


University of Alaska, Fairbanks M C I?
Fairbanks, Alaska 99701

February 25, 1977

Rep. Steve Cowper, Chairman
House Finance Committee
Pouch V

Juneau, Alaska 99801

Subject: Revenue Bonds for U tility Plant Expansion
Fairbanks Campus, University of Alaska

Dear Steve:

Thank you for your letter of February 21, 1977. (copy attached) Enclosed
is a copy of the Mower report which was submitted in 1976. It was updated by
the report in the back of the booklet on University Direct Appropriation Request
(capital) that | sent to you and the members of your committee on February 17,
1977. | have paper clipped and highlighted some of the pertinent conclusions

and summaries.

We have no additional correspondence from GVEA and they appear reluctant
to be more lucid. | suppose this is understandable and while it may |UVC
certain public relations inferences, we would be remiss in not promoting
actions which are in the best interest of the University and the state profes-
sionally and fiscally.
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In the booklet sent to you on February 17th, we included our summary analysis

of this matter.

The concept of a $4,000,000 revenue bond issue was discussed with the
Governor's Division of Budget and Management in their efforts to advise the
Governor. They requested that the University contact GVEA for discussion to
determine the effect our anticipated expansion would have upon their long-range
plans. There were extensive discussions resulting in their brief statement.

It is important to note that their reluctance is based upon several assumptions;

1) That they will hold electrical rates at the current level for t ie next
five years;

2) That they will have their "ealy plant in operation on schedule by 1983
and will be burning coal;

3) That they will have a crude oil line from the Alyeska Pipeline to the
North Pole Refinery which will allow them to "control" the price of oil

for the Fairbanks plant.

Each of these assumptions is not without the probability of extenuating
circumstances which could delay or negate r-ny one of them. If the University
waits for the outcome which might very well be different than assumed they will

have only delayed the opportunity for savings.
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The anticipated expansion of the Fairbanks plant Is not expected to have
negative environmental impact. The plant now burns coal within acceptable
omission limits and the new turbine would not change that.

Campus growth is spoken to in the Mower report on Phase Il, page 4, and
appears to beé reasonably close to your own thinking.

The current revenue bonds for the latest plant expansion were sold through
the Alaska_Heating Corporation, a private corporation established for that
purpose, This allows and provides for the issue of revenue bonds contingent
upon a legislative resolution, rather than by Ieglslatlve bill, affirming the
State's intentio" to fund the University at an adequate level to meet the debt
service.

_Thanks again for your interest, and best wishes to you at this legislative
session.

Very truly yours

Kenneth j). Garrison, Director
Facilities Planning and Construction

KDG:lz

Attachment

cc: T. Tilsworth
M Arth

T. Gruenig
S. Brown
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I. INTRODUCTION

The University of Alaska, Fairbanks campus is faced
with a continuing upwards spiral of fuel and utilities
costs. The University of Alaska's power plant has the
ability to provide a portion of the electrical power and
all the heating required for the existing campus.

The objective of this study was to determine current
and future fuel and utilities costs to enable th'e University
to properly plan for expansion and to minimize current
utilities costs. In addition, this study examined the
possible methods of reducing current utilities operating
expenses and examined the most economical type of thermal
energy for current and future use



11. SUMMARY AND CONCLUSIONS

This study ha? examined the current and future steam
and electrical energy requirements for the University of
Alaska, Fairbanks campus. Three types of thermal energy
coal, oil and electricity - have been examined as possible
sources of energy for present and future University use

The University power plant has been reviewed for its
efficiency in operation and methods were examinea to in-
crease power plant efficiency. The following are our
conclusions,

1. For the short and lopng ryn, coal can beexpecte
f-0 approxmatnlygonw'-thlrda that oef?pﬁf e|1.
1*.—. is a minimum figure and very probably, tho
differential will be larger. The University
should take advantage of coal as an energy source
Future planning should provide the physical plant
facilities to utilize ccal as an energy source.

2. Campus power plant is being operated inan effi-
cient manner. Modifications in the physical plant
itself to improve efficiency are not warranted.

3. The recently installed steam condenser should
be utilized as a peak shaving tool. This would
maximize present plant efficiency and minimize
current energy costs.

4., The University, considering the flong run, must
add additional power plant electrical capacity.
The minimum addition required would be five
megawatts. The maximum could go as high as
fifteen megawatts depending on market development.

At the current utility rates, the University should
have additional steam generated electrical power in opera-
tion. The faster additional power can be installed, the
greater the amount of economical benefit the University
will realize.



1. DISCUSS ION"
A.  FUEL/UTILITY COSTS AND PROJECTIONS

The University of Alaska utilizes either coal or
oil as a source of thermal energy. Electrical energy is
gither produced in their own power plant or purchased
from Golden Valley Electric Association. At the moment
there is no natural gas available in Fairbanks. Of
primary importance to the University is predicting the
future cost of fuels and utilities.

1. COAL

Ne will discuss the current and the future cost of
coal first as this is the simplest to determine. Coal is
the least-controlled fuel and has the largest reserves

available. The current reserves in the Ncnana area consist
of approximately 95 million ton's with less than 200 foot
overburden. There are demonstrated reserves of two billion
tons and hypothetical reserves of eight to nine Dbillion

tons in the area. The present output of the Usebell

mine in Healy is approximately 750,000 tons a year. The
mine estimates that there are 200 years worth of reserves
in the immediate area accessible with their present equip-
ment. They also indicated that they see an undiminished
supply for any foreseeable increase in demand.

At the present time, the University has a short-term
contract with the Usebelli mine to provide coal at a cost
of approximately $11.40 a ton. This coal is purchased
on a BTU per ton basis with one ton equal to 17,400,000
BTU. The railroad freight rates are established at $4.93
a ton. Thus, the total cost for coal in Fairbanks at the
University storage area is approximately $16.53 a ton or
$ .94 per therm.

The shipping rates are expected to increase with
inflation. Mr. liociler of the Alaska Railroad indicated
the railroad had not had a freight rate increase for 20
years as of October 196S, and since then their rates have
increased steadily at approximately the rate of inflation.
These increases were nine percent in 190S; fifteen percent
in 1972, three percent in 1973; two percent in 1974; and
ten percent in July 1975. Mr. Hoefler indicates that for
the next two to four years the Alaska Railroad is using
a seven percent inflationary figure for their budget.

Ho also indicated that since at the present time both
coal and petroleum products are shipped to Fairbanks by

re.il, the increase in the freight rate for one product
would be similar to that of any other product. The rail-

I <n! > w5 *tson

0: ] . - . m *.» engines
in tiu i oo U Louuii nuii Wiiu mo increased



use of the Alaska Railroad in the past few years that

some input fur additional maintenance on fhe linn -old
rehabilitation of engines and cars showl7 " included in
estimating any increase in later

The [fAcbolii mine does not anticipate any increase
in the cost of coal other than to follow ihe genera
inflationary trend across the country. Joe Usebelli in-

dicated that he would prefer a longer term contact
(approximately ten years) with the University, su that
he could more eas |y plan plant expansi 'n, hiring, budget

etc. The Golden Electric Association is on a long-
term contract for the coal tha* iney use in their Ilcaly
powrer plant,. Mr. Usebelli also indicated that he is in
negotiations with the \max Corp. for the purchase of his
mine. Amax Corp. indicates thatthere is a possibility

of exportation of coal to the West Coast. Any increased
demand at the mine would level off or possibly reduce the
coal prices. Joe Usebelli indicated that with fifty
percent mere demand he could reduce the price of coal
approximately twenty percent due to more cfiicient utiliza-
tion of the present physical plant. The prime users of
coal are Ft. Wainwright, Golden Valley ElocLric Association
City Power Plant, Eilson Air Force Base, Clear and the
University of Alaska. None of these plants expect to
increase their usage by fifty perrer*’ a price reduction
cannot be contemplated wunlo*-- Liiore is exportation Lo the
West Coast.

