If the soil 

in the building site is free of massive ice, 

skirting can be used to protect the crawl 

space beneath the house from winter's 
cold. 

The house is heavily insulated with fi
berglass. The exterior walls have 1 0 inches 

of fiberglass insulation, the floor 12 in
ches, and the ceiling 14 inches. The ex

terior walls are of double 2 x 4 stud con
struction with staggered stud members 
to minimize the cold bridge phenomenon 
at continuous structural members. Alu
minum foil or foil-backed fiberglass in 

sulation can be used to reflect radiant 
heat back into the thermal envelope (Fig. 
1 0). The plywood-lumber joists and rafters 
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are constructed from 2 x 4 lumber flanges 

and 112 inch plywood web. 
A leak-free polyethylene vapor barrier 

is carefully installed on the warm side of 
the house. The reflective aluminum foil 

also serves as a second layer of vapor 
barrier (Fig. 1 0) . The house would be 

completely enveloped in this imperme

able seal to prevent moisture that is gen

erated in the house from migrating to the 

insulation. 

Since a 1 00% tight seal of the vapor 

barrier is impossible, venting of all layers 

of construction colder than the vapor 

barrier is provided to the outside only 

to allow moisture to escape. The exterior 

wall is designed as a "rainscreen" and the 

roof cavity is kept cold and vented to 

minimize condensation (Fig. 1 0). 
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WOODSTOVES: 

TODA Y'S TECHNOLOGY 

The Northern Engineer, Vol. 11, No. 3 

INTRODUCTION 

Over 240 years ago Benjamin Franklin 

designed his famous stove , stating that "by 
the help of this saving invention our 

wood may grow as fast as we consume it, 
and our posterity may warm themselves 

at a moderate rate without being obliged 
to fetch thei r fuel over the Atlantic ." 

These words of Franklin are as fitting 
today as they were several centuries ago 
when he faced a similar energy problem. 
Today our dependency on fuels " fetched 
across the Atlantic" has caused" many 

people to take a second look at Franklin's 

ideas. 
In 1740 Ben Franklin's stove, pred

ecessor of the present-day Frankl in fire
place, saved Philadelphia from a fuel 

shortage. Stove developments since then 
I 

have made Ben's version obsolete and 

have also made it possible for wood heat 

to be a major factor in helping us over

come the present fuel crunch . This article 

will not cover fireplaces and inefficient 
stoves ; barrel stoves may still have their 

niche in rural areas, but already wood 

shortages - even in the Fairbanks area
have made us realize the importance of 

efficient fuel use. 
To utilize wood more effic iently and 

to design more effective woodburners , 

we must first understand how wood burns. 

STAGES OF COMBUSTION 

Suprisingly enough, our earliest fuel is 

one of the most complicated. Wood burns 
in three stages. Air-dried wood contains 
approximately 25% moisture, 1 so first 
water is evaporated; second, the volatile 
gases are distilled out of the wood and 
burn; and finally the charcoal burns. 

Because wood burns as two types of fuels , 
gases and solid, each with different burn

ing characteristics, it is difficult to main 

tain even, controlled and efficient com

bustion . 
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During the first stage where the water 

evaporates, the importance of dry wood 
becomes apparent. When green wood 
burns in an airtight stove, as much as 
15% of the usable heat is lost (Table 1). 
This figure is not at all surprising, since a 
cord of green birch will contain approxi

mately 130 gallons more water than will 
birch that has been air dried for one year. 
Other woods contain anywhere from 65 

to 237 gallons per cord.2 Before combus
tion takes place all of this water must be 

turned to steam; this takes a lot of energy 
that could be used for heating. Burning 

green wood is like burning wet news

papers; both are much more combustible 
after they have dried in the summer sun. 

Another detrimental effect from burn

ing unseasoned wood is the higher rate of 

creosote buildup in the chimney. It is not 
that green wood of a particular tree 

species contains more creosote-forming 
substances than does the dry wood; the 

problem is that the wet green wood pro

duces a cooler fire. In the already slow 

cool draft of an airtight stove the excess 
moisture, along with dissolved volatile 

gases and tars, condenses on the inner 
walls of the chimney. This mixture, called 

pyroligneous acid, runs down the chim
ney until the moisture again evaporates. 

Wood Condition 

winter, spring, fall 

summer, in leaf 

summer wood, leaf-dried 
two weeks 

spring wood, air-dried 

three months 

spring wood, air-dried 

six months 

spring wood, air-dried 
one year 

1 Kiln-dried wood= 0%. 
2open fires , eg. fireplaces, box stoves. 
3 Airtight stoves, high-efficiency stoves. 

The pyroligneous acid is corrosive to 
metal chimneys, but the remaining highly 

flammable solid, creosote, is the biggest 
problem because it causes chimney fires. 

During the second stage of combustion 
the gases are volatized. This stage is of 

primary importance because these gases 

contain 40% to 60% of the energy avail

able in wood,3 but burning them is not a 

simple · matter. They are produced in the 

earlier, cooler stages of the fire and require 
a minimum of 1100°F (600°C) 4 plus suf

ficient oxygen for complete combustion. 

The key to efficient wood burning is to 

obtain these temperatures and the proper 

oxygen supply while maintaining a slow 

even burn. 

The third and final phase of combus
tion is the charcoal stage. This stage con

tains the remaining 40% to 60% of the 
heat energy in the wood; it is clean-burn
ing and easily controlled by oxygen star

vation. Adjusting the oxygen intake during 
this stage gives positive control of heat 
output; this is the primary reason for the 

wide acceptance of airtight heaters. 

WOOD STOVE DESIGN 

Now that this basic information is 
established, we can consider stove design. 

Stove efficiency is a combination of two 

TABLE 1 

factors - heat transfer and combustion 

efficiency. Airtights are notably effective 

in transferring heat, so to improve their 

efficiency it is necessary to get better sec
ondary combustion of the volatile gases. 

As stated above, two things are necessary 
for secondary combustion: high temp

eratures and sufficient oxygen. 
Below we discuss some designs that 

have attempted to deal with these factors. 

It should be noted that there are no set 
methods of testing these ideas,* so it can

not be stated exactly how effective they 
have been. Continued problems with 

creosote indicate that all have fallen 

somewhat short of perfection. 

Diagram 1 depicts the simple airtight 

stove. The draft regulator controls all the 

air entering the stove. This feature is im

portant because all the air going into the 
stove is used for combustion, making 

*The Fireplace Institute has recently es

tablished a program that rates output to 

input efficiencies for stoves that they test. 

This program may work much like the 

federal estimated MPG ratings for vehicles. 
Although this testing is not mandatory, 

companies with stoves that have good test 

results will be more than eager to display 
their findings. 

The Relationship of Wood Moisture to Useful Heat 

Moisture Content1 Useful Hea? Useful Heat3 

78% 

64% 

45% 

35% 

30% 

25% 

65% 85% 

70% 87% 

80% 92% 

85% 95% 

93% 97% 

100% 100% 

Table from Frederic S. Langa, Let it dry: a guide to the seasoning of 
fuelwoods. Home Energy Digest 3( 1 ):65. 

Note: Higher efficiency of these units is partially offset by a greater tendency to form creosote. 
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it possible to control the rate of burn and 

heat output by adjusting the draft. Be

cause there is no excess air going in, the 

draft is slower, allowing the smoke to 

cool before it leaves the stove. Also there 

is no heat loss from room air going up the 

chimney unnecessarily. 

The second diagram shows one of the 

first simple improvements on the basic 
airtight stove. The combustion air is drawn 

along the stove side so it is heated before 

it enters the firebox. This reduces the cool

ing effect produced when combustion 
air comes straight into the firebox, and 

a hotter firebox should be more efficient. 

Diagram 3 shows a secondary air in

take. There are many different forms of 

this idea, and it is used in conjunction 

with most other designs. Its purpose is 
to provide oxygen for secondary combus
tion at a point where it will not affect the 

primary combustion. This is an important 
feature, but secondary combustion re
quires very high temperatures. In most 

stoves the proper temperature does not 
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extend very far above the bed of coals. 

