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* FORWARD

The North Slope Borough has for a long time recognized the need for
effective energy conservation and the development of energy technologies
which are appropriate to the rapid development of this northern region. The
list of concerns is long and covers the choice of proper alternatives in
industrial  and domestic construction, present and future energy sources, as
well as innovative and cost-effective ways to meet the needs of the residents
of this region  and to maintain proper and healthful l iving standards.  Ano-
ther concern of equal importance is the problem of maintenance of buildings,
structures and facili t ies constructed in arctic regions. Over the years,
numerous formal and informal conferences relating to the subject of appropri-
ate energy technology were held or attended. During the last years of opera-
tion of the Naval Arctic Research Laboratory, Barrow (1977-80), seminars were
attended by laboratory personnel, residents and officials of Barrow and the
North Slope Borough, as well as outside experts in such fields as agriculture,
construction and coal uti l ization.

The concerns of the North Slope Borough are not unique Alaskan concerns,
but are also shared by our Canadian neighbors. Plans for the 33rd Alaska
Science Conference, sponsored by the American Association for the Advancement
of Science; also recognized a need to encourage closer ties with Canadian
scientists and engineers. The name AAAS-Alaska Division  was changed to MuM-
Arctic Division  to reflect the desires of the membership to establish closer
ties with Canada and other ctrcumpolar  nations. An opportunity arose for the
North Slope Borough to consider a symposium on appropriate energy technology
in arctic regions  as part of the 33rd Alaska Science conference. The theme
of the Alaska Science Conference was also appropriate — Science in the North
— with emphasis on high northern latitude topics in science and engineering.

A steering committee was established to set the theme for a symposium
and to provide for its organization. The committee decided to focus on the
theme: Energy efficient building techniques and designs suitable for remote
arctic regions. Major objectives included a review of present building tech-
niques and designs and the energy systems to support them; and suggestions
for new techniques and strategies which would allow for better living in far
northern communities. It was further decided that invited speakers would be
selected from both the United States and Canada. A panel discussion was also
included to express opinion on three concerns: Is the energy crisis real and
is it more, or less, critical in the arctic than elsewhere? What are the
most critical factors concerning energy consumption when planning a new
building to be constructed in the arctic? What will be our energy require-
ments and concerns when we are planning the next generation of arctic build-
ings ? This symposium focused on only one area of concern — construction;
with the hope that experiences could be shared which would help us to under-
stand what makes some construction techniques work while others fail.

.

Charles L. Hoar

i John J. Kelley
1983
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SYMPOSIUM ON APPROPRIATE TECHNOLOGY
TECHNOLOGY FOR ARCTIC REGIONS

Friday, September 17, 1982
Blue Room, Civic Center, Alaskaland

WELCOME

Vincent Haneman, Dean, School of Engineering
University of Alaska, Fairbanks

Mayor Brewer, honored guests, ladies and gentlemen.
Welcome. It is an honor to be allowed the privilege of
welcoming you here. You have probably been welcomed to
death. But my recognition of that fact is not going to
deter me from giving you a small dose of my welcome.

I am reminded of the story of old Alex Smith. Some
of you from the Fairbanks area may have known Alex. He
wore a blue and yellow tie, and you could always - if he
wasn’t talking - you could always hear him humming the
Alaska flag song. He would stop sourdoughs and tourists
alike and go on for hours about the virtues of the
University of Alaska. He would talk to anyone about the
fantastic school on the hill, about the successes of the
Nanooks - sometimes I think they were pure fantasy, but
that’s alright. He talked about the citadel of learing of
the North.

Not too long ago, Charlie Zilch, a local character, a real
reprobate, died. He had nothing of any virtue that would
make him outstanding, and at his funeral the minister had
almost no one there, and somehow, Alex Smith showed up.
And in showing up, well Charlie Zilch had so much going
for him, that immediately after the silent prayer, the
minister had run out of nice things to say about Charlie.
So in desperation he turned to the audience and said “Has
anyone anything to say?” And Alex, never at a loss for
words, said “Yeah, I do. I never knew Charlie Zilch, but
let me tell you about the University of Alaska.”

Well since you’ve been so welcomed, let me tell you about
the University of Alaska, Fairbanks, and principally the
Engineering School. In the past two and a half years our
student credit hour production or teaching has doubled.

1
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We have, as you’ve probably noticed, Civil, Mechanical,
and Electrical Engineering, and under the School of
Mineral Industries, we have Petroleum, Mining and

. Geological Engineering. In the very near future, we are
driving to add Chemical Engineering to our program.

With this tremendous increase in student body, our faculty
are overloaded and our research activity has doubled in the
last two years. Now thank goodness the chancellor has
recognized the desperate straits. We have two new faculty
last year, we have two new plus a visiting faculty coming
this spring - that’s five - and hopefully we’ll have five
new faculty next year. The legislature provided some funds
that will provide a new wing to Duckering,  and they also
added some money for planning of a research laboratory
building. This will then provide us with an overall
Engineering complex for the School of Engineering and for
the School of Mineral Industries. We’re designing for a
program for about 800 and 400 mineral industry students -
about 1,200 students. This will not nearly meet the
state’s needs.

If you note, the state imports ninety percent of the
engineering talent they need from outside. But one of the
biggest problems we have is that we have too few Native
students. I’ve got six Native students in the School of
Engineering. It’s important to bring these unique
backgrounds into the field of engineering, so that we can
provide engineering that’s appropriate to the northern
latitudes and to the native areas.

We need to be able to translate all the excellent work
that is being done in the institutes into terminology and
into the physical being of products which will help to
assist our people live a better life here in the North.

In the schools of engineering, dedication is to the North
- we’re capitalizing on our northerners, and will provide
the capability and intellects necessary for the northern
tier to meet the demands of the future. This future has
to include jobs, higher standards of living, improved
quality of life; and most of all, freedom of action that
we enjoy here in Alaska so much. But we also have to make
sure that it stays in tune with our cultures. It’s
exciting for me to be a part of this search for better and
best solutions.

Our number one problem and priority is energy, the topic
o f  t h i s  m e e t i n g . T h e  p a p e r s  a r e  e x c e l l e n t  a n d  I  c o n g r a t -
u l a t e  y o u r  s t e e r i n g  c o m m i t t e e  f o r  s u c h  d e p t h ,  in f i n d i n g
such papers. Reluctantly, I’ve spoken about five minutes
or more, I must yield the chair - I’ve slot more to say
about the University of Alaska, but all I can say is
welcome and introduce your co-chairman, Charlie Hoar.

2
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Charles L. Hoar, Seton, Johnson & Odell, Portland, Oregon -
Chairman and moderator, morning session

. Good morning ladies and gentlemen, Mayor Brewer. My
involvement in the North and the Arctic started at the end
of 1969, and has been going forward ever since. My claim
to fame up here is in the Alaska Village Demonstration
Project at Wainwright, and at Emmonak. Emmonak’s project
unfortunately recently had a disasterous fire and I just
found out that they had rebuilt it; and that the water
treatment and waste treatment plant are back on line; and
that the people are now assured good potable water
again . . . . and they did it all by themselves.

The state assisted somewhat so that the units salvaged
from the fire, with work by Native people in Emmonak,
could build a new building, by themselves, and then put
all the rebuilt equipment back in line. They accomplished
this with the assistance of the former project engineer
from the EPA, Conrad Christensen, who is now in business
in Fairbanks.

I too would like to welcome you this Symposium on
Appropriate Energy Technology for the Arctic Regions. The
theme will focus on energy efficient building techniques
and designs suitable for remote arctic regions. We look
forward to achieving the objectives of this symposium in
the papers which have been selected to be presented.

These include a review of building techniques and designs -
and the energy systems to support them - and the sugges-
tions, the new techniques and the strategies which will
allow for better living in far northern communities. Our
hope is to see, and hear, some innovative ideas which can
be used by all in achieving maximum benefits from whatever
energy sources must be utilized to realize a comfortable
environment in the buildings we construct in the future.

With t h a t  in mind, it i s  m y  p l e a s u r e  t o  i n t r o d u c e  t o  y o u
now;  a gentleman w h o s e  f o r e b e a r e r s  h a v e  s e e n  t h e  t r a n s i t i o n
in h o u s i n g  c o n s t r u c t i o n  f r o m  s o d  h u t s  t o  t h e  p r e s e n t  d a y
modern home. His i n t e r e s t  in a c h i e v i n g  m o r e  e n e r g y
efficient homes and buildings in the Arctic led him to
approve the support for the sponsorship of this symposium
by the North Slope Borough. It is my pleasure to
introduce my friend of many years, the Mayor of the North
Slope Borough, Mr. Eugene Brewer.
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Eugene Brewer, Mayor, North Slope Borough, Barrow, Alaska

Good morning, for those of you whom I haventt met, I’m
Eugene Brewer, Mayor of the North Slope Borough. I’m
pleased to open this Symposium on Appropriate Energy
Technology for Arctic Regions. The theme of this Energy
Symposium is particularly appropriate. Our North Slope is
undergoing a period of rapid change primarily because of
oil and gas development. The economic, social and natural
environment of the north makes difficult demands on those
who stay and appropriate energy technology is not a new
idea to the native people of the northern regions.
Centuries ago our ancestors found the land surrounding the
Arctic Ocean attractive and remained there. Therefore,
they developed an energy technology appropriate to the-.
cold environment of the arctic regions and transferred
their knowledge from generation to generation.

The arctic environment can be friendly and not hostile.
However, these cold regions do not allow many mistakes to
b e  m a d e  w i t h o u t  p a y i n g  a  v e r y  severe p e n a l t y . Our
a n c e s t o r s  s u r v i v e d  b y  p r a c t i c i n g  a  f o r m  o f  s u b s i s t e n c e
t e c h n o l o g y  w h i c h  i n v o l v e d  w o r k i n g  with t h e  e n v i r o n m e n t  n o t
a g a i n s t  i t . A n  e x a m p l e  o f  their a p p r o p r i a t e  t e c h n o l o g y
w a s  t h e  s o d  h o u s e  a s  a  f o r m  o f  c o n s t r u c t i o n . We do  not
s e e  m a n y  s o d  h o u s e s  t o d a y ,  b u t  t h e y  c e r t a i n l y  r e p r e s e n t  a n
efficient building  t e c h n i q u e  suitable f o r  t h e  a r c t i c .
Today we talk about superinsulated  houses, “R” factors,
aerodynamic structures and vehicles to reduce our
dependence on the use of fossile fuels. The sod house
utilized many of the energy saving features which are
discussed in recent times. They were made with driftwood
and whalebone and covered with sod. Snow provided
additional insulation during the winters. They were
designed so that they faced away from the wind and rounded
so that the wind could pass over them. The sod houses
contained storage areas, drying areas, and separate
cooking and sleeping areas. Fuel efficiency was important,
and there was not enough of it to use wastefully. The sod
houses were insulated well enough and protected from the
wind so that the whole living area could be heated by a
small lamp. The point of this reflection is that our
ancestors survived in equilibrium with the environment.

They had a design and construction system for which they
could excercise local control. More important, they had a
facility they could take care of once the construction
phase was over. Today, for one reason or another, our
lives have become much more complex than our ancestors.
We cannot recommend, for example, the mass production of
sod houses. Although, the costs of fuel and construction
in the arctic may be enough for some not to dismiss the
idea entirely. The wisdom of our people who survived the

4
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arctic regions before modern construction is as much
important today as it was then. Local control and involve-
ment in construction and planning is what is essential for
the people who continue to make the polar regions their
homeland. The result of the development of natural
resources in Alaska has been an enormous increase in new
construction as well as new “white elephants”. By “white
elephants” I refer to a building and property that require
much care or initial expense but result in something of
little value. More directly, such a building or facility
left on your doorstep by poor design or planning is
usually not a gift but an expensive liability.
Some communities, for example, have been given more
sanitation facilities than they could handle and certainly
much more than they could pay for. Waste disposal is
another area of extreme concern where thoughtful design is
critical. In Barrow, we are constantly reminded of a
local “white elephant”; an incinerator built by the Navy
at great cost. It has never operated, and if it did, our
natural gas supply would diminish very quickly. I am sure
that there are many more examples.

T h e  m o s t  d i f f i c u l t  situation t h a t  w e  will f a c e  i n  t h e
f u t u r e  is t h e  f r u s t r a t i o n  o f  t r y i n g  t o  m a i n t a i n  t h e
b u i l d i n g s ,  s t r u c t u r e s ,  a n d  f a c i l i t i e s  t h a t  r e m a i n  l o n g
a f t e r  t h e  s c i e n t i s t s ,  e n g i n e e r s  a n d  c o n t r a c t o r s  h a v e
l e f t . T h e r e f o r e ,  i.t will b e  a d v a n t a g e o u s  f o r  t h e  r e s i d e n t s
o f  t h e  arctic if t h e  design  e n g i n e e r s  a r e  familiar w i t h
t h e  c h a r a c t e r i s t i c s  t h e  Arctic will bring t o  b e a r  o n  a
p r o j e c t .

It is reasonable to assume that future construction
practices will experience the same old energy robbing
mistakes, I hope that we will have enough common sense to
learn from them. Conferences and workshops, such as this
one, provide an opportunity to share our experiences in
order to understand what makes some construction
techniques work, when others seem to fail. Today, we tend
to look to science and engineering technology to afford us
better things for a better future.

Better living conditions will not occur tomorrow without
proper preparation today. Failure to do so will result in
a legacy of costly mistakes to transfer to future
generations. The preparation that I speak of, involves
education and searching for new techniques and methods.
More important, it will also involve close involvement
with, and attention to the needs of the citizens who make
their home in the remote arctic communities of the world.

Thank you for the opportunity to express my views, and I
wish you a very successful conference.

5
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Another factor affecting house construction and the choice
of building materials used in the North is the
transportation system.

.
In the Eastern and Central Arctic yearly resupply is
accomplished by ship out of Montreal, Quebec or Churchill,
Manitoba.

In the West, goods are moved down the Mackenzie River by
barge. Often air transport is used for isolated, ice
bound settlements, and for emergencies.

Subsequently packaging, handling and storage costs become
important cost factors in budgeting and planning housing
development projects.

T h e  t r a n s p o r t a t i o n  s y s t e m  i,n t h e  N o r t h w e s t  Territories  i.s
v e r y  primitive  b y  c u r r e n t  p r a c t i c e s . C o n t a i n e r i z e d  c a r g o
i s  r a r e . A n d  t h e  c a p a c i t y  o f  c a r r i e r s  is l i m i t e d  b y  t h e
q u a l i t y  o f  h a n d l i n g  e q u i p m e n t  which o f t e n  d i c t a t e s  t h e  t y p e
o f  m a t e r i a l  which  i s  s e l e c t e d  f o r  h o u s i n g  c o n s t r u c t i o n .

Water damage, crushed and broken shipments are not
uncommon. As a result, the quality of the building
materials, especially with regard to insulation value is
often destroyed.

Since ships must arrive in summer, after ice break-up,
construction must be efficient and quick in order to close
in a building before snowfall.

Over the years the homes built by the federal government
in the 1950’s and 1960’s deteriorated due to poor
construction, maintenance and overcrowding. The native
population of Arctic Canada is one of the fastest growing
groups in the world.

By the mid 1 9 7 0 ’ s , rising e n e r g y  c o s t s  a n d  d e m a n d  f o r
b e t t e r  q u a l i t y  h o u s i n g  c o m p e l l e d  t h e  g o v e r n m e n t  t o  e n t e r
into a  c o m p r e h e n s i v e  r e h a b i l i t a t i o n  p r o g r a m  f o r
approximately 1,000 homes across the Northwest Territories.

The goal was to create a highly insulated envelope about
the house by increasing the “R” factor in the roof, walls
and floor. The homes were gutted, thoroughly renovated
and modernized to be energy efficient. The work was accom-
plished by locally trained people who are also involved in
the ongoing maintenance program. The average cost for
this program was $50,000 per unit and the work is ongoing.

Over the last three years the pre-fabricated, panelized
erection system has been replaced by on-site, “stick built”
construction. Although it is labour intensive, it is
possible to achieve a tightly sealed unit.

8 Richard Bushey
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‘Multifamily designs are replacing the single-familY~
detached home in communities that have the capability to
service the units and provide suitable fire protection.

. The next few years will see further tests of equipment,
building materials and designs in the search for an
appropriate super-energy efficient home for residents of
the Canadian Arctic.

R i c h a r d  B u s h e y
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A THERMAL PERFORMANCE DESIGN STUDY
FOR ALASKAN RURAL SCHOOLS

J.P. Zarling, PhD, PE
Professor of Mechanical Engineering

University of Alaska, Fairbanks, Alaska

James S. Strandberg, PE
J.S. Strandberg Consulting Engineers, Fairbanks

ABSTRACT

The establishment of Thermal Standards for buildings has
been an important topic for the nation. The rise in costs
of energy have made it imperative that buildings are
constructed to be energy efficient, on a nation-wide basis.

The State of Alaska has embarked on an aggressive research
program to formulate standards for building thermal system
construction. This work has yielded a least life cycle
cost approach that selects the level of building thermal
c o n s t r u c t i o n  w h i c h  i s  l e a s t  costly t o  t h e  S t a t e  o v e r  t h e
b u i l d i n g  l i f e t i m e .

The approach has been applied to small rural schools in
the size range of 7,000 to 12,000 square feet. A computer
program is used to model a prototype building in sixteen
different cost regions of Alaska. Different mechanical
and electrical systems are evaluated, together with
available thermal envelope options to form a wide range of
alternate building designs.

The program incorporates energy consumption, maintenance
and operations, and capital cost models to compute total
life cycle cost. Design alternates that yield least life
cycle cost are selected, and used as one criteria for
developing Thermal Standards for rural Alaskan buildings.

I . INTRODUCTION

S t a n d a r d s  t h a t  r e g u l a t e  t h e  e n e r g y  e f f i c i e n c y  o f  n e w
i n s t i t u t i o n a l  c o n s t r u c t i o n  a r e  c u r r e n t l y  being d e v e l o p e d
in A l a s k a  b y  t h e  S t a t e  o f  A l a s k a  D e p a r t m e n t  o f
T r a n s p o r t a t i o n  a n d  Public Facilities. Given t h e  e x t r e m e s
i n  c l i m a t e  a n d  s o c i o - e c o n o m i c  e n v i r o n m e n t ,  c r e a t i o n  o f
standards is a difficult and complex
have a logical basis of development.

10
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This study develops a design optimization process that
defines the range of thermal construction for small rural
schools in Alaska. The report establishes the types of
construction that will be most economical to the State
over the lifetime of the building. In the study, the most
economical type of construction is termed the “Least Life
Cycle’Cost” (LCC) design.

Least life cycle designs are identified for each of three
building energy sub-systems, architectural exterior
thermal envelopes, mechanical, and electrical systems.
The results of the study (Reference 1) are currently being
used as a basis for an ASHRAE 90 type standard for Alaskan
rural schools (Reference 2).

A rural school of 8,960 square feet is used as the basis
for the building model, as many rural schools i.n Alaska
a r e  o f  this size. In the study,  many different  methods of
energy  sys tem cons t ruc t ion  have  been  v iewed,  using a set
f loor  p lan  conf igura t ion ,  bu i ld ing  size, a n d  o c c u p a n c y .
The  f loor  p lan  for  the  building is p r e s e n t e d  in F i g u r e  1 ,
whi le  d imens ions ,  a reas ,  and  occupanc ies  a re  def ined  in
Table 1.

II. LIFE CYCLE COST EVALUATION

The analysis technique models a building from time of
construction to time of replacement, with a series of
equations simulating costs of construction and lifetime
costs of energy and maintenance and operations.

These “models” deal strictly with the building’s outer
insulated envelope and with portions of the interior
mechanical and electrical system. Only those components
which influence the energy consumption of the building are
dealt with in the study.

AS the purpose of the study is to establish the “best” way
to design the thermal systems of buildings, the analysis
technique is a life cycle cost method, with the following
analysis assumptions:

1. For a given size and occupancy classification there
are innumerable ways that building thermal systems may
be designed. Each design has its own characteristic
life cycle cost. This characteristic life cycle cost
is composed of three major components. First, cost of
construction; second, annual cost of energy; and third,
annual cost of maintaining and operating envelope and
energy systems.

11
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TABLE 1
.

PROTOTYPE BUILDING CHARACTERISTICS
.-----— ----- --------.-----  _______

1 .

II.

BUILDIllG GEOHETRY

Nominal Outside Dimensions 80 X 112 ft.
Nomina l  Outs ide  Building  Square Footage 8 , 9 6 0  su.ft.
Total Exterior Envelope-Area
Total Interior Volume

ENVELOPE COHPONENT AREAS

Component
- - - - - - - - -

F l o o r s  ( E l e v a t e d  F o u n d a t i o n )
Roof
Walls
Doors
Windows -

III. OCCUPANCY

Classroom
Gymnasium

Thermal Model
Cost Model

CLASSIFICATIONS

Area
Allocation Gross Area

(%) (Sq.Ft.)
------ ---- ------ ----

42 3,776
43 3,840

Supplementary 15 1,344

23,680 sq.ft.
147,200 sq.ft.

Nominal Area
(Sq.Ft.)

------------

8,960
8;960 t

6,080
100
327
376

Ceiling height
(Ft.)

------ ------ _-

10
20
20

NOTE : No allowances made for thickness of walls in this
chart.
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2. T h e  “ b e s t ”  d e s i g n ,  f o r  a  given  b u i l d i n g  s i z e  a n d
o c c u p a n c y  is t h a t  design  w h i c h  gives t h e  lowest t o t a l
l i f e  c y c l e  c o s t  o f  o w n e r s h i p . T h e  “ b e s t ”  design  m a y

. n o t  b e  t h e  design  w i t h  low first Cost o f  c o n s t r u c t i o n .

- 3 .  T h e  b e s t  d e s i g n  f o r  o n e  area o f  A l a s k a  will n o t
n e c e s s a r i l y  b e  t h e  best design  f o r  a n o t h e r  region o f
A l a s k a  w h e r e  d i f f e r e n t  c l i m a t e  a n d  c o s t  c o n d i t i o n s
e x i s t .

4 .  G o o d  d e s i g n  p r a c t i c e  m u s t  i n v o l v e  a l l  building  systems
that use, -transport, or convert energy. To this-end,
consideration of the thermal envelope, which represents
the end use of heating energy, must be accompanied by
careful treatment of interior mechanical and electrical
systems.

comparison technique that considers the full range ofA
designs available to the industry is used. The building
is conceptually separated into the exterior thermal
envelope, and the energy consuming portions of mechanical
and electrical systems.

Each design is evolved independently of other building
systems, and defined in terms of first cost and operating
characteristics. Five separate mechanical/electrical
system designs are established; these designs are then
combined with each of the four thermal envelope systems.
This results in a total of one hundred and ninety-two
different building design alternates for consideration
with the life cycle cost model.

T h e  d e s i g n  a l t e r n a t i v e s  a r e  m o d e l e d  f o r  s i x t e e n  c o s t
r e g i o n s  a n d  s e v e n  c o i n c i d e n t  c l i m a t e  r e g i o n s  w i t h i n  t h e
s t a t e  ( S e e  T a b l e  2 ) .

III. ENVELOPE DESIGN ALTERNATIVES

Each of the five architectural components (walls, roof,
windows, doors, and floors) are dealt with separately, and
four separate levels of thermal envelope construction are
considered for

Lenient:

Moderate 1:

M o d e r a t e  2 :

Stringent:

each component, in the following categories:

Least thermally insulative construction
presently in use.

Lower middle level of thermal insulation
presently in use.

Higher middle level of thermal insulation
presently in use.

Most highly insulative construction
presently in use.

John Zarling
14 J a m e s  S .  S t r a n d b e r g
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TABLE 2
--.----

COST RAHE OF CLIMATE
REGION # COST REGION REGION
=S===sz==============s==---------------------------------- ----=========

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Anchorage Zone

Village

Kodiak Island

Juneau Zone

Main Center

Village

Sitka

Fairbanks Zone

Village

Village

Bethel

Large Village

Coastal Village

Village

Barrow

Coastal Village

South Central

South Central

South Central

South Eastern

South Eastern

South Eastern

South Eastern

Southern Interior

Southern Interior

Aleutian

Western

Western

Western

Northern Interior

Arctic Slope

Arctic Slope

,-
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These four design levels are formulated for three separate
wall design options and two foundation systems as
indicated below.

.
Wall Concepts: Standard Single Stud

Standard Stud with Exterior Foam
Double Stud Construction

Foundation Concepts: Eleva ted  F loor
Heated crawl S p a c e

For each construction level, the overall thermal
resistance and the overall cost are assessed. Figure 2
presents modeling information for a typical exterior wall
section. As shown in the figure, both costs and thermal
resistances are calculated for each envelope component.

Iv. MECHANICAL SYSTEMS

The ways mechanical and electrical systems are designed
can lead to wide variations in the building’s energy
consumption. Each interior energy system design for a
given building envelope exhibits a unique behavior pattern
for interior heat gains from occupants, external solar
gains, and energy expended in the lighting, heating and
ventilation processes. First costs of construction vary
significantly with design.

There are presently two identifiable design philosophies
(out of many used in Alaska) for mechanical systems that
expresses ranges of system complexity. One philosophy
emphasizes low first cost and simplicity of operation;
using furnace systems and ducted hot air to the envelope~
with a minimum of zones and system controls (termed ME1).

The other defined philosophy is a more complex system that
uses boilers for heat generation, a glycol/water mixture
for heat distribution and a separate ducted ventilation
system. This more complex system exists with and without
ventilation heat recovery, and is termed “ME2 with heat
recovery” and “ME2 without heat recovery” .

For each of these concepts, the model accounts for energy
consumed in the process of moving energy from the site
boundary to the end use location within the building,
using the following mechanical system operating parameters
to describe energy consumption characteristics:

- Heat generation conversion efficiency.

- Distribution energy  consumpt ion .

16
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SAMXICB TYPE:

=EEGY LEVXL:

41- @

Exterior Foam Wall ROT POR COW’2’RCJCTION

Moderate S1
Description
.------- ---
Inside Air

Paint Finish

5/8” Gyp.Board

4 Flil Poly-
ethylene

R-19 Fiberglas
Battti

1 “  I n s u l a t i o n
Sheath

15. Bldg.Paper

518” Plywood

2X6 Stud @ 24”

Outside Air

R-Va lue
- - - - - - -

0 . 6 8

0 . 0 0

0 . 5 5

0.00

19.00

8.00

0.06

0.78

6.93

0.17

cost
$lComp.SF
- -  - -  - - - -

0 . 0 0

0 . 8 5

1 . 2 0

0.24

0.62

0.86

0.32

2.75

1.34

0.00
-------  --------------  .-----.----
TQTAL 8.18

COHPONKNT MODEL

BUILDING CON-BRT COB? FACTOR: 0.678

COST PER BUILDIRG  SQUARE FOOT: 5.55

=AL ~ERRAL  RBBIBTAWCB: 28.11
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v. ELECTRICAL SYSTEMS

Two electrical systems are outlined, one based upon a
. “current practice” design and the other an energy

conservation design. The standard design, EE1, utilizes
- fixtures which are typically a 2 x 4, 4 lamp troffer type
with no special features.

. The alternate lighting system (EE2) uses a different layout
of fixtures, and fixtures which are more efficient by vir-
tue of their optical design and diffuser characteristics.
This reduces the total number of lamps (although not
necessarily the number of fixtures) and, consequently, the
wattage. In terms of cost, the alternate EE2 design is
more expensive.

The lamps used in the energy efficient design (EE2), are
becoming quite common stock items. General Electric calls
theirs “watt-mizers”. Essentially they are the original
F400 Cool White lamp with a different phosphorous coating.

The overall power loading of the EE1 design is 2.14 watts/
sq. ft. but for EE2 is only 1.35 watts/sq. ft. This is 37%
less energy for a system which will provide essentially
equal results, with only moderate increase in cost.

VI. LCC COMPUTER MODEL “T-LOAD”

Twelve 256 case LCC simulations were accomplished using “’l’-
LOAD”, an in-house developed program, writ ten in Fortran
IV, and run on the Universi ty of Alaska’s Honeywell
computer ;  fo r  seven  c l imate  reg ions  of  the  s ta te . Table 3
presents the computer run schedule for each of the twelve
c a s e s .

“T-LOAD” consists of a simplified annual energy analysis
and an engineering economy analysis to calculate costs
associated with operation of the building. The thermal
model assures that each prototype building is heated with
fuel oil, and powered by electrical energy obtained from a
local utility. Passive solar gains and internal heat
gains are accommodated in a modified degree day thermal
model developed by Beckman, Duffie, et. al. (Reference 3).

Economic input data includes the State’s minimum rate of
return, fuel escalation rates for each fuel used, building
useful lifetimes, first costs of construction and annual
maintenance costs for energy system components.
Additionally, mid-life renovations have been costed and
included in the study.

18
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COMPUTER
RUN NO.
----- ___----- ---

1

2

3

4

5

6

7

8

9

10

11

12

IDENTIFIER
CODE
- --- --- - - ----- - -- - - -

NES

NEE

NED

NHS

NHE

NHD

HES

HEE

HED

HHS

HHE

HHD

TABLE

COHPUTER RUN

MECHANICAL SYSTEM
===== ===== ===== ==

NO HEAT RECOVERY

NO HEAT RECOVERY

NO HEAT RECOVERY

NO HEAT RECOVERY

NO HEAT RECOVERY

NO HEAT RECOVERY

HEAT RECOVERY

HEAT RECOVERY

HEAT RECOVERY

HEAT RECOVERY

HEAT RECOVERY

HEAT RECOVERY

3

SCHEDULE

FOUNDATION SYSTEM
===== ===== ===== ==

ELEVATED FLOOR

ELEVATED FLOOR

ELEVATED FLOOR

HEATED CRAWLSPACE

HEATED CRAWLSPACE

HEATED CRAWLSPACE

ELEVATED FLOOR

ELEVATED FLOOR

ELEVATED FLOOR

HEATED CRAWLSPACE

HEATED CRAWLSPACE

HEATED CRAWLSPACE

WALL SYSTEM
===== ===== =

SINGLE STUD

EXTERIOR FOAM

DOUBLE STUD

SINGLE STUD

EXTERIOR FOAM

DOUBLE STUD

SINGLE STUD

EXTERIOR FOAM

DOUBLE STUD

SINGLE STUD

EXTERIOR FOAM

DOUBLE STUD

I
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T h e  p r o g r a m  o u t p u t  f o r  e a c h  o f  t h e  t w e l v e  s i m u l a t i o n s
c o n s i s t s  o f  1 6  b y  1 6  m a t r i c e s  t h a t  p r e s e n t  e n e r g y  c o n s u m p -
t i o n ,  e n e r g y  c o s t ,  f i r s t  c o s t s  o f  c o n s t r u c t i o n ,  a n n u a l
m a i n t e n a n c e  c o s t s , a n d  t o t a l  l i f e  c y c l e  c o s t . T h e  t o t a l
life c y c l e  c o s t  is e x p r e s s e d  in $\sq ft-year,  a  u n i f o r m
a n n u a l  c o s t  t o  t h e  S t a t e  f o r  t h e  lifetime  o f  t h e  b u i l d i n g .

VII. ANALYSIS OF RESULTS

Description of Life Cycle Cost Model Results

Thirty-two plots have been formulated to show the relation-
ship between three major analysis variables as follows:

- Level of envelope thermal construction

- Interior energy system design

- Total annual life cycle cost

Each graph presents life cycle costs for all building
concept designs within a given cost region. Figure 3
presents a typical life cycle plot, for cost region 1,
south central, Anchorage Zone. T h e  h o r i z o n t a l  axis o f
e a c h  g r a p h  e x p r e s s e s  e n v e l o p e  s t r i n g e n c y  i n  t e r m s  o f  t h e
t o t a l  s u m m e d  U A  p r o d u c t  ( o v e r a l l  a v e r a g e  t h e r m a l
c o n d u c t a n c e  f a c t o r  x  c o m p o n e n t  a r e a )  f o r  t h e  p r o t o t y p e
building. Since  a r e a s  o f  e a c h  e n v e l o p e  c o m p o n e n t  a r e  h e l d
c o n s t a n t  i.n t h e  a n a l y s i s ,  this p a r a m e t e r  r e f l e c t s  t h e
a g g r e g a t e  t h e r m a l  c o n d u c t i v i t y  f o r  t h e  p r o t o t y p e  b u i l d i n g ,
in units  o f  BTU/Hr-Degree F ,  a n d  t h u s  d i r e c t l y  r e f l e c t s
t h e r m a l  c o n s t r u c t i o n  l e v e l .

T h e  v e r t i c a l  axis e x p r e s s e s  t o t a l  life c y c l e  c o s t  in units
of uniform annual cost per year. Figure-3 presents the
life cycle cost curve for the least expensive configura-
tions of the interior mechanical and electrical systems.
By selecting the low point on this curve the best
architectural design is combined with the best mechanical
and electrical designs. This low point represents the
l--a~jc~life  cycle cost” design for that cost region; and

, is one of the ‘answers” of the study.

In this case the Moderate 1 option, which is a 6 inch stud
wall with 1 inch of exterior polyurethane foam insulation,
combined with complex mechanical and electrical systems
using heat recovery, is the least life cycle cost option.