In conclusion, we can expect that in the future coal
prices in Fairbanks will rise at approximately the genera
inflationary rate so that the cost would bhe approximately
$1.10 to $1.20 per therm by the end of 1977. (See Figure 1)

2. oIL

Oil is the most heavily used fuel for heating and is
becoming the major electrical-producing fuel in the Fair-
banks area. At the present time all oLL for the Fairbanks
area is brought up from Anchorage on the Alaska Railroad,
with Tcsoro being the prime supplier in Fairbanks. The
posted price of Arctic diesel fuel in Fairbanks now is

$ .519S per gallon and number two fuel oil is § .449
per gallon. Any price less than posted must he negotiated.
Golden Valley Electric Association pays between § . and

$ 40 per gallon for diesel fuel used in their generation
foeilitics,

At the present time crude oil is controlled by the
crude oil entitlement which subsidizes those refineries
which must purchase crude oil from foreign producers.
The ¢ —0 rric >* * < ?entitlecmer* for "old crude”

LECEE - « flthe ent: " - this goes

up t: e a »i. .,. the price bciw entitlement



is for "old crude" from areas that were producing crude

oil before the controls went into effect. "New crude"”

is from areas developed after controls and is approximately
$2.00 above the "old crude" price.

There is the possibility that the various controls
on oil may be eliminated. Then the price is expected to
stabilize at approximately $11.00 to $12.00 a barrel, or
approximately the same as the present price with entitle-
ments. Current controls produce price flucuations and
shortages.

Another variable in the Fairbanks area is the pro-
posed Energy Company of Alaska-North Pole Topping Plant

This plant will come on line sometime in mid-1977 with a
15,000 barrel a day capacity. At that time,it is ex-
pected to provide heating oil, diesel fuel, turbine fuel

military jet fuel and asphalt. The Golden Valley Electric
Association is going to use the turbine fuel for 2 -6 0 mw
gas turbine generators. A portion of the waste heat from
these turbines will go to the Topping Plant for their
production facilities. The Topping Plant will also provide
fuel for the Alyeska Pipeline Pumping Station No. 8; and

in the future, would be expected to produce gasoline and
commercial jet fuel.

The Topping Plant would remove approximately 25,000
barrels a day of crude oil and return 10,000 barrels a
day of residuals to the pipeline. AIl their planned pro-

duction will be sold only on a contract basis. At the moment
it is very difficult to predict what prices may be; however
they can be expected to be still competitive with imported

liquid fuels.

In conclusion it can be expected that petroleum
prices will go up in the next two years at probably the
inflationary rate with perhaps a leveling off when the
North-Pole Topping Plant comes on line. The other possi-
bility is that removal of controls may cause the price
to escalate further. Our best estimate is that the price
of diesel fuel which is now approximately $5.00 per therm
to contract users will go up to approximately $5.60 a
therm in the next two years. Predicting future cost of
oil is considerably harder than predicting tho future cost
of coal because Of the large number Of variables effecting
crude oil cost.

5. OTHER FUELS

Natural gas is not: available now in the Fairbanks
area. There arc several possibilities in the future. One
is that the natural gas reserves on the North Slope wil
be piped through Fairbanks along the oil pipeline route
TA *T ~ tow-e* ' g Ne ] eeeeii o fo

Fa ir'.i ; .. . o o o 51ities

therefore, wc are discounting Natural (las as a potential
fuel in the Fairbanks area.



4. ELECTRIC-ITY

Electricity in Fairbanks is generated by either coal

or oil. At the present time, there is no hydro power
available and there .is no natural gas for turbine genera-
tion. Golden Valley Electric Association provides electri-

cal power to the University and is tied in with the mili-
tary sites in the area and the City Power Company. There
are coal-fired steam generation plants in the Fairbanks
area with prime electrical generation at the Golden Valley
plant in Healy. Other maior coal users were listed in

the coal section of this report. The large demand for
electricity in the Fairbanks area has caused Golden Valley
Electric Association to install gas turbine generators
running on diesel fuel to meet the demand peaks.

The University is on Golden Valley's rate number seven
which consists of energy charges starting at $ .0375 per
kilowatt hour for the first 10,000 kwhr per month and going
to $ 013 kwhr for use over 500,000 kwhr per month. In
addition, there arc demand charges from $3.00 a kilowatt
hour for the first 100 kw of demand to $2.75 a kwhr for
anything over 500 kw demand per month. There is also a
fuel cost rate adjustment which varies according to Golden
Valley's fuel costs for power generation. This has been
around $ .00S to § .015 per kilowatt hour. With their
present usage, the University is paying Golden Valley
Electric Association between § 027 and § .0575 per kwhr
for purchased power.

Golden Valley is exported to submit a rate increase
on the order of fifty percent. This should absorb the
present fuel cost rate adjustment, but leave the option
to use this adjustment if fuel costs continue to climb.
One of the reasons that zr-z fuel cost adjustment is so
severe is that in Fairbanks, the fuel cost of generating
electricity with oil is approximately eight to nine times
the cost of generating electricity with coal. This does
not take into account the cost of purchasing and maintaining
additional equipment running on diesel fuel to meet peaks.

The cost of electricity will go up with the increased
fuel prices. The only leveling off would come about if
demand were reduced sufficiently so that fuel would not
have to be wused as much. Unfortunately, the present trend
is towards increased use of diesel fuel for power generation
especially with the 2 - 6.1 mw combustion turbine generators
planned for North Foie.

The proposed Susitna Hydro-Electric power plant could

effect the electricity vrate's in Fairbanks, but expecta-
t1 " ' soe* or "* :nvolvo

one Jeeo o f rs to
k u . L P CS LO
investigate sites and design; and throe to six years for



construction. Therefore, no hydro-electric power s
expected, even if authorized, within the next ten years.

Tt is expected that such a project would produce power for
about § .02 per kwhr before distribution. Due to these
factors, we are discounting possible hydro-electric power

In conclusion, we can expect electrical rates to
rise over the next few years. They will rise faster than
fuel costs due to the larger proportion of more expensive
fuel needed to meet the demand. We estimate that in two
years, the cost to the University of Alaska for "electricity,
including demand and fuel charges, wouldhbe somewhere
between § 058 and $§ .045 per kwhr

5. SUMMARY

The foregoing predictions (summarized in Figure 1,
Appendix) are based on current data and cannot take into
account the possibilities of increased or lessened govern-
mental control, shortages in other parts of the country
or general increases or decreases in demand. Of the above
figures, the coal price appears to bhe the most stable due
to steady demand and minimal controls, with oil prices
flucuating greatly due to governmental controls and de-
mands or heavy inputs from projects that are expected to
be completed within the next few years. Since electrical
rates are based on both coal and oil prices in addition
to amortization of new equipment, they are the least
predictable.

B. EXISTING PLANT OPERATIONS AND EFFICIENCIES

The power plant at the University of Alaska, Fairbanks
produces steam for heating and electricity for the University.
The plant uses coal or oil to produce steam and generates
electricity with non-condensing steam turbine generators.

The boilers produce steam at 600 psi, 700°F which goes
through the turbines and is reduced to approximately 50

psi for winter steam heating production and 17 psi for summer
steam production for absorption chillers and heating or

to approximately five to seven psi when the new condenser

is operating for tho pure production of electricity.