Introducing air too high in the firebox 
will not support secondary combustion, 
but will only serve to cool the gases and 

cause creosote formation. 
The S-draft (Diagram 4) is a simple 

idea that has been around for some time 

and seems to work better than average. 

Because of the combination of baffle de

sign and draft placement, the logs burn 

from the front of the stove to the back. 

The gases given off in the earlier stages of 

combustion must go over or through the 

bed of coals located towards the front of 

the stove. The baffle is kept warm by the 
smoke exiting above; thus it does not cool 

the gases as much as an exterior surface 

would. As the smoke reaches the front 

of the stove it meets the secondary com

bustion air coming in just above the pri 

mary air, and at this point secondary com

bustion takes place. The chamber above 
the baffle then acts as a heat exchanger, 

extracting more heat before the smoke 

leaves the stove at the rear. 
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The fifth diagram shows a cross draft. 

This design uses a baffle to force the gases 
down past the coals where they are heated. 

Usually secondary air is mixed with the 
warm gases behind the baffle in an area 

called the secondary combustion chamber. 
A bypass damper near the top of the 

stove allows for a normal up draft so that 
smoke will not come out through the 

door while the stove is being loaded. 

The down draft (Diagram 6) is an am

plified version of the cross draft. Rather 
than forcing the gases past the coals, it 
(ideally) forces them through the bed of 

coals. The intense heat of the coals warms 
the gases and secondary air is provided 
below the coals, or behind the baffle. 

Experience indicates that the gases usual
ly find a way around the coals without 

getting heated. Better results could be 

achieved if the coal bed was limited to a 

smaller area. Both these last two designs 

have high potential because the coals are 
the only place where there is sufficient 

heat for burning the gases. 
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Another more recent design that has 
not yet been marketed (a patent has been 

applied for) is called the Afterburner (Di

agram 7). This stove combines a cross 

draft design with a small exhaust that 

concentrates the heat of the smoke and 

moves it past the secondary air inlet into 
the secondary combustion chamber. This 

chamber is surrounded by the rest of the 
firebox so it is much hotter than a sec
ondary combustion chamber on the out

side of the firebox would be. The ex

haust leaves the secondary combustion 

chamber by way of a heat exchanger on 

the outside of the firebox. This heat 
exchanger cools the smoke before it 
leaves the stove while at the same time 

keeping the inside of the firebox warmer. 
(This design looks good in theory and we 

are anxious to see how it actually works.) 

Finally, there is what is best described 

as the European tile stoves. Although 

these units have been around since the 

1300s, little is known about them here. 
These stoves are not air tight but are de
signed to burn fast and hot with plenty of 

oxygen available for the secondary com

bustion. Instead of sending the smoke 

straight up the chimney and losing its heat, 

the smoke circulates through a maze of 
passages transmitting the heat into astor
age mass of firebrick. The heat then radi

ates gradually through the decorative tile 

outer surface . The surface area of this 
stove must be much larger than that of a 

cast iron or sheet steel stove because it 
never gets as hot. 

There are several reasons why tile 
stoves are not very popular in this country. 
Their large size and high initial cost are 
two reasons, but their biggest drawback 
is their slow temperature changes. If the 

area to be heated gets cold, it takes a 
long time to heat up; if the stove gets too 
hot, it takes a long time to cool off. 
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Some more recent designs work along 

the same principle as the European tile 
stove, using an open fireplace with a good 

heat exchanger in the chimney. The heat 

is stored in a bin of rocks like a solar 
storage area. Forced air is used to extract 

the heat when it is needed. A water sys

tem that could tie into the domestic hot 
water supply could also be used. This 

system will allow better control of the 

room temperature than do the tile stoves. 

CREOSOTE 

The wood stove that never produces 
creosote deposits has yet to be manu

factured. Until one is, people who heat 
with wood must take continuing precau

tions to prevent chimney - and possibly 

house- fires. 
Some chemical cleaners on the market 

are advertised to remove creosote deposits 

from chimneys: although the labels may 

say the cleaners will not corrode metal 

chimneys, at least one manufacturer 
(Metalbestos) warns against their use. 

Some homesteaders throw a handful of 
rock salt into a hot fire to cut the creosote. 

This seems to work, but salt is corrosive 
to metal. 

Burning only dry wood does help, for 
reasons previously described, but this on

ly lessens creosote buildup rather than 
prevents it. Insulated stove pipes are less 
likely to develop heavy creosote deposits 
because their interior walls stay warmer, 

while triple-walled chimneys are suspect 
because their interior surfaces are cooler. 

Some stove owners make it a practice to 
have at least one very hot fire per day, on 

the theory that many small planned chim

ney fires are better than a large unexpected 
one. 

We recommend that stoves and stove

pipes be checked at least monthly and 

cleaned whenever necessary. The regular 

maintenance is similar to brushing one's 

teeth - it is necessary, but will not re

place going to the dentist. For stoves, the 

"dentist" is a competent chimney sweep. 
There are disappointingly few publica

tions available on the problem, and more 

research is definitely needed. 

CONCLUSION 

As the cheap energy era comes to a 

close, fuel use must be re-evaluated. Tech
nologies that for so long have been applied 

to oil and oil-related industries will be ap

plied to alternative energy and construc

tion. Both better stove design and energy

conserving building construction will im

prove the heating capabilities of wood. As 

a solar collector, the forest is certainly 

one of the most aesthetically pleasing 
types available as well as one of the most 

effective. Wood will be only part of the 
solution to the energy problem, but used 

in conjunction with wind, hydro and solar 
power, as well as more appropriately de

signed buildings, it can go far to help 
meet our heating needs. 
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ELECTRIC RATES IN ALASKA: 
An Opinion 

Electricity rates-in Alaska vary more from community to community than do those in any 
other state. Elsewhere it is rare to see a disparity of 2 to 1 from the highest to the lowest energy 
rates per kilowatt-hour; in Alaska, the disparity is in the range of 10 to 1 or higher. The state has 
not yet addressed this growing problem in a significant way, yet substantial construction money 
is flowing into remote areas, creating ever-increasing demands for energy. 

The recently announced major price increase by the OPEC nations, with more increases to 
come, means that the state of Alaska and the Federal Government will receive substantially increased 
revenues, and the oil companies will receive major profit gains. All consumers suffer through the 
increased cost for various means of transportation and the universal inflationary problems touched 
off by these events. However, there is one class of consumer that receives a second major blow 
from these changing fortunes: everyone in areas where oil-fueled generation is the only practical 
established method of providing electric power in quantity. The majority of organized communi
ties in Alaska are currently in that category. 

The present tariff rate for the Alaska Village Electric Cooperative, Inc. (AVEC) approved by 
the Alaska Public Utilities Commission (APUC) for residential consumers is 37.2 cents per kWh. 
This rate was approved to be effective on March 1, 1978, and was justified as a minimum reason
able requirement after an extensive study of AVEC. The 1978 tariff rates were based on a deliv
ered fuel cost of 68 cents per gallon. Current replacement fuel costs for AVEC only 18 months 
later are $1.10 per gallon and rising, an increase of 62%. (The price of delivered fuel in 1973 for 
AVEC was some 35 cents per gallon, so the cost of bulk-delivered fuel is up 314% in six years.) 

Based only on the fuel price increase since the 1978 tariff went into effect, AVEC rates 
must soon be at 44 cents per kWh. With general inflation near 10%, further pushing up the kWh 
cost, rates will e~ceed 50 cents per kWh in village Alaska within two years, and this is more than 
the majority of consumers can stand. 

There is a definite need for the government to consider seriously the problem of !;Ome rea
sonable equity in cost of electric energy to our citizens. This is an unusual situation affecting a 
commodity which has generally been accepted as a necessity in this country. Electric energy rates 
in many parts of Alaska are hitting a crisis level. 