L e a s t  life c y c l e  c o s t  d e s i g n s  o f  e a c h  o f  t h e  s i x t e e n  c o s t
r e g i o n s  is p r e s e n t e d  in Table  4, for the Heated C r a w ] .
S p a c e  f o u n d a t i o n  o p t i o n . T h e  t a b u l a t e d  r e s u l t s  p r e s e n t s
r e a s o n a b l y  d e t a i l e d  design  r e c o m m e n d a t i o n s  f o r  r u r a l
s c h o o l  e n e r g y  s y s t e m s , in a format that can be used in an
ASHRAE 90 type thermal standard.
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TABLE 4

LEAST LIFE CYCLE COST COWSTRUCTIOS lMJTSOD  BY COST R~ION
FOR EKATSD CRAWL SPACE ZtRS~ OR ACTUAL OSEABLB FLOOR ARM

COST NAME OF CLIMATE MECHANICAL CONSTRUCTION
REG. COST REG ION REGION

LC COST
SYSTEM TYPE LEVEL ($/SQ. FT. -YR)

= . . ..====...  =. = .=...=.-=  =....=....=== .= == ==.===..= =.========== . . . =.==.=..= . .====-====.- =...=....==.
1 Anchorage Zone S o u t h  C e n t r a l M1 H e a t  R e c o v e r y Ex te r io r  Foam Modera te  1 9 . 4 0

2 Village South Central ?12 Heat Recovery Exterior Foam Moderate 1 1 1 . 8 9

3 Kodiak Island S o u t h  C e n t r a l M2 lieat  R e c o v e r y Ex te r io r  Foam Modera te  1 1 1 . 4 6
- - - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - - - - - -  - - - - - - - - - - - - -  - - - - - -  .----------  - - - - - -  - - - - - -  - - - - - - - - - - - - - - - - - -  - -

4  J u n e a u  Z o n e South Eaatern Ml Eeat R e c o v e r y Ex te r io r  Foam Modera te  2 1 0 . 1 4

5 Main Center South Eastern Hl Heat Recovery Exte r io r  Foam Modera te  1 -2 1 0 . 0 3

6 Village South Eastern Fll Heat Recovery Exterior Foam Moderate 1 13.88

7 Sitka South Eaatern M1 tIeat Recovery Exterior Foam Moderate 1-2 10.01
------- ------ -------- ------- ------- ------ ------ ------ ------ ------ ------ --------------------- -------
8 Fairbanka Zone South.Interior M2 Heat Recovery Exterior Foam Moderate 2 11.63

9 Village South.Interior M2 H e a t  R e c o v e r y Ex te r io r  Foam Modera te  2 2 0 . 4 4
- - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - -
10 Village Aleutian Ml Eeat Recovery Exterior Foam Lenient 17.06
---------------------- ------------------------- ------------------------- -------------- -------- -----
11 Bethel Western ?12 Heat Recovery Exterior Foam Moderate 2 15.14

12 Large Village Western M2 Heat Recovery Exterior Foam Moderate 2 16.07

13 Coaatal Village Western U2 Heat Recovery Exterior Foam Moderate 2 26.43
------------ ------ ------------- ---------- ------ ------ ------- ----------- ------ ------ ------ ----------
14 Village North.Interior M2 Heat Recovery Exterior Foam Moderate 2 29.13
---------------------------- ---------------------- ---------------- -------------------------------- -
15 Barrow Arctic Slope Ml Heat Recovery Exterior Foam Lenient 14.59

16 Coastal Village Arctic Slope M2 Heat Recovery Exterior Foam Moderate 2 27.98
-------------- --------------- ---- ------------------ --- - -------------- - ---------- ---------- - -- ---- - -

NOTE : EE2 Electrical System was found to be the cheapest alternative for all design caaes.



VIII. CONCLUSIONS

The analysis has developed, for some sixteen cost regions,
ranges of recommendations for thermal construction.. These
recommendations are seen to vary extensively under the
-influence of climate severity, the local costs of
construction, and expected long term cost profiles for
energy. The study results are especially sensitive to
first cost of construction and to the economic assumptions
regarding long term fuel escalation rates.

Selection of an integrated building thermal system is
shown to be necessary. By properly selecting an interior
energy system, and using an improper mechanical or
electrical system, life cycle costs for a design can be
raised significantly. This effect is prevalent in
extremely remote areas with extremely expensive energy.
In certain situations, selection of mechanical and
electrical systems designs are of greater importance than
architectural systems, within the bounds of normally
accepted envelope design practice.

The results of the study are general, with input data for
climate conditions collected for relatively few sites with-
in each climate region. Cost data is similarly general-
ized. The results can thus be best applied for planning
and programming functions, as opposed to individual
circumstances. However, the modeling process employed can
certainly be made to pertain to a certain building case
merely by remodeling input data to fit that case.

F u r t h e r ,  t h e s e  s t u d i e s  m o d e l  a  building  a s s u m e d  t o  b e
s e r v e d  b y  a  l o c a l  public  u t i l i t y ,  w i t h o u t  b e n e f i t  o f  a n y
a l t e r n a t i v e  e n e r g y  s o u r c e s . This rather simplistic
approach serves to put all evaluation on a fair~ equitable
basis. Such concepts would certainly alter results.
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ENERGY CONSIDERATIONS
FOR UTILITIES IN COLD REGIONS

William R. Ryan, Director of Engineering
OTT Water Engineers, Anchorage, Alaska

ABSTRACT

The purpose of utilities is to improve the health of, and
convenience to, the users.

To accomplish this, utilities must be designed with the
greatest reliability while retaining low operation and
maintenance costs. Reliability is extremely important in
cold regions because of the devastation that can be caused
by one small malfunction in a utility system.

Operation and maintenance expenses tend to be very high in
cold regions because of the high energy costs. In remote
regions of Alaska, energy costs vary almost directly with
the cost of fuel oil.

This p a p e r  will p r e s e n t  s e v e r a l  issues t o  c o n s i d e r  w h e n
designing  utilities  to keep the fuel usage or operation
and maintenance costs as low as possible. These include
water conservation, the elimination of high maintenance
items such as water service lines, the use of low energy
sewage treatment options, and utilization of all possible
heat sources and alternative forms of energy, such as wind
and solar.

INTRODUCTION

Uti l i t i es  mus t  se rve  two pr imary  purposes . They should
maintain or improve the health of the users and they also
provide greater convenience. Utility design, in any
location, should provide these services at the lowest
life-cycle cost. In cold regions, this usually means
designing for the lowest possible operation and maintenance
(O&M) cost without sacrificing reliability. O&M expenses
are very high~ especially in remote areas~ because of the
high energy costs caused by the necessity to import fuel
oil. There are many ways energy use can be minimized when
providing utilities in cold regions. S o m e  o f  t h e s e  w a y s
are discussed below.

1
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WATER CONSERVATION

Water conservation is also energy conservation. Water
. must be heated before it is distributed during a large

part of the year. If less water is used, less must be
-heated and processed. This is especially true with hot
water heaters because the water is heated to well over 100
degrees F, instead of to about 40 degrees F as it is in a
distribution system. The Cold Climates Utility Delivery
Design Manual (CCUDDM)~ presents an evaluation of most
water conservation devices which can be used in the home.
Some are effective in cold and/or remote regions and some
are not. A more detailed section on energy sources and
conservation will be added to the new edition of the
manual soon to be published.

Low water use sewage collection alternatives, such as
pressure or vacuum systems,  should be considered for
small ,  remote communities in cold regions. I n  a d d i t i o n  t o
reducing water use and,  thus? the sewage to be treated,
they do not rely on gravity and can be used in locations
having frost heave and/or thaw settlement problems.

SYSTEM PLANNING AND DESIGN

T h e  w a t e r  in a  p i p e d  d i s t r i b u t i o n  s y s t e m  m u s t  b e
c o n t i n u o u s l y  c i r c u l a t e d ,  i n  a d d i t i o n  t o  t h e  n e c e s s i t y  o f
adding  h e a t . Most circulating systems use “pit-orifices”
to assure circulation in the service lines. Water must be
circulated at about 2 feet per second in the main line to
assure a 0.2 feet per second velocity in the service
line. The length of time the water is in the service line
is the limiting condition when it is moving at only 0.2
feet per second. This limits service line lengths (house
to main distance) to 60 to 70 feet. For longer service
lines, a small, fractional horsepower circulating pump can
be located in each house to assist the pit-orifice or
provide all of the service line circulation.

An “extended main” system is a design which can reduce
energy use. The extended main concept essentially does
away with service lines and, with them~ the necessity to
circulate water at 2 feet per second in the main lines.
Also, O&M is reduced because service lines are a major O&M
problem with any piped water distribution system in cold
regions.

With an “extended main”, the main distribution lines are

routed directly, building to building, with a short riser
extending through the floor or wall to provide water
service. This riser can be insulated and heat traced, if
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needed. Circulation velocities on the order of half a
foot per second can then be used in the mains. Since
pumping costs are proportional to the square of the

, velocity, this design can reduce circulation costs by as
much as 16 times and significantly cut O&M. The main
disadvantage of an extended main system is that the
community-owned distribution lines must necessarily cross
private property. This usually makes the system
unfeasible for larger communities.

Energy use can be further reduced by using low energy
sewage treatment facilities. For instance, a facultative
sewage lagoon, with essentially no energy requirements,
can provide an acceptable level of treatment for a remote,
isolated community or site. Aerated lagoons or extended
aeration treatment plants may provide a higher degree of
treatment; but there are many small communities that
cannot afford to operate them properly. Rotating
biological contactor (RBC) plants use less energy than
conventional wastewater treatment plants and can be used
where a higher degree of treatment is desired, where space
is at a premium, or where pumping costs to a lagoon site
would be excessive.

Secondary sewage treatment consumes more energy and O&M
time than  pr imary  t rea tment . Secondary treatment should
probably not be installed unless there is the possibility
of a health hazard or a severe environmental problem.

WASTE HEAT UTILIZATION

Heat should not be “wasted” in cold regions. All sources
of heat should be utilized to the maximum extent
feasible. Consider also that ,  even though i t  may not seem
feas ib le  to  recover  hea t  today ,  i t  p robably  will b e  b e f o r e
t h e  facility!s d e s i g n  l i f e  i s  r e a c h e d . Heat recovery
units  should be considered for the jacket  water and

.

exhaust stacks of all fossil fuel electrical generation
units. When considering the feasibility of recovering
this heat, the cost and environmental impacts of its
dissipation must be included. These impacts can be
significant. For instance, much of the ice fog in the
Fairbanks area can be attributed to the open water created
by cooling ponds or by discharges of warm cooling water
in to  na tura l  water  bodies . I f  the  recovery  of  the  hea t
for  the  process  i s  no t  feas ib le ,  i t  should  be  cons idered
for other beneficial uses such as heating water for fish
hatcheries, soil warming to improve agriculture potential,
heating greenhouses, or melting ice and snow.

Another example of the utilization of heat that would
normally be wasted is the use of heat pumps to extract
heat from the final effluent at the Fairbanks Sewage
Treatment Plant. Sewage is normally at 45 to 50 degrees F
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and is usually not thought of as a source of heat. At the
treatment plant heat pumps lower the temperature of the
effluent sewage (8 MGD) about 5 degrees F and use the heat
t o  h e a t  t h e  p l a n t . T h i s  a l s o  l o w e r s  t h e  e n v i r o n m e n t a l  o r
t h e r m a l  i m p a c t  o n  t h e  r e c e i v i n g  w a t e r .

If heat’ could be stored in the ground during the summer
and then be extracted in the winter for heating buildings,
etc., a significant amount of energy could be saved. This
may be feasible using heat pumps in areas without
significant depths of permafrost.

Incineration, after recycling, is considered the ultimate
solution to the problem of solid waste disposal. Inciner-
ation is usually extremely expensive if fossil fuels must
be used. Recovery of the incinerator stack heat could
make it more economically attractive. Most incinerators
currently manufactured in the U.S. are not built with
waste heat recovery in mind. Two newer processes, which
make energy recovery more feasible,  are the suspension
fired and fluidized b e d  u n i t s . These  p lan ts  a re  no t  smal l
enough nor have they been perfected to the point that they
could be used in a remote cold regions community.

Steam collected in the waste heat recovery unit of an
incinerator, turbine, engine, or boiler can be used to
drive another turbine and produce power. This is currently
being done in Anchorage where 40% more power is generated
with the same fuel use. Their existing 40,000 kW gas
turbine produced about 137 x 106 Btu/hr waste heat at
full load. This heat now drives a 33,000 kW steam turbine
generator. The previous overall efficiency of the system
was 22% and, after the addition of the steam turbine, the
overall efficiency went up to 26%. Operating costs went
up about 1.3 mills/kWh and the cost of the additional
plant was about 6 mills/kWh but, with a 19% increase in
operating cost, output increased 40%.

Stack gasses with temperatures lower than 300 degrees F do
not usually have economically recoverable heat at present
fuel costs. Below is a summary of the percentage of the
input fuel energy that is lost in the exhaust of typical
units and approximate exhaust temperatures.

PERCENT OF FUEL TEMPERATURE
UNIT ENERGY IN EXHAUST OF EXHAUST

Oil or gas turbine 65 to 84 percent 800 to 1,0000F
Diesel engine 35 percent 300 to 6000F
Home furnace (oil) 30 to 40 percent 3500F
Home furnace (gas) 40 percent 3000F
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There are also disadvantages which must be considered in
planning waste heat recovery units. Major corrosion
problems can be created if the exhaust gas temperatures
drop too low in coal or oil fired units. Manufacturers
can u s u a l l y  s u p p l y  t h e  l o w e r  limits.

Air exdhange  can account  for  25 to  40 percent  of  the
h e a t i n g  l o a d  o f  a  b u i l d i n g . S m a l l  a i r - t o - a i r  h e a t
e x c h a n g e r s  c a n  h e l p  r e c o v e r  a  s i g n i f i c a n t  potion of  this
loss . S e v e r a l  c o m m e r c i a l l y  a v a i l a b l e  u n i t s  w e r e  t e s t e d  b y
t h e  U n i v e r s i t y  o f  A l a s k a  a n d  t h e  S t a t e  o f  A l a s k a ,  Division
o f  T r a n s p o r t a t i o n  a n d  Public F a c i l i t i e s :  a n d  a  report is
a v a i l a b l e .

ALTERNATIVE ENERGY

To most of us, alternative energy means an energy source
other than fossil fuels, such as coal, oil, gas, or wood;
in other words, solar, wind, hydro-powerl and others.
This essentially breaks down to non-renewable or renewable
resources. Wood is a renewable energy source in warmer
climates but the rate of growth is relatively slow in cold
regions and use rates would have to be very low for it to
be considered truly renewable. We should conserve non-
renewable resources and make maximum, wise use of renewable
resources. In situations where non-renewable energy
sources must be used, many conservation measures can be
taken. Neither time nor space permit a discussion of all
of the fuel conservation measures here. The CCUDDM1
will cover this subject in detail and most utilities or
fuel suppliers can provide information on ways to conserve
fuel and, thus, energy.

Hydropower is probably the cleanest and, generally, the
least expensive source of energy available. Small
hydropower generating units have been around for years but
new developments have improved their efficiency and? thus~
feasibility. Hydropower can be broken down into low head
sources (60 feet or less) or high head. Low head
installations require higher flows to produce the same
amount of power, as would be expected. Low head turbines
are also usually less efficient. Hydropower sources are
abundant in the subarctic areas of Alaska with low head
sources also available further to the north. Arctic
rivers or streams usually have high maximum to minimum
flow ratios. Values of 50 to 100 are not uncommon and
must be considered when designing hydropower units. As is
common with most forms of alternative energy, this means
that the source may not be usable on a year-round basis
and that conventional fossil fuel units will need to be
provided, along with the alternative fuel unit, to assure
a continuous power source. This will nearly double the
capital expenditures~ and even though O&M costs are
usually lower, can raise havoc with the feasibility of
using alternative energy units.
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Hydropower can often be combined with a community’s water
supply to recover additional energy which would normally
be lost. The City of Seward is presently constructing a
combination water supply-power generating project. One
water source, Marathon Creek, falls some 700 feet. By
-tapping the creek at the 750 foot elevation and dropping
the wat’er through a pipeline to a Pelton wheel generating
unit before it enters the water supply storage tanks~ 250
kW of electrical energy, which would normally be lost, can
be generated for use in the city’s power grid.

Often, fluids, whether they be oil or water, must be pumped
over higher elevations between the source and supply point.
Hydropower  genera t ing  un i t s  could  be  economica l ly  ins ta l led
a t  the  base  of  downhi l l  sec t ions  of  p ipe l ines  to  recover  a
part  of  the pumping costs. This energy would normally be
los t  o r  have  to  be  d i ss ipa ted  us ing  pressure  reduc ing
s t a t i o n s . Alyeska is presently looking into the
possibility of this method of energy recovery at different
locations along the Trans-Alaska Oil Pipeline.

Geothermal energy is also a source to be considered.
However, with present technology, the source usually must
be 150 degrees F or higher, and be near the point of use.
These two conditions are rarely satisfied in the cold
regions of Canada and the U.S.

Even with the shortness (or lack) or daylight during
arctic winters, solar energy should be considered. There
are actually more hours of daylight at the Arctic Circle
than the Equator, but the intensity is less, because of
the angle of incidence, and it occurs during a short
period of time. It is often feasible to use solar energy
to heat water during the summer in Interior Alaska.
However, another heat source must be available for winter.

wind energy  i s  the  mos t  p romis ing  form of  a l te rna t ive
energy  for  most of Arctic A l a s k a . The wind  blows almost
continuously along the northern and western coast? w h e r e
most of the small  remote communities are located. The
wind also tends to be greater and more consistent during
the w i n t e r ,  w h e n  p o w e r  and heat are m o s t  n e e d e d . T h e r e
have been several wind generators installed around the
state with varying degrees of success. Nearly all of them
have had some problems because of wind gusting and the
harshness of the climate. Many of these problems have
been, or will be, corrected with second generation units.
Wind, as with the other alternative energy sources,
requires back-up fossil fuel generating units because it
does not blow continuously at the 10 to 15 mph needed. The
potential for utilizing the wind for power generation, or
simply the generation of heat using resistance coils in a
water storage tank, should be thoroughly evaluated for any
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cold regions community. As was pointed out earlier, all
water must be heated during the winter before it can be
distributed and a portion of this heat could possibly be

. provided by a wind generator on top of the water storage
tank. This is energy that would otherwise go unused.

Information on the wind potential at a given location must
usually be otained on-site because of the many variables
which affect the wind~s speed. Some general data and
“loaner” anemometers are available through the University
of Alaska, Arctic Environmental Information and Data
Center. They can also furnish information concerning the
past experiences with units throughout the state.

CONCLUSIONS AND RECOMMENDATIONS

It is important to conserve energy when providing
utilities in any location, but more so in cold regions
where most of the energy is imported in the form of fuel
oil. When utilities are planned and designed, alternative
sources of energy and the utilization of all sources of
available heat should be considered. The=at wasted or
dissipated to the atmosphere or water bodies must be kept
to a minimum because of the cost to produce it and the
environmental problems associated with its disposal. The
feasibility of providing heat recovery and/or alternative
energy sources must consider such factors as future fossil
fuel shortages and the life cycle costs of the project,
n o t  j u s t  c a p i t a l  c o s t s . I f  d e s i g n s  a r e  c a r e f u l l y
a c c o m p l i s h e d  w i t h  t h e s e  c o n s i d e r a t i o n s  in mind?  utilities
can be provided which will  improve health and convenience
to the cold regions users.

REFERENCES

1 Cold Climate Utilities Delivery Design Manual - (CCUDDM)
U.S. Environmental protection Agency (EPA-600/8-79-027
- September 1979) - Environmental Research Laboratory -
Corvallis, Oregon 97330

31 William L .  R y a n



I

TODAY’S CONSTRUCTION - TOMORROW’S LIABILITY

Larry Sweet, Research Manager
Department of Transportation and Public Facilities

State of Alaska, Fairbanks

ABSTRACT

When a building is constructed in the arctic it may not be
merely replacing an old or other existing structure. The
new building will be a man-made addition to a natural
environment and will change that environment.

Creating a built environment where people can live and
work in comfort solves several problems for the people who
will use it, while creating new problems, responsibilities?
and liabilities simply because the natural environment has
been changed. These liabilities are pointed in two
separate directons. First the builder is liable for the
way the building will effect the natural environment into
which it is placed and, secondly, he is liable to the
people who will use the building for its lifetime.

Throughout Alaska today there are many buildings which
were built when there was an assumption that energy was a
commodity which was plentiful and would become cheaper.
Today we know this assumption was not correct. Yet
ironically the high costs of this energy has provided the
state, and local governments within Alaska, with the
financial means to build more buildings for its people at
an unprecedented rate. Regardless of how carefully these
new buildings are planned and the long-term liabilities
considered, we will inevitably be consuming more energy as
we build more buildings.

The Alaska Department of Transportation and Public
Facilities conducts a Program of Energy and Buildings
Research which is intended to develop and identify the
methods and materials which will enable Alaskans to deal
in the years to come with the responsibilities and
liabilities that have been created by our state owned
buildings. This paper emphasizes some of the developments
of that program.

INTRODUCTION

There is a fair amount of money in Alaska at the present
time flowing primarily from the oil development on the
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North Slope. A good portion of that money is being u s e d ,
and will continue to be used, to construct new public
facilities. This is a proper use of the oil revenues, as
the construction of public works projects is clearly a*
universally accepted responsibility of government. The
construction of public facilities stimulates a
construction industry and is healthy for the state’s
economy in the short term. But what are the long term
economic implications for Alaska; and in a broader
context, for all of the Arctic, resulting from these
capital improvement projects?

Here are three possible scenarios for what may happen to
us in the future:

1. We will continue to reap budget surpluses which will
allow us to maintain, operate, renovate, and replace
these facilities ad-infinitum. This is “The Happy Face
Scenario”.

2. Or, possibly, within the next few years the oil will
begin to dry up, revenues will fall, and we will be
left with a multitude of buildings, highways, airports,
and other miscellaneous improvements we can no longer
afford to operate or maintain. This is “The Sad Face
Scenario”.

3. Or, in reality we can probably expect some combination
of these two without a clean domination of one system
extreme over the other.

But in any event the fact remains:

When we build public facilities, in the remote regions of
the Arctic; especially buildings, we create a liability
and a responslblllty. These facilities must be
maintained,  and operated throughout their useful life time
if t h e y  a r e  t o  fuifill t h e i r  i~tended f u n c t i o n . This
p r o c e s s  will c o n s u m e  h u m a n  r e s o u r c e s  in t h e  f o r m  o f  l a b o r ,
m a t e r i a l s  r e s o u r c e s  a n d  e n e r g y r e s o u r c e s . I f  t h e  c u r r e n t
t r e n d  c o n t i n u e s , t h e  c o n s u m p t i o n  o f  e n e r g y  in t h e  a r c t i c
w i l l  s t e a d i l y  i n c r e a s e  i n  a b s o l u t e  v a l u e ,  a n d  c o n s e r v a t i o n
w i l l  r e a l l y  m e a n : “ H o w  c a n  t h e  r a t e  o f  i n c r e a s e  b e
b r o u g h t  within  m a n a g e a b l e  limits?” How can we take
r e s p o n s i b i l i t y  a n d  i n s u r e  t o m o r r o w ’ s  l i a b i l i t y ?

BACKGROUND

T h e  A l a s k a  D e p a r t m e n t  o f  T r a n s p o r t a t i o n  a n d  Public
Facilities  is the one state agency which, more than any
other, is responsible for all aspects of public facility
stewardship; including the maintenance and operaton, as
well as the design and construction. In recognition of
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The residential areas around and within Earrow  contain dwllings  and
. structures that are primarily of wood frarre construction and supprted  by

pile foundations to resist the  seasonal  ground f luc tua t ions  tha t  a re
ccm!mn i n  t h e  a r c t i c . The vegetation normally associated with arctic
tundra  has  been  remved in areas around the structures due to humn
a c t i v i t y . The  resul tant  a rea  i s  usual ly  covered  wi th  gravel  f i l l  to
stabilize the rdting of the surrounding pem-mf rest.

!tTx3 areas that have been left in their natural state are coverd
with a tundra growth of KKXS and sedges. The active layer of seasonal
freezing and thawing is approximately 0.5 m in the undisturbed areas and
varies in the disturbed areas in a manner proportional ti the gravel
fill.

The roadways are gravel surfaced and stabilized after many years of
subsidence due to thernd degradation. Mditional  gravel rraterial was
placed on th roadways as they  subsided, and the resulting thickness
after stabilization  varies betxeen  0.9 m to 1.6 m .

The surface drainage throughout the area is poor, and major pending
takes place during the spring breakup. Effective drainage is also
hampered by the continual frost-jacking that occurs at drainage culvert
inlets and outlets.

Sensitivity to thermal degradation of such an ice-rich ~nnafrost
around a heated utilidor  requires intensive engineering analysis, as well
as string=t construction procedures, to ensure that the ground tirxnal
regti remains stable.

PHYSICAL UTILIDOR DESIGN

!IIE utilidor is des@n* to contain water, sewage, electrical, cable
T.V. , and telephone transmission systeins. The interior will be kept
above freezing with heated, circulating  water, and space will be provided
for mm access for rmiintenance  (Figure 4) .

As shcwn in Figure 5, the utilidor is constructed with 5 cm x 15 an
Ibuglas Fir Ltnrber placed with the wide side of the boards against one
anotkr. The utilidor  sections are fabricated in lengths of approximately
3 m long and contain six steel tie rods.

The design is based on a 57 kip Hi-mum ~heel loading on a 76 cm x
91 cm tire print and a soil load of 1270 kg/m at 76 cm depth; 10 cm of
which is occupi~ by polystyrene foam insulation. A resulting design
load of 9760 kg/m which includes soil and structure dead load was chosen
as a basis for the design.

The exterior of the utilidor is covered with an impezmable vapor
barrier, which is covered with 100rrm (4 inches) of insulation. The vapor
barrier is to eliminate daxmge due to f rest f ormtion within the insulation
layers and to also contain warm water within the utilidor frcnn leaks or
line breaks.
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An inpemable nmisture barrier is then placed over the utilidor.
insulation to dtiect small anmunts of free x-misture away frcxn the warming
front created by the utilidor. Access to the utilidor will be through
prefabricated, mtal manholes.

After placing the utilitir structure, dry gravelly sand is used for
backfill material and water is added to achieve cmpaction. This
material exhibits a thaw strain of approximately 2% if placed at a
nmisture content of 3%-4%. A similar Ethod was used for the utiliduct
installation. Ditch plugs consisting of bentonite-sand mixture were
installed in all trenches to inhibit ground water mvemnt.

SERVICES

Service b residences f ran the utilidor  mains will be via utiliducts
cons is t ing  of  pre-insulated  polye thylene  pipe (see Figure 6 ) . These
utiliducts  will carry & various service laterals to mtal serv ice  boxes
similar to the manholes. IWdtiple  house services will  then be distributed
form the service boxes.

Water services will be circulated to the residences with -U
circulating pups located within the utilidor. It is the desire of the
North Slope Borough to eliminate the responsibility of the owner for &
operational reliability of the service connection and ultimate system
perfornElrlce  .

ll?k service connection will connect to the user at a single pint
and the transition between the belw and above ground prtions will be
designed against the forces of f rest jacking. The connection point will ‘
include ermrgency heat tracing as well as meters for water and electrical
usage.

PIPING
The primry piping material selected for the Barrow Utilities system

is High Density Polyethylene. This material was selected for the follwing
purposes.

a. Ability to withstand forces frcan repeated freeze-thaw cycles
under full f lm conditions without damge.

b. Light weight to allm ease of installation and repair.
c. Thermal, butt fused joints to reduce the armunt of mchanical

connections necessary for installation and maintenance.
d. Relatively low thermal forces developed during range of design

temperatures due to a lW nmdulus of elasticity and the pipes
ability to “stress relieve” itself. These properties also are
beneficial in tk reduction of transient forces due to surging.

e. h coefficient of friction for enhanced flow characteristics
and resistance to clogging.

f. Resistance to corrosion.
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Although the lW mdulus of elasticity reduces the thermal forces,
the polyetilene  piping material exhibits a high coefficient of thernd

. expansion. Since the design temperature differentials are 16 ‘F and 43 ‘F
for & belw and above-ground prtions, re~tively, a considerable
aqmult of *f lection may take place with an unrestrained pipe.

The problem of pipe deflection is solved with the pipe installation
procedure. After the pipe is placed in the racks, warm air is applied by
blower into the pipe to bring its tenprature to the proposed operating
temperature plus 3“F. ~ce this _rature has stabilized and all
associated expansion has taken place, tlw pipe is restrained at the end
of tangential sections with ductile iron fittings and rigid supports.
The pipe is tlxm all- to cool to the ambient temperatures and remain
in tension.

After system start-up, the pipes will attain their respective
operating temperatures and will still be approximately 3 ‘F below the
installation. Since the yield stress of tk polyethylene mterial has
not been exceeded, the pipe will still be in a slight amunt of tension
and no lateral or vertical deflections will occur .

FEdmnical fittings will be used at intersection points and at other
points of restraint or connection. The fittings are cemnt lined ductile -
iron for corrosion protection whenever possible and are of the
“ViCtaulic” type for ease of maintenance.

WATER SUPPLY AND DISTRIBUI!ION

The present water supply line f ran the upper portion of the Isatkoak
Lagoon is a 10 cm diameter, P.V. C. insulated arctic pipe supported above “
ground by wooden piling. This line has experienced several freezeups ‘
during its relatively short life , and has incurred considerable damge
and repairs as a result. Additionally, a 10 CM diameter line does not
efficiently meet the ultimate design f lm capacity.

In order to alleviate the maintenance problem of this above-ground
line as well as to increase the water supply capacity, a sulxwmine  water
line will be placed in the Isatkotak Lagoon. The sukmarine line will .
connect the water source to the reverse osmosis trea~t plant in
Barrow.

The sulxmrine line will consist of an uninsulated 15 cm diareter raw
water line with twQ, 10 cm dianeter lines for emergency distribution of
treated water back to the distribution system. The raw water will be
heated at the intake structure, but the relatively constant thermal
regh in the l-r thaw bulb of the lagoon will provide a much less
harsh environment than the one currently enjoyed by the above-ground
facility. Additionally, water circulation and head tracing will be
available to protect the line f rmn freezing during priods of inactivity
at the treatmnt plant.
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Since 1972, eight estimates of projected water usage have been mde
for * Barrow area. A conservative estimate of 60 gpcd with a.
ppulation of 5200 was selected as a design criteria.

‘lW distribution will naturally experience a gradual increase in
water and sewage flws over a geriod of many years until the design
cr i te r ia  i s  approached. This i.s due to a continuing n-r of service
connections over a time pericd as well as a gradual change in the water
usage habits of the Barrow residents. Constant speed pumps will & used
in both the water distribution Pun@ng as well as in the sewage lift
stations to handle tha unstable dernmds and to allw for flexibility in
the usage forecasts.

The utilidor will naintain its interior thermal environment above
freezing through the use of temperature controlled, circulating water. A
mininnnn circulation rate of 750 liters per minute  (200 gpn)  will be
required for the longest loops (Barrcw thruugh Browerville to Barrw)
tin senice consumption is zero.

Heat exchangers will be utilized to control the water terq?erature.
Additionally, any available heat will be used to preheat the raw, water
to increase * efficiency of reverse osnmsis treatment, if required.

SEWAGE DISTRIBUTION

Sewage will be collected frcxn the services via gravity and directed
to 4 m jor pu@ng stations located throughout the service area. The
final pmping station will direct all collected wastes to the South Salt
Ugoon for tieahmt. The South Salt Lagoon will be utilized as a
facilitative sewage lagoon. Ef f levent frcm this facility will f lW
naturally to another upper lagoon (Middle Salt Lagoon) &fore its ulti- -
mate deposition in the Arctic Ccean.

~ sewage punping stations utilize a belw-ground wet well/dq pit
pumping configuration with an above-ground building that houses the
controls, ventilation equipwnt and heating equiprmt.

~ helm-ground portion will be constructed with nudtiplate
sections (7. 3 rmties diamter) that have an interior application of 25
cm. thick polyurethane insulation, f- in place. Thexmpiling will be
placed belcw and around the buried portion to further insure against the
thermal degradation of the surrounding pernuf rest.
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@ design of the canponents both helm and above-ground is based
upon adequate roan for ease of n-aintenance  and repair by canponent
replacemmt. Hatches are placed at appropriate locations in the
abve-ground  f lcoring and decking to allow canplete remval of m jor
equi~nt cmpcments.



T h e  sunp  d e s i g n  f o r  t h e  - s t a t i o n  i s  s u c h  t h a t  slmuld a n
. emergency occur  tha t  would  s top  the  dry  pit punps  f ran  opera t ing

correct ly ,  sulxmrsible  pups can be placed directly on the suction in take
line of the dry pit  punp to  mainta in  the  sys tem.  FW12her,  Corrminutors
have been placed in the systm to reduce the potential of clogging of the
P~* As a fu.rtkr safe ty  fac tor ,  each  of  the  duplex  ccmninutors  are
sized to handle the full flew of the ~ sta t ion .

‘I% punps themselves are duplexes with ~ch punp capable of
providing the full flow requirements of the punp station and the pumps
have been designed with large clean-out prts a both the suction and
discharge sides of the pump casing. PMors can be pulled and replaced
Witit pulling the entire punp. Additionally, iqellers can be renmved
within the punp station without remval of the rotor or punp casing.

UTILIDOR OPERATION AND ~

Sunps are  cons t ruc ted  in  a l l  in te rsec t ion  poin ts  in  the  utilidor
alignrmnt. S i n c e  t h e  utilidor  i s  p laced  a t  the  Sam s l o p e  a s  t h e
sewerage,  * smps will collect any drainage that occurs f ran sewage
spills or water leaks.

X -s are p~ced within the sumps f o r  e v a c u a t i o n  o f  t h e
collected drainage. T h e  f i r s t  sup u p s t r e a m  f  r a n  a l l  punp  s t a t i o n s  w i l l  -

contain a major punp with a capacity of over 750 liters per minute (200
p)  ● This will be capable of evacuating the flavs that could occur fran
major waterline breaks. All other sump will  contain minor Purms (95
lpn, 25 gpn) to handle f lms fran leaJ& that may occur in the- adjacent,
upstream sections. The puqs will put the drainage into the sanitary
sewer line via backflm preventors for ultimate deposition into the South .“
Salt Iagoon.

Sewerage maintenance and cleaning will be accm@ished with a truck
nrmnted, water-driven jet rodder h conjunction with a vacuum evacuator.
The cleanouts for use with the vacutnn jet rodding device are located in
con junction with the manholes for access with a maximum spacing of 150
meters.

In order to be able to use the vacmnn jet rodding device in the
harsh arctic conditions, many nmdif ications had to be mde. ~ addition
to the normal autamtive  nmdif ications to tk truck carrier, the vacuum-
/rOdder received the following major modifications:

Water supply tank heaters.
;: Insulated water tanks.