1. PLANT CATACIT IKS AND LOADS
a. STEAM
The steam plant: can generate approximately 95,000

pounds per hour of steam with its coal-fired boilers,
except for a six-week period each year when the boilers

are out of commission for maintenance. During that time,
the '0* ««« ' * o - a W*Uer - V. used.
| Sy *5l L B V1A

A @« 0 | -
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Present -steam usage before the condenser operation
is approximately 55 MM pounds 0f steam permonthin the
winter and drops as Low as 16MM pounds of steam per month
in the summer. Maximum yearly steam usage has been 370 MM

pounds.

With future expansion of the University, an additional
coal-fired boiler will be required to meet maximum steam

demands.
bh. ELECTRICAL

The present University electrical usage is approximately
50 million kwhr per year. The University power plant has
been producing about 10 million kwhr per year at an average
steam rate of about 57 poundsGf steam per kwhr. With the
recently installed steam condenser in operation, the power

plant should produce an additional 4.5 million kwhr per
year. This assumes the condenser will operate six months
per year.

2. BOILERS

The plant presently has two coal-fired boilers with
name plate capacities of 50,000 pounds per hour of 600 psi

750°F steam. There is one oil-fired boiler which has a
name plate rating of 100,000 pounds per hour of 600 psi
750 F steam. The plant has coal-handling equipment to

supply the existing coal-fired boilers and is designed
for the addition of another coal-fired boiler in place
of the oil-fired standby boiler.

The efficiences of the two coal-fired boilers have
been found to vary from 70 to SO percent. The variation
has been assumed to come from the variable coal BTU value.
This efficiency does nci take into account boiler auxil-
lary equipment which 1is accounted for in total plant e ffi-

ciency. There was not enough operating data to calculate
the efficiency of the oil-fired boiler, but at the present
difference in cost between coal and oil, it appears that
it should be used as a standby boiler only. Therefore

for every ton of coal used in the plant, 11,000 to 12,000
pounds of steam arc produced. For the purposes of this

study, we have wused 11,000 pounds per ton at $16.40 per
ton. This gives a steam cost of $§ .00149 per pound of
steam (See Figures 2, 3, 4 ard 5 of the Appendix).

The coal-fired boilers appear to be as efficient as

can be expected. The equipment that could increase their
efficiency such as re-heat and economizers is not compatible
with the existing plant operation, Re-licat could increase
the efficiency turbines (which are a special
item) would hr : Ryt L to take .nl\ 'age of

this. An ccoiil ». not huip ..."M.ciency

greatly because the boiler feed water is already around 250°F

-8-



3. TURBINE.GENERATORS

The turbine generators installed in the University
power plant are two identical General Electric 1.75 mw
units. They are rated at 600 psi, 7S0°F inlet conditions
and operate with a variety of outlet conditions depending
on the campus heating load and electrical energy require-
ment. During the winter under high heating conditions the
outlet steam conditions are approximately 28 to 30 psi,
300 to 350°F exhaust. The high back pressure is required
to transport larger steam quantities around the campus.

In the summer outlet steam conditions are approximately
15 to 17 psi, 300 to 550°F. This outlet steam is used by
the absorption chiller and various small heating loads
around the campus. Anothe; outlet condition is possible
when the new steam condenser is operating. Then outlet
conditions are approximately 4 to 7 psi, 230 to 260°F.

During winter operation, the turbines run most e ffi-
ciently at a combined steam input of approximately 80,000
to 85,000 pounds per hour at which the maximum output of
both turbines is 3.5 mw. This gives a steam rate of
approximately 24 pounds per kwhr. Under summer conditions,
the steam rate can drop down to 25 pounds of steam per
kwhr. When the condenser is in operation, rates as low
as 21 pounds of steam per kwhr are possible because of the
lower back pressure on the turbine exhaust. The section
on Economic Review of Alternatives should be consulted
for a nore complete review of condenser operations.

The steam rates arc the best indication of a steam
turbine generator's efficiencies and the above rates
appear about right for a non-condensing turbine. 't s
interesting to note that the turbine is extremely ineffi-
cient at less than 20,000 pounds per hour steam input and
becomes most efficient at the maximum steam input. Higher
efficiencies would require condensing steam turbines which
operate at very low back pressure in the vacuum range.

(See Figure 6 1) 7).

4. CONDENSER

The air-cooled condenser recently installed in the
plant is not of the type normally used in power plants and
will not work at the vacuum required for a condensing tur-
bine. With the condenser in operation”™ an additional
30,000 pounds of steam per hour (at 80 F ambient) may be
put through the turbine when there is no steam demand for
heating or chilling. Much more steam can he condensed
at lower temperatures, hut it is generally not needed as
the steain is wutilized for the higher heating loads. A
moT/> r r'e -r ~re - I pen ~ *'rr'SentGel
in it : f m'»le e,



5. PLANT LAYOUT

The plant layout is quite flexible for the current
operation and the plant is maintained in very good condi-
tion. The original plant was designed so the oil-fired
standby boiler could be replaced by another coal-fired
boiler of up to 120,000 pounds of steam per hour. The
plant has room for another turbine opposite the oil-fired

boiler. Such a turbine would have to be mounted on a
pedestal as the basement appears to be too small for a
condenser if a condensing turbine were installed’ The

oil-fired standby boiler removed to accommodate a coal-
fired boiler could be installed in an addition to the
plant building on the west end. There appears to be
enough room outside the plant to add additional heat ex-
changer units for a larger steam condenser.

In conclusion, the plant appears to be as flexible
and efficient as can be expected for the installed equip-
ment. More information on present operation possibilities
will be covered in the section on Economic Review of
Alternatives. Please refer to Figures two through seven
for graphical presentation of plant efficiencies.

C. ECONOMIC REVIEW OF ALTERNATIVES
1. INTRODUCTION

The following is an economic review of possible
alternative operations for the existing power plant. They
are based on present day prices with no escalations for
inflation or other possible price increases or decreases.
Coal is priced at $§ .94 a therm; electricity at S .05
per kwhr; oil at § .40 a gallon. Plant energy flow rates
are assumed to be Similar to Figure 4 in the Appendix,
This is not an in depth review and favorable alternatives
should be investigated further to find the optimum plant
utilisation and operation.

The alternatives investigated are the following:

1. Continue present plant operation/optimize
condenser use

2. Purchase a condensing turbine.

a. A Small Condensing Turbine capable of supplying
just the University's electrical needs.

b. A Largo Condensing Turbine capable of producing
power for sale.



that the present, use of conl is the most economical for

the production of steam. V'c have not looked into steam

or heat production with any other fuel. We have also
assumed that at some point an additional coal-fired boiler
will be installed to supply steam for heating when the

University expands further,

2. CONTINUE PRESENT PLANT OPERATION - OPTIMIZE
CONDENSER USE

The present plant operates efficiently for 'its equip-
ment. The economics of the present plant are shown on
Figure 5. Energy Dollar Flow. This figure indicates
that steam can be produced for approximately $1.34 a therm,
electricity can be produced for $ .0078 per kwhr from the
turbine. This operation assumes that the condenser is
not being used and that all steam going through the turbine
eventually goes on for campus heating purposes. Figure 3
shows the electrical cost when'the condenser is operated
without the use of steam for campus heating. At the rated
capacity of the condenser (50,000 pounds per hour), a
steam rate of approximately 21.5 pounds per kwhr is real-
ized which provides electrical power at about § .031 per
kwhr. When the condenser is operating in conjunction
with the campus heating, the cost of its operation are
much harder to determine. In this mode, it is possible
to produce extra electricity above the heating load.