During the coming year, major new school projects are scheduled in many more villages as 
a result of the Hootch Case settlement, which requires the state to provide secondary schools in 
rural Alaska so students are not forced to leave the region to finish their education. These follow 
major school construction activities during the past four years. Grant funds from one source or 
another continue to emerge at an increasing rate, and most of these lead to increased energy de
mands. Some 300 new houses are under construction in villages that AVEC serves. The Public 
Health Service has major plans for further activities and, of course, the communications network 
continues to expand. These facilities generally are required, but the long-range cost of operation 
may prove an overwhelming burden to local or regional resources. 

More and more consumers and communities are not going to be able to pay for the energy to 
run these facilities. A review of AVEC problems to date demonstrates serious payment collection 
difficulties for electric power used to run these facilities. In addition, locally-established consumer 
rates for water or sewer services provide little or nothing for depreciation or maintenance, which 
may present major concerns when future modification, expansion, or replacement is required. 
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KEY PROPOSAL 

Major investments have been made recently in many smaller communities to improve local 

education, communications, water and sewer, housing, transportation, and community facilities. 
Thousands of students will be graduating from outlying high schools with very inadequate oppor· 

tunity to find jobs or start businesses in or near their hometowns. The greatest single problem in 
creating a balanced climate for economic activity is the high cost of electricity. The cost of most 
items in small communities (groceries, fuel oil, etc .) is generally in the range of 2 to 1 over Anchor

age, and people tend to accept this, but electric rates at 10 to 1 are simply too high. 

The state should normalize electric rates at more 
equitable levels to promote local small community 
business activity. Overall costs and service standards 

could be subject to APUC regulation, recognizing the 
increasing problems of serving very small isolated com
munities. The maximum retail electric energy rate across 
Alaska should not exceed 2.5 times the average retail 
rate per kW of the least expensive uti I ity in Alaska 

during the previous calendar year. This would be simple 
and easy to administer. The state would reimburse the 

utility the difference between the actual cost of opera

tions at a reasonable service level, as determined by 

APUC, plus minimum margin or return on equity to 

meet lender and regulatory requirements, less revenues 

from sales at the determined rate. This method will also 

automatically accommodate inflation factors work

ing on the general economy. There would also be a 

strong incentive for the outlying areas and the state 
government to help provide the energy and other re

sources to hold down energy source costs for the lower 

cost producers in the major developed areas. A climate 

Elegant? No. Efficient? Yes. This power plant at 
Grayling, Alaska, may not be an ideal version, but it 
is typical of electrical generating equipment found 
in small outlying communities. 

for real teamwork would be created to insure dependable future access to energy resources at the 

lowest cost to Alaska utilities. This investment to provide an essential tool for economic activity 

will return itself to the state many-fold over the coming decades through more business, more 

employment, more state tax base, more self-sufficiency, and reduced social problems and costs. 

The big difference between the smaller utilities in Alaska and national averages is the absence 
of substantial commercial and industrial load. For 1978, the breakdown of AVEC revenue by con
sumer categories was : schools, 42%; residences, 34%; other public facilities, 14%; and commercial, 
10%. This breakdown clearly shows the dominant role of the school systems in providing contin
uing feasibility for electric service in small communities. 

These reduced electric rates, in addition to the primary task of stimulating economic ac
tivity would: 

a) Help reduce the price of consumer goods in the stores through lowered operating costs. 
This is valuable for areas with the highest living costs in the world and limited incomes. 

b) Reduce the very heavy burden on smaller local governments of running local services 
such as water, sewer, and other health or community facilities. 

c) Reduce direct cost to the Area School Systems, as the major electric user, and set the 
stage for using these funds for other required programs. 

d) Reduce direct out-of-pocket expenses for residential consumers in these high-cost areas, 

thereby establishing a more equitable standard of family living. Even though the rate 

will be up to 2.5 times that in more developed areas, this will still establish a more fa
vorable climate to attract and retain trained personnel required for new enterprises. 

Expanded economic activity, plus the introduction of newer energy generating techniques, 
will produce a steady narrowing of the 10 to 1 cost ratio within 10 years, and it may well be with

in the 2.5 ratio by the year 2000 so that direct state investment would no longer be needed. The 
state should continue support for investigations into promising new energy sources for early use 
as soon as these are economically and technically sound. This policy would clearly establish a 
much-improved climate for increased economic activity throughout most of Alaska. People in the 
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by Don Turner 

larger trade centers would benefit over the coming years through increased jobs and activity created 

by expanded business and service requirements to support outlying areas. In addition, more local 
self-sufficiency will provide substantial dividends by the turn of the century by increasing the 

number of persons with the economic ability to contribute to the support of desired local and 

state services. 

If this general solution is not applied, then as a minimum the state should establish an upper 

limit on consumer price for electric energy in communities above a certain size. There is a definite 

link between community size and service cost, and a minimum population threshold for economic 
feasibility. An appropriate population is perhaps 100 people. Another selection criteria for com

munities could be the test of eligibility for a community high school. Communities under this size 
usually have less than 20 families and little support base, with few chances for increased economic 
activity, and people are commonly there to avoid transitions. Costs in very small villages appear to 

be well out of proportion to reasonable benefits from running a 24-hours-a-day, 365-days-a-year 

electric plant under regulations specifying some reasonably uniform standard of service. The state 

could perhaps concentrate its grant activity on initial assistance to these smaller communities. In
dividual wind power systems, with no common distribution system, may be the appropriate ap
proach. These would be operated on an unregulated basis with the initiative of the local people 
strictly the governing factor for service level. 

The state will become increasingly - if not totally -involved in paying electricity bills any
way, if current trends continue toward placing elaborate facilities in isolated remote areas without 

balancing them with development programs for increased self-sufficiency. Why not take progres
sive action now that promises a real solution to a number of growing problems, rather than do 
nothing and guarantee a climate where failure is almost assured? The small gamble is worth the 
winning chance- the winners, after all, will be the citizens of Alaska. 

* * * * 
Loyd M. Hodson is the general manager of the Alaska Village Electric Cooperative, Inc. 

Geothermal Energy Development 
at Pilgrim Spring~ 

New geophysical and geological ex

ploration at Pilgrim Springs, Alaska, about 
50 miles north of Nome, shows a high po
tential for geothermal energy develop

ment. With funding from the U.S. De
partment of Energy and the Alaska Di

vision of Energy and Power Develop
ment, the Geophysical Institute, Uni

versity of Alaska, and the Alaska Division 
of Geological and Geophysical Surveys 

fielded a joint team last summer to ex
plore the geothermal resource at Pilgrim 

Springs and recommend drilling targets. 

Temperature surveys show that Pil

grim River water is heated from below by 
hot water from Pilgrim Springs flowing 

in an underground stream below the river 

bed. This mechanism is similar to heating 

water by causing it to flow over a gently 
tilted hot plate. The large underground 
flow means that geothermal wells drilled 
into the hot water reservoir could be high
ly productive for a very long time, per
haps indefinitely. 

Camille Stephens and Dick Gaffi use a 
magnetic induction tool at Pilgrim Springs; 

the inductive conductivity measurements 
help locate hot ground. 

Field data indicate that an extensive 

reservoir of hot water underlies the 
1 x 1.5 km oval area of thawed perma

frost surrounding Pilgrim Springs. The 

first well, a six-inch test drilled to only 
150 feet, produced 200 gallons per min

ute of 195°F water in continuous artesian 

flow for the three days of the test. 
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Scientists believe that there is enough 
geothermal energy to support a sizeable 
local development at Pilgrim Springs. 

Greenhouse and warm ground farming 

operations, as well as a potential salmon 
hatchery, are being considered by the 

State Division of Energy and Power De

velopment. Enough electricity for a com

munity development could be produced 

from the geothermal water with heat ex-

changers and special turbines using isobu

tane or other organic fluids that flash to 

vapor at much lower temperatures than 

the boiling point of water. 