I&tank nmisture ejectors.
:: Connections for continuous circulation of warm water through

the rodding lmse while in-transit or standby.
e. Arctic hoses.
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The water system is designd to alla for water return/supply
cross-connects at critical points to allm for circulation of a position.
of the system while repairs are performd.

A. telenetry center located in the central water Pun@ng station will
constantly nmnitor the operational features of the utilidor system as
well as other personal and area-wide safety aspects to be discussed
later. Operational aspects include water temperature, air t-rature,
presence of sunp water, service circulation purrp operation and personal
ingress and egress in the utilidor.

FIRE PRUTECI’ION AND SAFEXY

The water system will provide area+zide fire support capabilities to
the Carlnuni W* Fire hydrants capable of delivering 4500 liters per
‘minute (1200 gpn) of water f lm are located on the manholes for use by
the local volunteer fire ~t.

The fire hydrants are the “dry barrel” type. After each use, the
barrels will be punq@ dry and non-toxic anti-freeze added to protect
against f reezeup f ran a le* valve. A water detector will be located in
the slxm to indicate the presence of an hzibitual leak that requires
repair.

The utilidor is protected fran an interior fire with self closing
fire doors and alarms. The fire doors will close and audible alarms will
actuate upon the detection of smoke or the products of combustion. &ce
closed, the oxygen supply to the fire will be stopped and the fire will
extinguish. *rgency pwer will be pruvided ta the fire doors to
prevent premature closure due to a brief loss of pmer.

Pumping stations and otkr areas of critical equipnmt and higher
fire hazards will be protected with autanatically actuated Halon systems.

Illuminated exit signs will be placed at all points of egress frcxn
the utilidor. =rgency per will be provided to these signs to protect
against ~r failure that muld be caused by an mrgency that would
require the use of the signs.

The utilidor and sewage punping stations will be continuously
ventilated for worker safety. In conjunction with ventilation, the
presence of hazardous gases (oxygen depletion, nethane and carbon
nmoxide) will be continuously monitored.

THERMAL DESIGN

The cunpatibility  of a buried utilities system and the surrounding
~rmafrost is of u~st importance in the design of the system. Sensi-
tivity of the ice-rich permafrost can-on in the Barrow area to therml
degradation requires intensive engineering analyses, as well as stringent
construction procedure to ensure that the ground thermal regim around
the utilities system remins stable. Design considerations for the
utility structures are:

50 Zirjacks, W. L.
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.

a. frost heave, thaw settlement and buoyancy problems, as a result
of seasonal freezing and thawing of the surrounding soils
and/or underground ice wedges;

b. structural integrity in response to the freeze/thaw mechanism;
possible groundwater seepage ef feet on the thermal regime;

:: possible freeze-up of tk utility pipes within the utilidor or
utiliduct  during shut-h or maintenance periods; and

e. influence on & ground therml regine of neighboring
structures, roadway, etc.

The EBA geothermal mdel (Hwang, 1976) was used to perform extensive
thermal analyses with respect to:

insulation configuration of the utili~ structures;
:: effect of burial depth;
c. soil stratigraphy, such as areas of ice-rich versus lW ice

content roils;
d. freezing point depression due to grounds.water  salinity; and
e. upset weather condition, such as ~ successive ‘warm’ years,

folltig construction and their long-term ef feet on the ground
thermal regfi.

Input Par-ters to the geothermal nmdel are:
a. Barrcw meteorological data which includes air _ratures,

wind velocity, snow depth, longwave and shortwave radiation and
evapotranspiration of the ground surface; and

b. thermal properties of the soils.

The design criteria considered in the analyses are:
a. soil /fill around the structure should stay ~rmanent ly frozen

as to prevent seasonal freeze/thaw action;
b. half or more of the utilidor and utiliduct  should lie below the “

Hinnmn depth of pletration of the -1. 1°C (30°F) isotherm to
account for possible freezing point depression due to soil
salinity.

Figure 7 shws the design maxinnzn  penetration of the O“C, -1. 1°C,
and -2.2 “C isotherms around a typical utilidor  section. Figure 8 shrew
the penetration of these isotherms f ollaing 2 successive ‘warm’ years,
which then return to the position as shmm in Figure 7, follming one
normal year. The ‘warm’ year simulation uses the maximum rfonthly air
temperatures of the Barrow Climate date, while the normal year uses mean
air temperature values (Figure 3) .

Figure 9 shws tk temperature isotherms around a typical utiliduct
section for normal air temperatures.

DISCUSSION-RESULTS-CONCLUSIONS

This paper is intended to address the general design Parwters and
physical features incorporated into the design of the Barrw Utilities
system. However, it is noted that the overall thrust of the design is to
exercise judicial use of capitol funds to achieve a facility that requires
a minimum armunt of long term maintenance funds. All materials and
design paramters are selected with this criteria in mind.
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Another important design criteria that must be noted is the one of
. f  legibili ty. Due to a lack of statistical data, the best p l a n n i n g

procedures for util i ty use and otkr conditions for design in the arctic
are  rea l i s t ica l ly  reduced to  guide l ines . The  des igner  in  the  luker
f o r t y - e i g h t  s t a t e s  h a s  t h e  l u x u r y  o f  d i s c r e e t  pa.mreter that e a s i l y
identify the nmst  efficient approach; the arctic des@ner  does not.

The design presented is one that will function over a wide range of
f lms, maintenance attention, electrical pwer availability, soil con-
ditions and temperatures. Also, * system my be easily mdif ied to
accept conditions that are not evident at this time.

The use of local labor is also an important point in arctic village
design. T& Barrow Utilities Systm is designed to be built  pri.rmrily
with the local labor. This prmides  the folluving  des i rable  aspects :

a . ‘ITie local population will  be generally rmre familiar with the
projec t  and i t s  par ts .

b . Portions of M local labor force will  learn a trade.
c . T h e  un~loymnt  aspects  of  the mxmamity  a r e  d r a s t i c a l l y

reduced.

After the system is operating, it will be used as a vehicle to train
portions of the local labor force in all areas of utility operation.
‘I&se people can take that knmledge and put it to use in otkr villages
to the benefit of all.

At the tk of this paper, the first phase of the project is
presently nearing ccqletion. ‘Ihis portion will be able to accept
sewage frmn tk new High S&cd and is shwn in Figure 2. The second
phase of the project will be capleted ti May, 1983. The canpletion of .“
the second stage will activate the system with full operational
characteristics. Phase three will consist of the installation of
secondary street laterals in Barrow and cqletion of the house services.

A portion of utilidor was installed in Block A during May, 1981 for
testing purposes. The test utilidor segmnt was instrumented and has
been constantly subjected to full operational thermal paramters.
Inf ormtion received f ran th+ test has indicated a conservative design
with a successful application. The information received f ran the
installation of Phase one supports these conclusions.
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.

TIE utility project that is briefly discussed within this technical
paper describes a small portion of * effort that the North Slope
Eorough is inking to upgrade the quality of life in the Arctic c~ities.
Mditional work under the North Slope Borough’s overall Capital Improvements
Program includes @roved water supylies, schools, hospitals, roadways,
and other ccmnunity facilities for the villages within its territorial
boundaries.

!rhe &rmw Utility System (BUS) is ~h ~re than a construction
project; it will bring benefit to the ccnnnmity beyond those of conve-
nience and health. Construction of the BUS is an opportunity for training
in the techniques of arctic construction. Gnce it is ccnpleted  and
functioning, the BUS will also serve as a facility for training local
ccmrmnity mrhers in the operation of water and sewage system. In both
instances, * construction project satisfies an inportant  task pursued
by the North Slope Borough: the developmmt of local technical expertise
for * maintenance and operation of cannunity facilities.

TIE interest that the North Slope Borough has in providing a quality
environment for the arctic is evidenced by their sponsorship of the
-sium on appropriate Energy Technology for Arctic Regions during the -
33rd Alaska Science Conference
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‘Ground Source Heat-Pump: Results from First Winter’s Operation

H. C. Stenbaek-Nielsen, Geophysical  Inst i tute,
University of Alaska, Fairbanks

and

J. Zarling, Department of Mechanical Engineering,
University of Alaska, Fairbanks

Abstract

Home-heating systems using the ground as a heat source are produced
commercially and two units, a Cantherm DUO-500, 12 kW nominal capacity,
and a Command-Aire  SWP-541, nominal capacity 16 kW were installed at
the University of Alaska, Fairbanks, in the fall of 1981. Routine
operations were commenced in January 1982. Analysis of the data from
the Cantherm unit shows a coefficient of performance (C.O.P. ) of 2-2.3
for baseboard water temperature 55-45”C. If temperatures of - 30”C
can be used (radiant slab) a C.O.P. of three may be obtained. Similar
C.O.P.S have been obtained for the Command-Aire unit. The temperature
decrease of the soil has only been about 0.5”C, and the soil recovered
thermally very rapidly after the units were turned off at the end of
the heating season. The extraction has only covered half of the heating .
season, and a full winter’s heating load may change these numbers
somewhat. Also one year of operation is not enough to predict long-term
effects on the soil.
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Introduction
.

The basic idea in a ground-coupled heat pump is to extract heat
energy from the ground through refrigeration techniques, and then use
the extracted energy for home heating. The technique is described in
many standard textbooks on refrigeration and air-conditioning; Figure 1
shows a schematic as given by Althouse  et al. (1968).

In Figure 1, the refrigerant is circulated in the ground. This is
for both practical, economic and environmental reasons undesirable.
Instead an extra heat exchanger is used and the ground heat is collected
by a brine circulating through a buried pipe.

Because the temperature of the ground at a depth of a few feet is
relatively constant year-round, a ground-coupled heat pump system is
relatively unaffected by the seasons and, in contrast to many other
alternative energy systems, also can deliver heat during the middle of
winter. This makes it of particular interest for use in Alaska.

Ground-coupled heat pump systems are commercially available and are
gaining popularity; there are for example more than 15,000 units in use
in private
tions have

homes in Scandinavia. A description of some larger installa-
recently been given by Stenbaek-Nielsen and Zarling (1982).

Ah
Flow

ttl~ Motor
Control M

I

Condenser
and

Heat Exchamaer

II

Ez4 ,,u&

:vaporator

L

Figure 1. Schematic of a heat pump installation. The principle is the
same as employed in refrigerators. The liquid refrigerant boils off in
the ground coil, extracting the heat for its evaporation from the
ground. The vapor is then compressed and thereby heated. In this
example, the home is heated by circulating air passed over the condenser
by a fan. The unit could be used for cooling during the summer simply
by reversing the circulation of the refrigerant, letting the ground
coil function as the condenser.

59
J. Zarling

H.C. Stenbaek-Nielsen

-.



To investigate how such systems would perform under Alaskan climatic
conditions two units were purchased and installed for testing on the
on the University of Alaska, Fairbanks campus. Routine operations were
started in January 1982 giving us about 4 1/2 months of heating data
before the pumps were turned off at the end of the heating season.

Project Objectives

The overall aims of the project are:

1) To understand the response of cold soils to heat extraction.
2) To demonstrate and gain experience with different heat pump

systems .
3) To develop safe and reliable guidelines for the design and use

of ground-coupled heat pump systems in Alaska.
4) To provide cost/benefit analysis of various designs.

The most serious problem is that soil temperatures in Alaska are
colder than those found elsewhere where similar systems are being
tested or employed, even in Scandinavia. A typical Alaskan installa-
tion will be in soils very near freezing temperature, which presents a
number of problems that have not been addressed directly elsewhere.
Will repeated freezing and thawing of the soil threaten the structural
integrity of the system? How will the extraction of the heat affect
surface vegetation? How well does the soil recover thermally after
both short periods of heat extraction (a cold spell) and following an
entire heating season? (Note that the extracted heat entered the ground
from the surface during summer; i.e., it is ultimately solar heat.)
Can heat be stored in the ground in summer and held for use in winter?

Without an answer to these questions it is highly unlikely that any
industry would consider manufacturing or marketing ground-coupled heat
pumps for use in Alaska.

Installation

Our test installation is located in an open area on the West Ridge
of the University of Alaska-Fairbanks campus (Figure 2). The soil is
Fairbanks silt. Part of the site has been back-filled, but the soil
conditions appear to be fairly uniform across the site. The dry den-
sity of the silt varies between 80 lb/ft3 (1.27 g/cm3) and 97 lb/ft3
(1 .55 g/cm3) . The south field is more moist (16-20% of dry weight)
than the west field (8-14% of dry weight). This difference is most
likely caused by runoff from the Arctic Health Laboratory parking lot
draining across the south field.

The ground grid (Fig. 2) consists of four 500-foot “
polyvinyl chloride pipe (PVC) in which circulates a br
chloride solution and a corrosion inhibitor). The two
south field are buried at a depth of three feet, while

engths of 1 1/2”
ne (a 25% calcium
sections in the
those in the west

field are at a depth of four feet. Originally we had planned to bury
the grid at a depth of five feet, but for installations in Sweden, AGA-
Thermia, the leading Swedish manufacturer of ground-coupled heat pumps,

1
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is recommending depths of only two to four feet. Their reason is that
although the temperature at this shallower depth varies more from
season to season, it is possible to extract more energy per unit grid

. length, which, because of the large investment in the grid, improves
system economics.

5’0’ South Field

1
Traile~

* 280 ’

Arctic Health Parking

Koyukuk Avenue North

Figure 2. Location of the test installation and layout of the four
500-foot pipe sections.

The two heat pumps are installed in a 12 x 30-foot ATCO trailer
belonging to the University of Alaska’s Institute of Arctic Biology.
The units are connected to the buried pipe through a manifold which
allows us to select the number and configuration of coils associated
with each unit. The two units are manufactured by Cantherm Ltd. in
Montreal, Canada, and by Command-Aire  in Waco, Texas, respectively.
The Cantherm unit (model DUO-500, 12 kld nominal capacity) is a liquid-
to-liquid system modelled on the Swedish AGA-Thermia ground-coupled
heat pump series, while the Command-Aire system (model SWP-541, 16 kW
nominal capacity) is a forced hot-air unit.

Both units and the buried pipe grid are instrumented to give
information about the thermal response of the soil to the heat
extraction and the energy transfer rates to the heat pumps. Al 1
sensors were calibrated before they were installed.

The Cantherm unit has been working routinely since January 4, 1982.
The Command-Aire unit was damaged in shipping, but a new unit was
installed in late February, and is functioning well. Both were operated
routinely until May 12, 1982, when they were shut down for the summer.
Present plans call for a restart in September 1982 and for operation
through the 1982/83 heating season.

.-
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Results

.

Preliminary results from the first winter’s operation of the Cantherm
DUO-500 heat pwnp were evaluated to give the observed coefficient of
performance, amount of heat extracted from the soil, and the thermal
response of the soil. These aspects are the important ones for an
evaluation of the feasibility of large-scale use of ground-coupled heat
pump systems

The 2 1/2
analyzed. A
and the soil
data.

in Alaska. -

months of data on the Command-Aire unit have not yet been
cursory inspection of the data indicate that its performance
response are very similar to what is seen in the Cantherm

Coefficient of Performance

The coefficient of performance is the ratio of the delivered energy
(in the form of heat) to the purchased electric energy required to run
the system. In an ideal Carnot process, the coefficient of performance
depends only upon the absolute temperature of the evaporator, Tl, and
of the condenser, T2:

C.O.P.  = T1/(T2-Tl)

However, that cannot be achieved in practice, and the actual c.o.p.  is
a l w a y s  l e s s . N e v e r t h e l e s s ,  t h e  f o r m u l a  is ve ry  use fu l  s ince  it p o i n t s
out in a simple way the principal relation between the performance and
the soil and building temperatures.

Performance data for both heat pumps that we are using have been
provided to us by the manufacturers (both heat pumps are commercially
available). Figure 3 shows such data for the Cantherm uit. The
coefficient of performance for any given soil temperature and baseboard
water temperature can be derived from the figure. For example, if the
soil temperature is + 1°C and the baseboard water leaves the pump at
45”C, the system would deliver 12.4 kW heat while drawing 4.9 kW of
electric power, giving a C.O.P. of 2.5.

In our installation the brine temperatures have not varied much.
Extremes have been t 3“C, and most of the data analyzed have been for
brine temperature near - 1°C. Because of this it is more useful to p“
heat output and power consumption as a function of baseboard water
temperature, as shown in Figure 4 (top). The derived coefficient of
performance is plotted in Figure 4 (bottom).

a
Ot

For comparison, three data points from our measurements are included
with the factory-provided data in Figure 3. Our data appear to be in
reasonable agreement with those from the factory, although the unit
seems to draw slightly more power and the heat output is somewhat more
temperature dependent than expected.

These preliminary results indicate that for Alaskan operations one
can expect a coefficient of performance of 2.0-2.3 for heating with
baseboard hot water at 45”-55”C. If radiating floor slabs are used

J. Zarling
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Figure 3. Heat capacity output and consumption diagram for the Cantherm
DUO-500 heat pump. Values measured on our installation are
added.
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instead, at temperatures around 30” C, a coeffic”
almost 3 may be obtained..

Amount of Heat Extracted from the Soil

The controlling computer has been programmed

ent of performance of

to operate each system
twice per hour. Various problems in the-data collection system,
especially an infrequent computer malfunction, have caused gaps in the
operation schedule. Although we still do not know the cause of the
computer problem, the manufacturer has provided us with a usable soft-
ware fix. We were also shut down for 10 days at the end of February
1982 for the repair of some leaking probes and for the replacement of
the Command-Aire  unit. No problems have been encountered since mid-
March, although we were forced to reduce the duty-cycle of the heat-
pumps in early April and again in May due to overheating of the trailer
(and thereby the heat-pumps).

The energy extracted from the ground by the Carttherm DUO-500 system
from the start of routine operations on January 2, 1982 until the summer
shut down on May 12, 1982 is tabulated below:

kWh 106 BTU

January 821 2.8

February 761 2.6

March 851 2.9

Apr i 1 584 2.0

May (12 days) 159 0.5

The heat is extracted from the soil through a 1000-foot buried pipe
section. Design guidelines developed in Sweden would, for a normal
one-family home under our climatic conditions, dictate a length of
2500-3000 feet. Thus we are operating with a grid of about 1/3 the
recommended size. Assuming a full grid and coefficient of performance
of 2.2, the corresponding generated heat would be in the range 4680
to 1750 kWH per month. - -

This should be sufficient to

Thermal Response of the Ground

This is the key objective of
rates can be maintained without

Temperature profiles for the
February 13, March 16, April 21,

heat most modest-sized homes in Alaska.

the project. What heat extraction
adversely affecting the soil?

south field measured on January 2,
May 31 and July 16 are shown in Figure

5. The pipe is buried at a depth of three feet. In addition to the
undisturbed profile two vertical profiles are given, one containing the

J. Zarling
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pipe and one about four feet away. A very obvious effect of the heat
extraction is that the profile containing the pipe should show a
decrease near the depth of the pipe relative to the profile four feet.
away. This decrease is observable on the ~lots from February 13 and
March 16; the depression is on the order of 0.5°C.

The soil recovered thermally very rapidly after the
turned off May 12. The soil temperature near the pipe
increased to - O“C and the ground was thawed on June 1
the soil temperature rose rapidly reaching the maximum
13°C (at a depth of 3 feet near the pipe) in mid-July.

heat pumps were
immediately
after which date
temperature of

The melting of the snow cover over the two fields showed no evidence
of the heat extraction. We had expected to see some retardation in the
melting process. In retrospect this may not be too surprising given
the small change in soil temperature due to the heat-extraction.

The temperature response of the soil is very favorable. Based on
computer models and data from Scandinavia, we expected a drop of .2-5°C
near the buried pipe. We have not had a chance to analyze why the
temperature decrease has been only 0.5”C, but a contributing factor is
presumably the insulating properties of the snow cover which was not
included in the model. One implication is that smaller grids may be
used, which would significantly reduce installation costs (and thereby
improve the economics). Obviously more tests are required, but the
other very important aspect to be considered remains: What are the
long-term effects on the soil? Will the soil recover thermally by
itself or are we gradually creating permafrost? Installations else-
where show that the average soil temperature does decrease as a result
of the heat extraction and that a new equilibrium value is reached
after about five years of operation. So, how much heat can we safely
extract? This problem can only be addressed by monitoring the soil
temperature through several yearly heating cycles.

Conclusion

Results from the operation of two ground-coupled heat pump heating
system in Fairbanks, Alaska have been very encouraging. Especially, the
thermal response of the soil to the heat extraction indicate that more
heat can be extracted per unit length of buried pipe than existing
design guidelines and model calculations would predict, impliying that
smaller ground grids may be used. This could signficiantly  reduce the
installation costs of such systems which are quite high (Stenbaek-Nielsen
and Zarling, 1982) However our results have been obtained from data
covering only half of the heating season. Clearly more data are
needed as basis for the development of design guidelines. Also several
years of operation are required to ensure that the heat-extraction does
not cause any undesirable effects in the soil, such as the creation of
permafrost.

Compared with other alternate energy systems, the ground-coupled
heat pump has several advantages: 1) it works year-round, 2) makes
use of well-known technology, 3) high degree of reliability, 4) minimal
fire-hazard, 5) can operate automatically and 6) it is non-polluting.
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The main disadvantage is the high installation cost which with present
Fairbanks energy prices makes it marginal economically when compared
with oil-heat (Stenbaek-Nielsen and Zarling, 1982)..

ln the test installation described here the heat pumps are driven
electrically with power drawn from the local net. The system could
also make use of wind power or power from small hydroelectric power
plants. Actually, the combination of the ground-coupled heat punp with
other alternate energy technologies may be the most attractive in the
smaller villages and towns throughout Alaska. In closing, we mention
one possibility: The heat pumps could be operated by diesel engines
with waste heat recovery and heat may be stored in the ground during
the sunwner by circulating the brine through solar panels. Such a
system was built in 1981 in Sweden to heat a school for an estimated
700 students, and it was estimated that the cost of the installation
would be recovered in 7 years through the savings over conventional
heating.
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ACTIVE SOLAR SPACE HEATING IN FAIRBANKS

AN EXAMPLE

R.D. Seifert, Cooperative Extension Service,
University of Alaska, Fairbanks

ABSTRACT

This paper will discuss the performance, based on approximately one
year of data, of an active solar, liquid based heating system. The
heating system has been monitored on a daily basis since August, 1981.
The system consists of a large flat plate array, 203 square feet in
area, pumped through a basement pad for direct panel heating. The
system uses a one-sixth horsepower pump. The monitoring system
consists of a B.T.U. meter for measuring the actual net heat gain to
the basement, and a solar pyronometer which measures the actual solar
radiation received on the surface seat. Collectors are tilted at
approximately seventy degrees and face south. They are made of a
synthetic rubber material called Solaroll, covered with one glazing
panel of a material called Kalwall, a fiber-reinforced plastic.
Plumbing is partially copper and partially steel, with rubber
connections. The system is used to heat a home with 1,940 square
feet of floor area, of which 970 square feet are in the basement.
It is regarded as a supplementary system and its contribution to
annual heat will be discussed, as well as the system’s daily and
seasonal efficiency and economic worth.
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BACKGROUND AND DESCRIPTION OF SYSTEM

.

Active solar heating at high latitudes suffers from the predictable
problem of the solar availability being out of phase with the heating
requirements of a building. Because the heat from the sun is least
available when most needed, active solar heating systems often do not
warrant heavy capital investment, they can only supplement the heating
requirements of a standard structure. Simulations have predicted that
at best, 30-35% of a home’s annual heating energy needs could be met
with an optimum active solar energy system (Seifert, 1981).

With this sobering reality in mind, the author proceeded to attempt
to build and monitor an owner-built, solar heating system. It was felt
that by cutting the capital cost through owner-built construction, an
economically viable solar energy system could be built and operated.
Since the author’s home is log and not optimally oriented for passive
solar retrofit, the active solar option was chosen.

The system consists of three major components:

(1) A large, 203 f t2 collector array,

headers and Solaroll tube mat as

Table  1 for further specifications

1 and 2).

framed in wood, with copper

the collector material (see

of collector, and figures

(2) Pump, differential controller and thermal monitoring system.

(3) The integral concrete basement floor--serpentine pipe heat

distribution and storage system.

TABLE 1

COLLECTOR SPECIFICATIONS

NOMINAL COLLECTOR AREA: 228 ft2

ACTUAL SOIAR APERTURE AREA
(NET AREA FoR SOLAR GAIN): 203.3 ft2

BACK INSULATION: R 11, 3.5 inches fiberglass.
COLLECTOR TILT: 70°
COLLECTOR FLUID: 50/50 Water/Propylene Glycol.
HEADERS : 2 inch diameter SOLAROLL brand.
SAFETY PLUMBING: Air eliminator and standard

hot water P-T relief valve.
COLLECTOR FRAME AND MOUNT: Local spruce and plywood

with SOLAROLL glazing frame.
GLAZING : Single-glazed, KALWALL

KAL-LITE II; 40 roil, Butyl
Rubber Caulk as sealant.

ORIENTATION: South 30° East.

The pump is a one-sixth horsepower Bell and Gossett circulation
pump. It is controlled by a Heliotrope General DDT-90T differential
thermostat, which turns on the pump whenever the collector temperature
is 8° warmer than the basement pad, sensed at the outlet pipe from the
pad. The thermostat sensor for the collector is mounted in the
collector, approximately one foot from the header outlet and near the
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top of the collector. The thermostat turns the pump off when the
difference between the two temperature  points is 3° or less. Thus, the
basement  tempera ture  will “float” up or down depending on available
solar gain because the collector will  provide heat based only on the
di f ference  be tween the  pad tempera ture  and the  col lec tor . T h i s  i s
unlike’ the case for most heating  system control thermostats which just
provide heat above or below a set point. The system also does not have
a high temperature cut-off.

Both the inlet  and outlet  lines from the  col lec tor  should  be ,  and
are, insulated to keep the inlet fluid  temperatures as high as possible.
This improves efficiency, since a large loss in the return will  “load”
the collector more and decrease its useful gain.

Whenever a surplus of solar heat was available, the basement was
allowed to overheat. Ample storage mass in the insulated concrete
basement made this event less disquieting than one might expect since,
even on the very hottest sunny days, the basement air temperature did
not exceed 85”F.

When the basement was constructed, a crude panel heat exchanger was
“roughed in” for use as the solar heating distribution system within the
four-inch concrete pad. It consisted of fourteen, twenty-foot lengths
of one-inch diameter steel pipe which the author obtained for the price
of threading the ends and buying couplings. The basement pad and the
concrete block walls of the basement are both insulated on the outside
(the pad has two inches of DOW blue styrofoam SM, and the walls, four
inches of the same). Therefore, the concrete provides a substantial
“thermal flywheel” to moderate any overheating possibilities. The pad
and concrete walls contain approximately sixteen (16) cubic yards of
concrete with a weight of 62,000 pounds. For a temperature difference
of 20°F, this mass can absorb 248,000 BTU’S, which is a very desirable
storage capacity, as will be shown later in the paper.

A system schematic is shown in figure 3 and two photographs of the
collector under construction are shown in figures 4 and 5.

The system was completed in August 1981, at an equipment cost of
$2,600, a nominal cost of $11.40 per square foot of collector area. The
monitoring system cost an additional $1,400 and was purchased through a
grant from the Alaska Council on Science and Technology’s Northern Grant
Program, for the purpose of monitoring an active solar heating system

for high latitudes.

MONITORING SYSTEM

The monitoring system enabled the evaluation of the daily, monthly

and annual performance of the collector system. It consisted of the
following elements:

(1) Pyranometer: a Hollis observatories model LM-3000 solar
integrator was used to measure incident solar radiation at the
site. The pyranometer is the Hollis model MR-5 and it was
mounted in the plane of the collector surface. Its accuracy
is *37. of full scale. Recording is accomplished by marks made
on inkles~ pressure-sensitive paper for increments of
20 BTU/ft . This measurement allowed for a daily tally of
total incident radiation on the surface of the collector
glazing, at an orientation of south 30° east.

(2) BTU-meter: an ISTA model 2/50 integrating BTU meter was used
to measure the net heat delivered from the collectors to the
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FIGURE 4

A view of the collector as glazing is being put in place.
Header set is on the left.

FIGURE 5

A detail of the collector header set showing the alternating
inlet/outlet arrangement of the tubes. Left header is supply, right is
return.
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basement pad. This meter is an integrating mechanical
flowmeter with an integrating temperature differential device.
The output is in Killowatt-hours,  and therefore, accuracy is
t3,400 BTU’s per day. It requires a five volt DC power supply
or batteries in order to function. The temperature
differential is measured in the inlet line from the collectors
and at the flowmeter, which is mounted two feet from the pump
intake, and at the end of the serpentine array of pipes in the
basement floor.

Solar radiation data was measured daily and a continuous record of the
heat delivered to the basement was kept in a journal of the system.

PERFORMANCE OF THE SYSTEM

The active solar system was placed in operation on August 20, 1981,
and ran without attention until October 2, 1981. During this interval
956 KWH of heat was delivered to the basement pad. This iS 3,262,800
BTU’S. Solar gain over this same period was cumulatively measured so be
8,586,300 BTU’s on the collector surface, a total of 42,260 BTU/ft for
this period. The net heating efficiency for this period was 38%, as
determined from the relation N = efficiency = Q/H, where Q is the useful
heat to the basement, H is the total solar gain.

However, weather in October was as bad or worse than usual (October
is statistically the cloudiest month). On October 5, the system gained
16 kwh of heat, but didn’t gain any more until October 21, when 1 kwh
was added to the basement. On October 22, 2 kwh more were added. On
October 28, 1981, 5 kwh were added but the system was shut down because
it was clear that very little useful heat was being gained. The system
was drained and was idle until February 7, 1982. This date began a
month long struggle to get the system filled and functioning. At one
point, a pocket of unmixed water froze in the system and blocked the
system for more than two weeks while the author struggled to install
heat tapes and replace the line insulation to the system. The
fundamental problem which caused this down time and lost performance was
a design error: The system does not have a filling reservoir and
pressurizing it with water from a house line adds unmixed water to the
system, which mixes very slowly. Consequently, freezing problems, a
most embarrassing event for a solar collector, kept the system operation
intermittent until March 13, 1982.

From March 13 to March 24, 56 kwh of heat were transferred to the
basement. This is 191,000 BTU’S. Solar radiation during the same
period was 1,751,600 BTU, which yields a net efficiency of 11% for the
period. This is a low efficiency and is a strong indication that this
collector system’s efficiency is affected adversely by low outdoor
ambient temperatures, even when solar availability is high.

The system developed a leak on March 25, and was shut down again
for repairs. It was turned on again on April 11, and functioned
uninterrupted until August 31, when documentation for this paper was
terminated.

Table 2 shows the tabulated monthly and total yearfs performance of
the solar system.
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TABLE 2

. SOLAR COLLECTION HISTORY

TOTAL BTU’S TOTAL INCIDENT NET EFFICIENCY
TIME PERIOD DELIVERED SOLAR ENERGY FOR PERIOD

August  20, 1981-
October 4, 1981 3,262,800 8,586,300 38%

October 5, 1981-
October 24, 1981 81,900 409,600 20%

October 24, 1981- System Down
March 15, 1982

March 15, 1982-
March 24, 1982 174,000 1,113,500 16%

March 25, 1982- System Down,
April 10, 1982 Leak

April 11, 1982-
April 30, 1982 757,700 4,980,600 15%

May 1, 1982-
May 31, 1982 2,143,200 5,825,300 37%

June 1, 1982-
June 30, 1982 1,921,500 4,082,300 47%
(10 days missing)

JUIY 1, 1982-
JUIY 31, 1982 2,214,300 4,986,500 44%

August 1, 1982-
August 30, 1982 1,690,600 4,929,600 34%

*TOTAL  FOR PERIOD

August 20, 1981-
August 30, 1982 12,246,000 34,913,700 35%

*It would be a misrepresentation to call this an “annual” sum, since the
data for February, March and April were not complete.
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Another factor on performance of the collector system is the aspect:
it looks to the morning sun and does not receive late afternoon sun at

. all. The collectors and the pyranometer are shadowed after 3 p.m. For
comparison, table 3 has been constructed to show how the actual average
daily solar radiation for the months of May thru August for the system
compares with the ASHRAE predicted incident solar radiation on a surface
oriented due south and tilted at 74° from the horizontal. (This data is
the closest to the 70° tilt on the collector system that is available).
The ASHRAE numbers are derived by the method of Liu and Jordan (1961),
and are estimates for incident radiation on the 21st day of each month.
Table 3 also shows the data for May through August generated by the
f-chart computer program using SOLMET solar radiation data for a 70°
collection tilt, oriented 30° east of south. These numbers compare more
favorably with the measured numbers, but both are higher than the actual
measurements, in most cases by 30% to 50%.

TABLE 3

MONTHLY AVERAGE DAILY SOLAR RADIATION
COMPARISON OF MEASURED AND PREDICTED VALUES

AVERAGE MONTHLY SOLMET VALUE ASHRAE VALUE FOR
MEASURE VALUE

9
70° ~ILT 21st DAY O MONTH

(BTU/ft “day) (BTU/ft “day)
T

(BTU/ft “day)
MONTH IN COLLECTOR PLANE 30° AZIMUTH ANGLE 74° TILT, SOUTH

MAY 925 1,474 1,898

JUNE 1,004 1,371 1,862

JULY 792 1,230 1,864

AUGUST 809 987 1,860

This data clearly shows that the solar system is obtaining 50% of the
predicted solar radiation available at latitude 64° N, for 74° collector
tilt and due south orientation, and 50-70% of the average solar
radiation predicted by the f-chart program using Solmet.