Cost of this extra electricity is the cost of the coa

plus electrical usage by the condenser for fan motors,

etc. An additional estimating problem appears because

the steam turbine now operates more efficiently due to
higher steam flows. This bhoosts the total efficiency

more than the straight increment of pure condenser operation

We have prepared rough estimates of various operating
costs with and without the condenser c¢cn line and with
pure condenser operation to correspond with the three
operating modes. This information is presented in the
Appendix in Charts 1, 2 and 5. V¢ used a capital cost
of the coidenser at $90,000 with a ten-year life at nine
percent interest. If the condenser is run fifty percent
of the time at an average production of 1,000 kw, the
capital cost would be S .003 per kwlr.

5« ADDITION OF CONDENSING STEAM TURBINE

When one looks at Figure 1 showing the predictions
of fuel rates in the near future, it can be seen that
coal is a stable fuel with a potential of it being more
of a bargain then it presently is. The University is in
a prime position with its existipg coal hapdling equipment
and * . » « 0l ...t .., rhr 1|V, nf
coal . "B« ey v -a e miensing
st-iar CoL . .8 as at as tho
existing turbines at the University, since they utilize
the steam energy down to the vacuum range. (See Figure 7.)



We have done preliminary investigations into the
possibility of purchasing condensing steam turbines in the
3.5 to 15 mw range. The low end of this range would be
a turbine generator that could produce all of the Univer-
sity's needs in the foreseeable future when used in con-
junction with the existing turbines. The high end of
this range would be a turbine that could utilize all of
the University's steam production capabilities, produce
all electricity needed by the University and be used to
help produce electricity for the general Fairbanks area
through some agreement with Golden Valley Electric
Association.

a. SMALL CONDENSING TURBINE

Small condensing turbines of approximately 3.5 to
5 mw vary in price from between 5500,000 to $1,200,000.
A condenser would cost $500,000 to $600,000. A rough esti-
mate of total cost including piping, design, controls,
purchase and installation of related equipment should
be around $2,000,000. [f this is amortized over 20 years
at eight percent, annual cost equals $210,000. This s
a kwhr cost of $§ .0096. The fuel cost of such a turbine
can be assumed as manufacturer's data plus twenty percent
or approximately twelve pounds or steam per kwhr, which
is § 0179 per kwhr. Maintenance can probably be accounted
for at approximately § 001 per kwhr for a total electrical
production cost of § .028 per kwhr. This is a very
attractive figure at today's costs and can only become
more attractive in the future.

b. LARGE CONDENSING TURBINE

A large condensing turbine in the 7 to 15 mw range
would cost approximately $1,400,000 to 52,000,000. The
condenser package would bhe approximately $1,000,000.

Piping, controls, installation, purchase nf related equip-
ment, etc. would bring the total installed cost to about
$4,500,000, [f this is amortized for 20 years at nine

percent, wo arrive at $493,000 a year, or § .0049 per kwhr

A condensing turbine of this size can be expected to
operate at eleven pounds per kwhr with minimal extraction
(summer operation) and around sixteen pounds per kwhr when
a large proportion of steam is extracted for campus heating.
This means that approximately 60 MM kwhr would be produced
in the summer and 40 MM kwhr produced in the winter.
Taking into account steam demand, wc estimate this fuel
cost to be $ .0194 per kwhr. Maintenance is assumed to
be approximately § 001 per kwhr so that a total cost on
a yearly average is expected to be § .026 per kwhr



This large condensing steam turbine would not be
economical if the University is unable to sell the excess
power generated. In our predictions on future fuel costs,
we found that Golden Valley was paying approximately nine
times as much for electricity generated by fuel oil as
opposed to that generated by coal. [f the University's
installation of a large condensing steam turbine is only
one quarter as efficient as Golden Valley's Healy power
plant, it is still twice as economical as diesel-fired
gas turbine generators. It appears as if negotiations
with Golden Valley could be undertaken for the sale of
the University's excess power to Golden Valley.

A study of the possible rates based on power, supplies,
demand, charges, etc. is beyond the scope of this study
But the University should begin to discuss this with Golden
Valley to see if there is an economic bhasis for installing

a large turbine. The Fairbanks area cannot continue to
use high-priced petroleum fuel5 for electrical power when
it has such vast reserves of coal readily available. The

University is in a prime position to assist the Fairbanks
area in reducing its dependence on petroleum fuels and
becoming more flexible in electrical power generation.

4, CONCLUSION'S ON ECONOMIC ALTERNATIVES

The preceding review on economic alternatives has
demonstrated that more work must be undertaken to determine
which direction the University should go in the near future.
The recently installed condenser appears to have been put in
operation at the ideal time to start to take advantage of
increased electrical charges. A study should be undertaken
to determine on a month to month basis the optimum opera-
tional modes for the condenser. This study would include
projections or estimates of Golden Valley's fuel surcharges
and the University's total wuc..r.r.d, and the results of the
study would indicate a point when the condenser should
be put on line for minimizing Golden Valley F.lcctic Associa-
tion electrical charges to the University.

A further study inist be undertaken to determine the
size of a condensing steam turbine which should he installed
The study should look further into estimating the cost
of such equipment and determining the optimum size or the
turbine and its related equipment. This study should also
undertake to determine whether Golden Valley would be
interested in purchasing power and at what cost. A possi-
bility not discussed in the preceding alternatives is that
of purchasing surplus generation equipment at approximately
ten percent of the cost of the new equipment. Such
surplus equipment should of course bhe inspected in detai
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A related item that should he included in any further
study is the use of a central computerized control network
to shave the existing dentmd peaks. This in addition to
energy conservation measures could appreciably reduce the
University's demand for both electricity and heat; thus,
reducing fuel charges and electrical charges. Computerized
control could be utilized to optimize the existing plant
operation so that electrical production costs are kept
at a minimum.
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iXISTIIHI 1°J.ANT CONDENSER OPERATION
ESTIMATES OE FUEL COST

CHART 1
WINTER OPERATION (28 - 30 PSI EXHAUST)
MAXIMUMS
STEAM  CONDENSER STEAM RATES EXTRA POWER  COND. TOTAL INCREMENT FUEL COST
LOAD STEAM TOAD CONDENSER STEAM LOAD POWER POWER COST DOLLARS/Kw.MR
MW/HR M3/HR FF/KWHR  tf/KWHR KW KW KW s
10 10 57 30.8 149 324 474 14.5 $ .0306
10 20 57 26.1 208 766 974 29 _029%
10 30 57 24.1 240 1245 1485 43.5 * 0295
20 10 30.8 26.1 126 383 509 14.5 .0285
20 20 30.8 24.1 190 829 1020 29 .028 4
30 10 26.1 24.1 96 414 510 14.5 .0287
CHART 2
SUMMER OPERATION (15 - 17 PSI EXH. *
MAXT MUMS
STEAM  CONDENSER STEAM RATES EXTRA POWER  COND. TOTAL INCREMENT FUEL C<
LOAD STEAM rOAI) CONDENSER STEAM LOAD POWER POWER COST DOLLARS/.
M* /HR MW/HR  */KWHR  W/KWHR KW KW KW $
. 10 10 36 27 92 370 462 14.50 $ .0314
10 20 36 23.5 147 851 998 29 .029
10 30 36 21 198 1428 1626 43.5 0267
20 10 27 23.5 111 425 536 14.5 ) .0270
20 20 27 21 212 952 1164 29 .0249