* * * * 
Donald Turner is Professor of Geolo

gy, Geophysical Institute, University of 

Alaska, Fairbanks. For additional infor
mation or photos, contact Dr. Turner at 

907-479-7798. 
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by Richard A. Neve 

SOLAR ELECTRICITY 

INTRODUCTION 

Much of the energy our society needs 

is electrical, which in turn has been pro
duced from fossil fuels, hydro-generation 

or nuclear reactors. Twenty years ago, 
Dr. P. Rappoport, Director of the Ameri

can Solar Energy Research Institute, 

pointed out that as the need for power 
becomes greater and conventional energy 
sources such as fossil fuels and fissionable 
fuels are used up, the direct conversion 
of solar energy could become an impor

tant source of power. 1 The Three Mile 

Island reactor problem has focused atten
tion on obtaining power safely. 

The limited supply of petroleum, en

vironmental restrictions on coal, and geo
graphical restrictions on hydro-power 

sharply emphasize the need for new 

methods of obtaining electrical energy. 

Best methods should have the least num

ber of intermediate steps, commonly re

ferred to as direct energy conversion. 

Such a system is found in photovoltaic 

solar cells. 

SOLAR ENERGY 

The amount of radiant power from the 

sun which falls on a horizontal unit sur
face area is called the global irradiance. It 

consists of two parts, the direct irradiance 
from the sun and the diffuse irradiance 

from the sky. Outside the earth's atmos
phere, the sun radiates about 1.35 kW per 
square meter in a direct line with the so

lar beam. The annual mean solar energy 
received at the earth's surface is a fraction 

of 1% of that outside the earth's atmos
phere.1 

The mean global irradiance is greatest 
in the continental desert areas around lat

itudes 25° N and 25° S. While it falls off 
toward both the equator and the poles, 

the differences across the world are such 

that areas like northwestern Europe and 
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Alaska have a high potential for solar-gen

erated electricity. 

One means of capturing the solar ir
radiation is with photovoltaic cells which 

convert the radiation from the sun into 

direct current electricity. The advantages 
of this system are numerous and appeal

ing, e.g., clean operation without harmful 
waste products, noiseless (unlike wind 

generators), no moving parts to wear out 

and therefore little or no maintenance. Of 
great significance in our latitude is the op

erational efficiency of photovoltaic cells 

in cloudy weather and poor illumination. 

The voltage available from poor light is 

adequate and unlike solar thermal collec

tors, solar cells work more efficiently at 

low temperatures. All of these features 

are important to Alaska and northern 

Europe. Another advantage of this type 

of electrical generator is its modularity. 

Voltage of a required amount can be ob
tained from the appropriate number of 

standard modules. The conversion effi-

ciency of the array is independent of its 

size. 

SOLAR CELL 

A typical cell used in spacecraft power 

generation is shown in Figure 1. This par

ticular cell uses a thin (0.3 mm) slice of 

silicon crystal containing boron as an 
added impurity, and phosphorus diffused 

into the slice to form a junction between 

the two zones of impurity. The boron-ex

posed region is called the "p - type" sili

con, and the J)hosphorus exposed surface 

layer the "n - type". The resulting "n-on
p" cell, due to the nature of the elements 
involved, converts light to electricity (Fig. 
2). 

The addition of phosphorus to the sil

icon cell causes an excess of negatively 
charged conduction-band electrons, while 

boron causes an excess of positively 

charged valence electron vacancies or 
holes. 2 At the junction, conduction elec

trons from the n-region spread into the 

Figure 1. Silicon solar cell. 
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Contact 
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Contact 

Contact Grid 
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p-region and combine with holes; holes 
from the p-region cross into the n-region 

and combine with electrons. Both types 
of crossover result in charge cancellation 

and the disappearance of electrons and 
holes from the vicinity of the junction, 

leaving behind layers of charged impurity 

atoms (positive in the n-region, negative 
in the p-region). Under these conditions 
a reverse electric field (a voltage gradient) 
is set up (Fig. 3A) . 

Semiconductor Concept 

The flow of electricity is best under

stood by recalling some basic semicon
ductor concepts. Electrons orbit the cen

tral nucleus of the atom and give matter 
its electrical properties. Certain orbits 

with particular energies determine wheth
er matter will be an insulator or a conduc
tor. There is an energy gap ( Eg) where no 

Figure 2. lmpuri~ atoms in a silicon 
lattice. 
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orbits can exist between the valence (in
ner) group of electrons and the conductor 
(outer) group of electrons. Energy in the 

form of heat or light in an adequate 

amount will push electrons across this en
ergy gap from the valence band to the 
conductor band . Electrons falling from 

the conduction band to the valence band 

give up energy. Since light energy comes 

in the form of photons, the electrons can 
interact only with those photons which 

carry the minimum amount of energy 

necessary to take them into the conduc

tion band. 

An electric current will flow if enough 
electrons are moved up to the conduc

tion band. If the energy gap ( Eg) is about 

1 electron volt (eV) many electrons are 

moved up to the conduction band and 

the material is described as a semiconduc

tor. If the Eg is 5 eV, relatively few elec

trons move up. Material with such an en
ergy gap has high electrical resistance 

and is called an insulator. 

The Photovoltaic Effect 

When light falls on the active surface 
of a solar cell, the photons with energy 

greater than the energy gap ( Eg) of the 
semiconductor ( 1.1 eV for silicon) inter

act with valence electrons in the inner 
orbits around the nuclei of the atoms and 

elevate them to the conduction band. The 

movement of the electrons leaves holes 

behind them, described as photon-gener
ated electron-hole pairs. Electron-hole 

pairs are generated by sunlight through

out the thickness of a silicon cell (Fig. 
38). The electrons move directly through 

the crystal; the less mobile holes move by 
valence electron substitution from atom 

to atom. Some recombine and neutralize 
their charges. Those that reach the junc
tion are separated by the reverse voltage 
gradient with the electrons accelerating 

towards the positive contact (Fig. 3C). 
The movement of electrons and holes 

is the electric current. A load can be con-

Figure 3. (A, B, & C). The photovoltaic effect. 
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Figure 4. Spectral response. 

nected to the negative and positive con
tacts of the cell; when this happens, elec
trons flow from the negative contact 
through the load, and combine with holes 
at the positive contact. The result is elec
tricity. The amount of current generated 
is directly proportional to the irradiance 
and to the active area of the cell. 

Spectral Response 

The total current IG generated by a cell 
in a particular illumination can be calcu
lated from the following equation: 

IG = J Pt.. · GA.· dt.. ( 1) 

where P = the ordinates of the absolute 
spectral response. 

and G = the ordinates of the spectral 
energy distribution of the 
incident illumination. 

Thus it is possible to cakulate from the 
spectral data the amount of current gen
erated by a solar cell in any illumination. 

Equivalent Circuit 

Figure 5 shows a simplified equiva
lent circuit of a solar cell. There is a con
stant generator shunted by the junction, 
which acts like a positively biased recti
fier or diode. Rs is all the internal series 
resistance. R Lis the load. Shunt resistance 
and capacitance are normally neglected. 2 

The difference between generated cur
rent IG and the junction current I J is the 
load current I L' or: 

where 10 

q 

k 

T 

A 

and V 

I L = IG - I J (2) 

q(V +I LRS) ~ (3) 
- 1 

AkT 

the dark reverse satur
ation current of the 
diode; 

= the charge on an elec
tron ( 1.6 x 10-19 cou
lombs); 
the Boltzmann Constant 
( 1.38 X 1 0-23 joules per 
OK); 

the absolute tempera
ture of the cell (°K); 
a constant between 1 
and 2 (depending on cell 
type); 
the terminal voltage. 