For additional comparative interest, a simulation, utilizing the
f-chart computer program was run for this home-built, active solar
system. The specifications for the system are shown in Table 4, and the
predicted average performance and economic analysis are shown in
Table 5. The numbers in the column labeled “incident solar,” in
Table 5, are the numbers used to generate the SOLMET solar data used in
Table 3. The results of this simulation show that the collector
provides a nominal 13.5% of the space heating load during the year and
most of that is during the spring and summer, a result confirmed with
the first year’s experience. The economic analysis shows that the rate
of return on the solar investment is about equal to the money market
rate, 15.7%, even with the small portion of annual heating supplied.
The payback is based on a comparison of buying fuel oil at $1.25 per
gallon today, and inflating the cost at 10% per year. The time payback
(undiscounted) is eight(8) years.
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TABLE 4

LIST OF VARIABLES USED FOR F-CHART SOLAR HEATING SYSTEM SIMULATION

COIIE VARIABLE  DESCRIPTION
1
~
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
3s
36
37
38
39
40
41
42
43

AIR SH&WH=l~LI(l SH%WH=2~#$IR OR LIO WH 0NLY=3+
IF l~WHflT IS (FLOU R14TE/COL+AREA)(SF’EC.HEAT)?
IF 2pWHAT IS (EF’SILON)(CPiIN)/(Ul))?*,o  ,+, ,+.,,
COLLECTOR AREA,  +, ++, ,+++, *++c,+ +*. ,+,, ..+,,+,
FRF’RIflE-TAU-flLF’HA F’ROIIUCT(NORllAL  INCIDENCE)+.
FRPRIHE-UL PRODUCT+ .+++,+,++++,+,,,  +.++,,,,+.
lNCIDENCE  ANGLE flODIFIER  (ZERO IF NOT AV#llL+)
NUMBER  OF TRANSPARENT COVERS+,+.+.,+,+.+,+.++
COLLECTOR SLOF’E++,  +,+++ . +.++,,+,..+,+,,.,,+,+
AZItfUTH ANGLE (E.G. SOUTH=O~  WEST=90)+,++,  ,,,
STORAGE CAPACITY,+++,..++++.,++  +,+,.+.,+,+++.
EFFECTIVE  EWILIIINGUA+++  + .++.,+.+...++,,..,,,
CONSTANT llAILY BLDG HEAT GENERATION+.+++.,++.
HOT WATER USAGE+.,++++++  ,,, ++ .+ o+,,.++,++,,.,
WATER SET TEMP. (TO VARY BY MONTHSINPUT NEG,\)
WATER flAIN TEllP(TO VARY BY tlONTHrINPUT NEG,\)
CITY CALL NUflEIERo ++++,+, + +,+,,.,,+,,,+,+,++,+
THERMAL PRINT OUT BY tfONTH=~y BY YEAR=2++, ,,+
ECONOMIC ANALYSIS ? YES=lr NO=2+, ,,, ,+, ,++,,+
USE OPTtlZIl+  COLLECTOR AREA=ly SPECFD, AREA=2+
SOL.AR SYSTE/1  THERMAL  PERFORMANCE DEGRADATION.
PERIOD OF THE EC(lNOilIC ANALYSIS, .+,+,,,,++,,,
COLLECTOR AREA DEPENDENT SYSTEM COSTS+,,+++++
CONSTANT SOLAR COSTS,., . .,++++,++,,++,+,.,,,+
DOWN PAYMENT(Z OF ORIGINAL INVESTMENT)++ +,,,
ANNUAL INTEREST RATE ON MORTGAGE, ,,, ,+..,. .,.
TERilOF/10RTGAGE,.,.,.+ t+, +,, ,+, ,o,, ,,,o++ o+,

ANNUAL NOMINAL(MARKET)  D ISCOUNT RATE+,,.,,,+.
E X T R A  INSUR, ~MAINT, IN Y E A R  1 ( %  O F  ORIG,INV,
A N N U A L  X INCREASE IN ABOVE EXPENSES, ,+. +.+,,.
PRESENT COST OF SOLAR BACKUP FUEL (13F)+, ,+.. .
IIF R I S E :  Z/YR=lYSE(2UENCE O F  VALUES=2+  ..+++.+.
IF 19 W H A T  IS THE ANNUAL RATE OF 13F RISE. ,.,,
PRESENT COST OF CONVENTIONAL FUEL (CF),+, ,...
CF R I S E :  Z/YR=lySE(2UENCE  O F  VALUES=2, ,., +..+.
IF I? WHAT IS THE ANNUAL  RATE OF CF RISE,..+.
ECONO)IIC PRINT O U T  BY YEAR=lY CUMJLATIVE=2+, ,
E F F E C T I V E  FEIIERAL--STATE INCOflE TAX RATE. ,,. ,,
T R U E  PROP, TAX RATE PER “$ OF ORIGINAL INVEST+
A N N U A L  Z I N C R E A S E  IN F’ROF’E:RTY TAX RATE+,.+ , ,.
CALC+RT, OF RETURN ON SOLAR INUTi’fT?YES=l rNO=2
RESALE VALUE (% O F  O R I G I N A L  INVESTPtENT), .,,
INCO#fE PROIIUCING B U I L D I N G ?  YES=lyNO:=2+ .,....,

VALUE UNITS
2*OO
2+15 ETU/H-F--F2
2400

203+20  FT2
0 . 7 0
0,83 .BTU/H-F-F2
o .
1*OO

70.00 DEGREES
30+00 DEGREES
15.00 EfTU/F-FT2

9000,00 BTU/F-IIAY
0 . BTU/llAY  -
0. GAL/KIAY  -

140+00  F
35,00 F

6.00
1.00
1,00
2*OO

/YR
2~:00 YEARS
11.40 $/FT2 COLL
0. $

100000
8,00

20+00 YEARS
8,00
1,00
6,00
13+93 $/PlllIitTU
1+00

io.oo
13+93 $/tlf’iBTIJ
1,00

10.00
2*00

!50.00
2*OO
6 +00
1*OO
0.
2*OO
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TABLE 5

. RESULTS OF F-CHART COMPUTER SIMULATION OF SOLAR HEATING SYSTEM

FAIRBANKS AK 64,82

Xr4C#XTHERflAL  ANALYSISXXXIk
TIME PERCENT  I N C I D E N T  HEATING  WATER IIEGREE  AMBIENT

SOLAR SOLAR LOAD LOAL’1 DAYS TEIW’
(fWIBTU)  (ilHEITU)(tlflBTU)  ( F - D A Y )  ( F )

JAN o+ 0+45 21+45  O+ 2383 + -11,2
FEE 1,9 2+80 17.01 o* 1890+ _~*2
tiAR 20+1 7.51 15,49 o* 1721+ 10.4
APR 38+2 8+89 9+75 0. 1084+ 28+4
HAY 6 6 . 7 9,29 4.94 0. 549 ● 46,4
JUN 95+8 8,36 I*9O o* ~~~, 59*O
JUL 9 7 , 3 7 .75 1.33 o* 148+ 60+8
flUG 65+6 6+22 2+74 0+ 304 + 55*4
SEP 29*5 4+92 5+56 0. 617+ 44,6
OCT 4 , 3 3+oi 11.11 0. 1235  ● 24*8
Nov 0. 1.44 16.80 0. 1867+ 3,2
llEC O, O*O3 21+03 0, 2336 ● -11*2
YR 13.5 60.68 129,10 0, 14344,

XXXXECONOHIC ANALYSIS****
SF’ECIFIED  COLLECTOR AREA = 203+ FT2
lNITIAL COST OF SOLAR SYSTEfl  = $ 2316*
T H E  ANNUAL  NORTG(4GE  PAYtfENT  FOR 2 0  YE~~s  =, $ 0.
THE RATE OF RETURN ON THE SOLAR lNUESTilENT(Z)= 15*7
YRS UN”rIL UNIIISC+ FUEL SAVINGS = lNVESTflENT 8.
YRS UNTIL UNIIISC+ SOLAR SAVINGS = HORTGAGE F’RINCIPAL 1.
[JNIIISCOUNTEII CUflULATIUE SOLAR SAVINGS = $ 9929,
PRESENT WORTH OF YEARLY TOTAL COSTS WITH SOLAR  = $ 37506 +
PRESENT WORTH OF YEARLY TOTAL COSTS W/O SOLAR = $ :39867,
PRE.SENT WORTH OF CUflULATIUE  SOLAR SAVINGS = $ 2360 ●
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DISCUSSION

. The indicators of the utility and quantity of solar heating for a
Fairbanks location shown in this report are not encouraging. Although
the two important months of February and March were not monitored
c o m p l e t e l y  f o r  t h i s  f i r s t  y e a r , it is c l e a r  t h a t  t h e  a n n u a l  h e a t i n g
fraction is unlikely to be more than 15%. lf it  were not for the heat
needed to  warm the  basement  in summer  and the  hea t  capaci ty  of  the
basement concrete, the heat would have less uti l i ty. As the system now
functions, heat gained can be credited  to the heating of the basement,
with only minor overheating  of the basement  on the very hottest  summer
days.

Although this system iS economic  as evaluated, it would not be so

if the labor costs of assembling and installing it were tallied at
standard Fairbanks rates. The system would be much more economic if it
were supplying hot water for domestic use, and this addition to the
system is planned.

Both the f-chart simulation and the actual performance in early
spring, February and March, indicate very low collection  efficiency
during those periods when the outdoor ambient temperature is low. This
is to be expected from the relationship for expressing the useful gain
from a collector (after Duffie and Beckman, 1974):

q’ useful = WF’ [S - U1 (Tf - Ta)l

where: W is the distance between the collector.
F’ is the collector efficiency factor,  which can be interpreted

as the ratio of useful energy gain to the useful energy gain
if the collector absorbing surface had been at the local fluid
temperature.

S is absorbed solar energy per unit  area.
U1 is the overall  heat loss coefficient.
T f is the  col lec tor  f lu id  in le t  tempera ture .
T a is the ambient outdoor temperature.

It is seen from this relation that, as the temperature difference
(T

f
- T ) increases, the thermal losses increase and the useful heat

ga ned rq useful) will decrease.
Present plans are to continue to use the collector in a

supplementary mode and monitor its performance. The collector framing
will be replaced from its present Solaroll system to wood framing, as
the Solaroll system is inadequate and inelegant.

As an exemplary active solar heating system, this experience is
valuable in both its positive and negative aspects. Active solar energy
systems which are retrofit or add-on systems requiring pumping, are a
supplemental heat source and only economic if construction labor is
discounted. The system is likely to be much more economic for supplying
hot water for domestic use, than as a heating system.
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ABSTRACT

The problem addressed in this paper is the utilization of low-
temperature (49”C) water from a geothermal source for electric power
generation in a rural Alaskan village location. A demonstration project
was undertaken to establish feasibility of the concept using a low-
temperature organic Rankine cycle turbine generator for this purpose.
Although able to operate on a stand-alone basis, the generator was used
to supplement existing diesel-driven electric generators and was not
used as a sole electrical source for an isolated load. Operating data
and a set of conclusions are presented detailing problems and recommen-
dations for others contemplating this approach to-electric power
ation.

INTRODUCTION

This demonstration project was conducted in Manley, Alaska,
is located ninety air miles northwest of Fairbanks in interior A“
Manley is accessible from Fairbanks by the Elliot Highway. This
includes 140 miles of gravel surface with the last 50 miles mainl
only during the summer months.

gener-

which
aska.
road
ai ned

The geothermal hot springs at Manley, Alaska, were originally
discovered by J.F. Kastner at the turn of the century when he gave up
gold mining for homesteading the Hot Spring site. A year later, in
1902, he went into business with Frank Manley, built a hotel and de-
veloped a vegetable, poultry and hog business to serve the gold miners
in the Eureka and Tofty districts. Presently, Gladys and Charles Dart
own the property and have a geothermal ly-heated greenhouse operation
growing some of the finest tasting tomatoes in Alaska and operate a
popular community bathhouse.

The geothermal springs are located on the east side of the green-
house and on the northwest side as well. Figure 1 shows a view of the
greenhouse taken from the southeast. Hot water from the upper spring
(east) flows through an underground conduit to the lower springs. Water
temperatures vary from 140”F to 120”F. Flow rate from the upper spring
is approximately 15 gallons per minute (GPM) and about 25 GPM from the
lower spring. Flow in Kastner Creek varies throughout the year de-
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Figure 1. Greenhouses at Manley Hot Springs. The springs are located on
right side and rear left side of greenhouses.
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Figure 2. Flow diagralll  of organic Rankine cycle turbine generator.
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pending on the yea~ depending  on the season and the amount of rainfall.
The lowest flow noted during summer was 70 GPM at a temperature of 39”F.
Water from the hot springs and Kastner Creek flow together and mix at
the west side of the greenhouse.

Organic Rankine Cycle (ORC) turbines have been commercially avail-
able for many years and the use of organic working fluids in Rankine
engines has been reported as early as 1926 [1]. As of 1979, the major
manufacturer of such turbines had approximately 2,000 units in use
world-wide with 18 million operating hours. Although low in efficiency
because of the small temperature difference between hot and cold sides
of the engine, the most attractive aspect of this class of turbines is
the extremely high level of long-term reliability reportedly attained by
commercially available units. These units are claimed to have 95%
probability of greater than 300,000 hours mean time between failures
(MTBF) for the turbine-alternator unit. Because of this large MTBF,
there is a small probability of overhaul requirements during a 20 year
equipment lifetime [2]. Present electrical generation in remote Alaskan
villages is almost exclusively diesel engine-powered. Reliability of
such equipment, when inadequately maintained, is not good on a long-term
basis. Consistent, high-quality maintenance is not always available in
rural Alaska. Where adequate maintenance exists, diesel generator
suppliers assume approximately 20,000 operating hours before a minor
engine overhaul is required [3]. Also, high cost of diesel fuel in
villages (approximately $2.00 per gallon) contributes to electric energy
prices in the $0.40 per kilowatt-hour range. Because of these unique
economic conditions, modes of electric power generation that would be
unjustifiably expensive elsewhere could be economically feasible in
remote Alaskan locations.

A flow diagram of a commercially available organic Rankine cycle
turbine is shown in Figure 2. It is a classical Rankine cycle engine
with Freon working fluid operating between two temperature levels. This
particular unit was supplied by ORMAT Turbines, Ltd. of Israel. A
particularly noteworthy aspect of this system is the extremely low
temperature difference between the hot and cold water sources. Inlet
hot water temperature is only 49°c while cold water inlet temperature is
3.8°C. The resulting Carnot efficiency for this thermodynamic cycle is
approximately 12%. The turbine, generator and working fluid feed pump
all operate on a common shaft and are housed in a hermetically sealed
enclosure. Shaft bearing lubrication is supplied by the working fluid.

Initially, the project was to demonstrate the feasibility of
generating electrical power from diesel-generator waste heat. Jerry
Hook, owner of the Manley Power Company, granted permission to tie into
the jacket water cooling system of his diesel engines. His power plant
contains two Caterpillar diesels and a GMC diesel all in the 60 KW to 90
KW range. The load on the system averages about 30 KW on an annual
basis with a peak of 80 KW in August during the fishing season. A small
buildinq adjacent to the power ~lant was built to house the orqanic
Rankine-cycle turbine-generator’. Electrical equipment
an interface between the ORC turbine-generator and the
distribution network is shown in Figure 3.

used to-provide
Manley electric
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Figure 3. Electrical equipment used to interface ORC turbine generator with
Manley electric distribution grid.

After the turbine-generator was transported from Fairbanks to
Manley and moved into the building, the piping on the hot water side,
(heat source) and cold water side (heat sink) were completed. The hot
water piping connected to the ORC evaporator by 2 inch copper pipe to a
heat exchanger placed in the diesel generator cooling jacket water
system. Flow was maintained by a 40 GPM circulating pump. The con-
denser on the ORC unit was connected by 2 inch copper pipe to an air
cooled heat exchanger mounted on the roof of the building housing the
ORC unit. A water/glycol mixture was circulated at 40 GPM in this
cooling circuit by another electrically-driven pump.

In March, 1981, an attempt to operate the (IRC generator in this
configuration was made. However, it quickly became apparent that: (a)
there was an insufficient amount of diesel engine jacket water waste
heat available on a year-round basis, and (b) the capacity of the air
cooled heat exchanger during the summer months when higher air tempera-
tures occurred was less than required to operate the unit. The reason
why these problems did not surface until this point in time was due to
poor or no communication from Ormat’s development engineers in Israel
to ourselves. (This situation did not improve as the project progressed. )
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Figure 4. Plywood weir placed in creek from upper hot spring to dam water.
Pipe carrying hot water to (IRC turbine-generator can be seen.

.

At that time the decision was made collectively between ORMAT,
Division of Energy and Power Development of the State of Alaska and the
University of Alaska, School of Engineering staff to discontinue further
efforts to produce power with the ORC operating on waste thermal energy.
Although the heat source problem could be solved with the addition of a
waste heat boiler on the diesel exhaust and the cooling problem could be
solved with either well-water cooling or a much larger heat exchanger,
the cost of this equipment was prohibitive. Furthermore, and perhaps
most important, degrading waste-heat at 180°F to 40”F with a corre-
sponding electrical to thermal energy conversion efficiency of 2-3% does
not appear to be the best use of the initial thermal energy. Using
diesel jacket water waste heat for space heating is a more effective use
of this thermal energy.

Because the ORC unit was already in Manley and several surface
geothermal springs exist on the Charles Dart property there, it was de-
cided to attempt to generate electrical power from these geothermal springs.
The ORC unit was originally designed for operation using a geothermal
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Figure 5. Plywood weir placed in Kastner Creek. Two 2-inch polyethylene
pipes carrying cold water to ORC turbine-generator can also be seen. ‘

source and discussions with the Ormat engineers resulted in the consensus
that the unit would operate at the Manley Hot Springs,
although not at rated capacity.

the
was
400

With the permission of Charles Dart, the ORC unit was moved from
Manley Power Company to his property. The site chosen for the unit
250 feet from the upper spring, 300 feet from the lower springs, and
feet from a favorable weir location on Kastner Creek.

At the hot springs the design conditions were 20 GMP of hot water
at 130°F and 80 GPM of cold water at 38°F. (Higher flow rates and
larger temperature differences improve the ORMAT unit’s performance. )

Polyethylene pipe was purchased in 1-1/2 inch diameter to transport
water from both the upper and lower hot springs to the ORMAT unit. Two
2-inch diameter polyethylene pipes were laid along Kastner Creek to
bring cold water to the unit. It was necessary to install a plywood
weir at the upper spring to dam the flow in order to pipe hot water to
the unit as shown in Figure 4. This produced about 12 GPM flow. The
balance, 8 GPM, was taken from the lower spring by submerging the suction
end of the pipe in a deep pool. Cold water in Kastner Creek was obtained
by installing another weir to dam the flow so the suction ends of the 2-
inch pipes would remain submerged. See Figure 5. The back water from
the dam also served as a settling basin.

J.D. Aspnes
86 J.P. Zarling



.

—.

Figure 6. Completed--hot water and cold water plumbing to ORC turbine-generator

Pumps were installed in the cold water pipes as well as the hot
water line from the lower spring. Using the inverted syphon principle,
i.e. running the cold water and hot water returns to creek level, al-
lowed the flows to be maintained without operating the pumps as shown in
Figure 6. The pumps were necessary to prime the system initially.

An overhead power line 450 feet in length was installed from
Charles Dart’s house to the ORC unit. After the building housinq the
unit was completed, the power lines were brought into the buildinq
through a mast head mounted in the roof. Electrical connections were
made to the ORC unit from this point and are detailed  in another section
of this paper.
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Tables I and II list representative thermal and electrical oper-
ating data.

. Table I. Representative Thermal Operating Data

49°C f .2°C hot water inlet temperature
38°C t .2°C hot water exit temperature

4.97 kg/s cold water flow rate
3.8°C t .2°C cold water inlet temperature
6°C ? .Z”c cold water exit temperature

Applying the first law of thermodynamics to the turbine working
fluid vaporizer yields [4]

Q=
Q=

.
m =

Cp =

AT =

i CPAT=50.7t 1.1 KW

heat (thermal energy) transfer rate (W)

mass flow rate of water (kg/s)

specific heat of water (J/kg°C)

temperature change of water (Co)

Table II. Representative Electrical Operating Data

9.0 A DC generator output current
7.0 A DC inverter input current
133.3V DC battery bank voltage (generator output voltage)
132.3V DC inverter input voltage

(9A)(133.3V) = 1200W electrical power output from generator

(7A)(132.3V) = 926W electrical power input to inverter

1200-926 = 274W electrical power input to battery bank

876W i 15W RMS measured AC power out of inverter —.

926-876 = 50 = 0.054 = 5.4% power loss
926 926 at these operat

50W = electrical power loss in inverter

Power Out ut . 1200W x 100%Efficiency = Heat ~nDu~ 51,300 w

in inverter
ng conditions

= 2.4%

Carnot Efficiency = ‘H - ‘c = 570 - 501 (,00%) = 12.1%

‘H 570

where TH and Tc are the absolute temperatures (K) of the

hot and cold water flows to the unit.
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ELECTRICAL CONSIDERATIONS

Components
.

The turbine-generator electrical output is DC (direct current)
derived from a three phase alternator-type generator configuration
supplying a set of rectifiers. A bank of ten series-connected 12-volt
lead-acid batteries makes the unit independent of any external electri-
cal supply and forms the generator load when no external electrical load
is present. Thus, the generator output is nominally 120 DC volts with
the battery bank and alternator electrically in parallel as viewed by an
external electrical load. Nominal output electrical power rating is
2500 watts. Therefore, rated current is 2500W/120V = 20.8A (DC).

The turbine generator DC output must be made compatible with the
external load. In this case, that load is the existing 60 Hz AC
electrical power system. The average generation requirement of
this village is approximately 40 kVA. The most cost-effective inter-
face was determined to be a synchronous single-phase line-commutated,
line-feeding inverter. Nominal specifications are: 4 kW power trans-
fer capacity; 0-200 VDC input voltage range: 20A maximum current; and
240 VAC output voltage. A commercially available inverter permits
great flexibility of operation in that the volt-ampere (V-I) charac-
teristic of the unit may be completely specified by the user. With
reference to Fi ure 7, cut-in voltage, I

?)
, V-I characteristic

rate of change s l o p e  a n d  t h e r e f o r e  Vma~a #re all easily field-adjustable.

I
DC AMPERES

t
I max

L,=

++—––––
I
I

0
v v
cut-in max (DC ‘(IOLTS )

Figure 7. Inverter volt-ampere characteristic

The low output impedance of the generator requires that a filter
consisting of a capacitor and iron-core reactor be connected in
cascade with the inverter and generator as shown in Figure 8. A diode
is used to prevent reverse voltage polarity transients from damaging the
capacitor.
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Figure 8. Filter interface between generator and inverter

c= 4000 microfarads, L = 24 millihenries  (iron core reactor)
with 20 A average current and 40 A peak current ratings. Circled
numbers refer to lead markings on iron core reactor.
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Figure 9. Electrical system block diagram