30 10 23.5 21 152 475 628 14.5 .0231



CHART 3

CONDENSER FLOW ONLY

sTEam ' POUnDo/KWHR " FUEL COST
alhr STEAM RATE KW OUTPUT DOLLARS/KWHR
10,000 29.5 339 $ 0440
15,000 27 .4 547 0408
20,000 25.5 184 0380
25,000 22.5 1111 0335
30,000 21.5 1395 0320
35,000 20 1750 0298
40,000 19 0283
NOTE: above is conservative. No factor included for higher
condensate temperature, thus less coal needed to make steam,
No factor for fan power required. Also, figures were extra-

polated past 22,000 pounds per hour. No data available.
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l. INTRODUCTION

The University of Alaska, Fairbanks has a variety of
means oi meeting its energy roquirenents during the next

ten years. The University is faced with a continuing up-
ward spiral of. fuel and utilities costs. These fuel and
utilities costs were projected in Phase | (See attached

fuel/utilities costs projections in Appendix) of this report,
In Phase TI presented here, we have examined the future growth
of the University in Alaska, Fairbanks campus and the future
demand placed on the present University power plant

The objective of Phase Il of this study is to determine
the most economical means of meeting the energy requirements
of the University of Alaska, Fairbanks during the next ten
years, In order to accomplish that, we utilized the fuel
costs projection obtained in Phase 1 and projections of the
University planning department on campus growth to estimate
the annual cost of the present Univ rsity power plant and a

self-sufficient plant. The sel'f-su/ticicnt plant consists
of a steam-turbine generator capable oi providing all of the
electrical power needs of the University campus. It would

be installed in the existing power plant which is already
capable of providing all the steam heating required by the
University. With the annual cost information compiled in
this report, the University should be able to effectively
plan for its future energy requirements,.



11. SUMMARY AND CONCLUSIONS

A, SUMMARY

This study has examined the future campus growth of
the University of Alaska, Fairbanks. The campus steam
heating and electrical usages for the next ten years were
projected based on historical data and predicted University
growth. From these projections, a determination was made
on the heating plant required to meet the projected steam
heating loads. A self-sufficiant power plant was recom-
mended to meet projected electrical loads. Typical opera-
tion modes and expected efficiencies were predicted based
on a self-sufficient electrical power plant. From this
information and the campus growth, annual costs were- deter-
mined to compare continued operation of the present plant with
the proposed self-sufficient plant. From the projected annual
costs, a pay-off period for the construction of the self-
sufficient plant was determined.

B. CONCLUSIONS

1. There is not going to be as much growth on the
University of Alaska, Fairbanks campus as there
has been in the recent past. The next ten years
should have maximum growth of approximately
eighteen percent over present size and minimum
growth of approximately ten percent

2. The present University power plant is adequate
to meet the projected steam heating demands for
the next ten years. A longer time period of
higher steam demand is required before a new coal-
fired boiler can bhe justified. Steam wusages in
the next ten years can be met by the existing coal-
fired boilers and utilization of the existing oil-
fired boiler to meet peaks.

3. The present University power plant produces
approximately half of tlie electricity used on

campus. In order to be self sufficient, the
University would need additional generation
capabilities. The most economical form would be

a condensing-type steam-turbine generator. A
steam-turbine generator capable of meeting the
University's anticipated electrical demands for

the next ton years could bo purchased and in-
stalled for approximately $3,<100,000. Such a
steam-turbine generator, even utilizing oil to
produce the peak steam required, would be substan-
tially less expensive over the next ten years than
purchasing power from Golden Valley Electric Assoc.



3. Continued

The inves tnvuit in a steam-turbine generator should
be paid oli* in four to six years after construe'Lon
through elimination of electrical purchases.

The University should plan immediately for the addition
of a steam-turbine generator to the existing power plant so
they can eliminate paying for the high cost of electricity.
Projected growth over the next thirty or forty years should ¢
be investigated to determine the economics of adding a coal-
fired steam boiler or converting the oil-fired boiler to
natural gas when it becomes available.



1. DISCUSSION
A, HISTORICAL AND PP.O.TF.CTFP CAMPUS GROWTH

The University of Alaska, Fairbanks has undergone
considerable growth in the last few years; and while
this growth appears to be tapering off, many decisions
must he made now and in the future to satisfy the heating
and electrical demands that this growth imposes on"the
existing twelve-year old University power plant. In
this section we propose to outline the past five years'
growth in terms of square feet of building area and
project this growth for the next ten years. We also
will investigate the historical steam and electrical
usage and project that usage for the next ten years.

1. CAMPUS GROWTH

The Fairbanks campus grew at five to ten percent
per year until 1970. At that ‘time there was a total

of approximately one million square feet of building area
on the campus. From 1970 to 1975 the campus grew rapidly,
doubling in size, to around two million square feet.

Construction included married-student housing, dormitories,
recreation halls, offices, laboratories, classrooms,

a student-union building, and a community center. The
Hutchinson Career Center and the University Park School
began to receive steam from the University power plant

in 1972,

At the present time, the University supplies electricity
and heat to two million square feet of its own buildings
and an additional 140,000 square feet outside the University
campus arc provided with heat.

We have met with the University's planning department
and jointly have arrived at figures for projecting addi-
tional University square footage which must be served by
the power plant over the next ten years. The following’
is a summation of the maximum probable construction :0 the
year 3936.

Fall of 1970 - An ice rink of 42,600 square feet

will be completed.

Fall of 1976 - WAst Valley High School of approximately
100,000 square feet will be provided with steam

heat- only.

1977 - The Museum of the North is planned with
approximately 50,000 square feet

1978 -\
nducalie plauned.
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1980 -.A library addition of 60,000 square feet
is planned.

1982 - An Arctic Research building of approximately
50,000 square feet is planned.

1984, - Student housing of approximately 30,000
square feet is planned.

This indicates construction of approximately 50,000
square feet every two years or approximately 250,000
square feet over the next ten years. This information
was obtained from the "Capital Budget Proposed Six Year
Capital Program" and other information available to us
from the planning department

In any projection the minimum should also be looked
at. At the very least, the University planning department
expects to provide for the ice, rink and the West Valley
High School in the fall of 1976. The Museum of the
North and the Tanana Community College Vocational Educa-
tion Shop would probably be constructed over the next
ten years. The minimum total would probably be approxi-
mately 100,000 square feet or forty percent of the maximum
construction figure r.ot including projects already under
way.

We have prepared a graph showing the historical
growth and projections for the period 1970 to 1986.
The graph is in the appendix as Figure 1 and indicates
the square footage served by heat and the square footage
served by electrici.ty and steam heat. It also indicates
maximum and minimum planned construction based on the
above information. From this graph we can see that the
maximum projection for buildings served by steam heat
is approximately two and one-half million square feet
and that those buildings served by both electricity and
steam heat arc 2,500.000 square feet. Tho minimum figures
are 150,000 square feet less than each of the above

From this graph we can determine that the maximum
growth in terms ol: percentage of existing square footage
for buildings served by electricity and steam heat is
approximately 11.8 percent and maximum growth for steam-
heated square footage is approximately 17.7 percent.

The minimum growth for buildings served by electricity
and steam heat is approximately 7.1 percent and for
buildings.served by steam heat, approximately 11.2 percent.

The physical plant growth over the next ten years at
the University of Alaska, Fairbanks appears to be consider —

ably less thp" _c the Inst five ye S. h seems
to D€ ( {b ppi."i3]o %£ Ujﬁ)*% 1%6 growth

my be snmal\ ia terms 03 pepc-fentacjc of eX|st|ng physical



plant, it 1is nonetheless large 1in terms of square footage
per year as ”compared to pro-1970 figures. The growth
also appears to he quite steady over the next ton years.
Most planned bui Idlingsare approximately the same site
and spared at even time intervals.