All of the generated current passes 
through the external link when the cell 
is short circuited. The short-circuit cur
rent (which does no damage to the cell) 

The current generated by irradiance 
on silicon is made up of increments (small 
units) produced by photons of various 
wavelengths within the effective range. 
The short wavelengths in the violet and 
blue portions of the spectrum are absorbed 
near the surface. The longer wavelengths 
penetrate deeper into the silicon and are 
almost all absorbed within 100 11m. Fig
ure 4 shows the curve produced by plot
ting the incremental current generated 
in a silicon cell by unit irradiance as a 
function of wavelength. The curve covers 
all of the visible spectrum and the near 
infrared up to a wavelength of 1.1 11m. 1 

Figure 5. Equivalent circuit. 

v 
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becomes a useful measure of the generated 
current. If the load resistance is increased, 

more of the generated current leaks across 
the junction and load current falls. Due 

to the increasing concentration of elec

trons and holes at the positive and nega

tive contacts, the terminal voltage rises 
to maximum in the open circuit condi
tion (I L + 0). The expression for the 

open circuit is derived from equation (3): 

V OC ~ A~T In(:~ + 1) (41 

Voltage-Current Characteristic 

Figura 6 shows how the voltage
current characteristic of a solar cell de

velops. The relationship between the junc
tion current and bias voltage with no il
lumination is described as the dark char

acteristic and is seen in the upper curve. 
The lower curve shows the performance 

of the same cell exposed to light. ISC' 
the short-circuit current, can be many 

times the reverse saturation current I 0 . 
The hatched portion of the curve shows 
the region of power generation. 

Figure 7 illustrates the voltage-current 

characteristic of a silicon cell at 25°C in 
sunlight at an irradiance of 1000 Wm-2 

(watts per square meter). The area of the 

largest rectangle that can be fitted under 
the curve represents the maximum power 

delivered. At 25°C maximum power is 
produced between 0.4 V and 0.5 V (de

pending on the base resistivity and the 

cell quality).3 

The conversion efficiency is the maxi

mum output power expressed as a per

centage of the input power, which is the 

product of the irradiance and the area of 

the cell : 
Maximum power 

X 100 
C.E. Tl = lrradiance x Area 

The maximum operating voltage of the 

solar cell circuit is usually fixed at a point 

less than the voltage for maximum power. 

In addition, the output current of the so
lar cell is almost constant over the voltage 

range and thus is very suitable for charging 

b 
. 1 

attenes. 

Effect of Irradiance Change 

Equation (4) shows that irradiance 

changes affect the short-circuit propor-
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Figure 7. Voltage-current characteristic of silicon solar cell. 
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tionally while having little effect on the grids for lower loss have good charge 
open-circuit voltage. While the voltage- retention and cycling properties but are 
current characteristic is affected by a fall far inferior to the nickel-cadmium type. 

from 1000 to 200 Wm-2 (Fig. 8), the op- Significant advances in this area are 

erating voltage at the lower irradiance is anticipated in the near future. 

still to the left of the knee of the curve. 
Thus a battery would continue to be APPLICATIONS 

charged in poor light, a point of consider-
able value in Alaska. Government authorities and industries 
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throughout the world have experimented 

with solar-powered navigation aids for 

some time. These include marine beacons, 
flashing lights, and fog signals. 

Other applications include re
mote airfield beacons, auto

matic weather stations, data 
buoys, remote telecommuni

cation links, and TV re
ceivers in remote areas. The 

Alaska Department of Trans
portation and Public Facili

ties, for example, plans to use 
photovoltaic cells to power 

o 0~------:"":-------L....L...---~~----:::-'. warning I i ghts at remote ra i 1-
0.2 0.4 0.6 0.8 . h p k 

VOLTAGE (V) 

Figure 8. Effect of change in irradiance. 

STORAGE 

Most of the applications for solar cells 

need a means for storing the generated 
electrical energy. Demand times for the 
stored energy could be during periods of 

darkness, low insolation, peak loads, or 

specific tasks such as pumping water. For 
any of these the only practical solution 

presently available is the electrochemical 

storage battery. 
General considerations of the ideal 

battery for photovoltaic applications in

clude good charging efficiency (energy 
in/energy out), low open-circuit losses, 

minimal maintenance, long trouble-free 
working life, and ability to withstand ad
verse weather conditions. 

Two types of batteries are currently 
available, the lead-acid and the nickel
cadmium batteries. Both are available in 
vented or sealed form. The nickel-cadmium 
batteries, while a good deal more expen
sive ($200/kWh as of 1978), have the main 

advantage of excellent charge retention. 

The sealed type can even operate in any 

position and requires no maintenance. 

Sealed lead-acid batteries are cheaper 
($50/kWh, 1978). Those with special alloy 
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way crossmgs on t e ar s 

Highway between Fairbanks 
and Anchorage, and to light 

airfields in villages. DOT /PF 
presently has a solar-powered communi

cations repeater link operating in the 
Wrangell Mountains. 

The application area of greatest in

terest to me is in aquaculture, where an 

alternate energy source could be used to 

produce food energy. 

AQUACULTURE 

Within the University of Alaska's In
stitute of Marine Science Bob Clasby, 
John Goering, A.J. and Judy Paul, and 

I have an aquaculture experiment in 

Seward, where we have been growing 
salmon, abalone, mussels and other species 

at a phenomenal rate. We have been test
ing the possibility of using artificial up
welling to enhance the growth of plank

ton which in turn can be used to feed 

fin- and shellfish.4 •5 

Natural upwelling and its associated 
ecosystems have long been known in the 
most productive regions of the world's 
oceans. In size, these regions cover only 
about 0.1 per cent of the ocean's surface 
but yield about 50 per cent of the world's 
fish catch. Deep in the oceans are great 

reserves of valuable nutrients, primarily 
phosphates and nitrates; in upwelling areas 

these nutrients are brought to the surface 
by the mixing or stirring produced by cur

rents and winds. Once at the surface they 
interact with carbon dioxide from the at

mosphere and light energy from the sun 

to enhance phytoplankton production, 

the fundamental building block of the 
entire food chain. The artificial upwel- ' 

ling system at Seward uses electrically 
driven pumps to bring these fertilizing 

nutrients from the depths. 

Our experiments as well as studies 

by other investigators indicate that arti
ficial upwelling has great potential for 
enhancing growth of shellfish and fin
fish. Under artificial upwelling condi

tions, mussels grew to market size in 12 

weeks, and that normally would have re

quired four years.6 

POWERING AN UPWELLING 

The most promising areas for develop
ing artificial upwellings are near shore in 

the high latitudes, where the nutrient-rich 
water is found at much shallower levels 

than it is in rnore tropical regions ( 150 -

200 ft in southeastern Alaska vs. 2000+ 

ft in the Virgin Islands). Bringing water 

even from 150 ft to the surface in an im

poundment site takes energy, however. 

The Seward system uses commercially

produced electricity, but our · potential 

sites for large-scale upwelling are remote. 

Other energy sources were considered and 
their costs evaluated to determine whether 

they were economically viable. 

Tidal Energy 

A natural mechanism exists for enrich

ing surface water throughout the summer 
wherever there is considerable tidal ex

change. A device to tap this mechanism 

consists of two pipes, one penetrating be

low the seasonal thermocline into the 
bottom of an enclosed coastal impound

ment (Fig. 9). On each tidal cycle, nutri

ent-rich water from below the thermo

cline is pushed up into the impoundment; 

as the tide falls, nutrient-poor water in 
the surface layers of the impoundment 

flows out through the upper pipe. This 
system has been tested experimentally 
and can be shown to produce an approx

imately tenfold increase in the natural 
productivity of coastal waters. 
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Figure 9. Model of upwelling impoundment? 

Since there are many areas of large 
tidal fluctuations in Alaska, tidal energy 

seemed to be a natural power source that 

could be readily tapped. However, cost/ 

benefit studies showed that at the present 

state of the art, the cost of the intake pipe 

would be over 90 per cent of the estimated 
$5 million cost of the entire project. The 
pipe would have to be concrete, because 

metal pipe would kill the plankton and 

destroy the whole project; it would have 
to be very large, 48 to 120 inches in di

ameter, and be placed in a fixed bed to 

prevent movement or flotation. 

Ocean Current Energy 

Using turbines to extract useful en 

ergy from ocean currents is an attractive 
possibility wherever the currents are both 

swift and steady, but as yet it remains a 
possibility only. No suitable sites have 

been found so far. 