J.D. Aspnes
J.P. Zarling90



A li~omnutated inverter is designed so that on alternate half-
-~;es of AC voltage, alternate sides of the DC source are connected
-Y=z~ly  @ the 240 V AC power lines. Therefore, it is essential that
-~zher side of the DC source be grounded unless an isolation trans-. ‘Qmer is connected between the inverter and the AC power system. Since
-=US uaveform measurements were required, a 240V to 240V two-

- ~~~ing i~latiorl transformer was used to allow grounding of either side
--- Z* X source. A block diagram of the entire electrical system is
s.%- in Figure 9. Additional electrical operating data and waveforms
=Z ~blisneci in [5].

The >rpose  of this paper is to describe results and identify
->~~zioml problems of ut i l i z ing  a  ve ry  low- tempera tu re  geo therma l
e-~? sowze t o  d r i v e  a n  o r g a n i c  R a n k i n e  c y c l e  t u r b i n e - g e n e r a t o r . The
=-~ pr-eseTIted was o b t a i n e d  f r o m  o p e r a t i n g  t e s t s  d u r i n g  w h i c h  t h e  t u r b i n e
~-erator was run for approximately 15 hours. Additional operating
aceriefice  was not pursued for the following reasons: Unattended OPer-
a:~m was inappropriate because of (1) water intake filter maintenance
m.i~z-~ and (2) because automatic start-up and shut-down equipment
~~s.~ia~  ~th the turbine-generator did not operate normally, re-
caiting namual operation.

CONCLUSIONS

The ‘ollowing  conclusions may be drawn from data presented in this
WWr: (1) It is possible to convert low-grade (49”C) thermal energy
f- a s~tiermal source into electrical energy. However, very l o w
efficiencies may be expected. Table 1 data show 2.4% efficiency for the
Sys-m described in this paper while the Carnot or ideal machine ef-
ficiency :s 12.1% based on the temperature difference between the hot
anc cold sfcies of the Rankine cycle turbine. Efficiency is defined here
as elecztical  power out divided by rate of thermal energy input. (2)
‘he choice of inverter was dictated by cost and availability of an
existinc ~ power system. Since a line-commutated, line-feeding in-
‘iercer ~&~ires an AC line to operate, it would obviously be necessary
:0 .se a s-~nd-alone inverter if an isolated AC power source were required.
A1’srna:z:y, no inversion would be required if only a DC load requirement
exists. 3) The inverter used for this application did not produce
mmonics zwz interfered in any way with the instrumentation. A power
s~s:em cisz~rDance a n a l y z e r  w a s  u n a b l e  t o  d e t e c t  a n y  inverter-caused
alszurbafices.

/!1s0 := considerable importance to potential designs of similar
syszems z= Sne following considerations: (1) Filter system: The cold
water in-=<es and hot water intakes were designed with a static filter-
ing scres”. >bris collecting on the screens was a constant maintenance
problem. ~;cae, in the case of the hot water intakes, and leaves and
&igs ic :.-!e ‘case of the cold water intakes had to be removed after only
several --.<rs of operation to maintain flow. Self-cleaning mechanical
+ilzeri-c s.szems would have to be installed on the hot and cold water-.
supDlies :2 si’oid this problem. The added expense and
operate :-a– would hardly be justified for a generator
~lterna:e~:= ooth cold water and hot water wells could
provide ~-~c water but again the economics are prohib
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small scale unit. However, it is possible that a larger unit might
justify the added cost. (2) Freeze protection: For wintertime oper-
ation, the turbine as well as the hot and cold water lines would have to
be thermally insulated. In addition, all water lines would have to be
heat traced to avoid freeze-up during shut-down periods. The cost of
doing this in rural Alaska could easily be prohibitive. (3) Efficiency:
As with all thermal power plants, efficiency is a primary consideration.
In the case of a low temperature organic cycle turbine, efficiencies
below 10 percent are usual. This means that cooling requirements are
very stringent and that a large amount of thermal energy must be dissi-
pated for a relatively modest turbine size. For example, since

Pwaste =

where Pwaste =

Pout =

($% pout

rejected heat

useful output

(thermal power)

(electrical power)

cycle efficiency

a 50 kW (output) turbine generator with 10% efficiency would exhaust

Pwaste = (l-o~il) (50kW) = 450 kW.

Input thermal energy rate (thermal power) would, in this example, equal
500 kW. The exhausted thermal energy is of no real value since the
cooling water exit temperature would likely be only a few degrees above
O“c. The potential user of a low-efficiency system as described in this
paper must ascertain if there is a higher use for the initial thermal
energy, such as space heating, for example, which might result in more
efficient utilization and less capital cost.
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THE HOUSE AS A SYSTEM

David Eyre, Principal Research Scientist
Saskatchewan Research Council, Saskatoon, Saskatchewan

ABSTIU4CT

The last major change in residential construction practice
occurred in the 1930’s, , when there was a rapid growth in
the use of insulation of various types. This created a
number of new problems, and led to the first use of vapor
barriers.

We are now in the process of another, and much greater
c h a n g e  in building p r a c t i c e . We are  a t tack ing  a l l  the
components of the house on a broad front ,  in an at tempt to
make  the  house  op t imal ly  energy-ef f ic ien t . A s  in the
1930’s, we are learning that the house is a balanced system
made up of interacting components; when one component is
changed it may sometimes have far-reaching, unforseen
consequences on the others.

In the author’s view, energy-efficient house construction
is proceeding generally in the right direction. However,
if it is to continue in this direction, and if we are to
avoid major errors, we must give high priority to looking
at the house as a ‘system’ . we mus t  t ry  to  iden t i fy  or
foresee the consequences of various changes,  and devise
ways of overcoming them.

This paper looks at the state of the art of energy-
efficient house construction in Canada. It discusses some
of the interaction problems that are now starting to
emerge, and it looks at some of the ideas and techniques
that have been devised to overcome them. Specific problem
areas include furnaces, combustion air supply, air
quality, structural integrity and structural moisture
problems.

INTRODUCTION

W h e n  t e c h n o l o g i c a l  c h a n g e  i s  a p p l i e d  t o  a  p r o d u c t  -
w h e t h e r  it b e  s o m e t h i n g  l i k e  a  c a r  o r  a  b a l l - p o i n t  p e n  o r
a house - the process of change tends to follow a fairly
well-charted route, in terms of time scale, market adoption
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and developmental  problems. The  s i ze  and  f requency  o f  the
p r o b l e m s  a p p e a r  t o  b e  r e l a t e d  t o  t h e  s c a l e  o f  t h e  t e c h n o -
l o g i c a l  c h a n g e ,  a n d  i t  a l s o  a p p e a r s  t h a t  t h e  p r o b l e m s  c a n
b e  a g g r a v a t e d  b y  a t t e m p t s  to a c c e l e r a t e  t h e  p r o c e s s  o f
c h a n g e  - such as might happen in a competitive situation,
or when tight deadlines are imposed.

These problems will occur even in the most controlled
development program, of the sort that is possible in the
automobile industry. Compared with this industry, the
building industry is a highly uncontrolled, diffuse and
de-centralized one. Therefore, when applying the major
technological changes of energy conservation to the
housing industry, it would be unrealistic to expect a
smmth, problem-free transition.

In the author’s view, residential energy conservation
contains many of the elements that lead to developmental
problems. The scale of the technological change is large,
when seen against the general technical level in the
industry. The process of change is being accelerated by
government intervention - though one would not quarrel
with the reasons for this intervention. The uncontrolled
nature of the building industry, and the lack of
mechanisms for technical development within the industry,
make it difficult to achieve effective transfer of the
technology to the industry.

Energy-efficient housing, of the sort that has been
pioneered in the Saskatchewan Conservation House, the
Copenhagen Zero Energy House and the prototypes built by
Leger in Massachusetts, has been with us for five years or
more We are now into second and third generation
designs, and we are also beginning to encounter some of
the problems associated with these designs.

Most of the problems are the result  of  interactions:  a
significant change is  applied to some feature of the
house, and this is found to have some undesirable effect
on another feature. This type of interaction was first
encountered in the 1930’s, when there was a rapid growth
in the use of thermal insulation. This lead to moisture
problems, which were eventually solved by the development
of vapor barrier technology. With e n e r g y - e f f i c i e n t
h o u s i n g ,  w e  a r e  n o w  e n c o u n t e r i n g  s i m i l a r  i n t e r f a c t i o n a l
p r o b l e m s  o v e r  a  wider r a n g e .

The majority  of the problems can be overcome, or avoided,
by respecting the fact that a house is a ‘system’ in which
all the interacting components should be in balance. This
system approach to energy-efficient  housing was a major
fea ture  in the design of the Saskatchewan Conservation
House. It was appreciated that super-insulation might
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aggravate moisture problems, which could be minimized by
the use of air-vapor barrier techniques. In turn, the
airtight construction that resulted from these techniques. made it necessary to install a controlled ventilation

. system to ensure good air quality.

Experience has shown that this is still a good approach,
provided it is applied properly. So why all this talk
about problems? The newly emerging problems fall into two
categories:

- A range of subtle interactions that were not foreseen
in the Saskatchewan Conservation House, or that were
not relevant because the house had no combustion
heating systems and no basement.

- A tendency, on the part of some builders and homeowners,
to overlook the system approach and treat the various
energy conservation features as options from which they
can pick and choose, as in a supermarket.

Conventional house designs, though unsatisfactory from an
energy conservation point of view, are very ‘forgiving’ in
their operation. The leaky envelope ensures a large flow
of air through the house. This generally prevents
hazardous air quality problems, and provides adequate air
supply for the various combustion systems. Conversely,
the high level of combustion induces the flow of cold air
inwards through the house envelope, which inhibits the
development of moisture problems in the envelope. Such
houses, though inefficient, have a fairly well-balanced
system which can tolerate some design errors - provided
these are not too severe.

T h e  e n e r g y - e f f i c i e n t  h o u s e ,  o n  t h e  o t h e r  h a n d ,  is l e s s
f o r g i v i n g . The various features are much more delicately
in balance, and the house is not so tolerant of errors.
It is therefore very important to approach energy-efficient
design as a ‘system’. This concept appears to be gaining
ground in the technical community, but it has not yet
found its way into the building industry - to any signifi-
cant degree. It is hoped that this paper, which stresses
the ‘system’ concept, will give builders and homeowners a
better perspective on energy-efficient house design.

A RHVIEW OF PROBLEMS

The following is a brief summary of some of the actual or
suspected problems associated with energy-efficient
housing, based on various research findings in Canada and
the U.S.A.
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Attic insulation

Quality control: depth and density.

Long term deterioration: settling, humidity effects.

Chemical interactions of some insulations with metal
truss gussets.

Overheating on recessed ceiling lights.

Overheating of electrical cables beyond rated
temperature.

Blockage of ventilation at soffits.

Fire hazard due to piling of some insulation types
against a hot flue or chimney.

Potential for increased frost build-up if the ceiling
vapor barrier is not adequately sealed.

Possible enhancement of truss lift.

Effective thermal resistance impaired by thermal
c o n v e c t i o n  o r  wind  e f f e c t .

W a l l  i n s u l a t i o n

Effect on infiltration levels.

Potential for increased moisture build-up.

Corrosion of electrical.

Electrical cable overheating.

Pollutant effect of some insulation materials.

Vapor barrier position during retrofit.

Double vapor barrier during retrofit, or with use of
low permeability sheathing.

Deformation of double wall systems.

Siding attachment through insulated sheathing.

Compatibility of various multi-layer wall designs.

Design of walls to ensure adequate moisture dispersal
without impairment of insulation levels by wind effect.

—.
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Basement insulation

,

.-

Wall temperature cycling when basement is insulated on
i n s i d e .

Entrapment of vapor or seepage water behind vapor
bartier, lead ing  to  ro t  o f  f rame.

I n s u l a t i o n  a n d  v a p o r  b a r r i e r  design a t  headers .

I n s u l a t i o n  a t t a c h m e n t  t o

Hydrostat ic loading when
to outside of basement.

P r o t e c t i o n  o f  i n s u l a t i o n

P r o t e c t i o n  o f  i n s u l a t i o n

outside of basement.

porous insulation is attached

above grade.

against soil interactions.

Deeper frost penetration, perhaps to the footings and
weeping tile system.

Aggravated soil activity due to greater thermal cycling.

Difficulty of insulating basement floor.

Curing of basement floor concrete over insulation or
vapor\moisture b a r r i e r .

Vapor  bar r ie r  and  sealing

Lower level of air change leads to air quality problems
(odor, humidity, pollutant build-up).

Long-term stability of vapor barrier construction and
material.

Possible harmful chemicals emitted by some caulks and
sealants.

Combustion air supply problems induced by airtight
construction.

Impaired air circulation, induced by airtight
construction and insulation. This leads to stale air
problems in some parts of the house.

Quality control of air-vapor barrier installation.

Re-appraisal of the actual overall eneregy-efficiency
of  t h e  a i r - v a p o r  b a r r i e r , taking i n t o  a c c o u n t  t h e  -

vent i la t ion  and  combus t ion  a i r  suppl ies  tha t  a re  made
necessary  by  th i s  p rac t ice .
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- The role of the air-vapor barrier in control of
moisture movement.

Ventilation

- The necessity of a controlled ventilation system in an
airtight house.

- Development and research needed to come up with
appropriate ventilation system designs.

- Difficulty of connecting ventilation systems to
existing air-handling systems in retrofit.

- Location of exhaust and inlet vents to eliminate wind
loading, cross-flow and interaction with gas
connections.

- Neutral pressure plane effects arising from location of
vents, with potential for aggravating moisture problems.

- Effectiveness of existing air circulation systems and
designs, in reaching all parts of the house.

- Pressure fields set up by forced ventilation systems.

- Heat exchangers: cost, level of development~
operational problems, installation, pollution.

- Correct treatment of dryer exhaust systems.

- Special ventilation needs for handling high concen-
trations of some pollutants (radon, formaldehyde) .

Combustion air supply

- Adequacy of air supply.

- Desirability or undesirability of using ventilation
system as air supply.

- Interaction of furnaces with open fires, stoves, etc.
in an airtight house.

- Effectiveness and side effects of furnace rooms.

- Wind loading effects.

Furnaces

- Effects of oversizing, induced by retrofit of house
(seasonal efficiency, flue icing).
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- problems with installing energy-efficient furnaces and
electrical furnaces in poorly-sealed houses.

. - Quality control of installation, with attention to
control systems (thermostat, anticipator) .

- Limitations on effectiveness of automatic dampers
(interaction with domestic hot water heater).

- Limitations and permissible modifications of furnace
units.

SOLUTIONS FOR NEW HOUSING

The Saskatchewan Conservation House was one of the first
examples of the super-energy-efficient design. It is
based on a system approach that incorporates four basic
principles:

-  High l e v e l s  o f  i n s u l a t i o n .

- Airtight construction.

-  Controlled air  management system.

- Passive solar design.

These concepts have now been adopted in a large number of
second and third generation designs across Canada and in
the U.S.A. The concepts are sound, and the main problem
is to make sure that builders understand these concepts
and the necessity for a system approach. A publication on
air-vapor barrier construction (1) and an audio-visual
presentation on super-energy-efficient housing (2) are
helping to promote the technology in the building industry
in Canada.

Saskatchewan Research Council has now progressed beyond
the super-energy-efficient design, and is looking at ways
of achieving high levels of energy conservation at low cost
- in recognition of the current affordability problems that
are generally threatening the housing industry. This new
design has been called the ‘retrofit-ready’ house~ since
it concentrates on those features that will be difficult
or costly to retrofit at a later date, and leaves the home
owner  to  upgrade  the  remain ing  fea tures  a t  his le i sure .
T h e  design is a  care fu l ly  evolved  package  tha t  goes  a  long
way toward overcoming most of the known interfactional
problems. It has evolved, in part, from the Home Energy
Loan Program standards, which Saskatchewan Research
Council helped to develop for the Saskatchewan provincial
government.
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The main constructional features of the retrofit-ready
house are shown in Figure 1. The following numbered items
refer to the labels in the figure:.

1.

2.

3.

4.

5.

6.

7.

8.

9.

Ceiling insulation level 1120 or more, at home,owner’s
discretion. This can easily be added to at a later
date, with correct built-in features.

Insulation stop around flue and attic hatch is at
least 24” high to accommodate more insulation. Attic
hatch should-be on outside wall of attic for
preference.

High hip truss to allow extra insulation over
exterior wall, or use cantilever truss design
in 3a.

top of
as shown

Ceiling plasterboard is 5/8” thick to bear extra
insulation load.

Adequate soffit ventilation paths as a fail-safe, with
insulation stops high enough to contain later
additions of insulation. Note that over-ventilation
should also be avoided.

Thermal bridging at top and bottom plates is reduced
by rigid insulation sheathing.

Basic wall structure is 2 x 6 stud on 16” centers.
Many builders find this easy to work with.

Exterior insulated sheathing is a desirable option.
It prevents dewpoint problems on the warm face of the
2 X 6 studs. Thickness should not exceed 1.5”,
otherwise the nailing attachment of the siding will be
weakened.

The strapped wall allows the addition of another R8 of
bat t  insu la t ion ,  and  a l lows  the  loca t ion  of  the  vapour
b a r r i e r  in a  s e t - b a c k  p o s i t i o n ,  w h e r e  it will s u f f e r
less  damage  f rom e lec t r ica l  and  drywal l  ins ta l la t ion
work (2 x 3 straps on edge).

10. The vapour barrier is continuous and is constructed to

11.

12.

high s t a n d a r d s  o f  airtightness.

Condensation can occur on the warm side of the vapour
barrier where it passes close to the 2 x 6 studs. The
exterior insulated sheathing prevents this.

Vapour barrier is continuous around header.
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13. There should always be some insulation outside the
header, otherwise condensation will occur at the
vapour barrier..

14. Insulation level inside vapour barrier should be less
than half insulation level outsider otherwise dewpoint
l o c a t i o n  will be inside vapour  b a r r i e r  a n d
c o n d e n s a t i o n  will o c c u r .

1 5 .  I n s u l a t i o n  above  g r a d e  is p r o t e c t e d  with p a r g e *  o n
mesh, secured to concrete with mesh nails through
insulation.

16. Rigid insulation carried to footing. Recommended
thickness of 1.5” allows rigid insulation to be
carried right down exterior wall without any jogs in
the wall line. Top of insulation is secured with mesh
nails; bottom is secured with backfill.

17. Vapour barrier is carried to top of concrete
foundation wall, caulked to concrete and fixed in
place with nailing strip. This strip is used as a
starting point for basement vapour barrier, if the
foundation wall is framed and insulated at a later
stage.

18. Felt or foam strip under vapour barrier prevents
penetration by concrete.

19. Sill plate over vapour barrier prevents damage during
floor joist installation.

20. Basement floor should preferably be insulated and
provided with moisture barrier. Care is needed to
avoid damage to these during concrete pouring. A
layer of compacted sand gives protection, and assists
the curing of the concrete.

21. It is preferable to insulate the concrete on the
outside where possible. This protects the concrete
against thermal cycling, and allows the wall to act as
a thermal storage medium. The interior should not be
insulated and vapour barriered until the concrete has
cured for six months, and then any cracks or seepage
points must be repaired before insulation. When water
enters the basement through the foundation wall, it
has no way of escaping if a vapour barrier is
installed. The build-up of water can lead to rot of
the wood frame. Therefore, the vapour barrier should
not be installed until seepage is corrected and curing
is complete.

* Plaster
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22. A slip-coat of polyethylene should be attached on the
outside of the rigid insulation to prevent lift-off or
other damage resulting from soil reaction..

23. Whatever sheating is used on the wall, it is essential
to allow the wall to dissipate any excess moisture. If
the wall is sheathed with a low-permeability material
such as styrofoan SM, it is bad practice to seal the
joints between the sheets. The wall must be allowed
to breathe, but at the same time the wind movement
through the wall must be kept to a minimum. Detail
23a shows one way of achieving a good moisture
dissipation path. The double top plate is made of 2 x
4 1 s ,  a n d  t h e  g a p  i s  f i l l e d  w i t h  b a t t  i n s u l a t i o n . T h i s
a l l o w s  m o i s t u r e  t o  d i s s i p a t e  i n t o  t h e  attic, a n d  i t
a l s o  r e d u c e s  t h e r m a l  b r i d g i n g  t h r o u g h  t h e  t o p  p l a t e s .

24. A covering of olefin-spun paper on top of the
insulation will potentially inhibit the impairment of
the insulation by wind effect, and at the same time
this will be porous enough to allow the passage of
moisture. The technique is currently being studied,
and its effectiveness has not yet been established.

Cost analysis shows that this design can be one of the
most cost-effective options in some circumstances. Its
low incremental cost makes it a good option at a time when
affordability is a major issue in the building industry.

CONCLUSIONS

Experience with energy-efficient housing over the last
five years has shown that a number of problems can arise
from interactions of the various components and features.
This means that energy conservation options cannot be
selected according to the fancy of the home owner or
builder, but have to be selected in the light of how they
will interact with each other. The house design must
therefore be evolved as a system or package, that is
suited to its environment.

Such system designs are now starting to emerge, but there
is still a lack of understanding of these systems in the
building industry at large. This problem can be overcome
only by better technology transfer to the building
industry. The industry, for its part, must be prepared to
make some effort to understand the new designs and
concepts, if serious problems are to be avoided.

T h e  h o u s i n g  i n d u s t r y  in C a n a d ar a n d  t o  a  l e s s e r  e x t e n t  in
t h e  u . S . A . , i.s c u r r e n t l y  f a c i n g  p r o b l e m s  d u e  t o  t h e
c o m b i n e d  e f f e c t s  o f  r e c e s s i o n  a n d  h i g h  m o r t g a g e  r a t e s .
Affordability has become a general problem, and the
energy-efficient house~ with its extra capital cost, is
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particularly threatened. A more moderate approach to
energy-efficient design, with a matching concern for
incremental costs and structural integrity, would appear~--. to be the most marketable option at the present time.
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COLLECTION AND STORAGE OF SOLAR HEAT
IN A WATER CISTERN SYSTEM

H.J Coutts,  mile 3 4 8 ,  N e n a n a  H i g h w a y ,  N e n a n a

ABSTRACT

This project involved fabricating solar water heaters,
installing them on the roof and storing the collected heat
in a basement water cistern. The value of the collected
heat was calculated from temperature and flow measurements.
The cost of water heating with fuel oil and electricity
was also calculated and an economic comparison was made to
see if the cost of the solar collectors in the interior of
Alaska could be profitably amortized. Without free labor
the solar panels were not found to be economically
feasible. However, a modified version without glazing
could capture insolation at a price below electric heating.

This project was funded by the State of Alaska and the
U.S. Department of Energy.

I. INTRODUCTION

A. Background

This investigator who lives in a rural area decided for
economic reasons to use precipitation rather than ground
water for domestic water supply. Rainwater and snow melt
is stored in an outside melter tank. It is then filtered
and chlorinated and pumped into an inside 1500 gallon
water cistern in the basement of the house for use as a
domestic water supply. The water supply system was
d e s c r i b e d  in the spring 1976 i ssue  of  the  Nor thern
Engineer  (Vol .  8 ,  No.  l )* . The roof of the house has a
one on 8 slope facing south and it was thought that since
there is considerable sunshine in the summer in interior
Alaska it might be economical to collect and store some of
the solar energy in the water cistern system. In 1980 an
application was made to the U.S. Department of Energy
( D O E )  f o r  t h e i r  A p p r o p r i a t e  T e c h n o l o g y  S m a l l  G r a n t s  P r o g r a m
to build  s o l a r  c o l l e c t o r s ,  rncmi.tor  their p e r f o r m a n c e  a n d
figure out their e c o n o m i c s . T h e  g r a n t  w a s  a w a r d e d  in J u l y
1 9 8 0 . It was jointly  f u n d e d  b y  t h e  U . S .  D O E  a n d  t h e
A l a s k a  D i v i s i o n  o f  E n e r g y  a n d  P o w e r  D e v e l o p m e n t .

I
I
I

I

I

*A publication of the Geophysical Institute, University of
Alaska, Fairbanks
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This project involved fabricating solar heaters, installing
them on the roof and storing the heat in a basement
cistern. The value of captured heat was to be calculated
from temperature and flow measurements. The solar heaters
were made from 2 x 20 foot sheets of corrugated aluminum
roofing panels painted with a non-toxic waterproof black
paint. Three panels each 8 x 20 foot long were covered
with plastic and fiberglass glazing to capture the
insolation and prevent water evaporation and contamination.

The panels were to be mounted on the house roof giving
them a south slope of one on eight. I t  w a s  o r i g i n a l l y
planned to have just one 20 x 20 foot panel with one
mani fo ld  and  a  so lenoid  va lve  to  feed  Cold water to the
assembly. An out le t  co l lec tor  would  then  take  the  ho t
water  back  to  to  the  top  of  the  c i s te rn . The cold water
would, of course, be drawn from the normal water supply
shallow well pump system and pumped to the top of the
solar heaters. Thermal strafication would inhibit the hot
water from mixing with the cold water in the cistern. It
was planned that the solenoid valve would be actuated by a
thermostatic switch inside the solar panel. The system
would be set up to operate and record data for heat storage
automatically. The system was set up on a house atop a
1700 foot hill located 15 miles west of Fairbanks, Alaska.

II. CONSTRUCTION

A. Materials

It was decided to build the solar heaters in 8 x 20 foot
panels rather than one 20 x 20 panel because an 8 x 20
panel is as large as one individual can physically
handle. The materials cost for one 8 x 20 solar panel is
shown in Table 1. Notice that the fiberglass glazing
material and the plastic foam insulation under the panel
are the two most expensive parts of the solar panels. Of
course one thermostat and one solenoid can serve all the
panels if they are fed from the same pump. However, one
solenoid is designed to free-drain the inlet water system
for freeze protection for operation during May and
September. The water filter is required to keep
particulate matter, such as insects that might crawl into
the panels from recirculating and clogging the inlet
manifolds which contain small 1/16” diameter holes. It
also reduces the water supply contamination.

B. Assembly

Three panels were built. Only the first was assembled on
the ground. It was very difficult to drag up onto the
roof. In an attempt to make the solar panels as least
costly as possible, it was decided to not make the second
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1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

.- TABLE 1
*

Solar Panel 8x 20ft.
Construction Cost 1982 FOB Fairbanks

Item

(4) 2’ x 20’ corrugated AL roofing

(5) 2“ X 4“ X 8’

1/2 gal. waterproof flat BLK paint

48’ wiggle moulding

20’ double batten joining

50’ l/2”’PVC/POLY C2 pipe,

1 1/2” PVC DWV outlet CO1’

( g l a z i n g )  s t r i p

i n l e t  a n d  m a n i f o l d

ector  w / f i t t i n g s

4’ x 40’ - 25 mil fiberglass glazing

Bimetal strip thermostat 11O”F, 110 VAC 10A

2 solenoids 110 VAC

Water filter, cartridge type, 3/4” NPS IN-OUTLET

5 sheets 4’ x 8’ x 1 1/2” plastic

Nails, screws and other fasteners

Labor: 20 hours @ $20/hr. =

foam nsulation

TOTAL MATERIALS w/labor $603 + $400 =

Without roofing, insulation and glazing
w/1 abor $193+ $100 labor =

Materials

$ 90.00

15.00

15.00

12.00

12.00

20.00

15.00

230.00

14.00

40.00

40.00

100.00

10.00

400.00

1,013.00

293.00
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two structurally strong, but to use the roof for structural
supper t. That way, one could save a considerable amount
in labor and lumber. The disadvantage to this, is of
courser that you are not able to get the collectors to
directly face the sun; they are fixed to the roof angle.
The second two solar panels were assembled on the roof of
the house since they were too fragile to carry up if they
were assembled on the ground. T o  b u i l d  t h e  p a n e l s ,  4
s h e e t s  of 2 foot wide b y  2 0  f o o t  l o n g  a l u m i n u m  r o o f i n g
panels were nailed to 8 foot lengths of wiggle molding
which exactly fit the corrugations in the panel to make up
one 8 x 20 foot panel. The wiggle molding was spaced
about every 50 inches to allow 1 1/2” x 41 x 8’ insulating
board panels to be put under the aluminum between the
molding strips. Since the wiggle molding is only 1/4”
thick, a 1 1/4” x 2“ x 8 foot runner was nailed under the
wiggle moldingr Such that when the whole panel was laid
against the roof, it was continuously supported so it could
handle snow load or foot traffic. The water inlet header
for the panel was 1/2” PVC pipe. It was wired over the
top end of the panel and 1/16” holes were drilled to match
each trough in the corrugated aluminum roofing. The
roofing was then painted black and at its outlet end a 10
foot length of PVC DWV pipe was notched with a 9 foot slot
slightly over 3/4” wide such that it could be slid over
the end of the aluminum roofing. The entire panel then,
from inlet to outlet was covered with the 20 mil
fiberglass glazing. The glazing was held onto the panels
by nails through it and the aluminum into the wiggle
molding or by sheetmetal screws through the glazing
gripping the aluminum roofing. The edges were then
caulked with a caulking suitable for use at temperatures
up to 150 degrees F. The construction details are shown
in Figure 1. Two of the panels have a thermostat mounted
about l\3 of the way down under the aluminum roofing, but
in thermal contact with the aluminum roofing. One
thermostat is a typical snap disc air switch found in oil
furnaces. The other is a hi-metal strip adjustable
thermostat. They both actuate, turn on the water at
110-120 degrees F and shut it off when they are cooled to
about 80-90 degrees F.

The first solar panel was constructed on a 1 x 4 and 2 x 4
frame. It was strong enough to easily be moved around,
but it had a high profile of about 5 inches above the
roof. T h e  o t h e r  t w o  w e r e  c l o s e r  t o  t h e  r o o f ,  n o  m o r e  t h a n
3  inches high.

The first panel required about 40 man hours to assemble.
The last 2 panels were assembled with about 20 man hours
of effort each because by then the constructor was quite
experienced at building the panels.
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FIGURE 1 - SOLAR PANEL CONSTRUCTION DETAILS



III. OPERATION

The solar panels were integrated into the water system by
use of both the snow melter tank and the inside cistern.
This was mainly because the I)W collector pipe was not
perfect and there was some leakage which was collected in
the ra’in guttering and returned to the snow melter tank.
The leakage is partly attributed to the low roof slope
which allows some of the water to wick far enough up the
underside of the roofing to escape the collector pipe. No
gradient on the collector pipe also contributed to
leakage. Since the leakage rate was less than 5% it was
not considered worth the effort to control it.

The melter tank collects rainwater during the summer. The
l a y o u t  o f  t h e  c o l l e c t i o n  s y s t e m  is Shown in Figure 2 . One
p a n e l  w a s  d i r e c t l y  c o n n e c t e d  t o  t h e  inside c i s t e r n  a n d
a n o t h e r  p a n e l  w a s  d i r e c t l y  C o n n e c t e d  to the o u t s i d e  s n o w
m e l t e r  t a n k . T h e  third (#2 )  pane l  wou ld  f eed  water  f rom
t h e  s n o w  m e l t e r  t a n k  a f t e r  p u r i f i c a t i o n  a n d  h e a t i n g  i n t o
the inside cistern to make up for summer’s water use.
When the inside cistern becomes completely full, the panel
would be put in parallel flow with panel #3. The
t h e r m o s t a t  o n  solar p a n e l  # 3  causes t h e  c o n t r o l  s o l e n o i d
t o  o p e n  w h e n  t h e  p a n e l  t e m p e r a t u r e  e x c e e d s  1 1 0  d e g r e e s  F .
Cold  w a t e r  f r o m  t h e  inside C i s t e r n  then t r i c k l e s  into t h e
t r o u g h s  a t  t h e  t o p  o f  t h e  p a n e l . F r o m  t h e  o u t l e t
c o l l e c t o r  t h e  h e a t e d  Water then f l o w s  b a c k  into t h e  inside
c i s t e r n . A 24 hour timer switch is used to open the drain
(normally open, N.O.) solenoid for freeze protection at
the end of each solar heat day - approximately 6 p.m.

A minute meter totalizes the time that the solenoid is
open for calculating the actual heat recovery by the one
solar panel. When the flow rate thqugh solar panel 3# is
measured, the thermostat that controls the inlet water to
panel #2 is shut off so the reading is a true flow reading
from the shallow well pump. In  normal  opera t ion  ra inwater
f rom the  snow mel te r  tank is  run through an activated
c a r b o n  filter through solar  panel  #2 and into the
Col lec t ion  mani fo ld  for  pane l  #3 ,  (hence  to  the  inside
cis te rn)  . The outlet  from panel #1 and leakage from panel
#2  and  3  is co l lec ted  in  the  ra in  guttering and  i s
returned to the snow melter  tank.

Water  f rom the  snow mel te r  tank is taken directly from a
sump puxnp, Controlled by a thermostat under the skin of
panel #1. Hence, its line is free-draining and does not
need an additional solenoid to drain it for freeze
protection because as soon as the thermostat opens on
panel #1 the entire inlet manifold system drains back down
to the water level in the melter tank. That is the
advantage of a sump pump over a tapped pressure system
with a control solenoid (as in the inside cistern).
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Solar panel #1 is the only one that does not have the
fiberglass glazing. It was the first one built and due to
considerable weathering of the black paint, it will have

. to be repainted before it can be covered with a fiberglass
glazing. It presently has clear polyethylene sheeting
‘over it.. The polyethylene sheeting is only suitable for
about one summer because sunlight will cause it to become
brittle and break.

The solar heaters have nothing more than the fiberglass
glazing between them and the ambient air, so the
thermostats generally do not get above 110 degrees F until
the ambient air temperature exceeds 45 degrees F in direct
sunlight. However, if it is raining, and temperatures are
below 60 degrees F, the solar heater thermostats do not
close so there is no heat collection under rainy,
overcast, cooler days.

IV. DATA COLLECTION

A dual probe thermograph was set on top of the inside
cistern to measure the water temperature at the water
surface and the bottom of the tank. The thermograph did
not work very well, but when it was working, it indicated
that the surface temperature exceeded 90 degrees F and the
bottom temperature slowly increased from 40 to 60 degrees
F - an indication of thermal stratification.

The minute totalizer was installed on July 2, 1981 and
data was collected until August 18, 1981. During that
time period, the solar collectors collected heat for 14.6
hours. It should be remembered that August and July of
1981 were very poor summer conditions since July and
August were cool rainy months. However, the data were
extrapolated to estimate the total heat collected during
the entire summer of 1981. To estimate the heat recovery
per panel, all that is required is an accurate bathrooq
scale, a large 5 plus gallon container, an accurate
thermometer and readings from the minute totalizer. The
heat recovered is the product of the flow rate, flow timer

temperature difference (between the water into the panel
and the water returning to the cistern) and specific heat
(1 BTU/lb-degree F) . From July to August 18, 1981 panel.
#3 captured 43 X 104 BTUlS of heat. Data from the
Geophysical Institute tabulation of solar radiation for
Fairbanks for their normal incident pyroheliometer, was
used to extrapolate that data to estimate heat collected
during the entire summer of 1981. Data from the months of
May through September when the average temperature was
above 10 degrees C was used. The total captured heat for
1981 was then found to be 1.7 million BTU’S.
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V. ECONOMICS

To look at the economics of the solar collector system, it
is first necessary to calculate the heat recovery from the
collectors, then compare its cost to the value of heat
‘from #2 fuel oil or from electricity in the Fairbanks
area. The cost of solar heaters is amortized against the
value of heat recovered to estimate what the payout would
be. During the summer of 1981 solar panel #3 collected
1.7 X 106 BTU~s.

Assuming an oil furnace efficiency of 80%, there is 105
BTU’s available per gallon. So the savings from the solar
panel was equivalent to about 17 gallons of fuel oil. At
a 1981 price of $1.24/gal* that represents about a $21
savings per year. The electricity equivalent at 11.3 cents
per kilowatt hour* represents a savings of about $53.6 per
year. The only operating costs for the solar heaters was
electricity for the solenoids and the pumps. For the
solenoid valve pressure pump operation, electricity cost
was $.28 for 1981. If a sump pump was used only, assuming
50% pump efficiency, the cost was $.07. Since the
electricity costs for pumping and controls is less than
$1/year, they will be neglected.

To figure the annual cost  benefi t ,  assume half  of  the heat
s a v i n g s  is e lec t r ic  water  hea t ing  and  ha l f  reduces  the
winter house heating system fuel oil load. Therefore,
yearly estimated savings is 21 - 2 + 56 - 2 = $38.50 per
y e a r . To calculate an annual cost  for the s y s t e m ,  a s s u m e
that the capital cost for the system is at a lost interest
rate of 10% and the solar heating system has a 20 year
life. The capital recovery factor for that interest rate
and life is 0.1175. Therefore, the annual cost is 0.1175
x 1013 = $119 . That is 3 times the value of heat captured
during 1981. Therefore, that summer the solar heater cost
more than it saved. Even if one built the heaters
themselves and had no labor charge and the summers turned
out to be warmer and drier, the solar heater would still
not be profitable.

About the only way to make solar heating in Fairbanks very
e c o n o m i c a l  is to do away with expensive glazing and the
u n d e r l y i n g  p l a s t i c  f o a m  i n s u l a t i o n . That would then cut
the materials cost down to about $193 and a total cost of
$293 assuming $100 for labor. In this case, it is assumed
that the aluminum roofing is the actual outer roof skin
and all one has to do is install piping and black paint
and have a large heat storage system. In this case the
heat storage reservoir is the water supply cistern so its

*Energy cost data frOm: Fairbanks North Star Borough,
Community Research Center. “Community Research Quarterly
A Socio-Economic  Review”. V o l . IV, No. 4, Winter 1981.
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cost is not charged to the solar system. Since the water
probably cannot be heated to 120 degrees F without the
glazing, we will assume that only 75% of the prior heat
recovery was obtained. Therefore, the yearly savings is
.75 X 38.5 = $29. Assuming a 50-year life on the roof,
the low cost at 10% interest is 0.1175 x 293 = $34.
Therefore, with a rainy summer that we had in 1981 the
solar heaters would still not be worth it. However, if
summers were a little bit drier, then the solar heating
might be marginally worth it. But when compared strictly
to electric water heating ($53.60) the solar panels are
less costly.

If the economics were figured during a warmer summer the
solar panels would have performed much better, because
beside insolation there is considerable heat transferred
to the cold water from the ambient air. Also summer
temperatures on thr Chena River flood plain (Fairbanks at