2. STEAM USAGE - HISTORICAL ANT) PROJECTED

The University has experienced considerable growth
in steam demand for heating and cooling purposes over
the past ten years. The steam usage has grown from under
two hundred million pounds per year in 1967 to a peak
of almost three hundred eighty million pounds per year
in 1973-4. We have prepared a graph of steam usage.
(See Figure 2 of the Appendix.) The steam usage has
not grown as rapidly as the square footage constructed
due to more energy-efficient construction and more,
diversity 1in the steam load.

The steam usage has been projected from the present
to 1985 using past data on steam usage per square feet
and projected data on construction. In the discussion
of campus growth, we found that the maximum projection
for steam-heated buildings was 17.7 percent and the mini —
mum growth was expected to be 11.2 percent. Figure 2
indicates a maximum projection of 18 percent over the
next ten years to a total of four hundred fifty million
pounds of steam used per year. The minimum growth would
be approximately ten percent so that present demands
could rise to approximately four hundred twenty million
pounds of steam per year. Note that these figures are
for heating only. Steam used in the new "condenser>”will
probably average one hundred twenty million pounds per
year.

3. ELECTRICAL USAGE - HISTORICAL ANT) PROJECTED

Tho total electrical usage on the Fairbanks campus
has 1increased rapidly over the past few years, although
energy conservation measures initiated several years ago
have been able to reduce present electrical usage to
that of four or five years ago. The present electrical
usage 1is approximately thirty million kw hours per year
plus another four million kw hours per year station
service. We have projected the electrical usage over
the next ten years and have arrived at growth rates in
line with those Lor the building square footage growth.
These indicate maximum growth of 11.8 percent over the
next ten years and a minimum growth of 7.1 percent over
the next ten years. These projections are shown on
Figure 3. From this wc would expect by 1985 the total
electrical »«»f»e to increase to approximately thirty-
eiflhfc {rullion Vcvj hoops per NetiVcfccwmaXinfMYNor a. mikiiir.:u
os 1dhvrtch-three <muiow ooopy per
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ili tho previous =erot , Wo determined that the maximum
growth over the next ton year.- wiii he appioximatcly
eighteen percent and the minimum growth would be approximately
eleven percent; thus, the present yearly .steam demand of
three hundred eighty million pounds would 1increase to a
maximum of Ffour hundred Tfifty million pounds per year or
a minimum of four hundred twenty million pounds per year
in the next ten years. In this section we will determine
if the existing power plant can accommodate that demand;
and if not, what steps should be taken to meet it.

The present University power plant has two coal-fired
boilers with name plate capacities of 50,000 pounds per

hour of 600 psi, 750°F. stean. There 1is one oil-fired
boiler which has a name plate rating of 100,000 pounds
per hour of 600 psi, 750°F. stean. The two coal-fircd

boilers are used for the basic; steam load with the oil-
fired boiler usedi as a standby.

In the last few years the power plant has been
able to meet the steam demand peaks wusing only the coal-
fired boilers. Last year the maximum hourly peak was
92,400 pounds per hour. During that time the average
output for the entire week was 81,000 pounds per hour.
The existing coal-fired boilers apparently cannot achieve
their rated 100,000 pounds per hour output due to the
low heating value of the coal used. The maximum combined
output from the two coal-fired boilers appears to be
approximately 94,000 pounds per hour.

Typical average steam demands are shown on Figure 4
of the Appendix. The University®"s demand on steam produc—
tion usually averages about 70,000 pounds per hour during
the winter months and the peak demand of 81,600 pounds
per hour for a one-week period normally occurs for only
a week or two per year. We have determined that if the
present maximum output 1is increased by eighteen percent
to 96,500 pounds per hour, it would exceed the output
of the present coal-fired boilers approximately three
weeks out of the year.

At the present time 1in Fairbanks coal costs
approximately one third as much as oil for the same
amount of heat, so it is obviously economical to operate
coal-fired equipment as much as possible. (See Appendix
Figure 5.) The existing coal-1"ired boilers should be
able to handle the projected steam demand approximately
95 percent of the time ten years from now at the maximum

projected Universitﬁlgrowth. IT higher heat-value coal
could ho obt-ninofl 4lk-1i tho winter months, the existing
gsal <?ired bc/dfcrs* coutd bottifrUj handle, loo percent of

the. projected ujccklcj heating demand e



li was originally thought that an additional coal-
fired boiler would have to lie installed in order to

econori™i "(* on steam prnl:i<"r ion. Th imav.umpj ion was made
be lore a precise projection of future steam demands was
made. It now appears that the 1investment of three to

five million dollars for an additional coal-fired boiler
and its related fans, pumps, motor control centers,
additional building area, etc. is not economical and that
the existing oil-fired boiler should be used to meet
stcam-dcmand peaks in the future. In Section D of this
report we discussed the cost of producing steam Tfor the
next ten years and in that section wc arrived at oil

cost to meet heating peaks ranging from $2,000 a year

in the next year to approximately $50,000 a year ten

years Tfrom now. This is considerably cheaper than pur —
chasing and installing a coal-fired boiler and its related
equipment. Natural gas is a possible fuel in ten to

fifteen years and the oil boiler could be converted to
take advantage of the probable, lower fuel cost.

The existing University power plant can easily
accommodate the projected steam demands for the next

ten years. In order to justify purchasing an additional
coal-fired boiler, a twenty or thirty year demonstrated
need must bo shown. At the present time this need does

not appear to cv ‘"st; therefore, the University should not
anticipate exp-iding 1its steam production capabilities.

C. PLANT REQUIREMENTS TO MEET PROJECTED ELECTRICAL USAGF:
1. PRESENT PLANT CAPABILITIES

At the present time the University produces its own
power and purchases power from Golden Valley P.lectric

Association. The present electrical demand and projected
maximum and minimum electrical demands for the next ten
years have been discussed in Section A. At the present

time the University power plant has been able to produce
approximately one third of the yearly electrical usage.
The electrical generation equipment consists of two 1.7
megawatt, non-condensing steam turbine generators.
Recently, a direct stcan-to-air condense! has been added
to utilize tho turbines a higher percentage of the tine.

In the past the existing steam turbine generators

were totally dependent on the steam heating load require.,.cnt

for their operation. Steam goes 1into the turbine at 0(0
psi, 7S0<Il;. and exits from the turbine at pressures of
fifteen to thirty psi and temperatures of 300 to 350 F.
This exhaust pressure 1is determined by steam distribution

requirements on campus. During high heating demands 1in
the winter, thirty psi must be maintained at the plant
psi St .~ the V'ert Ridge.



was 1i>; s"tcam demand due to tiic lack of condensing

evVs 111 le’s =i the t1.nf. The addition >f the air-cooled
Co;.,1 ."ti.srr in the summer of 1i."'Ta dilowed operation of the
existing steam turbines during times when steam demand

was light. The condenser is capable of handling 50,000
pounds of steam per hour at 80<1;. outside air temperature
and it normally operates at five to seven psi. Steanm
exhausting from the turbines goes through the condenser
and then goes back to the boilers as condensate rather
than circuiting the campus as steam for heating purposes.