Wind Energy 

Winds of significant strength blow 
throughout Alaska's coastal areas for most 
of the year. Energy derived from these 

winds by a rotor or windmill would be 
used to power an artificial upwelling sys
tem most efficiently by using it to drive 
an electrical generator. The generator 

The Northern Engineer, Vol. 11, No.3 

would then provide power directly to 

pumps or indirectly to batteries for de

layed use. 

Photovoltaic Energy 

The first consideration of photovol

taics for fisheries-related applications was 

for charging batteries on fishing vessels; 
its use in artificial upwelling seems even 

more advantageous. The solar cell de

scribed previously is the energy source 

with the greatest potential. 
On land it will be possible to orient 

the panels of solar cells to receive the most 
energy, and the greater land area will al 

low more panels. The surprising thing, 

however, is that we would only need 

4000 (40' x 1 00') square feet of panel 

area to provide the energy to pump 1 0 

million gallons of sea water per day. Such 
a system would cost on the order of 

$500,000 - approximately one-tenth 

the cost of the tidal-powered system de
scribed above. Operating costs for a pho

tovoltaic energy system are also attractive, 
since it requires little fulltime mainte
nance. 

If panel costs decline to the $8 - $10 

cost estimated for the future, this energy 

system will be even more attractive. Final

ly, and possibly of greatest significance, is 

the world-wide applicability of the photo
voltaic system in obtaining nutrient-rich 

water to produce protein. 
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by Neil Davis 

The Northern Technology Grants Program 
-Energy Can Take Many Forms 
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The first steam-powered ship to be launched in the Pacific Ocean was built in 
Alaska in 1841 . It had an American -made engine, but the next to be sent down the 
ways of the Sitka shipyard would carry an engine built by Aleut craftsmen . 

The forward-looking leaders of this effort, Governor Adolf Etolin and Bishop 
Veniaminov, were proud of the shipyard, the water-powered sawmill, the physics 
laboratory and the new magnetic and meteorological observatories at Sitka. They 
were also proud of the strong science teaching effort underway and the establishment 

of a 1 0-year program to assess renewable and non-renewable resources in Alaska. 
Now, 138 years later, Alaska seems to be recapturing a bit of the innovative, forward
looking spirit evidenced by Etolin and Veniaminov. The reawakening comes with the 

recognition that instead of relying on the "old country" for everything, it may be 
better to look to ourselves and our own resources to build a good life that can ou ·tlive 

us. 

One of the efforts in this direction is the establishment of the Northern Technology 
Grants Program in 1979. House Bill 12, sponsored by Fairbanks Representative Brian 

Rogers and signed into law by Governor Jay Hammond in June 1979, provided for 

small grants to foster development and implementation of technology appropriate to 
the north. 

This initial legislation provided for grants of up to $5,000 in the areas of "energy 
generation , waste disposal, recycling, food production, transportation, building design, 

and industrial enterprise which may be more efficient, and less costly and less energy 

intensive than those methods presently utilized and which are appropriate to the 

Alaska environment." 

The initial legislation for the Northern Technology Grants Program allotted $50,000 

for grants and assigned the Alaska Council on Science and Technology to administer 

the grant program. Grants could be made in amounts up to $5,000 each and could be 

made in coordination with other sources of funding. The science council decided that 
funds would be awarded only for equipment, parts and services but not for the salary 
of the proposer. 

Solicitation for proposals was begun in late June, with the first submission deadline 
being set for August 15, 1979. The council was eager to disburse the available funds as 

quickly as possible so that winning proposers could proceed immediately. Awards to 
20 winners, in amounts ranging from $200 to $5,000, were announced at the 30th 
Alaska Science Conference in Fairbanks on September 20, 1979, and checks for the 
full amount of each award were mailed out shortly thereafter. 

The members of the Council on Science and Technology, its staff and approximate

ly 12 volunteer engineers and scientists took part in the evaluation of the 180 propos
als received. Proposals were judged on the basis of 1) innovativeness of approach, 2) 

potential to benefit Alaska or some segment of its population, 3) basis of concept 
upon sound scientific principles, 4) apparent soundness of approach, 5) use of funds, 
and 6) probability of project completion with definitive results. 
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Grants awarded included those for a passive freezer, a hydraulic-assist system 

for auto propulsion, bee overwintering, a tidal-powered suction dredge, a pilot methyl 

fuel plant, an ambulance splint, and several projects utilizing solar heat and waste 
heat for greenhouses and space heating. 

Grant recipients are expected to work pretty much on the honor system. Each is 
asked for a final report at the end of the project. In essence, it was the council's de
cision to replace expensive administrative oversight with trust in the individual respon
sibility of the Alaskans receiving the grant. 

Indications are that the initial apparent success of the Northern Technology Grants 
Program will result in more funds being available for its continuation in 1980. (Details 
of the program can be obtained by writing to Mr. Christopher Noah, Executive Direc
tor, Alaska Council on Science and Technology, Pouch AV, Juneau, Alaska 99811.) 

* * * * 

Dr. T. Neil Davis is Chairman of the Alaska Council on Science and Technology as 
well as a Professor of Geophysics here at the Geophysical Institute. 

NOTED 

Bob Thomas' article in our last issue 

argued in favor of air cushion vehicles 

for lightering freight to communities 

along · Alaska's Bering, Chukchi, and 

Arctic coasts. Now it seems someone 

is going to try a variant on that theme: 
the U.S. Department of Transportation 

has granted more than $1 million to 

Alaska to fund an experimental hover
craft program in the Bethel area. One 

vehicle for freight and two for passengers 

will travel both over land and on the 

Kuskokwim River, summer and winter. 
Give us (and the state) a year or so and 
we'll let you know how the hovercraft 

work out. 

* * * * 

The Pilgrim Springs work briefly re

ported in this issue is only part of the as

sessment and exploration work now going 
on in geothermal energy. The Geothermal 

Energy Division of the U.S. Department 

of Energy has let contracts for a six-year 

program of site-specific geothermal studies 
in Alaska to the Alaska Division of Geo

logical and Geophysical Surveys and the 

Geophysical Institute, University of Alas
ka; the Institute also has been awarded 
a D.O.E. contract to produce a map of 
Alaska showing all known geothermal re
sources and summarizing what is known 

about each. 
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Though the federal government funded 
the groundwork, so to speak, additional 
funding for exploration, drilling, and a 

geothermal demonstration project at Pil
grim Springs came from a state legislative 
appropriation to the Division of Energy 

and Power Development. 

Part of the developmental work re

quired to change a geothermal resource 
into an energy source is technological; 

in the next issue of TNE, we plan to 

present an article discussing some of the 

chemical sensors now being tested to help 

bring about that transformation . 

* * * * 

Energy storage, as many of the authors 
presented in this issue state, is one of 

the biggest barriers keeping alternative 

energy resources from becoming reliable 

energy sources. One method suggested 

for storing solar energy has been to use 
the sun to separate water, generating 
burnable hydrogen gas - but hydrogen 

itself is not easy to store. Under a grant 
from the Alaska Department of Trans
portation and Public Facilities, Division 

of Research, Dr. Dan Hawkins and gradu

ate student Danita Maynard have been 
working to encapsulate hydrogen under 

low pressure in the Alaskan zeolite, 

mordenite. (TNE Vol. 11, No.2 presented 

Hawkins' article on zeolites and their 

many uses.) According to the University 

of Alaska press release announcing the 

experiment, the mordenite can store 

more gas at 300 pounds per square inch 

than can be stored in the same size con
tainer without zeolites at 2500 psi. The 
mineral makes hydrogen storage less 
dangerous and less expensive; it will also 
release stored gas gradually as it is needed 

for fuel. 
Further information on the research is 

available from the Statewide Research 
Section, Alaska Department of Trans
portation and Public Facilities, P. 0. Box 
F, College, Alaska 99708. 

* * * * 

A proposed hydropower project in 

southcentral Alaska moved one step closer 
to reality this autumn when the Bureau 

of Land Management issued a right-of-way 

permit to the Copper Valley Electric As

sociation for a 138 kilovolt transmission 
line from Valdez to Glennallen. The 

Alaska Department of Natural Resources 

had already approved that portion of the 

110 miles of line to be located on state 
lands. Source of the transmitted power 

will be a dam on Solomon Creek just 

northwest of Valdez. 