440 ft. elevation) are 5 to 10 degrees F warmer, and
rainfall is less than at this project location of 1700
ft. That difference might be enough to tip the economic
scale in favor of solar heaters in Fairbanks, especially
if they are tilted more to face the sun.

VI. CONCLUSIONS AND OTHER CONSIDERATIONS

Based upon the poor economic showing of the glazed panels
during 1981, they may not be worth the investment. The
economics based on the warmer summer of 1982 might look
better. Therefore, I recommend that data collection and
economic analysis continue.

If one can get materials at a much lower cost and provide
his own labor, then it’s worth the effort, especially for
the hobbyist or one who is interested in conserving
natural resources. My recommendation in this case, would
then be to design a house with a south sloping roof
painted black and install spray manifolds such that water
can trickle down the hot roof allowing heat to be
captured, for use below the foundation (buried pipes) , or
in a water cistern. This is about the only way it can be
ecnomical. The disadvantage to this is that one has to
maintain a large filtering system (such as a swimming pool
filter) to remove tree debris, insects and pollen from the
system or else they will plug the spray holes in the
manifold or drastically reduce the heat transfer in the
piping under the basement or slab at grade.

Ground heat storage is, of course, a ‘No-No” if the house
is built on or adjacent to permafrost.

Other problems with the present system were: l)there was
some leakage, and make-up water was required and 2) the
panels and controls are another piece of equipment that
has to be maintained.
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PRELIMINARY EVALUATION OF HYDROELECTRIC POWER GENERATION IN COLD CLIMATES

J. P. Gosink and T. E. Osterkamp

ABSTRACT

Alaska has about 1/3 of the total United States reserves of hydro-
electric energy--more than enough to satisfy all of the state’s energy
needs for the foreseeable future! A technological barrier to the
development of the hydroelectric energy resources in Alaska is that of
ice formation in the rivers and reservoirs of the power generation
systems. The ice problems include winter flooding caused by hanging
ice dams, blockage of inlet structures and turbines, icing of struc-
tures and power transmission lines, adverse temperature and water
quality changes due to reservoir construction, long open water reaches
downstream of dams with associated ice fog, sloping ice-covered reser-
voir shores which are hazardous to man and animals, destruction of the
downstream ice cover by fluctuating stage and power demands with asso-
ciated ice jam formation and flooding, and increased ice formation due
to increased winter discharge of fresh water into bays and estuaries.
Some of these ice problems are potentially serious and have resulted
in the abandonment of hydroelectric generating facilities; others are
bothersome from an operational viewpoint and some can be partially
eliminated or even totally avoided by proper design and operational
procedures.

We are investigating ways to eliminate or minimize these ice
problems. This study includes compilation of state-of-the-art engineer-
ing technology and applied research for quantitative analysis of parti-
cular ice problems. We have also identified some of the ice problems
at hydroelectric facilities in Canada, Iceland and Scandinavia, and
alleviation techniques and procedures used at these sites.

INTRODUCTION

More than one-third the total United States reserves of undevel-
oped hydroelectric energy are found in Alaska! Seventy-six potential
hydroelectric sites were identified by the Alaska Power Authority
and the U.S. Army Corps of Engineers in its 1974 assessment of hydro-

J. P. Gosink, Assistant Professor of Geophysics, Geophysical Institute,
University of Alaska, Fairbanks, Alaska 99701

T. E. Osterkamp, Professor of Geophysics, Geophysical Institute,
University of Alaska, Fairbanks, Alaska 99701
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electric resources in Alaska. These 76 sites could generate 450 x 106
KW hours annually, of which only 2% is needed in Alaska! These re-
serves are in addition to already-existing small-scale hydroelectric
power plants which produce about one-third of all the power require-
ments of southeastern Alaska. Most of the identified sites are small-
scale, with drainage areas less than a few thousand square miles. The
identified hydroelectric reserves do not include numerous “micro-scale
hydro” sites (less than 25 foot head) in Alaska which were ignored in
the original survey.

The advantages of hydroelectric power are well known. Both large
and small-scale hydroelectric power plants are non-polluting renewable
resources. In contrast, burning fossil fuels not only pollutes the
atmosphere, but may play a significant role in climate modification
through the production of carbon dioxide and other trace gases (the
“greenhouse effect”). Small and micro-scale hydroelectric power are
particularly well-suited to Alaska where population densities are low
and transportation of fuels is limited to a few narrow corridors.
Another important factor favoring the development of small-scale hydro-
electric power is the typical Alaskan life-style with its emphasis on
self-reliance and independence. A recent federal government directive
stipulates that hydroelectric plants producing less than 5 MW are
exempt from Federal Energy Regulation Commission (FERC) licensing
procedures. This exception should act as a stimulus for the develop-
ment of small and micro-scale hydropower through the elimination of
expensive and time consuming legal procedures.

However, there are severe and unique problems associated with the
development and operation of hydroelectric power plants in cold cli-
mates. These problems are caused by ice in various forms and can
result in reductions in power generation (brownouts), cessations of
power generation (blackouts) and in the complete abandonment of the
hydropower generating facility (Michel, 1971). Engineering procedures
used to mitigate these problems include avoidance, for example by
proper siting or design, and direct solutions such as the heating of
trash racks.

The purpose of this report is to discuss some of the severe ice
problems noted in hydroelectric facilities in Scandinavia, Canada,
Iceland and other northern regions and their appropriate mitigation
techniques. Applied research for quantitative analysis of particular
ice problems is also discussed.

ICE TYPES

Ice problems in hydroelectric power generation systems are associated
with four ice types that grow in the rivers and reservoirs - frazil ice,
anchor ice, sheet ice and aufeis (Yould and Osterkamp, 1977).

Frazil ice grows in turbulent water that is slightly supercooled. The
initial form observed is that of thin, circular discs called frazil ice
crystals. These crystals flocculate, form frazil pans and frazil slush
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. and may eventually evolve into large floes. Freeze-up of a river
occurs when frazil ice--in the form of slush, pans or floes--jams in
reaches with suitable hydraulic conditions. The initial ice cover may
consist of up to a meter thickness of frazil ice which consolidates
and then freezes downward by heat transfer from the ice surface (Oster-
kamp, 1975). The origin of anchor ice (ice anchored or fixed in posi-
tion in the flow, as on the river bed) is uncertain; however, it is
generally believed that it forms by the attachment of frazil ice cry-
stals to the river bed and to objects in the flow (Osterkamp and
Gosink, 1982). The crystals are transported by the turbulence, and
once they become attached may grow substantially faster than when
moving with the water because of the enhanced heat transfer caused by
supercooled water flowing past them (Osterkamp, 1978). Sheet ice
forms on slowly-moving or quiescent water, probably by the same mecha-
nisms responsible for producing frazil ice crystals. In the case of
sheet ice formation, the water turbulence is insufficient to draw the
ice formed at the surface into suspension, so that ice growth propa-
gates across the water surface rather than within the body of the
water. Aufeis (meaning ice on ice) formations develop when water
repeatedly flows over an ice surface and freezes in layers in the cold
environment. Aufeis formations approaching 10 m in thickness can be
generated in this fashion. Accumulations of ice on structures (icings)
may form by several mechanisms; those formed by windspray and water
mist would probably be the most serious for hydroelectric facilities,
although those formed on power transmission lines by the accumulation
of freezing rain and snow can also be serious problems.

PROBLEMS AND ALLEVIATION TECHNIQUES

Problems associated with the four types of ice and their allevia-
tion techniques or applied research used to minimize them are listed
in Table 1.

TABLE 1. Ice Problems and Alleviation Techniques

Problem Techniaue

*10 Frazil ice
a) jams, flooding
b) blockage of trash racks, intake

structures, etc.
i) run-of-the river
ii) reservoir

*2. Reservoir shores
a) sloping ice cover
b) ice forces on structures

*3. Water quality and temperature

118

1. Ice
ice
a)
b)

cover formation, e.g.,
booms, groins
Siting, modeling
Heating, diversion
canals

2. Mechanical strength tests,
structural regulations,
modeling.

3. Modeling, siting, outfall
configuration
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4. Icings

*5. Open ’water reaches downstream of dam

*fjo Fluctuating discharge causing
recurrent break-up and ice jam
formation

*7. Increased ice production in bays and
estuaries

4.

5.

6.

7.

Heating; modeling, splash
design.

Prediction; possible
bridge construction,
regulation.

Transient open water
prediction modeling, ad
hoc procedures to
minimize fluctuations,
regulation.

Modeling and field
studies.

While this table by no means represents an exhaustive compilation
of ice problems, it offers a survey of the major problems which have
received some attention in hydroelectric design in northern climates.
The order of the problems is meant to follow the river from upstream
to downstream rather than to convey any sense of importance or severity.
Clearly the severity of a particular problem will be controlled by
local conditions and will vary accordingly. The starred problems in
the table represent areas that have been addressed in research studies
at the University of Alaska.

1) Frazil ice

The first problem is related to frazil ice production in rivers.
A steep, turbulent river reach is often referred to as a “frazil faC-
tory” where large quantities of frazil ice are generated due to expo-
sure to the atmosphere and subsequent supercooling. In contrast, an
ice-covered river reach is protected from supercooling with the ice
acting as an insulative cover. Hence, ice booms are often used up-
stream of sites where frazil accumulation must be held to a minimum.
The booms hasten the formation of an ice cover, thus minimizing super-
cooling. Booms have been used successfully in Canadian, Scandinavian
and Russian installations, for example, at the Beauharnois Canal up-
stream of Montreal. Another method to stimulate upstream growth of an
ice cover was used at the Burntwood River hydroelectric plant in Mani-
toba where rock and earthfall  groins were built 6 km upstream of the
city of Thompson, substantially reducing frazil ice accumulations and
the attendant possibility of flooding.

Frazil ice is known to deposit on the underside of an ice cover
where the river bottom slope decreases substantially. Thus, if a hydro-
power reservoir is covered with sheet ice while the frazil ice load in
the river or stream feeding the reservoir is heavy, frazil ice may
accumulate in a “hanging dam” at the inlet to the reservoir. These
dams are a potential hazard causing winter flooding and overflows and
associated aufeis formation.
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. During the last 10 years, the town of Terrebonne on the lower reach of
the Mine Iles river north of Montreal has been hit by three spring
floods (Tremblay and Thibeault,  1980). Field data and analyses showed
that “the water levels at Terrebonne increase with the length and
thickness of frazil accumulation”. During the winter of 1964-65 an
aufeis formation of the Klutina River damaged all the buildings of
Copper Center, Alaska and brought an end to habitation in that city
for the rest of the winter. Similar but less disastrous floods have
occurred at Clear and at Willow. A hanging dam may also be formed
just downstream of a natural or man-made falls or dam constructed for
a small or micro-scale hydro project. In the latter case, the flow
would be restricted and a backwater extending up to the dam would
reduce the efficiency of the hydroelectric plant. This problem has
occurred in Russian rivers (Sokolov and Gotlib, 1975) where a cascade
of several hydroelectric plants alters the natural river flow into one
consisting of alternating pools and falls.

Current research has focused on the measurement of frazil concen-
trations as a function of meteorologic and hydrologic parameters.
These concentrations are, however, exceedingly difficult to determine
so that a need for empirical formulations exists relating frazil ice
loads to local conditions. Practical results include predictions of
the severity of hanging dams for a hydroelectric project at a given
site. Once the frazil load is known, backwater curves may be drawn
from the site of the obstruction. Hence, the possibility of flooding
may be rationally assessed, and recommendations made regarding siting
and the use of ice booms.

The effectiveness of an ice boom depends to a large degree on
whether the frazil is well mixed throughout the water column, or whether
it is concentrated as a slurry at the top of the flow. Our research
(Gosink and Osterkamp, 1982) has produced a new and promising method
to assess this factor; namely a criteria for the establishment of a
slush layer at the surface of the flow.

High flow velocity on river reaches with steep slopes, where no
ice cover is formed, present severe problems related to ice. General-
ly, run-of-river power plants must be built in these locations due to
engineering constraints. Hence it is necessary to keep the river open
and flush the ice through or over the dam. During times of heavy
frazil production much of the frazil ice in the form of pans and floes
may enter the power station intake. This has occurred repeatedly at
the Burfell Power Plant in Iceland (Mariusson,  et al., 1975) resulting
in damage to turbines and reduction in power. It is expected that
many micro-hydro plants will be run-of-river type with similar ice
problems. It is important to notice that the use of a trash rack alone
will not alleviate this problem where frazil ice loads are heavy. In
this case, the trash rack will rather rapidly freeze over, thus cur-
tailing power production.

120 J.P. Gosink



. Methods to address this ice problem include the techniques cited
above to minimize frazil ice production. The object is the quick
-formation of a complete insulative ice cover upstream of the hydro-
electric ’system. However, it is expected that micro-scale hydro pro-
jects will often be constructed in very steep, shallow streams where
ice cover formation is impossible. The Icelandic power authorities
address this problem, along with the silt transport problem, by separ-
ating the flow into three components: a) silty bottom water into one
channel, b) icy surface water into another by the use of skimmer walls
which direct the flow to a diversion canal, and c) silt-free and ice
free water to the power station.

The application of the Icelandic approach to this problem and the
use of skimmer walls depends critically upon the depth of the blockage.
The question to be answered is whether an ice block moving downstream
can overcome buoyant forces, submerge, and be transported below a
given depth. This area of ice research has received considerable
attention in recent years, and it is generally agreed among ice engi-
neers that the method of analysis described by Uzuner and Kennedy
(1972) provides good predictive capability in this area. The useful-
ness of this research has its application in the proper siting of the
hydroelectric system. In particular, if the stream velocity at the
proposed site is sufficiently high, or the water depth too shallow to
permit the construction of a skimmer wall of sufficient depth for the
anticipated ice load, as determined by the Uzuner and Kennedy criteria,
then the proposed site would inevitably suffer substantial ice damage.

Another method of dealing with the impingement of frazil ice upon
trash racks, gates and other intake structures involves heating of the
affected devices. Swedish power authorities (Larsen, 1978) recommend
0.5 KW/m2 as the appropriate heat energy per square meter of surface
area to prevent frazil growth and accumulation. They also state that
frazil ice problems are their single greatest source of concern, and
that these problems are most severe in the central and southern por-
tions of Sweden where temperature cycling often prevents formation of
an insulative ice cover.

2) Reservoir shores

An extensive ice cover on a reservoir interacts with the shore and
hydroelectric facility producing several kinds of problems. Ice piling
on shores may be generated by wind or currents and also by thermal
expansion of the ice sheet after a cold spell followed by a fast warm-
ing. Damage to shoreside structures can be very severe in such cases.

Water levels in a reservoir are generally maintained at a high
level throughout the summer. During the winter water is discharged
for power generation until a minimum water level is reached just before
break-up in the spring. As the water level falls, the ice cover will
sag under its own weight, producing a sloping ice covered shoreline,
often steep, and usually fractured. The hazard to vehicles, man and
animal life is clear, and the concave ice cover on the reservoir may
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. act as a trap for large mammals (Hanscom and Osterkamp, 1980). Further-
more, the ice may produce a vertical stress component on hydroelectric
“facility.structures.

The latter structural problem must be addressed by proper engineer-
ing design of possible loading configurations and also by research
into the mechanical properties of ice for determination of appropriate
constitutive laws.

The approach used to minimize the former problems is avoidance by
careful siting. The correct determination of hydroelectric plant loca-
tions must include inventories of the migratory patterns of caribou
and seasonal migrations of moose, for example. In some locations it
may be necessary to construct fences to divert animals away from areas
with steep, ice covered shores.

Inventories of the migratory patterns of large animals in Alaska
are the responsibility of the Dept. of Fish and Game. Where avoidance
is impossible, two types of research are needed to evaluate this hazard
and its effect on the animals. The first type is an assessment of the
capability and willingness of the animals to negotiate icy slopes, an
area of research within the province of the Dept. of Fish and Game. A
second area of appropriate research is concerned with the occurrence,
timing, thickness and strength of the ice cover and with the determina-
tion of the slope angle for given drawdown conditions. Except for the
case of ice cover strength, there is practically no information avail-
able on these problems, although Russian investigators have noted
their importance.

Although there is no widely accepted technology used to alleviate
ice piling on shores and subsequent erosion and shoreline damage, it
would appear that current research into the dynamics of ice piling
(Tsang, 1975) will aid in the assessment of the severity of the problem
at a particular site. In particular, Tsang has delineated the meteor-
ologic and hydraulic factors which favor ice piling.

3) Water quality and temperature

The impoundment of a large water reservoir may create serious water
quality and temperature problems both for the stored and discharged water
The water released from a large reservoir will be warmer in winter and
colder in summer than it would be in an unregulated river. Water qual-
ity will also suffer due to the stratification effects in the reservoir
and to the gradual increase in average salinity of about 10 ppm y-l
typical of large reservoirs.

The potential for damage of sensitive arctic water basins is severe.
Time scales required for adjustment to parametric forcing are consider-
ably longer in arctic climates than in more southerly environments.
Many biological species, especially fish , are intensely sensitive to

,-

.
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small temperature variations near the freezing point. Since the ice.
cover may remain in place for the greater portion of the year in north-
er-n latitudes (7-9 months), these lakes and reservoirs are characterized
by minimal ’light penetration and wind mixing during this portion of
the annual cycle. In addition, many northern lakes are glacier-fed
resulting in a high flux of sediment from glacier scour and high turbi-
dity levels.

Changes in drainage basins may result in increased erosion, perma-
frost degradation, increased sediment deposition in lake bottoms and
subsequent damage to biological communities. Permafrost degradation
will occur under reservoirs and also wherever lake volume increases or
where flow-through rates increase. This can result in slumping of
shoreline sediments and possible flooding of low-lying areas. Changes
in northern lake hydrology caused by nearby construction and transpor-
tation may adversely affect aquatic life by altering turbidity and
light transmission in the lakes. The problems produced by these dras-
tic changes in the natural environment would adversely affect wildlife
and ultimately the subsistence lifestyles of many people.

Damming of large basins of water for hydroelectric facilities will
initiate the melting of extensive thaw bulbs in permafrost terrain.
Knowledge of the temperature regime in the reservoir is necessary for
assessment of heat flux through the bottom and subsequent permafrost
degradation rates. The temperature of the released water controls the
length of the open water reach downstream from the dam and thus affects
the formation and location of ice jams downstream. Since the water in
the reservoir is stratified, a rational outfall configuration will
depend in large measure on the expected vertical temperature distribution
in the reservoir.

The procedure used for the determination of water temperature and
quality variations after construction of a reservoir involves the
development of a deterministic model of lake behavior that can be
tested and refined under natural environmental changes. Although
several realistic water temperature and quality models have recently
become available for temperate conditions, no model is presently avail-
able which can make reasonable predictions during
growth and decay. However, several researchers,
have recently begun studies in this area aimed at
proven temperate zone reservoir model to include

4) Icings

ice cover formation,
ncluding the authors,
the extension of a
ce processes.

Water spray and mist can be carried by wind to structures near
the dam and outfall where it can freeze at low air temperatures on any
cold surface. Equipment, structures and power lines can be coated
with ice making them hazardous to work with and creating large ice

123 J.P. Gosink



I

loads on them. Numerous documented instances of these prob-
. lems exist. In some cases, power lines or their supports can be broken

by the accumulated ice load.

Current en ineering practice involves the application of special
!coatings on sur aces, heating the surfaces, proper surface drainage design

and a variety of other techniques. The research need is for a better
understanding of the ice accretion processes which can be used to prevent
or reduce the problem and for an understanding of the physical and meteoro-
logical conditions conducive to ice accretion which can be used to
assess the problem at a specific site.

5) Open water reaches downstream of dams
I

Water reaches its maximum density at 4°C (39.2”F). Because of
this peculiar characteristic, bottom water in a deep reservoir averages
several degrees above O“C, usually +2 to +4”C. Water discharged from
a deep reservoir must travel some distance downstream before being
cooled by the environment to O“C, and then converted to ice. This
travel distance is surprisingly long, even at high latitudes. For
example, at the Bennett Dam on the Peace River in British Columbia,
water discharge temperatures average 2.5°C and the minimum length of
the open water is about 100 miles downstream from the dam. The same
phenomenon has been observed at numerous other locations including
Russia (Pivovarov, 1973) and Norway (Asvall, 1972).

Consequences of a long open water reach include ice fog formation,
loss of the ice cover as a river crossing or transportation corridor,
and loss of the insulative cover for the prevention of frazil growth
and subsequent downstream deposition. In addition, due to a discharge
of relatively warm water into a river with supercooled shores (i.e.,
at ambient temperatures) there is likely to be edge ice growth of
variable and questionable strength along part of the open water reach.

Note that the town of Talkeetna and the Parks Highway Bridge are
located less than 60 miles below the Devil Canyon section of the Susi-
tna hydroelectric system. Our calculations have shown that the town
and bridge will most likely be subject to ice fog for the large dis-
charge rates under consideration.

There is no technology developed to eliminate the open water reach
associated with an above O“C water discharge. It may be necessary in
some instances to construct a bridge in order to maintain a traditional
winter crossing. The techniques used to stimulate ice growth in O“C
water, including ice booms, groin construction, and anchored floating
barriers (Perham 1980), are appropriate in the downstream portion of
the open water reach where the water temperature has reached O“C. The
location of the O“C isotherm, which predicts the length of open water
reach, is a matter of current research. Engineering attempts to alle-
viate ice fog at power plant cooling ponds have focused on a variety
of techniques (McFadden, 1974). However, the presently known techni-
ques are not suitable to the cases where the water is undergoing highly
turbulent flow.
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. Current engineering research focuses on the extent of the open
water reach which depends critically upon the discharge rate and upon
meteorological conditions. Hence the length of open water reach is,,
highly vaiiable and changes from day to day or even hour to hour as
meteorological conditions change and as power requirements alter the
discharge rate. We have carried out a comparison of several analyti-
cal methods for determining the length of the open water reach includ-
ing methods by Asvall (1972), Pailey, et al. (1974), Robillard and
Vasseur (1978), and Rimsha and Donchenko (1957). This comparison
indicated that the surface heat loss formulation prescribed by Rimsha
and Donchenko  was consistently more accurate in the calculation of the
open water reach. It appears that several of the other models were
devised primarily for temperate conditions, while their model has been
used successfully for calculations in Siberia. Our comparisons have
indicated its superiority for rivers ranging from the Chena River in
Fairbanks to the Peace River in British Columbia. Unfortunately, this
model does not take into account variable and transient meteorological
conditions nor the dynamics of the leading edge of the ice cover.

Research to determine the length of open water reach below hydro-
electric sites defines the area that will be subject to ice fog condi-
tions, however, it appears that there are no economical solutions to
the ice fog problem.

:,..
6) Fluctuating discharge causing recurrent break-up and ice jam

formation

It was noted in (5) above that an open water reach of variable
length will exist downstream of hydroelectric power reservoirs as a
result of warm water discharge from them. Natural winter ice covers
in Alaska are normally stable due to stable or slowly decreasing river
discharges. However, the daily fluctuating demands of power production
require daily variations in the discharge from the power reservoir
causing daily variations in river stage. These stage variations cause
break-up of the downstream ice cover thus preventing a stable ice
cover from forming on the river. The process is equivalent, on a
smaller scale, to a daily occurrence of spring break-up and similarly
has the potential for ice jams and associated winter flooding due to
downstream accumulation of the broken ice cover.

The open water reach below a dam is also a “frazil ice factory”
producing a large frazil load under cold air temperatures. Even when
the ice cover is stabilized by proper design and operational procedures
the frazil may be carried under the ice cover and deposited in the
form of a hanging dam which has the same effect as an ice jam (i.e.,
it creates overflows, winter flooding and aufeis deposits).

Current engineering practice focuses on stabilizing the downstream
ice cover. Design solutions include stilling basins which stabilize
the flow coupled with operational procedures for accomplishing the
same result. Prediction of the length of open water reach is needed
to assess the length and location of the problem area. Quite possibly,
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7) increased ice production in bays and estuaries

Alaska has many hydroelectric sites and population centers located
along its coasts. Generally these sites are fed by high mountain
lakes or streams which discharge into bays or estuaries. This discharge
normally becomes very small during winter but with hydroelectric
development it would be maintained at a high level. If the site is in
an area where sea ice forms during winter (not necessarily a continuous
sea ice cover, but any sea ice such as slush, pans, floes, etc.) then
part or all of the increased fresh water discharge may become ice when
it mixes with the colder sea water (-1.8’C). The increased ice produc-
tion then becomes a hazard for local fishermen and for local port and
dock facilities.

This problem has only been recently identified. For example, the
U s . Army Corps of Engineers was concerned that the increased winter
discharge from the Bradley Lake hydroelectric project would create
problems for local fishermen in Kachemak Bay and for the port and dock
facilities at Homer. Unfortunately, no general engineering solutions
have been devised for this problem. In 1981 we devised a box model
solution appropriate for Kachemak Bay, based on mass and energy conser-
vation, which suggested that increased ice production would not be a
problem at this site (Gosink and Osterkamp, 1981). The model depends
critically upon local mixing conditions, and therefore could not be
directly applied to a different site. There is a real need for a
continuation or extension of this type of predictive model for the
general case.

Summarv and Conclusions

Seven problem areas associated with ice and its effects on hydro-
electric facilities have been discussed, along with the appropriate
engineering technology, or the direction of current applied research.
Avoidance is the primary tool used to minimize ice problems. This is
accomplished by such procedures as protective ice cover stimulation
via ice booms and groins, ice diversion canals, splash design and
hydraulic or numerical modeling of the system ice dynamics and hydro-
dynamics as a predictive design tool. Where avoidance is impossible,
the ice problems may be minimized by much more expensive solutions
including the heating of trash racks, bridge construction over open
water reaches, and the construction of ice passage gates.

There is a real need for greater predictive capability of ice jam
formation especially under transient discharge conditions. The daily
stage variations associated with peaking hydropower procedures imply
the existence of a potentially dangerous situation near the ice front.
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ORGANIC RANKINE CYCLES AND STIRLING ENGINES

Ray Scandura Lloyd R. Lawrence, Jr
North Slope Borough Mechanical Technology Inc. ,

Albany, N.Y.

ABSTRACT

Technologies for Arctic energy needs must be uniquely
rugged and reliable to be effective. The desired
characteristics include multi-fuel capability, quietness,
high efficiency, environmental acceptability, ease of
operation, and a long lifetime. Technologies now in first
applications may soon be brought to Alaska to serve these
needs. For central power generation, organic Rankine
cycle equipment may provide needed electricity with
additional heat available for schools, hospitals, stores,
and public buildings. This organic Rankine cycle equipment
may be envisioned to operate from the waste heat available
in present powerplants or energy provided from locally
available fuels such as coal. Hermetically sealed systems,
providing the added safety and reliability of a leak-proof
design, are now being built in sizes ranging from 300
kilowatts up to 5 megawatts.

For smaller energy needs such as a group of homes or a
fishing camp, Stirling engine equipment is expected to
provide quiet, multi-fuel electric generation and space
heating. Stirling engines are now operating in sizes
ranging from 3 kilowatts Up to 60 kilowatts on a wide
variety of fuels. A program beginning in the Alaskan
Division of Energy and Power Development is expected to
broaden Stirling engine fuel use to solid fuel. A feature
of both the Stirling engines and organic Rankine cycle
equipment is that the colder it gets, the more efficient
the equipment is.

In the future, Arctic villages can be envisioned to be
powered with whatever fuel is available in equipment that
will operate reliably for many years. Lubrication will
not be needed and maintenance will be minimal. The equip-
ment will be silent and environmentally benign, providing
Arctic residents with an improved standard of living.

INTRODUCTION

Many volumes have  been  wr i t ten  descr ib ing  the  in tense
e n e r g y  p r o b l e m s  encountered  in r u r a l  A l a s k a n  v i l l a g e s ,  y e t
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little has been done to correct the situation. E l e c t r i c
generation continues to be accomplished through the use of

. o i l - f u e l e d  d i e s e l  e n g i n e s  o p e r a t i n g  a t  efficiencies as  low
as 12% (Ref. 1)  in  the  smal le r  v i l l ages ,  to  as  h igh  as  32%
‘(Ref .  1 )  in Kotzebue. V i l l a g e  e l e c t r i c  a v a i l a b i l i t y  i s
charac te r i s t i ca l ly  in  the  range  of  50-75% (Ref .  2 ) ,  and
smaller maintenance items such as the replacement of diesel
crankshaft seals cost as much as $2,500.00. Electricity
costs range from .306/kWh to as high as $1.87/kWh (Ref.
3), with State subsidies holding actual consumer costs to
124/kWh. Even the 12~ figure is higher than nearly all
customers in the lower 48 are paying at this time.

The community of Barrow faces a unique problem. In the
1940’s, Barrow’s energy needs were served by coal from Ed\
Bunnell’s mine in Atqasuk. This included a small steam
plant which generated electricity. With the establishment
of NARL and federal involvement, gas wells were drilled in
the area of Barrow, and natural gas was supplied to the
community at exceptionally low rates. The latest gas well,
drilled by the government, is providing fuel for gas
turbines in the BUECI powerhouse and fuel for heating and
c o o k i n g  in Ba r row  homes . T h e  g o v e r n m e n t  s u b s i d i z e d  price
o f  t h i s  f u e l  f o r  t h e  g a s  t u r b i n e s  is $.33/mcf~ or
approximately 1/10 of the going rate in the lower 48.

Barrow will soon face a substantial energy shock.
Indications are that within the next 3-5 years, the
pressure in the present gas wells will drop below the
value required to operate the gas turbine generators (Ref.
4). At that time, new gas supply must be found to fuel
Barrow’s needs, and U.S. Government sources indicate that
this new gas will cost customers $6.00/mcf (Ref. 5). This
factor will also be directly reflected in electric costs
since the gas turbine generator fuel costs will also rise
to this amount, and the gas turbines are presently
responsible for 42% of the gas use.

Whether in small isolated villages or in communities the
size of Barrow? it is apparent that Alaskan rural energy
problems are increasing, not decreasing, and positive
action must be taken.

To date, although much discussion has taken place and many
studies have been accomplished? very limited
implementation of new technology has been accomplished?
with the exception of wind power. In some cases, new
technology implementation has been found unworkable, with
“skeletons left on the landscape”, leading to reticence
against different options. Before new equipment is tried
in Alaskan applications~ it should be carefully examined
for design parameters of:
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e x p e c t e d  l i f e t i m e

l i f e - c y c l e  c o s t

There is no question that with the growing severity of
Alaskan rural energy problems, promising technologies and
concepts must be tried. Two of the more promising types
of equipment are Stirling engines, for smaller power
generation, and ORC equipment in larger applications.

ORGANIC RANKINE CYCLES (ORC’S)

The term “organic Rankine Cycle” is a complex term
describing a relatively simple concept. The most familiar
Rankine cycle is the Steam Rankine Cycle using a Steam
Turbine. Steam turbines are present in every large
fossil-fired electric generation plant, and represent a
well-known technology in which water is boiled to create
steam, the steam is expanded through a turbine (which
turns a generator), and finally, the steam is condensed
back into water and hence the cycle starts over again. An
organic Rankine cycle simply substitutes some other fluid
for water in the turbine system, and the substitute fluid
is generally a hydro-carbon  fluid, or “organic”. Thus an
organic Rankine cycle has a turbo-generator which uses a
working fluid other than water.

Why an organic fluid? Why not just water?

In the Alaskan rural environment, steam systems present
two major problems; a) they require highly trained
operators; and b) if they ever are shut down for any
period of time, they can freeze up and become inoperable.
A careful choice of a substitute, organic fluid cycle,
turbo-generator can relive these problems.
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Organic Rankine cycle (ORC) systems are manufactured in a
number of sizes and designs by a variety of firms, both
American and foreign. They have not enjoyed wide
application and use in sizes above 3kW because of two
classic problems:

a. They generally use dynamic shaft seals (Fig. 1) which
are prone to leak, and;

b. They have had low efficiencies (below 10%).

T h e  l o w  e f f i c i e n c y  l e a d s  t o  a  n e c e s s i t y  f o r  l a r g e  sized
equipment for low power output (a 3kW system, manufactured
inthe Middle East,
high capital cost.

is 12’ by 4’ by 4’); with associated
Dynamic shaft seals have caused

reliability and maintenance problems.

Recent advances in design philosophy by Mechanical
Technology Incorporated (MTI) appear to have overcome
these two classic problems. By developing a high
efficiency, hermetically sealed unit (Fig. 2)~
MTI\Turbonetics  Energy equipment  can generate up to 4MW
with a turbo-generator of an acceptable size (6’ by 3’ by
3’ not including heat exchangers). The hermetically
sealed system is leakproof, reducing required maintenance
to a bare minimum The higher efficiency reduces the
equipment size, and therefore cost. Availability and
reliability are expected to be similar to other MTI
equipment experience (Table 1).

ORC’S and Waste Heat

An advantage of ORC equipment is its ability to operate
from lower temperature heat sources, such as the waste
heat on diesels and gas turbines. In the case of the
Barrow powerhouse, several ORC installation (Fig. 3)
options have been examined, and the MTI equipment  has been
s e l e c t e d  f o r  e v e n t u a l  i n s t a l l a t i o n . The ORC equipment has
a projected  lifetime  of 30 years and can be modified or
moved to match changing powerplant requirements or
physical location. The low average ambient temperature in
Barrow is an advantage in this installation, since a lower
condensing temperature increases ORC efficiency (Fig. 4).
Through the installation of the MTI unit, the system load
can be met using 20-30% less gas than with the gas
turbines, alone. This will delay the expected Barrow gas
crisis, and lessen its impact substantially when it
arrives.

ORC’S for Village Applications

In Arctic and sub-Arctic villages, the multi-fuel
capabilities of hermetically sealed ORC systems is
extremely attractive. In this application, the vaporizing
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TABLE 1

RELIABILITY OF MTI HIGH-SPEED CENTRIFUGAL COMPRESSORS

I Availability i MTBF~
Maximum

Flow
acfm

Maximum
{orsepower

bhp

Waximum
Speed
rpm

3perating
Time

hr

Perce
H]gh-Speed

Components
Model

No.

SC-6 1,500 700 52,000 950,000 99.97 29 I 34

Se-lo I 4,500 1,500 33,000 700,000 99.98 26 I 59
r
u
U-I SC-14 I 11,000 2,000 21,000 815,000 I 99.98 99.95 31.0 9.3

99.78 13.9 2.3

99.85 7.5 4.5

46 I 23
1

E17,000

13,000

—

I 2,000SC-20 I 20,000 I 122,000 I 99.98 27 I 40

I==SC-28 I 30,000 I 593,000 I 99.94 42 I 35

ITotal or IAverage — 34
I

38I 3,180,000
I

9!3.97 99.80 I 14.5
I

2.5J__2_
Repair HourslAvailability  = 1 — 0Wrat1n9 Hours

Pa. . .
ZMTBF (years) = ~

Operating Hours
WU3 o. of Failures x Hours Per Year
GJil
Z@ Hours To Re air ‘

3M~R (hourS)  = No of Failu~es

~]

OH
m$u Note: High-Speed components include rotor assembly, drive gears, bearings and seals



t+ ‘xl
. ,

Turbine -

\

-. .. —-

4

822942

ORC

w

kW

Turb. Gen.

+

mAir Cool Cond.

x

Figure 3 Conceptual Design: Barrow Power Plant Installation



.

.

x

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

I
+lOLF _

-lO°F & Belon

(
4 ~

500 600 700 800 900 1000 1100 1200 1300 1400

Net ORC System Output, kW

Figure 4 Predicted ORC Output (Net) for Various Ambient Temperatures

137
R. Scandura
L. Lawrence



.

heat exchanger (“hot-side” heat exchanger) is, in fact, a
multi-fuel furnace or boiler. The ORC unit requires heat,
but is oblivious to the heat source. Therefore, heat
supplied from any burning fuel is sufficient. On the
North Slope, coal resources in villages such as Atqasuk
and Wainwright could be used either directly, or in a coal
gasification process to provide fuel for ORC electric
generation. Along the Yukon, in the villages of the
interior region, wood is now routinely used for cooking
and heating; and interest has been shown in utilizing this
resource for electric generation, as well. In Northwest
Alaska, interest has been shown in utilizing local coal