In tho qjst the turbines did not opor.ite fully when there
1

Optimizing the operation of the new steam condenser
should allow the University to produce an additional
four to five million kw hours per year above their average

of ten million kw hours per year. The means that the
University is now capable of producing one half of its
present electrical demand. Inc other halt of £Tiis electri—

cal demand is provided by Golden Valley Electric Association,

The Fairbanks area currently 1is having considerable
problems with electrical generation. The electrical
production plants in the area have had to operate at
peak capacity to meet winter loads and this has forced
the utilities to install gas turbine generators running
on oil to ncct the demand peaks. These gas turbine
generators are qu.tc inefficient; and in the Fairbanks
area, electricity produced by oil-consuming equipment
costs approximately eight times as much as electricity
produced by coal-fired equipment. The Public Utilities
Commission has allowed Golden Valley Flcclric Association
to institute a fuel surcharge so that they can pass on
their additional generation costs to their customers.
Golden Valley Electric Association has also increased
its demand charges to discourage high electrical
consumption during demand peaks.

Figure 5 in the Appendix shows the projected fuel
and utilities rates over the next ten years. Tho graph
was prepared for Phase 1 of this energy study and
demonstrates the probable rapid increase in the cost of
utility-produced electricity. Golden Valley Electric
Association will utilize mere oil consuming electrical
generation equipment so that the cost of electricity
will rise rapidly. It, therefore, behooves the University
to investigate the possihitities of becoming totally
self-sufficient 1in the production of electrical power.

The present stean turbine generators in the University
power plant serve their purpose with reasonable total
cfficicnclcs, but the prime purpose of the power plant
has been to produce steam for healing with a secondary

icity. m" *m University is
“1 ;7;;0 il . > tdi tional
lile « .. oA .. “wJk be
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The pro:.“nt peak electrical "ir >x! for a short time
per iosl is 5. S "icgawn trs (m.v)- li we multiply this by
the projected increase in total electrical demand of
approximately twelve percent, we arrive at 6.5 mw. In
order to be self sufficient, generation capabilities
meeting this figure should be installed. The modern
automatic extraction condensing steam turbine generator
can produce electrical power and provide extraction
steam for heating purposes with much more efficiency than
is demonstrated by the University®"s present non-condensing
steam turbines.

UT have determined that an automatic extraction
condensing steam turbine generator with a shaft output
of 6.5 to 7.5 mw would be 1ideal 1in serving the University"s
electrical and steam demands for the foreseeable future.
This turbine would have approximately 120,000 pounds
per hour steam inlet capacity 3t 600 psi, 700, exhausting
at four inches of mercury vacuum 1into a condenser, with
extraction capabilities of between 20,000 and 100,000
pounds op steam per hour at 50 psi.

The turbine could easily meet the University"s peak
electrical demands. It could pass enough steam through
its extraction nozzle to serve most of the University"s
heating demands and by using a vacuum steam condenser,
it could produce electrical power when there was little
steam demand. Its operation modes will be covered more
completely 1in Section D.

In addition to the turbine generator, the University
would need a dry-type steam-to-air condenser. Boiler
feed pumps would be required to pump the condensed .-team
back to the boiler. Various electrical switch gear would
be required to control misc. pumps and motors. A generator
control center, breakers, and misc. wiring would also be
required. Various piping, valves, controls, etc. would-
be required to install this in the power plant. l.ittlc
work 1is required on the existing power plant building to
install such a generator. It could fit on the turbine
generator floor to the west of the c/isting steam turbine
generators. There 1is already an allowance for a smaller
steam turbine generator and some modification of the
turbine floor for foundations, equipment supports, etc.
would he required. The dry-type condenser could be installed
to the west of the power plant between the power plant and
the water treatment plant.

The dry-type stcam-to*air condenser would be similar
to the condenser now in open*ion at the power plant with

the major ex ** e * roar ei "C* *r wrulu
be utilized 1L ... .. in t" ; tva "r; ihur.,
allowing more faee o e| ki*lkietdW UJI'L, wlOil. pc |
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won lil also have* an air rc-c ircul at ing system to prevent
freeze ups in winter weather, "liio dry-type condenser has
nar... advantage:- 1In the in?v eess climate. It does not

use any cooling water,- tints, ;iii inling large cooling

water pumps and water treatment to avoid scaling problems..y
It also docs hot contribute to the generation of ice fog. -
Such a condenser would only have to handle approximately
40,000 pounds per hour of steam due to the Tfact that most

of the steam would be extracted for campus heating use.

We have used a 50 psi extraction pressure rather
than the currently utilized 20 to 30 psi due to the
proposed increase 1in steam distribution pressure to allow
for various steam equipment to be used in laboratories,

classrooms, and other buildings. This 1increase 1in distri—
bution pressure would be tied 1into the possible construction
of a loop on the West Ridge steam line. The present steam-

turbine generators can operate at 50 psi exhaust pressure
but they would become less efficient.

We have prepared an approximate cost estimate Tfor
such a turbinc-gcnerator 1installation. The earliest
such an installation could take place would be 1in 1978
due to the approximate eighteen-month construction and
delivery time for the steam-turbine generator. Our cost
estimate 1is based on 1978 prices and includes contingencies
and contractor®s overhead and profit, and engineering
costs. See Chart 5 of the Appendix. The total construction
cost in 1978 should be approximately $5,400,000.

With such a turbine 1installation, tho University
would be totally independent of the local electrical
utilities. It could, however, provide up to seven megawatts
of power to the Fairbanks community in times of emergency
by utilizing the existing turbine generators (which would
normally be used only for standby purposes), utilizing all
available steam output from both 1its coal-fired and oil-
fired boilers and lowering electrical consumption on
campus to approximately three megawatts. n

The operating economics of such a turbine installation
are discussed in Section 1) of this report where the
installation of additional generation capability is
economically compared with continued operation of the
present plant and purchase of power from Golden VallLey
Electric Association.

D. PROJECTED POWER PURCUASING AMD PRODUCTION COSTS

In previous sections of this report, we have discussed
campus growth, the required production to meet the pro—
jected heafir** demand*; and the required production to

te wvill

k. ti » of
N e*ilil, ©lOUW e 0 MU 2DIKVick o
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One alternate 1involves no new construction; merely,
continuing "to operate the existing power plant. Providing
stc-a:.i with existing equipment and power with hoth existing
oqu ip“lent and purchased power from Golden Valley Electric
Association. The annual cost will 1include coal and oil
costs, electric purchasing costs, operation and maintenance
costs and amortization oi" the construction cost of the
existing plant.

A second alternative for meeting electrical and
steam demands for the next ten years will be one in which
the University will be totally self sufficient. In this
alternate we will assume that the steam-turbine generator
proposed in Section C will be installed by 1978 and fronm
then on the University will be totally independent from
Golden Valley Electric Association. Total 1independence
may not be the most economical mode; but with the equipment
installed, the most flexible operation points can be
determined. The annual cost of a totally self-sufficient
plant will 1include coal costs and oil costs, amortized
capital costs of additional equipment 1installed as discussed
in Section C, normal plant operation and maintenance,
additional plant operation and maintenance as required
for the additional equipment, and amortization of the
existing power plant.

In both of the above alternatives, we have used the
maximum growth projected for the next ten years as a basis
for our estimates. This insures that the equipment will
meet the demands; and if there 1is less than maximum growth,
the annual cost should be less.

In both alternatives a minimum and a maximum yearly
cost was computed. The demands were scaled up at the
projected growth rate from existing demands. The fuel
and utilities rates utilized were based on the fuel/utilities
costs projection shown in Figure 5 1in the Appendix. At
the minimum, coal costs were expected to increase at
one percent a year. At maximum, coal costs were expected
to increase ten percent per year. Electrical costs for
Alternate One were assumed to increase at the minimum of
seven percent per year and a maximum of twenty percent
per year. Due to the small amount of oil required, an
average of ten percent per year 1increase 1in cost was utilized
with no maximum or minimum calculated.