* * * * 

Volume 6, Number 23 of Alaska on 
Alaska, the business newsletter of Alaska 
Airlines, headlined "Wood Waste to Gen

erate Electric Power". Southeastern Alaska 
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sawmills are devising their own plans for 
energy independence: Alaska Wood Prod 

ucts of Wrangell plans to generate power 

for its own use, while Schnabel Lumber 

Company of Haines and Alaska Timber 

Corporation in Klawock expect to gen

erate enough power from wood waste 

so that they will be able to sell surplus 

electric ity to their respective city utilities. 

The new U.S. Forest Service nursery in 

Petersburg may - appropriately - use 

wood fuel as well. 

* * * * 

The same issue of Alaska on A laska 
reports that although the estimated 2.4 

billion tons of low-sulfur coal in the 
Beluga coal fields near Anchorage lie 

close to both the surface and tidewater , 
neither the U.S. west coast nor Japan 

represent markets sufficient to make the 

fields ' developmen t worthwhile - yet. 

According to Benno Patsch, project 

engineer for Placer Amex, Inc., who 

spoke at the Energy Production and 

Management Trade Expo in Anchorage, 
there are no firm plans for any new major 

coal-fired plants on the west coast now 

and the Japanese market is supplied b; 

coal from Australia, the Soviet Union, 
and other countries. 

As usual, the problem is one of ec
onomics . Five or six million tons would 

have to be shipped out every year to 
amortize the needed port facilities ' 
$100 million cost; coal can be delivered 

to the Pacific states more cheaply than 
oil or gas but coal-fired generators are 

expensive. A recent study estimated that 
constructing two 200 megawatt generators 

in the North Forelands area of Cook Inlet 
would cost $490 million. 

* * * * 

Further followup to earlier articles : 

the University of Alaska, Fairbanks, 
power plant (see TNE Vol. 10, No . 2) 

will begin expanding come spring 1980. 
Phase one, including excavation, con
struction of footings and foundations 
and piping installation for a new con: 
denser building, is to be completed by 
June; phase two work will see the new 

condenser constructed and a third turbine 
installed. The $1.4 million turbine has 
been ordered from General Electric 
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Corporation. When it is finally operating, 
the Fairbanks campus will be self-suf

ficient in energy. 

* * * * 

Errata: Author Lew Shapiro (TNE Vol. 

11 , No. 2) has pointed out that we 

have done Austin Kovacs (TNE Vol. 10, 

No . 3) a geographical disservice: on page 
10 in Kov-acs' article "Recent ice observa

tions in the Alaskan Beaufort Sea Feder
al -State lease area" , it is stated that the 

ice displacement that began north of 
Cross Island moved " in a southwesterly 

direction toward Narwhal Island ." Going 
southwest toward Narwhal, that ice 

would have had to go through most of 
Hawaii, Antarctica, etc. The displacement 

was spectacular enough , but the ice 
moved southeast. Our apologies to all 

for the misstated point of the compass. 

MEETINGS 

In this section we seldom report on 

meetings that have gone by, but given the 

emphasis of this issue, there's one worth 

mention: the Alternative Energy Work

shop, sponsored by the Alaska Center for 

the Environment, held in Anchorage on 

9-11 November 1979. The pre -meeting 

announcements indicated that the Center's 

intent in holding the Workshop was two

fold : they wanted the best possible infor

mation exchange among Alaskans (and 

imported experts from elsewhere) who 
were working in alternative energy fields 

and between those who knew something 
and those who wanted to know more· 

they also wanted to signal the Alask~ 
legislature and civic leaders at all levels 

that there was high interest and great 
concern in getting the alternatives incor
porated into any statewide energy plan
ning. 

They succeeded on both counts. How
to workshops and policy caucuses were 

both filled to overflowing; keynote speak

er Preben Maegaard told a standing-room 
only crowd about Danish work in alterna

tives; and a lobbying group, Citizens for 

Alternative Energy, formed to keep 

state decision makers reminded that their 

constitutents are both informed and con
cerned about alternatives. The sponsors 

had planned for perhaps 300 persons to 

attend their conference, but they ended 

up with more than 800 registered partici
pants. 

* * * * 

The 37th Eastern Snow Conference 

will be held in Peterborough, Ontario, 

Canada, on 5 and 6 June 1980. Topics 

discussed at past Conferences have 

stressed practical aspects; subjects have 

included remote sensing of snow packs, 
lake-effect . storms, snow accumulation in 

the Arctic , snow measurement systems, 

runoff management, and snow load cri

teria. Titles and short abstracts (preferab

ly in English, but French is acceptable) 

should be sent to Wayne Tobiasson, 
Program Chairman, 37th ESC, CRREL, 
Box 282, Hanover, NH 03755. (Since 

he really wanted to have that information 
by the end of January, would-be contrib

utors are advised to call him at 603-643-
3200, ex tension 223, before consigning 

thei r abstracts to the mails.) 
This year's Conference will include 

poster sessions for the first time; it will 
also include the Annual Student Paper 

Contest. The student winner will receive 
a $100 prize p lus up to $250 for travel 

expenses to the Conference. Contest 

details are av<1 ilable from Ed Langham, 
ESC R esearch Committee, Fisheries and 
Environment Canada, National Hy drolo
gy R esearch In stitu te, Glaciology Division, 
Ottawa KIA OE7. 

* * * * 

According to the flyer announcing it, 

the Second International Conference on 

State-of-the-Art Ecological Modelling will 

deal with the mathematical modelling of 

ecological networks, the control of en

vironmental pollution and the optimal 
management of resources. It will be held 

in Liege, Belgium, April 18-24, 1980, and 

will overlap some of the 1 OOOth-birthday 

festivities for the Liege Principality. The 
registration fee is a hefty-sounding 10,000 
Belgian francs; at press time, each Belgian 
franc was worth approximately U.S. 

3.5 cents. For registration forms and fur
ther information, write Dr. Daniel M. 
Dubois, Chairman ISEM Conference 80, 
University of Liege, Institute of Mathe
matics, 15 A venue des Tilleuls , B-4000 
Liege, Belgium. 

ENGINEERING EDUCATION 

C-CORE, the Centre for Cold Ocean 
Resources Engineering, has begun what 

their newsletter calls "a pilot scheme 
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which is intended to help recent graduates 
develop the ability to apply their academic 
training to cold ocean problems." Their 

new Ocean Engineering Training Program 
provides a one-year full-time employment 

contract for a handful of recent engineer

ing and science graduates who will, as 

part of their employment, be expected 

to take selected university courses, par

ticipate in continuing research projects, 

and spend time at sea and/or in the far 

north. Although qualified individuals 

can earn credit toward a Master of 

Engineering degree, the basic aim of the 

program is to prepare individuals for an 

ocean-related career in industry or gov
ernment. 

For further information, write HL. 
Snyder, Director, Centre for Cold Ocean 
Resources Engineering, Memorial Univer
sity of Newfoundland, St. John 's, New
foundland AlB 3X5, Canada. 

* * * * 

The Business and Professional Women's 

Foundation has asked us to publish the 

annual reminder of their student loans for 

' women in engineering : "Women in under

graduate, refresher and conversion pro
grams, or graduate engineering studies 

can get financial assistance from the 
Business and Professional Women's Foun

dation through a special loan fund ex

pected to total more than $75,000 this 

year. Special encouragement is offered 

to women with work experience in en

gineering or related technical fields and 

to those who have not recently worked 

in engineering or related technical fields 

but are qualified through past study for 

training in engineering or engineering 

technology. Available to either full-time 

or part-time students, loans are made for 

tuition, fees, and for related expenses 

such as child care or transportation ." Ap

plicants must carry at least six semester 

hours during the term for which the loan 

is requested in a study program accredited 

by the Engineers Council for Professional 

Development. 