resources. Coal-fired electric generation is not a new
concept in Alaska. Before oil and gas was available in
Arctic and sub-Arctic regions, the Atqasuk mine provided
coal fuel to an electric generator in Barrow, as mentioned
earlier.

The equipment for a multi-fuel ORC system is shown in
Figure 5. The use of an hermetically sealed system
eliminates the normal high maintenance items found on
diesel generator sets and conventional ORC’S (Fig. 1-2),
thereby adding to the economic viability of the system.
Systems designed for high efficiency operation can match,
or exceed the 12-18% generation efficiencies now prevalent
in the villages (Ref. 1), thereby maintaining, or lowering
fuel costs. With no lube oil system, no couplings, no
seals, no gearbox, and associated minimized maintenance,
these systems should provide lower village electric
operating costs even when operating on oil.

There are key questions which need to be answered before
w i d e s p r e a d  i m p l e m e n t a t i o n  o f  v i l l a g e  c e n t r a l  g e n e r a t i o n
using multi-fuel ORC packages is possible. A major
question concerns the socio-economics of fuel logistics.
I s  it p o s s i b l e  f o r  a  given v i l l a g e  t o  e s t a b l i s h  a
s t r u c t u r e  f o r  f u e l  g a t h e r i n g ,  d e l i v e r y ,  a n d  u s e ? l - f  s o ,
d o l l a r s  p r e s e n t l y  p a y i n g  f o r  i m p o r t e d  o i l  w i l l  g o ,
instead, into village economies. If this is not done, oil
will still be the primary fuel source, with local energy
providing a backup for crises or emergencies.

A l a s k a n  v i l l a g e  p o w e r  g e n e r a t i o n  s y s t e m  criteria,  t h e n ,
s h o u l d  i n c l u d e  t h e  f o l l o w i n g :

Electrical system output properly sized;

H i g h - r e l i a b i l i t y  p l a n t  o p e r a t i o n  a t  r e m o t e  A l a s k a n
v i l l a g e  s i t e s ;

O u t p u t  e l e c t r i c  p o w e r  at Stable f r e q u e n c y  and v o l t a g e
with p o w e r  f a c t o r s  c o n s i s t e n t  w i t h  c o m m e r c i a l  m o t o r
r e q u i r e m e n t s ;
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Solid-fuel-fired capability using indigenous coal,
peat, biomass, or waste and equipped with
fuel-forwarding equipment;

Low-maintenance design stressing simplicity of
operation and service by local labor;

Design for extremely cold climates (-60 degrees F);

Modular package, preferably skid-mounted with segments
dimensioned for air transport or minimum volume
shipment by land or sea;

Maximum energy conversion and heat recovery
utilization, tailored to village utility requirements
in terms of heated domestic water, space heating and
sewage treatment operations;

Sufficient redundancy of support subsystems to ensure
maximum reliability;

Sound pressure levels (dba) compatible with community
concerns and preferences.

Obviously, no installation or demonstration of such
equipment should take place unless the proper economic
potential is present. The following requirements are
suggested:

Operating and maintenance costs should be competitive
with generation of electricity using existing diesel
generator sets;

Annual amortized cost of electricity and life-cycle
cost for the power plant option should show
improvement over the present diesel-generator sets;

First-generation alternative systems should be
operational in the near term;

Package design options should be reviewed on a
comparative basis in terms of initial cost and payback
with respect to diesels (based on gross savings) with
various regional economic scenarios (population, load,
business);

The power plant should have a useful life of 20 years
without major equipment replacement;

Equipment should satisfy electric utlity requirements
in terms of acceptability for financing though bond
issues (REA, state, oil revenue, etc.) , as well as
present power equipment insurability provisions.
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Although there are many unknowns in addressing village
electrification with ORC systems, the known alternative is
unacceptable; i.e., continued, subsidized, low
reliability, oil dependent, noisy, smoky, high maintenance~
high cost, electric generation.

STIRLING ENGINES

For applications where l-100kW are needed, a new, high
efficiency, multi-fuel option is evolving. This option is
the Stirling engine. The concept of an engine running on
the Stirling cycle is not new, and Stirling engines have
been designed in many shapes, sizes, and designs. A
Stirling engine is an engine which works on the principle
of coupling a sealed volume of gas to a piston. The
enclosed gas is alternately heated and cooled. As it is
heated, the gas develops a pressure and expands, pushing
on the piston. When the gas is cooled, it contracts~
thereby pulling on the piston. Therefore, the heating and
cooling of the sealed gas imparts an oscillatory motion on
the piston, thereby running the engine.

The original engine, invented in 1816 by Robert Stirling,
was used primarily for driving water pumps in mines.
Engines similar to this were used fairly extensively in
the 1800’s until the turn of the century brought cheap oil
fuels and spark ignition engines. Efficiency fuel
flexibility, and environmental advantages took a back seat.

With the renewed interest in these attributes in the
1970’s, the Stirling concepts again became attractive.
major contracts were let to develop Stirling engines for
automotive use, gas heat pumps, and generator sets (Figure
6). A contract involving Mechanical Technology
Incorporated (MTI) and American Motors has resulted in
automotive Stirling engines now being driven at 37.5%
efficiency, meeting 1985 emissions standards, with an
associated sound level like a modern sewing machine.
These engines run interchangeably on various liquid fuels
with no noticeable change in performance.

In smaller sizes (1-3kW), the military has taken a strong
interest in free-piston, hermetically sealed Stirling
engine generator sets for military field power.
I?re-production  units are to be delivered within two
years. Concurrent with this effort, the Division of
Energy and Power Development will cost-share a program to
develop solid-fueled units for the Alaskan marketplace.
These units are expected to be able to produce l-3kW from
a wide variety of fuels. Later versions of these
generators will be produced in sizes up to 25kW.

1
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Stirling applications will be made in the smaller
villages. For villages of 75-200 people, Stirling engine
generator sets based on the automotive engine design are
expected to be used. For smaller villages, lodges, fish
camps, and outposts, the free-piston Stirling engine
generator sets, from l-25kW, will be employed. In all
casesr. these new engines are expected to provide reliable,
rugged, quiet service from a variety of fuels. The
hermetically sealed design is expected to provide a
lifetime on the order of 50,000 hours.

CONCLUSION

Energy problems faced by rural Alaska and the North Slope
are the most difficult in the State. Fuel supplies are
either expensive to transport, or are diminishing in
quantity, with no relief in sight. There are, however,
some promising options which need to be considered in this
environment. Thanks to the innovation and leadership of
the North Slope Borough, both ORCCS and Stirling engines
are being studied in detail, and are expected to be
implemented in the Alaskan environment in the near
future. With implementation of this equipment~  the Barrow
gas fields will be conserved, and reliable, cost-conscious
e l e c t r i c  s e r v i c e  m a i n t a i n e d . Vi l lages  a re  expec ted  to
have  lower  cos t ,  fue l - f lex ib le ,  envi ronmenta l ly  ben ign
e lec t r ic  se rv ice ,  and  i so la ted  lodges  and  fish camps  will
be  e lec t r i f ied  wi th  main tenance- f ree  Stirling g e n e r a t o r s .

It will take time for the full implementaton of ORC and
Stirling technologies in the Alaskan environment. It must
be done together between Alaskan interests, and a highly
involved equipment manufacturer. Success is a must, for a
viable rural energy future.

1.

2.

3.

4.

5.

Booz-Allen & Hamilton, Inc. - State of Alaska L0n9
Term Energy Plan; Division of Energy and Power
Development, 1982 Executive Summary.

North Slope Borough personnel; private communication.

Division of Energy and Power Development personnel;
private communication.

Van Gulik & Associates - Report to the North Slope
Borough, April 1982.

U.S. Senate Interior Subcommittee Staff; private
communication.
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Lee Leonard, State of Alaskar Department of Transportation
-

- Discussion Moderator

Lee Leonard: We have covered a lot of ground in the
presentations today. What I would like to do is start
this conversation by just making a couple of points.

One is that there are some people who still feel that
there is no energy crisis, and that all we have to do is
discover more oil, and that it is easy enough to do. I
talked to Mr. Reagan about that just the other day, and we
tried to agree on a few limitations. One limitation that
we agreed on is that we assumed that there could be no
more oil in the world than the volume of the upper 10
miles of the earth’s crust. We started with that premise,
and we took that as an absolute maximum volume that we
could expect and we found that it gives us an upper limit
of 5.8 x 1026 barrels of oil left. If we use that
amount at our current rate of consumption, increasing at
the rate that our consumption does every year, and has
been since the oil was first discovered; basically a
little over a century ago, (we have been increasing every
year at an average rate of 7% a year) and if we continue
to increase, our consumption of petroleum at that rate we
only have, with the top 10 miles of the earth’s crust
flooded with oil, 293 years left. So that is our upper
limit, that is as far as we can go with oil.

And then to go from the ridiculous to the mundane, I
happened to be reading a publication which comes out in
Fairbanks; I think quarterly. It is a publication of the
Fairbanks-North Star Borough. It is called the Energy
Report, and I would encourage any of you who have not seen
it to do so. The Fairbanks-North Star Borough tells us
that in Fairbanks in 1973, remember 1973 - that is when
the energy crisis began (supposedly) , the average cost of
electricity in this town was about $45.37 for 1000 Kwh.
Today, 10 years down the road from the energy crisis, the
average cost of electricity in Fairbanks is, in 1973
dollars, $44.30. So we’ve saved a buck since 1973, and it
also brings us up to a dilema since we only have,
obviously, 293 years left. So we do not have any more
than that, and electricity is cheaper than it was at the
beginning of the energy crisis.
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to the members of the panel, I propose the first
‘$ question - “In recent years we have seen the extremes of.:
%, near panic during gasoline shortages, school closures

. during natural gas shortages; and then oil gluts, fallen. .
fuel prices, and in Alaska, shrinking petroleum revenues.
From your individual perspectives, is the energy crisis
real? And is it more or less critical in the Arctic than
elsewhere?”1

I
~ Jim Strandberq: I would say from my involvement in

evaluation of life cycle costs of institutional buildings
over the lifetime; that energy considerations are major.
As a matter of fact, our studies indicate that one of the
most sensitive variables in life cycle cost analyses of,! building systems does happen to be fuel escalation rates.

I And that goes for both the heating fuel as well as
! electricity. I would say that on a dollar for dollart

basis, we that live in the northern reaches of the stateI
are to be drastically affected by any unusual rises in
price of fuel oil, and that our utility bills will tend to
go up considerably more than people in certain other parts
of the United States. I would say that we are kind of
special up here because we generally do not have a lot of
cooling. In the southern parts of the nation I think they
would be faced with similar problems, because cooling is
quite expensive.

William Ryan: As far as whether there’s an energy crisis
or not; I don’t think there is an energy crisis? but there
may be an oil crisis. I think if you  look  a t  what  has
happened over the past 293 years and in the development of
energy sources, I think we will find a multitude of other
energy sources that are going to replace the oil that we
are going to run out of. So I would say that there may be
an oil crisis, but that there is not an energy crisis.

Chris Noah: I would agree with Bill. In thinking about
this question I thought, there really is not an energy
crisis, there is more of a crisis of oil and gas;
especially in Alaska. Most of the state has to re-i.mport
the  oil tha t  we  sh ip  ou t . So I  tend to call  it a n  e n e r g y
s i t u a t i o n ,  r a t h e r  t h a n  a  crisis. H o w e v e rr I do think it
is more critical in the Arctic in human terms because the
remedies are so diverse and complex, and the consequences
are more severe in the Arctic.

David Eyre: I think there is no energy crisis and I do
not think there ever was one, but I think there may be
one. So let me explain this - tough first point - about
crises in the past. Occasionally I execute a particularly
imaginative piece of driving which leaves other drivers
climbing up their house siding, or something like that;
and my main attitude is this - is if they’ve got a chance
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to s o u n d  their horn and make a lot of noise, I have not
c r e a t e d  a n y  c r i s i s . And if they are too busy thinking

* about what else to do then there is a crisis. So all the
noise that happened in 1973 is not, to me, indicative of a
crisis. It is indicative of a panic maybe, but not a real
shor tage.

T h e  p r o b l e m , a n d  I  think  t h e  crisis t h a t  w e  h a v e  t o  f a c e
a t  t h e  m o m e n t ,  is t h e  c r i s i s  o f  s m u g n e s s . W e  t a l k  a b o u t
w o r l d  l o t s  a n d  s o  o n ,  a n d  i t  i s  v e r y  e a s y  f o r  e v e n  p e o p l e
in m y  position  t o  l o s e  f a i t h  in w h a t  w e  a r e  trying t o
p r o m o t e . C e r t a i n l y ,  I  s e n s e  t h e  f e e l i n g  o f  t h e  p e o p l e  in
C a n a d a  t h a t  t h e y  f e e l  t h a t  w e  a r e  trying t o  s e l l  a  bill  o f
g o o d s  h e r e ,  a n d  t h e r e  i s  r e a l l y  n o  e n e r g y  s i t u a t i o n ,  n o t
e v e n  o n  t h e  h o r i z o n . A n d  I  t e n d  t o  g o  a l o n g  with t h e m
until I  p u l l  u p  s h o r t  a g a i n s t  t h e  s o r t  o f  things t h a t  L e e
L e o n a r d  h a s  given  u s ; t h e  r e s o u r c e s  a r e  finite a n d  w e  a r e
h e a d e d  v e r y  r a p i d l y  t o w a r d  c o m p l e t e  u s a g e  o f  t h e m .  S o
this is t h e  o n l y  r e a l  s o r t  o f  c o r n e r s t o n e  u p o n  which I  c a n
d u m p  a l l  m y  a c t i v i t i e s .

N o w  a s  t o  h o w  w e  g o  a b o u t  a d d r e s s i n g  t h e  f u t u r e ,  it
d e p e n d s  o n  t o o  m a n y  f a c t o r s .  W h e n  o n e  s t a r t s  t o  m a k e
p r e d i c t i o n s  a b o u t  t h e  f u t u r e ,  o n e  i s  u s u a l l y  l e f t  l o o k i n g
pretty silly in a couple of years time, and it is all
going to depend on phases it seems; like fusion, solar
cells, energy conservation, renewable power. These things
come together to shake the energy future. I do not think
there is an inherent crisis in the future. But let me
tell you this - after 26 years in government research, I
have complete faith in the ability of bureaucrats to
orchestrate such a crisis; out of nothing at all.

Richard Bushey: The proper perspective that I would like
to speak of is basically out of three points; and these
are fundamentally this; and I want to speak from the
perspective of Canada and from the Canadian Arctic, where
I  h a v e  lived f o r  t h e  l a s t  1 0  y e a r s . T h e r e  a r e  b a s i c a l l y
t h r e e  f u n d a m e n t a l  c h a n g e s . T h e  first o n e  is t h a t  i f  y o u
l o o k  a t  s t a t i s t i c s  t h e y  s h o w  t h a t  f o r  C a n a d i a n s ,  r e a l
w a g e s  h a v e  d r o p p e d  in the last 5 years; and their economy
is still basically one of resource development. What it
really means is that the standard of living is not going
up, it is either remaining even (depending if they can get
as many people as possible in their families to work); or
it is going down. SO that has created real fundamental
changes (that David pointed out) in the way people think,
and yet that type of thinking, which relates to energy,
the way you live, your expectation for housing, whatever;
has really not affected the bureaucrats or the people who
make the decisions in government, and those of us who are
fortunate to travel or live or work in other countries,
are going to get to see the same problem.
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Once we were in a discussion with a group in the Soviet
Union, and they were saying that  those guys who are
r u n n i n g  t h e  c o u n t r y  a r e  s t i l l  fighting the war in t h e
trenches in W W2 . I mean, they have the same problems as
America of making change ,  fundamenta l  change ,  in the
thinking o f  s o c i e t y ; in terms of the politicians and  the
leaders who seem to be caught in one direction whereas the
people seem to want fundamental change in another.

In the Northwest Territories we have fundamental  problems
in the  fac t  tha t ,  fo r  example ;  in  hous ing ,  our  energy
costs have gone up something like 40% of our foregoing
costs to about 60% or more in a period of 3 years, and we
have a national policy, which means that our prices will
have to become world prices in terms of oil and other
energy. Subsequently, in the near future, we know that
our energy costs are going to dramatically increase, and
continue to increase to the point where it is not going to
go back to 60%. It is going to remain that level or go
higher. So the energy crisis, especially in remote areas;
the Northwest Territories, Arctic Circle, the Baffin
Basin, etc.; is that everyone has to live with the wage
factor and that people are not going to get more money to
buy their way out of their problems. In fact the value of
the money is becoming even less, so I would say, for our
area, it is a real problem.

Tom Albert: The situation in the North Slope Borough is a
little bit different in that as far as the energy problem
is concerned, I do not think it is proper to term it a
crisis. That is my opinion. But it should certainly be
termed a problem. Whereas most of the United States deals
with the energy problem, that is, the price they pay for
fuel is higher, the car fuel, heating the house, whatever;
that is the thing that most of us see. The North Slope
Borough sees two aspects. The same aspect that everyone
else sees, that is, the price of heating oil goes up, the
price of fuel for vehicles, diesel fuel, goes up; they see
that too. But they also see the way that the nation is
responding to this energy problem. That is, a tremendous
increase in resource development in their backyard. Most
of the rest of the United States is spared this problem.
So the energy problem in the Borough has at least these
two components.

The one problem that we all face is the direct price of
fuel and then how the nation itself is responding. They
are not drilling for oil, or not very likely to do it in
Fairbanks or in Laurel, Maryland (where I come from). But
in the North Slope Borough, they are getting ready to
significantly alter the place.
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In the “down to a more practical level” for the average
person up there, the price as people move into, let us
say, more modern, westernized housing means that the need
for more and more fuel to heat these places comes
on-line. So the number of people, particularly in the
remote villages as they move into the more modern houses,
have absolutely staggering heat bills that they have to
pay, because the fuel  oil has to be flown into them. I
think t h e n , t h a t  t h i s  i s  o b v i o u s . There  is a problem.

Lee Leonard: Maybe I can just recap for the speakers.
There has been a slight change in the last 10 years. We
are now referring to a energy situation or an energy
problem. Perhaps our fear of what we might do in the
future has lessened since 1973. The energy crisis has
created a fundamental change in the way we look at the use
of our technology. In the Arctic we are continuing to
build more facilities, more buildings, more projects, more
things that consume energy; and so, even though we all
agree now to make these more energy efficient because of
the results of the last ten years, we seem to be willing
to at least continue to build more and more.

Well, on that basis and based on your answers to question
1, we come to question 2, and tha~ is: “What do you
think, therefore, are the most critical factors concerning
energy consumption when we are planning a building to be
constructed In the Arctic?” Now, I guess what we’re
saying is that we are at an uncertainty level. We have
been confronted with the problems of an energy crisis, and
certain scenarios which that energy crisis might lead to.
We are not sure anymore that we have an energy crisis;
but, we now have to proceed. We now have to continue into
the future, and I do not think we are entirely certain
about the way we continue. SO, from these different
perspectives I would like to see if we can find a thread
of agreement in how we might perceive; “what then are the
critical factors concerning energy consumption in the
Arctic when we are planning new structures in 1982?”

Jim S t r a n d b e r g : F r o m  m y  p e r s p e c t i v e  w h i c h  is from a
p r o f e s s i o n a l  e n g i n e e r i n g  level;  I  v i e w  m a n y ,  m a n y
b u i l d i n g s  f r o m  a  s t a n d p o i n t  o f  h o w  w e  c a n  i m p r o v e  t h e i r
ener9Y oPeration;  a n d  h a v e  d e a l t  w i t h  s o m e  n e w  building
c o n s t r u c t i o n  p r o j e c t s  w h e r e  w e  w e r e  a t t e m p t i n g  t o  e v a l u a t e
what was the best Way to build that building. Given the
future uncertainties of fuel oil prices, or, shall we say,
energy crisis, I think  we have a cohesive course of action
that we must take as a group of people (I guess I can
speak as the people of the state of Alaska) . We must, I
think, direct capital expenditures of public funds to the
idea of improving the efficiency of our building all the

,’

!
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way from residences up to institutional buildings. I
think we consume a lot of energy and we pay for a lot of
energy . I think that the state is very lucky now. We have

. available funds, public funds, which could conceivably be
routed into a number of different programs which would

- reduce the impact of any future massive hikes in fuel
pricesl I think that the program should not only include
what we are going to do with new buildings, but it also
needs to include how are we going to fix these existing
dogs that we already have.

As far as new construction, I think we need an integrated
approach to thermal standards. These standards could be
advisory or they could be requirements for new buildings.
I am not even going to address that right now. But we do
need to tell people what is the best way for us to put our
new buildings together, and make them be guidelines. I
think people within the state can work very well with
guidelines,  and people generally want to do what the
r e s p o n s i b l e  thing is.

Bill Ryan: I think the primary thing we want to do in
designing new buildings is keep them as energy efficient
as we possibly can. I think we should probably try to
keep buildings as adaptable to different sources as we
can. If oil proves to be too expensive and we have to go
to coal, for instance, or something else in a remote
community; is it going to be a major renovation to change
that building over to another source. It is something to
keep in mind in designing buildings.

I think we should probably be looking at operations and
maintenance costs a little more than designing things on
the basis of life cycle cost. I think that O&M costs are
really the big unknown because we don’t know what the cost
of energy is going to be in the future. Life cycle costs
are sometimes weighted a little too heavy by initial
construction costs, and I do not think that should be that
heavy a consideration as compared to operating and
maintenance costs.

Chris Noah: Well, not being an engineer but being one of
the bureaucrats that David was talking about, I cannot
give you a specific watchword. What I would like to
mention is that what I think the most important thing to
do  i s  to  remain  f lex ib le . I think tha t  was  the  th read
tha t  came out  in a lot  of  the talks throughout the day.
Rich Sei.fert ta lked  about  the  ability to  be  f lex ib le  and
c h a n g e  with the needs and the times. You may remember his
slides showing  us  the  50’s ,  60’s ,  and 7 0 ’ s . Bill t a l k e d
about  remain ing  f lex ib le  in  the  bu i ld ings  and  co l lec t ing
of  was te  hea t . Winston talked about maintaining the
f l e x i b i l i t y  o f  design in u t i l i t y  d i s t r i b u t i o n  s y s t e m s .
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Hans mentioned flexibility; and David did as well, to meet
the different situations as they occur. So that is the
main point I would like to make, that people realize that
each  s i tua t ion  i s  d i f fe ren t ;  and  not  pu t  the  same
standards to use just because that is-a government
standard.

David E y r e : I  w a n t  t o  t a k e  a  d i f f e r e n t  t r a c k . I  think
a l o n g  t e c h n i c a l  a n d  g e n e r a l  policy  m a t t e r s  t h e r e  is a
c e r t a i n  a m o u n t  o f  concensus. T h e  thing  t h a t  w e  h a v e
l e a r n e d  r e c e n t l y  f r o m  t h e  energy s h o r t a g e  in S a s k a t o o n ,  is
t h a t  y o u  c a n  m a k e  a n “ e n e r g y  a w a r e  b u i l d e r ” . He will
build an “energy efficient” house and we can put an
“energy aware” family in that house; and they will consume
more energy then they’ve any right to do; because they’re
not as energy aware as they should be. Studies have been
d o n e  in Canada and the u.S.A. on  people’s  a t t i tudes  to
energy  conserva t ion . To my regret, Canada emerges as a
very poor second against the U.S.A. Whereas the U.S.A.
people admit to an energy problem, and are prepared to
suffer a certain amount of impairment of lifestyle to
correct the problem, in Canada there’s no such
willingness. A Canadian, according to surveys I’ve seen,
will do whatever is in his power to conserve energy as
long as it does not hurt at all. This I think is leading
me to the point I want to make - the occupant of the house
is perhaps one of the most important factors in the energy
performance of that house. If you are aware, and live in
a taiily rattley old house; you will probably run the
nouse more efficiently than a second time buyer of an
energy efficient house who does not really care.

Now, to me then - you talk about planning a new building
to be constructed in the Arctic; I think occupants’
awareness, occupants’ education are important factors. As
far as aslcing the people in the Arctic whether they are
prepared to tolerate some impairment of their lifecycle or
lifestyle; having seen some of the photographs that were
on today, I certainly would not wish to do that. It seems
to me they’re living a borderline lifestyle anyway, in
some cases; and rather we should look on energy
conservation as a way of raising their lifestyle, rather
than jeopardizing it.

Lastly; I would like to quote Shakespeare, or paraphrase
him. The first thing we do, we kill all the architects.
My experience is that energy construction, if one lists
the energy wastage factors in a building in the order of
sequence; probably the biggest is the architect. Then you
go to the plumber,  and then you go to the structure.  I
f ind  tha t  a rch i tec t s  still do  not  seem to  have  learned  ye t
t h a t  s m a l l  i s  b e a u t i f u l . Energy  conserva t ion  is s imple .
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Richard Bushey: We absolutely have no consensus whatsoever
on this question. For example, in the Northwest
Territories there are approximately SO or more organized

. communities. Most have little or no economic base; and
as we pointed out before, everyone wants a new school, or

-  a  sa te l l i t e  and  te lephone  serv ice  and  co lor  TV. That
means ‘more power generation, more sewage disposal? etc.1
etc. Well, there is just not enough capital money to go
around? to expand and support the remote communities. So
should we do like the Greenlanders did; and just lay out a
plan, and just say, “Well we are going to take 4 or 5 or 6
or 7 major communities where there are possibilities for
education, health care~ housing, jobs; and say we are
going to put our resources into these communities, and we
are going to use new technology, and we are going to go
into multiple family units, and we are going to have all
these progressive ideas centered in major centers; because
that is the only way we can do it”; and go on from there
and build communities from that point.

Obviously, if one were rational and logical, that sounds
like a good idea. But I would say that there is no
consensus for that because even the Greenlanders feel that
they have created concrete highrise ghettos in a few of
the communities where they tried this. Secondlyr there
are other issues at stake. In the Northwest Territories
where we still have the problem of the land claim issue
between the Dene units and other groups in which again;
amongst themselves there is no consensus on where to go on
that issue. We have for example, a plan for two or three
major mega-projects that were delayed, postponed; and
probably now cancelled forever. The resources from these
mega-projects were going to be the spigot that would turn
on the valve for the big game plan. Well obviously, there
is not going to be any big game plan. So what are we left
with.

I said we do not have any answers. These little
experiments that we do with an energy efficient house~ or
something like that, are merely little attempts to look at
models. But right now our real problem in the
territories, is we do not have a plan and it appears on
the horizon that no one has a plan; and no one has
leadership and direction to give us to help create one.
So in that sense it is a very frustrating situation to be
in, but one in which obviously there is going to have to
b e  a  d e c i s i o n  m a d e  in t h e  n e a r  f u t u r e .

T o m  A l b e r t : I  h a v e  s e v e r a l  items that  I  jotted  d o w n  t h a t
I  think a r e  a p p r o p r i a t e  t o  b r i n g  u p  a t  this time. O n e  o f
the more obvious ones I think to everyone is that the
North Slope Borough will be, or is now, and will be in the
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foreseeable  fu ture  a  major  cons t ruc tor  o f  Arc t ic
s t r u c t u r e s . That is, houses, warehouses, community

. centers, you name it. Since a lot of this construction is
going to take place in the next S to 10 years; what exists
in the way of new technology will be used; and many facets
of-new technology, I’m sure, will appear. As many people
have pointed out today in the proceedings of this meeting;
that as we try new techniques the opportunity for the
construction of “lemons” of one kind and another pops up.
SO that probably 10 or 15 years from now we will see that
the Borough like other major constructors will have made a
mistake or two. But in a time of trying to get something
very rapidly; (5 to 10 years), using a multitude of new
technologies, perhaps with these few errors, hopefully the
number of right decisions will far exceed those that were
not so good.

This is one of the reasons that the Borough was so
interested in sponsoring a symposium like this. Because
the findings of this symposium will be used by the 8 or 10
Borough people that are in here from the utility
department, the planning department, and so on. As we
will be an immediate user of the information presented
here, I must thank Dr. Kelley, Charlie Hoar and all the
rest of you folks for providing us with some information
that we will probably use as quickly as anyone will.

But now a few specific comments. In talking to Dick
Hedderman of the North Slope School District a little
while ago; he suggested something that I had not really
thought of; and a few other people have alluded to it and
even mentioned it. That is, that as the new techniques
come on line, there has to be some revision in building
codes, somewhere along the line, to facilitate use of
them. Public structures can be properly insured and
adequately fire protected. That is also going to be a
problem.

Another problem that many people have already mentioned is
the need for low-cost operation and maintenance. The
simplest, most effective design is obviously what is
needed  in many of these very remote areas where the
m a i n t e n a n c e  a b i l i t y  in some of the remote vil lages is not
n e a r l y  w h a t  it is in Bar row;  and  what  it is i.n B a r r o w  is
not n e a r l y  w h a t  it is in F a i r b a n k s . S o ,  it is a  draw a t
some sort of a happy medium somewhere between super-
insulated or super-sophisticated heat exchangers and the
ability to maintain this structure.

Another thing that at least one person alluded to today is
the health factors to be considered here. Especially in
very remote areas where, if buildings are super-insulated,
adequacy of ventilation must be maintained; that is, the
bringing in of oxygen and the getting rid of products of

152 D i s c u s s i o n



combust ion, (both of the human and the machine). Unless
the technology that is in place in the structure is very
reliable; it has got to do what other fairly sophisticated
things do; and that is break down with amazing regularity.
In these very remote villages, the ability to get it
maintained correctly and promptly is small. We then have
an immediate health risk to the people in the structure;
that is, from freezing or from severe chilling. Another
point that is not quite so obvious is the health effects
of breathing stale air where the level of pathogens in the
air can rise. One infected person, let us say, in a
household can seed the air with enough microbes to infect
more readily the other people in the household, as well as
visitors. So this is another little thing we have to keep
in mind.

One of the other little things we have to keep in mind in
a place like the Borough, is to try to obtain new and
Innovative technologies as quickly as we can; if they seem
to have some direct application. I was particularly
struck by the presentation on the ground source heat pump
by Dr. Stenbaek-Nielson Since it is already working in
areas of Sweden, maybe it might work around here and might
be something that could be utilized for individual housing
in very remote areas in the Arctic in the near future, I
do not know! But  it certa in ly is someth ing  we need  to
l o o k  a t .

Lee Leonard: If  I  could summarize perhaps what I  think I
h e a r d  i n  t h e  a n s w e r s  t o  t h i s  q u e s t i o n ,  it is something
like t h i s . Again we are 10 years down the road from the
beginning of our energy awareness. At the beginning, we
were all 10 years younger, and maybe ready to embrace
ideas and concepts which now~ in the light of scrutinY
over the past 10 years, have shown that we need to be more
careful of what we do.

We need to weigh our economic analysis toward maintenance
and operations. We do not know what fuel costs are going
to do. We do know what money we have now. We cannot
afford not to put a little more in the front end as an
insurance policy against what might happen in the costs of
our energy later on. This is the same thing as I think
some of the other members of the panel talked about when
they were talking about flexibility. We are uncertain at
this point as to the way we need to proceed exactly, but
we are at last; perhaps 10 years down the road from the
beginning of our energy awareness and all in agreement
that we do have to proceed seriously in energy
conservation.
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That brings us to our last question, and this is where
everybody can pull out all the stops that they like, or
they can play it close to the vest.. Considering the
discussion so far, let us try to project ourselves forward
in time for the 30 or 40 years which will be required to
use up the useful lifetimes of buildings that we are
constructing today. Now here is where we want to draw on
the experience of people who have been in this business
now for the last 10 years or so and many more.

So the question now is purely speculative. “What do you
think will be our energy requirements and concerns when we
are plannlng, not the build lngs we are PIannlng today; but
the next generation of buildlngs that are 20 and 40 years
away from the beglnnlng of constructlonn, and this of
course in terms of cold regions of the Arctic.

Jim Strandberq: I guess I will track myself to one point,
and trust that the other gentlemen will have other
opinions and other issues. Speaking as an engineer, we
have a real social problem in our rural areas where we are
attempting to install and fabricate new energy efficient,
high-tech structures in our bush areas; and we lack the
available technically trained manpower to keep this
equipment, these houses, these buildings, in proper
operating order. So in a way, we are beating our head
against a wall. Certainly a lot of you know all about
some of the horror stories you have heard about some of
the small schools being constructed in villages and some
of the horrid housing that has gone into some of the
villages that you could spill water on the floor and
freeze wire and things like this. I think that this is a
real social problem that we have; that even if we put good
stuff in our rural areas that is going to be very energy
efficient, it’s not operated correctly. If our
bureaucratic brothers continue with their foresight, I
think  that we’re going to need to put more emphasis on
making the operation and maintenance capabilities of the
rural areas match more closely the energy systems that we
install in those areas. Within the next 25 to 30 years, I
really see that as changing. I think we are going to
gradually form a cadre of trained operations and
maintenance people that circulate around the state.
Certainly we know that the rural areas are kind of
transient right now. There are a lot of workmen moving
around. We are going to get our people trained. so 30
years from now when we are looking at putting in a new
building, we are going to be looking at putting in a
h i g h e r - t e c h  b u i l d i n g ,  a n d  w e ’ r e  going  to  be  a  little bit
more sure then we are right now; and maybe our forehead
isn’t going to be so bloody. That building will be
operated correctly. I will not even address the other
aspects of how much space people are going to need. I
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think that  is  the kind o f  q u e s t i o n  f o r  t h e  a r c h i t e c t u r a l l y
t r a i n e d  p e o p l e . I  want  to  jus t  re lega te  my answer to this
o n e  q u e s t i o n ;  I  think it is a highly s e r i o u s  q u e s t i o n  t h a t
n e e d s  t o  b e  a d d r e s s e d ;  a n d  1 do not think it is being
addressed properly by our legislature.

Bill Ryan: I think that Jim mentioned one point that I
think is very important, and it is an education process;
no matter how you look at it. I am not so much thinking
of education along the lines of technical education on how
to take care of the facilities because I think that can be
done. I do not think that is a major problem. I think
the education that is needed, and it is not only in the
bush , it is everywhere; is just on the need to conserve
energy. I had an experience about 4 years ago where I
tried to work with the building department in the City of
Anchorage to require 2 x 6 walls in apartment buildings.
We felt it was just like beating our head against a stone
wall. The city wanted to go this route. But we had the
homebuilder’s association ready to ride us out of town on
a rail. We finally got the problem down to the bankers
and the “home loan” people. They were not willing to loan
any more money on a 2 x 6 wall house than they were on a
2 x 4 wall. So that meant that the contractor could not
charge any more for the house, and he had to absorb the
extra cost. It is a vicious circle. I  think it is a n
e d u c a t i o n  process  and  i t  has  go t  to  s ta r t  right at  the
bottom. I think that if you  ge t  enough homeowners  tha t
are trying to buy 2 x 6 wall houses, then the bankers will
have to change their idea on loaning money out to
prospective buyers.

I was at a workshop in Copenhagen that was sponsored by
W o r l d  H e a l t h  O r g a n i z a t i o n  l a s t  y e a r ;  and the Russians Were
t h e r e . Their problem was the same. They  a re  no t  jus t
worried about putt ing small  water systems or anything into
v i l l a g e s  in their Arctic a r e a s . They are worried about
building cities of 20 to 30,000 people. Building t h e s e
bui ld ings  as  tight as they possibly can to reduce energy
l o s s e s . They too were having a lot more problems with
respiratory diseases and things like that.

The other thing you want to remember also, is some of
these building products that we have been using for years;
a s b e s t o s ,  f o r m a l d e h y d e  in the insulation have never been a
problem, because we have a lot  of  air  exchange. It was
all going out through the walls of the house and we were
not absorbing that much of it, or taking that much in.
You start  t ightening these buildings up and just the
emission products given out by building products are going
to be a factor to consider. You solve one problem, but
you’re creating others and then you have got a lot of
headaches. In the long run I think it is an education
process for all of us.
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Chris Noah: I would like to amplify what Jim Strandberg
has said, that the question of “what do we do in 30 or 40

. years” . I do not know if I can look that far ahead. We
may want to worry about the next five years. The problem
is we would be too successful in the short run and people
would think that the energy situation, problem, crisis or
whatever, is solved; when in fact I think it is a long
term, very slowly developed problem that will be a problem
that will take a long time to solve. I think we have to
learn from the successful projects. Speaking for the
Alaska Council on Science and Technology that sponsored
117 Northern Technology projects from many, many
greenhouses to a belt powered washing machine, and a few
other ones that seem to make the papers, and get the
attention of the legislature. There are things to learn
from all of the projects. There are people today that