Cc:>mpleted applications for the fall 

1980 semester are due by May 15, 1980. 

For applications or further information, 

write to Loan Fund for Women in En
gineering Studies, BPW Foundation, 2012 
Massachusetts Avenue N W. , Washington, 
D.C. 20036. 
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* * * * 

It's short notice for the April 1980 en

gineering registration examinations, but 

the Engineering Registration Studies firm 

has asked us to remind you that they exist 

and could be helpful. Their home study 

courses include an Engineer-in-Training 

review, two review courses in civil en

gineering, and a review course in elec
trical engineering. Their address is P.O. 
Box 24550, Los Angeles, CA 90024; if 
you're in a hurry for help, their phone 
number is 213-477-0469. 

PUBLICATIONS 

Part One of the Autonomous House 

Report has appeared on schedule; publi

cation was promised for November 1979, 

and Nick Nicholson's energetic group 
kept their word. 

The Autonomous House is an ambi

tious experiment in economical building 

incorporating nearly every aspect of alter

native technologies - especially solar -

that are elsewhere still in the "good 

idea for sometime in the future" cate-

LETTER 

Editor: 

gory. The design uses solar air heating 

(with rock, water, and phase-change 

material thermal storage); comprehensive 

insulation (including earth berming on 

the north wall and insulating concrete 
as a structu ra I material); photovolta ic 

supplemental power; masonry and air

tight wood stoves; and the thermal en

velope design similar to that discussed 

in this issue. The Reports covering its 
construction and performance, judging 
by Part One, are copiously illustrated, 

informally and candidly written, useful 

and entertaining. Part One contains the 

concept and design rationale, start of 
construction, sequential photography, 

and plans. Part Two will cover comple

tion of the building envelope, construc

tion of the solar and wood heating sys

tems, more sequential photography and 

further details; Part Three will present 

completion of construction, performance 

data, successes, failures, remedial actions, 

and what the designers/builders would do 

differently if they could start over again. 

The authors explain their sequential ap

proach on the last page of Part One: "Ec

onomic constraints and the need for as-it-

11/13/79 

I write in reference to ''Reader Comment" in Spring 1979, from A. L. Iverson. I 

agree with the implication of the question which headlines the comment in TNE. 
There surely is a need for research into engineering problems associated with living in 

the north, but too few funding agencies seem to agree. 
There are a couple of simplistic answers to the square-tire syndrome during frigid 

temperatures. I have been known to weave down the road (after determining there 

were no other drivers- especially troopers- nearby) to deal with the unison problem. 

When one turns a corner, the outside wheels rotate faster than the inside wheels (or 
at least they try to). Thus, a little zigging and zagging can tune the thumps to suit the 
driver. 

Like a lot of simplistic answers, this one may not be too satisfying to everyone. 
Unlike Reader Iverson, I prefer my square tires to be out of unison, because I happen 

not to enjoy either galloping on horses or going to sea. You can imagine that it is much 

easier to zig-zag to tune one's wheels into asynchronism than into unison. 

The other, and more practical, answer is to overinflate those poor, abused tires. 

(At -40°, everything and everybody is abused). If you don't let your tires have much 

"squish" when standing still ! they can't have much "thump" when stiff and turning. 

Better still, install radial tires. The side walls of radial tires flex much easier, even when 

cold, than do tires with ordinary bias-ply construction. Radial tires, too, can be over

inflated in cold weather to a modest degree (perhaps 40 pounds) to avoid square-tire 
thumps. 

John Miller 

Geophysical Institute, UAF 
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happens information during this period of 
rapidly developing alternative technologies 

formed the policy of issuing the Autono
mous House Report in three parts." 

All three parts of the Autonomous 
House Report are available for $16 Cana
dian from Firefly Books Ltd., 2 Essex 
Ave. , Unit 5, Thornhill, Ontario L3T 3Y7, 
Canada, or from the project's parent or
ganization, The Ayer's Cliff Centre for 
Self Sufficiency, Walker R oad, Ayer's 
Cliff, Quebec JOB 1 CO, Canada. 

* * * * 

New from Springer-Verlag: The Alaskan 
Shelf, by Ghanshyam D. Sharma, a Pro
fessor in the Sea Grant program at the 
University of Alaska. Subtitled "Hydro
graphic, sedimentary, and geochemical 
environment," the book is stated by the 
publisher to be intended for sedimentolo
gists, marine geochemists, and earth sci
entists working on recent and ancient en
vironments as well as to people trying to 
understand and predict the fate of marine 
pollutants and oil spills. The 498-page 
volume costs $29.80; ask your local 
bookstore to order it, if it's what you 
need, from Springer- Verlag New York 
Inc., 44 Hartz Way , Secaucus, New 
Jersey 07094. 

* * * * 

The Proceedings for the Conference on 
Commuting and Northern Development 
are now available. All sessions and question 
and answer periods have been edited and 
included in the 271-page document. A 
few of the topics are : Commuting work 
in the Canadian north - some effects on 
Native people; The use of shift work 
camps - a relatively new concept in the 
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Soviet north; and Impact of commuting 
employment on Coppermine in the North

west Territories. 
Copies of the Proceedings may be or

dered for $20 Canadian from ULearn, 
Box 22, University of Saskatchewan, 
Saskatoon , Saskatchewan S7N OWO, 
Canada. (Checks or money orders should 

be made payable to the University of Sas
katchewan, incidentally. "U-Learn" is 
the postal title for their Division of 
Extension and Community Relations.) 

* * * * 

Russian-born Dr. Michael E. Vigdorchik 

has published two books on subsea per
mafrost that will be available after Jan
uary 1980. Arctic Pleistocene History and 
the Development of Submarine Permafrost 
"proposes a new hypothesis of complete 
isolation of the Arctic Ocean during the 
glaciations" and covers "the distribution, 
composition, structures, thermal state 
and regime, thermophysical characteris
tics, and dynamics of temperature changes 
of submarine permafrost, based on Eur
asiatic shelf data," according to the pub
lisher's flyer. The other volume, Sub
marine Permafrost on the Alaskan Con
tinental Shelf, is less theoretical. The 
same flyer states that this book "addresses 
the identification and estimation of po
tential hazards that the arctic environ

ment poses for petroleum exploration 
and development on the Alaskan shelf; 
its quantitative assessments are intended 
for use also in assessing alterations that 
may result from future stages of oil and 
gas exploration." Arctic Pleistocene His
tory (286 pages) costs approximately 
$30; Submarine Permafrost ( 152 pages) 
is presently listed at $24.50. Both are 
published in cooperation with the lnsti-

tute of Arctic and Alpine R~search by 
Westview Press, 5500 Central Avenue, 
Boulder, Colorado 80301 . 

* * * * 

The Bibliography on Cold Regions 
Science and Technology, which is prepared 

by the Science and Technology Division 
of the Library of Congress and published 

by the U.S. Army Cold Regions Research 
and Engineering Laboratory, is now avail
able through an on-line computer retrie
val system. Access can be by key words, 

authors, titles, or accession numbers. The 
system contains all entries in the Bibli
ography since 1968; it also includes entries 
from the Antarctic Bibliography published 
by the National Science Foundation from 

its first volume (1962). 
For information on access to the sys

tem, contact Systems Development Cor
poration, 2500 Colorado Avenue, Santa 
Monica, California 90406. 

* * * * 

Reconnaissance Snow Surveys of the 
National Petroleum Reserve in Alaska, 
April 1977 and April-May 1978, gives 

information about snow structure, depth, 
distribution and density prior to melting 
and runoff. The data has been collected 
and compiled by U.S. Geological Survey 
researchers Charles Sloan, Dennis Trabant, 
and William Glude as an aide for planning 
petroleum exploration activities in NPRA, 
for estimating spring and summer runoff 
in the area, and for gauging the extent 
of snow as a resource for temporary con
struction purposes and for possible water 
supplies. 

The report can be obtained from the 
US.G.S. Water Resources Division, Room 
316 Skyline Building, 218 E Street, 
Anchorage, Alaska 99501. 
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