gave the presentation that they were a little dismayed
that their research project  did not quite measure up to
their expectations. I think that is part of the learning
process and that is something that we have to convince the
people that fund research, or draft a set of regulations.
We have to convince them of it. This raises the question
about what John Kelley was saying: that the answer to
this problem is more money for research. Someone said
during the science policy meeting yesterday that he had
the feeling that he was talking to the converted, which we
may well be here. But I think we have to keep the
pressure on to people, the individual citizens, and the
people who ultimately sign the checks.

AS far as the requirements, I think they will remain the
same - cheap light and electricity. I do hope that we
would maintain flexibility to adapt ourselves to
situations rather than getting stuck with what we may
decide now, or in the next 3 or 4 years. This is t h e  w a y
t o  s o l v e  t h e  e n e r g y  p r o b l e m .

D a v i d  E y r e : I  g u e s s  t h e  b e s t  idea o f  t h e  g r o u p  is t h a t  o f
learning from our mistakes. One of the biggest problems
in housing is this; one is not very often given the
opportunity to learn from one’s mistakes. Builders do not
like to advertize the fact that their houses fall down. I
find it very difficult to get feedback from the building
industry at large, because we as scientists have to say
what we think in public; and the builders do not like this
sort of publicity. They like to get in there, put the
things right (if they are good builders), and get out
again. It is very difficult to get the sort of negative
feedback we need to put us on the right track. The other
thing is (I will certainly agree it is essential), is that
we need a lot more money for research than we are getting
a t  t h e  m o m e n t .
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!2 But in my own little group, Building Technology Support
* ‘... program, where we try to coordinate research on housing?<
i. across Canada; we have enouqh advisory committees
1I . consisting of-builders who grew very skilled at getting
,. their message out to other builders. They are very well
i . spoken, well written people who happen to be earning a

living primarily by putting houses up. What they say is
that the big issue we are going to get into in energy
conservation is marketing. It is generally accepted
amoung my little group that the energy efficient house is
intrinsically non-marketable. That really what we are
trying to do is bring down government force from the
above, to force a non-marketable product on an unreceptive
market. So we have to get clever and start thinking about
how we can make this marketable. I do not think in the
U . S . A .  o r  in C a n a d a  w e  h a v e  s t a r t e d  t o  utilize  a l l  t h e
tricks t h a t  a r e  a v a i l a b l e  t o  u s  t o  p e r s u a d e  t h e  public  t o
m o v e  in this d i r e c t i o n . I am talking now about the simple
basic techniques and high cost of the challenge. We have
not gone nearly that far into promoting energy conser-
vation. So I think that is where we have to move in the
near future if we are going to take energy conservation
where it is headed.

I am linking 40 years ahead, and the things I see shaping
up are not much advanced in high-tech solutions to the
problems. When I am talking about high-tech I am talking
about fusion, solar platforms in space; this sort of
thing. I think we will be edging into that, but I do not
think we will be getting any significant energy input from
it. So I think that when you start talking about planning
houses in the Arctic, you will be looking at low-tech
o p t i o n s . L o w - t e c h  e n e r g y  o p t i o n s  will be utilizing all
the options that  you could possibly call  on that  have b e e n
developed to that point. I can see the way things are
shaping up right now. Solar cells will be here by the
turn of the century. Energy conservation, I think, will
also be a very important part and I think we will be using
houses which are very much using a mix of all the sensible
and prudent techniques that we have arrived at at that
point. We will have energy conservation. The point is, I
do not think we are going to get there smoothly. I think
in the next five years we are going to have, not a crisis;
but a real problem; an energy supply prGblem. I think we
are going to bumble along until we bump up against the
problem of this sort, and then I think there is going to
be a regrouping, a reconsideration of where we are going
in the energy field. I think we are going to have to
reaffirm internationally the sort of things we had back in
1974. So in the world sphere, I think we have got to see
an international energy bank rather like the international
monetary fund taking shape. The emergence of a world
community is already evident. I think that Alaska and
C a n a d a ,  which have  resources ,  wi l l  see  themselves  in a sort
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of custodial role for the supplies of some of the world’s
energy resources of which they will have more than their
fair share. I think that in that custodial role the
custodians have to be manifestly deemed as taking the
proper road; mainly making the world take better care of
their own resources as well as, if not better than,
everybody else’s; for the reason of saving resources for
the rest of the world. This is sort of taking shape right
now in Canada, in a sense that the uneven distribution of
resources is bringing federal/provincial disputes up to
the front. The third world is going to be exerting far
more pressure in trying to get a balance. We need to
understand all the factors that have to be taken into
account. I can see prices increasing. I can see high-tech
not really meeting those prices, and I can see it working
for a lot of low-tech options which do not have the pure
hassle of maintenance and so on; the “de-bugs”, and the
service techniques. But I think generally with this
combination, the pressures will be off. I don’t think we
will see as much energy pressure as we see at the moment.

Richard Bushey: W e l l ,  I  think  I  w o u l d  a g r e e  w i t h  w h a t
David h a s  t o  s a y . Such a question was given to a friend
of mine, who went to an international conference in
Calgary on research and development about a month ago.
And he asked the manager for the Mitsubishi Corporation in
Japan; “What do the Japanese do that we do not do right?”
and he said he did not know. So this Japanese man said to
this friend of mine, “Well, for one thing, we do not hire
people to be managers or researchers or planners or
economists unless they can think 5, 10 and 15 years down
the road. If they cannot think that way, we do not hire
them.” He said to my friend, “Well, how do people think
where you work?” and my friend said “Well, I guess they
worry about the next paycheck.” That is the difference in
thinking; between them and us, and there is a difference
in developing countries, between them and us. The whole
concept of thinking.

When we discuss our own region, we target a date. Our
crisis date is 1985. W e  miss O r w e l l  b y  a  y e a r . Maybe
we’ll have a break and catch up. The majority of the
people in the Northwest Territories and Arctic backyard
regions are native people. People who stay, who do not
leave, and who do not want to leave. They do not want to
go south or anywhere else. They want to stay where they
are. Half the population is under 15 years of age.
S u b s e q u e n t l y ,  t h e y  will have  fami l ies . If  YOU l o o k
towards  the  fu ture ,  what  does  the  fu ture  ind ica te? Well ,
p e o p l e  will be living c l o s e r  t o g e t h e r . Whether  i t  will be
in  apar tments  or  low-r i se , b u t  t h e  idea of a single f a m i l y
unit living with a large flock away from another person
just does not make any sense. For the shear fact of health
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standards. Water; drinkable water is in short supply in:..&.F-? many isolated communities; and waste disposal, sewage,,::”s disposal is a critical problem.

$.,, *-,: People are becoming older, the segment of the population
in the north is becoming older, and they do not go to
Florida. They stay there, and there are no facilities for
the elderly and the handicapped. Facilities will have to
be developed. So in terms of housing design and
technology; yes there will probably be a mix of a little

!, bit high-tech but a lot more practical type housing.
Denser, closer together, a mixture of single people,,
elderly and young with families intermixed within them.

! Sharing maybe common facilities together like laundry

I facilities; where most of the other facilities, like

1-
shopping etc., are built into the units somehow like a
mole concept. Energy sources probably will be diesel
generation, but a lot of that diesel generation waste heat

was spoken of earlier, will be recovered. Wind energy
prove to be an alternative. In many communities,
energy has not been tapped.

is the Dicture of the future that people see. But

that
will
wind

That
between the ~oncept and it’s realizatio~, is that they are
between periods. We see the in-between period peaking
about 1985; where overcrowding, a lack of fresh waterl a
lack  of  sewage  facilities, etc. Again,  as David p o i n t e d
out ,  there  is a  fundamenta l  ba t t l e  going on in C a n a d a
concerning sharing of wealth from resources between
p r o v i n c e s . The fact that all these points have  been  made ,
I do not think has  ye t  been  rea l ized  a t  many leve ls  o f
government. It is going t o  b e  a  v e r y  e x p e n s i v e  s o l u t i o n ;
and it is going to take a lot of work and energy by a
great many people in order to resolve it.

Tom Albert: I have just a few comments about what I think
may happen 20 years from now in the Arctic housing
business. Not being an architect or an engineer, you will
have to take some of these comments with a grain of salt.
But it seems fairly obvious to me, that within the next 20
years, with development going on in the U.S./Canadian/
Arctic/Greenland (and maybe someday we’ll get information
from the Soviet Union too), there should be a tremendous
breakthrough by that time in certain fundamental
understand ings; not the least of which should be the basic
design of a habitable structure for a family. That is,
should the walls be constructed of this or that, and
should they be 2 feet thick or 3 feet thick.

So my guess  is that in 20 years and after much experimen-
t a t i o n ,  t h e r e  w i l l  b e  a  f a i r l y  s t a n d a r d i z e d  h o u s i n g
s t ruc ture  ava i lab le  for  use  th roughout  the  Arc t ic ,  no
matter  where you are. There will always be new and
improved versions,  no doubt;  but  there should soon be
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something fairly standard. My guess is that it would be a
super-insulated structure and that it would be composed of

. add-on units such that several units, for instance, could
be delivered to the site intact. By this I mean a room,
or the walls, floors, etc. could be brought in separately
and put together upon the site. You might almost say a
pre-fabricated type package. The structure could be made
large by adding on these basic units, so that a dwelling
that has maybe 6 or 8 people in the family would be very
similar to  tha t  o f  a  dwel l ing  tha t  has  on ly  2  people  in
it, except it has more of these basic units attached to
it. This w o u l d  a l l o w  f o r  a  simplification  o f  m a i n t e n a n c e .

A n o t h e r  t h i n g  t h a t  I  think  will s u r e l y  h a p p e n  in t h e  n e x t
20 or more years is that sooner or later a very efficient
heating and air handling system will emerge. Although
from what I have heard today, the heat exchange systems
for air handling apparently are not too reliable at
present. I am certain that in 20 years or more a fairly
standardized, somewhat sophisticated, but very reliable,
technology will emerge; which can always be improved
upon. What we are looking for is an efficient and very
reliable device.

Something such as this might even be containerized, so
that in the utility room of the average Arctic house, for
instance; there could be a self-contained unit the size
perhaps of a table that handles the air treatment, the
pumping of the air, the heating of the air, the degerming
of the air, the humidifying of the air, the dedusting or
whatever you want of the air. This unit, would be
standardized and very reliable. Ordinary maintenance
would be low cost in the first place, and secondly, some
of it, hopefully, could be handled by the householder or
designated people in the village. In a real emergency,
(in the middle of winter), this unit could be just pulled
out and another one, (kept in storage; or several kept in
storage in the village), could be maybe inserted into the
home. These are just things that appear to seem reasonable
to me.

Lee Leonard: Well, I am glad to hear Dr. Albert has that
much confidence in the architects and engineers. You have
heard many papers presented today on the general subject
of energy conservation. We all stood on similar platforms
10 years ago, and said that we knew what the problem was.
The problem is that we are just not conserving energy.
All we have to do is go out and start conserving energy.
We knew about heat exchangers 10 years ago, and today we
have some good paperweights but we do not necessarily have
some good heat exchangers.
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That was the last ten years, I do not know what the next
10 years is going to bring, but it is interesting to

. reflect on these viewpoints. I think at this point we
just open the discussion to general questions from the
audience. I am sure there are a lot of questions that did
not get answered.
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QUESTIONS AND COMMENTS

Directed to Richard Bushey:

Q- What would be the labor costs for construction in
Canada?

Richard Bushey: They are usually set by the government
under Supply Services manual, so it can vary. It depends
on what the skill would be. It could be $7 or $8 for a
laborer. It could be $12 or $14 or $15 an hour for an
electrical or a plumber. Usually most of the work is
contracted out, (tendered out), as you were pointing out,
to the lowest bidder. Oftentimes, you know, the real
problem from the construction angle is not so much the
skills of the people employed, it is the supervision of
those skills.

Many of the people who work in maintaining these villages
are local people; and often they have higher skills. They
are more conscientious and put more into it than people
brought in from the outsider who are more interested in
making a profit.

Directed to William Ryan:

Q - 1 am very familiar with that  new publication “Cold
Regions Utility Delivery” Design Manual. It is not c l e a r
to me how you get  i t ,  and i t  would be extremely useful  to
get it to a lot more people. There is no address on the
manual, no price, and there is an identification of the
Minister of Supply Services of Canada, and that i? it.

W i l l i a m  R y a n : I f  y o u ’ l l  a d d r e s s  y o u r  letter t o  B a r r y  Reid
a t  U . S . E P A  Corvallis,  a t  3 3 0  S.W. 3 5 t h  S t r e e t ,
Corvallis. T h a t  is t h e  g e n t l e m a n  w h o  h a s  t h e m .

Doctor Solantz: I just want to make a commercial plug.
The Science Advisory of the Northwest Territories has just
finished a paper on the distribution of wind energy
throughout the northwest territories. We found so much
discussion about the use of wind power which was based on
pure fantasy. Everybody in the windless areas wanted to
put up wind power and the others have come to think  it is
a  g o o d  idea. S o  w e  t h o u g h t  t h e  first t h i n g  t o  d o  w a s  just
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to get the best meteorological data pertinent to wind
energy, things like probability, times the wind moves and
the wind various velocities. We have just brought that
paper out. Bob Bell, who is here; has a few copies. You.
may have something like it for Alaska now, but it just did
not exist for the Northwest Territories. It seems such a
fundamental document, it focuses the discussion very
sharply.

Charles Hoar: There have been two or three papers on wind
energy in the State of Oregon. One is currently being
done by the Boeing Airplane Company and their three
windmill location in Goldendale that was originally quite
successful, but was shut down for mechanical problems
caused by high winds.

John Kelley: I would like to follow up with Dr. Solandt’s
last comment, maybe one with a more humorous note. I have
flown around a lot of communities in Alaska, and I have
noticed a lot of interest in wind generators - but most of
them seem to be horizontal. The enthusiam seems to be
very high. The individual gets the wind generator as it
was manufactured, and soon afterward, it is literally
junk. Is there any merit, (and of course this is
addressed to anyone who can answer) to the community
looking at wind generation on a community-wide basis with
the responsibility of that administrative entity taking
over for the common good? Does this make any sense?

William R an:
~e wind deal.

I  think  t h e r e  is a little bit o f  a  p r o b l e m
It is t h a t  t h e s e  little units

h a v e  b e e n  a r o u n d  f o r  y e a r s ,  a n d  t h e s e  little u n i t s  h a v e
now had some of the bugs worked out of them; but when you
start talking about units as such for a community, (to
provide electricity for a community), you are talking
about something that is really in the development stage
yet. I think that the place to develop those is not
Gambel. The place to develop them is Goldendale, or
someplace like it.

T h e  o t h e r  thing o n  w i n d  is d o  n o t  t a k e  o n e  o f  t h o s e
h a n d b o o k s  ( a n d  I  a m  s u r e  t h e  h a n d b o o k  m e n t i o n s  t h i s ) ,  a n d
l o o k  o n  t h e  c h a r t  a n d  s e e  y o u r  c o m m u n i t y  f a l l i n g  u n d e r  a
2 0  m p h  wind s p e e d  f o r  3 0 0  d a y s  a  y e a r ;  a n d  t h e n  g o  o u t  a n d
buy your  wind  generator on the basis of that. The
Department of Energy has loaner anemometers. What you
need  to  do  before  you  put  one  of  those  units in, is e i t h e r
get your own anemometer or borrow one of these mentioned.
Go out and wait, and measure the wind speed where you are
figuring on putting your wind generator, because those bar
charts in these handbooks can really lead you astray.
They vary so much from one period to another.
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Directed to Richard Bushey:

. Q- You mentioned in your discussion that you would spend
up to $100,000 rehabilitating a structure - putting a new
roof on it and some wall work as well. I was wondering if
you  had  g iven  any  s impl i s t ic  cons idera t ions  to  perhaps
l i fe -cyc le  cos t ing  (or  some o ther  economica l  ana lys i s )  in
u n d e r t a k i n g  t h a t  kind of  a  re t rof i t .

Richard Bushey: This is a  b i g  c o n t r o v e r s y ,  i t  i s  s o r t  o f
a political problem, as well as an economic one. The
p r o b l e m  with most of the communities in the North is  that
there  i s  overcrowding . The population growth is  something
like a little o v e r  t h r e e  p e r c e n t . So you have a geometric
exposure  wi th  someth ing  l ike  Mexico ,  ra ther  than  typ ica l
North America.

A l s o  in te rms  of  f inanc ing; it would cost us $50,000 to
rehabilitate a home. If you try to build a new unit for
$125-150 thousand (which seems to be what they cost), then
obviously if one life expectancy for the $50 thousand unit
is the same, or were slightly less, it is a pretty good
trade-off.

The problem is capital money. The housing corporation and
the NWT are building no houses this  year primarily because
of shortages of capital money from the Federal Government,
which is the source of money through the territorial
government. So, there is a crisis. In about three years,
what will happen is; that the population will greatly
expand - that no or little housing will be built - and the
technology part for any conservation is not moving rapidly
enough - that we are still experimenting, so we cannot
meet the demand.

It is a very difficult issue and it is quite complicated
to argue; but in costing these units out, we think it is
worth the $50,000. But people argue that we should put it
into new housing. But new housing is running, for us,
about $125-$150 thousand dollars per unit. I do not know
what your costs are on it.

D r . Kelley: I S  t h i s  s t i c k - b u i l t  h o u s i n g ,  m o d u l a r  h o u s i n g
o r  p r e f a b ?

R i c h a r d  B u s h e y : T h e  m u l t i p l e  u n i t s  t h a t  y o u  s a w  w e r e
mostly stick-built buildings; which are siightly less than
single family units; which are a combination of
stick-built and prefabricated panelized construction.

Q - W h a t  is t h e  n o r m a l  t y p e  o f  c o n s t r u c t i o n ?
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.$ Richard Bushey: Well, the controversy that I tried to

. point out is the mechanical one of the transportation.
The transportation may break up the paneling and you may
have a problem transporting the right kind of materials... So you have to balance these factors out. There is no
real solution to that problem of balance. Every community
stands on its own.

Lee Leonard: Mr. Ryan mentioned that  the loaner
anemometers  were avai lable  through DOE. These anemometers
are now available through AEIDC (Alaska Environmental
I&rmation Data Center). They have been turned over to

.

Q - 1 was wondering if we could make any analogy or a
p h y s i c a l  a n a l y s i s  o f  d o u b l e - w a l l  r e s i d e n t i a l
c o n s t r u c t i o n . I s  t h e r e  a n y  i n d i c a t i o n  t h a t  t h e  b u i l d e r s
are making progress  toward  building a prototype on a
double-wal l  basis. How far behind is the double-wall  from

‘the 2 x 6 standard construction and what are the problems
with the  ‘ shor t  p resen ta t ion”  about  ex te r ior  foam
i n s u l a t i o n ?

Jim Strandberg: The exterior foam option was the cheapest
for smaller rural schools. There are so many factors that
go into an institution building construction program that
are totally different from the residential construction
program.

Lee Leonard: I would like to stress an important factor
here. What you saw Jim present this morning that may not
have been totally clear, is the analysis of institutional
buildings. The reason we picked schools is because they
are very typical of the majority of the construction
today. We do a lot of kind of medium-range stick
buildings. The fact is that an institutional building and
a residential building present different money constraints.
When you do a life-cycle cost analysis it is not going to
be the same. We should stress that the economical
analysis is not directly applied, and probably should not
be directly applied to either residential construction or
light commercial construction; or commercial construction
of the same size. You have tax advantages and all kinds
of other economic parameters that apply in commercial
construction, as well as residential.

The approach, I think, is going through and analyzing the
least life-cycle cost for a certain type of the
construction, and then taking that information and using
it to develop a rational set of thermal standards. I am
not saying that anyone should take one of our results from
Jim’s projects and say that if it says in Barrow, that a
7 5 0 0  sq. f t .  building should be built exactly l ike this;
this does not mean that your architect should go out and
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build it just like that. Those thermal standards will be
a guideline for an architect or engineer. When he builds

. a building, he will know how to plan.

“  T h e  p r o b l e m  w a s , why we had to do so much background w o r k ,
and why it had become so tedious and drawn out. If yOU
l o o k  a t  t h e r m a l  s t a n d a r d s  f o r  the res t  o f  the  wor ld ,  you
will not find a n y  a d e q u a t e  t e c h n i c a l  d a t a  which is
r e l e v a n t  f o r  a r c t i c  c o n d i t i o n s . So  we rea l ly  had  to  s ta r t
from scratch here to develop a thermal standard,  which was
a mandate of the Legislature for the Department of
T r a n s p o r t a t i o n . 1  w o u l d  b e  c a r e f u l  in making a  d i rec t
analog in saying “ . ..well. Strandberg said you could use
six inch studs and six inches of foam instead of using
double stud walls.” That has to be worked out on an
individual basis.

Charles Hoar: There are a number of these studies going
on sponsored by the different  states and the Department of
Energy. A lot of it has to do with houses that have been
constructed. In the past, I have been involved in some of
t h e  s t u d i e s . Some of them as far back as 80 years ago,
which have since been  re t rof i t t ed  wi th  ‘ foam in p l a c e ”
i n s u l a t i o n .

Now they are going beyond this. What they are doing now,
is to f ind out if  this  retrofi t ted foam has created a
m o i s t u r e  p r o b l e m  within the wall which leads to dry rot.
That was the first reason . They  a re  doing it th rough the
moderate temperature zones of middle Oregon and Washington.

Reports are available from the different states. I do not
have the addresses and the people to contact,
unfortunately. The U.S. Department of Energy has a number
of other studies that have been done; far across the
United States; in Minnesota, in Wisconsin and Michigan,
Connecticut, Rhode Island, and New York State. The Cold
Region Research Laboratory in New Hampshire has done some
studies along the same line as mentioned by Lee Leonard.

None of these studies have been coordinated, or compiled
in an overall set of data that we could use. Jim’s is
just another set. Fortunately his has been addressed to
the problem area which has been a great problem here i.n
A l a s k a  a n d  it w o u l d  b e  a p p l i c a b l e ,  I  t h i n k ,  a c r o s s  t h e
c o l d  r e g i o n s  o f  t h e  w o r l d . I t  is g o o d  t o  s e e  t h a t
something has been established as a data base.

Directed to Richard Siefert:

Q- How did you measure your heating units?
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Richard Siefert: I bought what was essentially was called
a tu meter; It was simply a hot water meter that is made
in Germany. It has a thermister that YOU insert into the.
intake line. It measures the temperature at the flow
meter which is in line right before the pump, as it comes
out of the “OFI” unit and obtains the temperature
difference at the inlet and outlet at the floor, and then
at the flow meter after it comes into the cellar. It’s
accuracy was ~ 1 Kwh. T h e  m e t e r  w a s  c a l i b r a t e d  in
k i l o w a t t  h o u r s . T h e  a v e r a g e  h e a t  input  I got w a s  +  3 5 0 0
Btu*s. S o ,  m y  d a t a  is r e a l l y  n o t  t o o  b a d ,  b e c a u s e - o n  a
g o o d  d a y  y o u  w o u l d  g e t  2 5  o r  3 5  Btu\kilowatt  h o u r s  a p i e c e .

Q - Did y o u  i n s u l a t e  u n d e r  t h e  s l a b ?

Richard Siefert: Yes, I insulated under the slab. You
can physically trace the position of the pipe. If yOU
walk across the floor in your bare feet, you can feel
where the plumbing is and the heating runs are located.
It is a 4“ slab. The pipes are on the insulation at the
base of the slab. I have not had any problem with the
thermal expansion of the pipes or cracking of the concrete
or anything of that nature. The operating temperatures
have not been to the warning level; though some of the
inlet temperatures from the collector have been very high,
130 degrees F.

Q- Do you have other insulation in the cellar?

Richard Siefert: All “Blue Dot” styrofoam. There is 4“
around the outside walls and 2“ under the pad. It is
stepped down under the front porch to keep it below grade.

D i r e c t e d  t o  J o h n  Zarling:

Q - What temperatures did the Israelis have as sources
when they use their ORMAT devices?

J o h n  Zarling: M a y b e  I  c a n  a n s w e r  this in a  n u m b e r  o f
ways . T h e r e  a r e  m a n y  o r g a n i c  rankine  c y c l e  t u r b i n e
g e n e r a t o r s  in t h e  s t a t e . U p  a n d  d o w n  t h e  p i p e l i n e  w e  h a v e
r e m o t e  v a l v e  s i t e s . Those remote valve sites are being
powered by this type of generator. They are using a
propane fired burner and they have much higher
temperatures on the hot end. They have an air cooled
condenser so they have slightly warmer temperatures on the
cold end sometimes during the year. That is o n e
application where you have a very large spread in
tempera tures  and  very  grea t  reliability! They a re  jus t
remarkably  re l iab le  machines .

167 Q u e s t i o n s



D i r e c t e d  t o  David E y r e :

Q- A question was asked about heat exchangers in. ventilation design.

-:
In a good part of design of the ventilation

system w lch I cover, we are suggesting a simple
ventilation system which consists of one exhaust, one
inlet; a fan on each, and solar range that you can cook
with and heat exchange through it when the industry gets
to learn how to make them. You can  pu t  them in at a later
stage, when the technology is common. Let’s say that
about ventilation systems, they are a problem. What do
you do with a dryer? Do you save energy, or do you waste
energy, and so on? There is no need to question - there
is a long way to go before we know how to design a group
ventilation system for a house.

Q - 1s there a specific figure with the ventilation of
your wall space. For instance, in Fairbanks the top plate
must be solid which would still give you problems.

David Eyre: The energy efficient house design that I have
given you conflicts with the codes in Canada on a lot of
points. For instance at the vapor barrier; it states they
should be totally on the wall side of the insulation. In
the city of Winnipeg, you cannot wrap a vapor barrier
around the outside of a header; I do not know why, it is
probably some fire regulation. I think you have to be
putting pressure on some of the old codes which are
questionable to see whether they cannot be eased a little
bit.

Directed to H.J. Coutts:

Q- W h a t  kind  of  pa in t  did y o u  u s e  t o  k e e p  a w a y  f r o m
p o l l u t i n g  y o u r  w a t e r  s y s t e m ?

H.J. C o u t t s : Paint w a s  just s t a n d a r d  b l a c k  l a t e x ,  f l a t
l a c k  p a i n t . It w o r k e d  f o r  t h e  w a t e r ,  b u t  w h e n  t h e

g l a z i n g  m o v e s  a g a i n s t  t h e  p a n e l s  w h e n  t h e y  a r e  w e t  a l l  t h e
time, it will t e n d  t o  r u b  o f f  a n d  t e n d  t o  a d h e r e  t o  t h e
f i b e r g l a s s .

Q- You do not worry about that getting into your water
s y s t e m ?

H.J. Coutts: No, I have a screen at the water collection
point for the panels because there is also rainwater and
s t u f f  c a n  g e t  i n t o  p a n e l s . T h e  first o n e  d o e s  n o t  h a v e
v e r y  g o o d  g l a z i n g  o n  it s o  r a i n w a t e r  c a n  g e t  t h r o u g h  t h a t
a n d  I  h a v e  t o  filter it.
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Comment:

I am Doctor Solandt, Chairman of the Science Advisory
. Board for the Northwest Territories and I have never lived

in the north; but have been in and out of the north for 35
years and concerned with Arctic research of various
kind=. I gather that the speakers were instructed to
confine themselves to houses, but I think the discussion
was far too sharply defined. You cannot design a proper
Arctic house without designing a proper Arctic community;
and nobody said a word about the community, and there are
not only the social problems of the communities which are
probably not appropriate for here, but the actual energy-
saving elements for the communities. For instance, when
you look at the Northwest Territories the easiest thing to
do is heat recovery on the diesel. It is quite easy to do
it on both cooling water and exhaust gas; provided you are
not wanting to have too elegant a solution. You can get a
good one. But in many of the communities there is no use
doing this because there is nothing near the diesel that
you can transfer the heat to. That is because the
original community design was based on the fact that the
diesel is noisy, which it did not need to be; but it was.
So the community gravi tated away from the diesel . Now all
community buildings in modern remote communities ought to
b e  p l a c e d  in re la t ionsh ip  to  the  diesel engine a n d  h e a t e d
f r o m  it; quite easily done  but  no t  thought  about  in time
in most cases. I  bet  that  the average utilidoor in B a r r o w
will cost a pretty high fraction of the cost of the house
layout of an existing community. There have been
communities designed that were made with short utilidoors
and yet without each house facing separately so that there
was an independent house. The best of these was built in
Churchill, in northern Manitoba, about 35 years ago; and
has since been torn down, but it was a beautiful example
of a good layout.

Snow removal - never mentioned. As you get to more and
more use of vehicles this becomes a more important point
and can be relatively easily dealt with in community
design. You have to regard the house as a subsystem in
the community; and then I think you have to regard the
community as a subsystem in a social order. Here again, I
think we are losing sight of the fact that we are talking
now from the point of view of southern technology and
southern communities. We are probably seeking to impose
on the native communities our view of how their society
ought to be converted into bricks and mortar. Well, I
should say wood and fiberglass. An example is the care of
the aged. Old folks homes are not part of a social
background in the Inuit setting. Are we going to force
them to have old folks homes; to take the old folks out of
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the family, from the old ways where they have been so
success fu l  over  genera t ions? I  t h i n k  i.t i s  a  g r e a t
mis take . But  th i s  again i s  an  example  of  the  in te rac t ion
of  soc ia l  fac tors  wi th  communi ty  des ign  fac tors  as  with.
house design; so that the house design is just the last
part. Well, it i s  o n e  o f  t h e  s u b s y s t e m s  o f  t h e  c o m p l e x
s y s t e m .

I hope  tha t  i.n t a lk ing  about  the  technology ,  we  will no t
l o s e  s i g h t  o f  t h i s  f a c t . I wanted to reemphasize what has
been said by several  people. Do not do experimenting in
the small Arctic communi t ies . Do not put anything u p
there until it really works.

I will always remember when the message first came home to
me when I was in England talking to the designers for one
of the biggest, most successful heavy diesel engines. It
was 5,000 HP. They had put the first one down in central
Tanzania, and they wondered why they were having trouble
developing it. It did not work. There was a large
distance between Tanzania and the service center. We tend
to do the same thing in the North. We’re putting
relatively untried technology into the communities that
really need a simpler solution.

I would be willing to bet that because of what the North
Slope Borough has embarked on now, in putting technology
into the lives of the people there, that it will not be
more than 5 or 10 years until they are strongly supportive
of the development of offshore oil because they have to
have the revenue to keep the thing going. Expanding by
technology, they are locking themselves into a decision on
their way of life; which they have not intended to do at
all; and which maybe we have sort of backed them into.
But here again is an example of this complex interaction
of technology and society. We have to keep this in mind
even more in designing the ideal house. Housing of the
future in northern communities may well be multi-family
dwellings. But even there we have to be a little careful
of how much we impose our acceptance of this type of thing
on other people. I have been in Alaska now for about a
week, so I probably know more about Alaska than I would if
I lived here for 20 years. It i.s rather scary that if you
are anywhere for a short while, and look around, you
immediately know the answers.

F i n a l l y ,  could I t a k e  t h i s  o p p o r t u n i t y  just t o  t h a n k  y o u
v e r y  m u c h  f o r  inviting  t h e  S c i e n c e  A d v i s o r y  B o a r d  t o  b e
h e r e ; a n d  t e l l  y o u  h o w  m u c h  w e  h a v e  e n j o y e d  e v e r y  minute
of our stay in Alaska and will, I am sure, enjoy the rest
of the stay in this very interesting and beautiful state.
Thank you.
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Dr. John Kelley: Thank you for your remarks Dr. Solandt.
We are very pleased to have you here. Your remarks are
well taken. We sometimes do become prisoners of our own
technology. The real problem is to keep it tidy;
otherwise that technology can become a very cruel jailer.

Al Dunn (North Slope Borough Department of Housing). I
feel that the more sophisticated and the more complicated
the construction, the higher the maintenance cost, in
relation to liability. You can design and engineer a
perfect system for the structures; but you do not design
and engineer people. I have been fighting that factor for
the last 20 years and probably the next 20.

~:.
Thank you Al, in fact, I think that that

complements Dr. Solandt’s and perhaps there is a
challenge here. Of necessity we have to find the focus.
We discussed this on the steering committee and we came to
the conclusion, very early on, that we had to take a
critical issue and deal with the issue in a one day
symposium. But the challenge that I would like to offer
Dr. Solandt, for example, and to his colleagues in Canada
is that next year, you pick this issue up again and take
some other focus, perhaps something we missed, to
compliment what happened here.

Dr. Solandt: I think it would be fascinating to try to
have a discussion on the design of Arctic communities.
Limit it quite definitely to a certain size and
remoteness, and climate, and so on. But there must be a
hundred Arctic communities scattered across Alaska, the
Northwest Territories and northern Quebec that would fit
into a group that would be fairly well defined. You have
got to imagine what you would do if you could start all
over again. You never can. But it would be fun to see
what you would do.

Jim Strandberg: I would just like to add to the Dr.
Solandt’s statement that perhaps we could widen the scope
of that discussion. There are a lot of small villages
which have been, perhaps~ improperly planned. Perhaps we
can widen scope of our discussions about buildings in
typical existing communities. What can we do with those
communities to make them better, as opposed to planning
new communities. We know we have got a lot of communities
around that really need help from a planning aspect,
how are we going to fix them over on an interim term

Directed to David Eyre:

but
basis.

My name is John Allen: You were mentioning the problem of
marketing an unmarketable idea. It may very well come to
pass where we do not design houses so much to house one’s
ego but to house one’s body; and the dimensions are human
rather than spiritual interpretations.
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David Eyre: I agree it is going to take a long time to
turn our attitudes around.

John Allen: Do you think that there is possibly the same.
reason that the automobile business was turned around was
in that the cost of fuel will bring about the tapping of
the pocketbook; and that’s a pretty sensitive place for
most people?

David Eyre: It is, but I think we are going about the
present attitude wrong. First of all we are not providing
people with viable houses that are equivalent to these
small cars. These small cars have got their problems, but
to my mind they are viable. The houses that we have, are
g e n e r a l l y  d o u b t f u l  in their credibility b e c a u s e  o f
ins tances  like urea foam. Also ,  I  th ink  tha t  we  a re
taking the wrong track. I do not know how we got into
th is ;  bu t  we  a re  a l l  se l l ing  th i s  energy  e f f ic iency  on  the
b a s i s  o f  c o s t  e f f e c t i v e n e s s . Now there was the point five
years ago when the government was gett ing an act  straight
on energy conservation. We would have to use cost
effectiveness as a tool  to sort  out  what was good and what
was bad. I think tha t  the  time i s  n o w  p a s t . I  think t h e
options that  we are al l  talking about now are,  more or
l e s s ,  c o s t  e f f e c t i v e . They are fairly good technica l ly
a n d  a r e  f a l l i n g  into a fairly wide b r a c k e t  o f  c o s t
e f f e c t i v e n e s s . The point is when the homeowner goes into
a house, to buy a house; does he say, “OK, I like that
double car garage. Here is an R60 wall”. Is cost
effectiveness enough? He is going to look at it the same
way as he looks at the rest of the house. It is just one
more feature. He is wondering if it is going to hit his
pocketbook, right now, in terms of extra taxes, because
yOu have got a little extra thickness of wall all around
the house, and so on. These are features that can make
the decision. Now what we are planning to do I think, is
sell the houses in correct fashion. T h e  r e a s o n  w h y  w e  a r e
buying houses is for comfort.

I was i n v o l v e d  in a New Indian Commuity in Mallosh,  which
is in S a s k a t c h e w a n . T h e  g o v e r n m e n t  s t a r t e d  t o  build f o u r
l e v e l  split  h o u s i n g  f o r  t h e  n a t i v e s ,  a n d  w e  h a d  t o  g o
t h e r e  t o  i n s p e c t  t h e m . W e  k n o c k e d  o n  t h e  f r o n t  d o o r  t o
see if he could put thermocouples in the house, and there
was no answer. But we heard some noise around the back.
We went around the back, and this house, I should explain,
a beautiful 4 level split, all double glazing, fridge,
stove, everything provided, all electrical. There was no
electrical hook-up to it, but you can always get it.
However, you cannot afford it. Out in the back was a
little old native women. She must have been about 80
years old, from the look of her. There was a ring of
stones on the floor, and she was cooking potatoes cut in
half in a pot. The absolute disparity between the two was
just really jarring.
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SYMPOSIUM CLOSING

%+%=:
If there are no further questions, then we

ring this symposium to an end, and on behalf of
Charles Hoar and myself and members of the steering
committee; I would like to thank all our contributors,
participants, those of you who attended the conference. I
would especially like to thank the North Slope Borough for
making this conference possible, and hope it will be
carried forward again next year by our collegues in Canada.
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