1. MEET PROJECTED POWER REQUIREMENTS WITH EXISTING POWER
Raw: PUKtiHASE- etilt; [itiCTYY ATTki-QOTKIOK

In this alternate the present power plant was expected
to continue with approximately the same efficiencies it

now has. The newly installed steam condenser was expected
k=1 = z possible tr . ducc the required
e e "it el” ~ * rites it can he

. ..w;w that tt.u ... .., condenser operation

can he optimized to produce power at 1loss than purchased
rates.

12



The pr.esent plant operation and maintenance budget

is approximato 1lv $(>50,001) per year. This was assumed to
ji.rj<msc al! ree percent p»v v-.nr for the purposes nl“this
calculation. ihe at,ortirati*. cost of approximately

$500,000 per year to 1985, then $200,000 per year to 1994
was obtained from the planning department and used as is
for tiic purpose of this calculation.

The results of our calculations arc shown on Figure 7
where a graph of annual costs versus years can be Tfound.
Also, in the Appendix are the figures we utilized to
determine the fuel costs.

2« X XL 1iMW-tncini) ”"ov.fr rh”™uirhmf-nts with a sf.lf-
SUIZiCIHM PLANT

If additions to the present power plant as outlined
in Section C arc utilized, the production costs of steanm
and electricity for the next \C:\ years can he determined.
Until such alterations can be made to the plant, we must
utilize figures obtained in Alternate One. The same fuel
costs were used as were used in Alternate One. A grapli of
the automatic extraction condensing steam turbine perfor—
mance was prepared so that steam requirements could be
determined for various electrical outputs. It was assumed
that the existing steam-turbine generators would only
be used for standby purposes and that the oil-fired boiler
would only be utilized as required to meet peaks.

The capital cost of installing steam-turbine generation
capabilities were amortized at eight, percent interest for
twenty years. Operation anc! maintenance costs were
assumed to he Tfifteen percent over existing and projected
operation and maintenance costs for the present plant.

There was assumed to he no exchange of power between
the University and Golden Valley T leetrie Association.
It is possible that an agreement could be made that would
b« advantageous to both Golden Valley filectric Association
and the University; |Init since this 1is described as a
self-sufficient plant, it was assumed to operate as such
for the purposes of this study. This eliminates utility
standby charges hut also requires producing electricity
with tlie oil-fired boiler when it may be more economical
to purchase power. If should be noted that the additions
proposed would result in a much more Tflexible plant and
perhaps more optima! operation could be accomplished.

« .

The results of our calculations are shown on Figure 8
which graphs the annual costs of a r.ol f-stifficicnt plant

for the next ten years. Also in the Appendix arc charts

outlining operational modes for winter and summer opera-—
tion period4 z van and « e:)e-six week
period CUVITi i Inr. i0 op »-t>doS.
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It can® easily be seen.from Figure 9, projected total
$avVings, that the se 1f-sn feric i0N t plant is much more
economical with a total savings of over twelve million
dollars by 19.SS; or a pay off on installation costs in
four to six years from construction. The self-sufficient
plant becomes more economical beyond the next ten years
due to its larger capacity and more Tflexible operation.

Even 1if there were no difference between the two
alternatives, the University would be in a better position
with a self-sufficient plant due to its more flexible
operation and its independence from outside influences.
With a self-sufficient plant operating costs are easier

to predict and planning 1is much more stable. The Fairbanks
area 1is having an electrical shortage at the present
time. If the University were to become self sufficient,

it would not have to worry about what the future may hold.

We recommend that the University begin the design
phase for the addition of an automatic extraction condensing
steam turbine with related equipment to its existing
power plant. The approximate two-year lead time on equip—
ment and installation dictates that the University move
with all possible speed to realize savings as soon as pos—
sible. It is unfortunate that such a plant 1is not available
at the present time so that electrical charges of 4.4< per
kw hour for the month of February 1976, could be avoided.
It is unusual to find such a bargain in today"s age and
equally rare to have a bargain to be advantageous to both
the University and the Fairbanks community.



1V. APPENDIX

Fuel/Ilt itity Costs and Projections (From Phase 1 Report)

1. Building Square Footage - Historical and Projected
2. Steam Usage - Historical and Projected

3. F._.lectrical Usage - Historical and Projected

4. Typical Steam and Electric Range of Demands

5. Fuel Cost Projection

6. Typical Steam-Turbine Generator Performance

7. Projected Annual Costs For Operation of Present Plant

8. Projected Annual Costs For Operation of Self-Sufficient Plant

9. Projected Total Savings for Self-Sufficient Plant WithPayoff
At bight Percent.

CHARTS
1. Present Plant -Future Hlectric and Steam Usages
?+  Present Plant -Purchased ElectricPower Costs
3. Present Plant -Future Coal Costs
4. Present Plant -Future Oil Costs

5. Self-Sufficient Plant Construction Cost Estimate

6. Self-Sufficient Plant - Summer Coal Costs

7. Self-Sufficient Plant - Middle Season (Fall/Spring)
Coal Costs

8. Self-Sufficient Plant - Winter Coal Costs

9. Self-Sufficient Plant - Future Oil Costs -

10. Self-Sufficient Plant * Summary of Future Fuel Co
11. Self-Sufficient Plant - Savings and Payoff Rate

12.  Alternate 3 Sell Power to Golden Valley Fleel J
Per Kw-hr Costs

to Go! 1 "lev F *
Cijic AssoCi.il . i .owe"

14.  Alternate 3 Sell Power to Golden Valley
Possible Profit From Power Sale



(I DISCUSSTON
AL UM (1.1TY COSTS ANH PRO.)F.CTIONS

The University of Alaska utilizes either coal or
oil as a source of thermal energy. liloctrical energy 1is
cither produced 1in their own power plant or purchased
from Golden Valley hlectric Association. At the moment
there 1is no natural gas available in Fairbanks. of
primary 1importance to the University is predicting the
future cost of fuels and utilities.

1. COAL

We will discuss the current and the future cost of
coal first: as this is the simplest to determine. Coal 1is
the least*control led fuel and has the largest reserves
available. The current reserves 1in the Ncnana area consist
of approximately 95 million to"ns with less than 200 foot
overburden. There are demonstrated rcser/cs of two billion
tons and hypothetical reserves of eight to.nine billion
tons in the area. The present output of the Usebelli
mine in Mealy 1is approximately 750,000 tons a year. The
mine estimates that there arc 200 years worth of reserves
in the immediate area accessible with their present equip—
ment. They also indicated that they sec an undiminished
supply for any foreseeable increase 1in demand.

At the present time, the University has a short-term
contract with the usebelli mine to provide coal at a cost
of approximately $11.40 a ton. This coal 1is purchased
on a BTU per ton basis with one ton equal to 17,400,000
BTU. The railroad freight rates are established at $4.95
a ton. Thus, the total cost for coal in Fairbanks at the
University storage area 1is approximately $16.35 a ton or
$ .94 per therm.

The shipping rates are expected to increase with
inflation. Mr. Uocflcr of the Alaska Railroad indicated
the railroad had not had a freight rate 1increase for 20
years as of October 196S, and since then their rates have
increased steadily at approximately the rate of inflation.
These increases were nine percent in 1968; fifteen percent
in 1972; three percent 1in 1975; two percent in 1974; and
ten percent in July 1975.Mr. Mocflcr indicates that for
the next two to four years the Alaska Railroad 1is using
a seven percent inflationary figure for their budget.

He also indicated that since at the present time both
coal and petroleum products are shipped to Fairbanks by
rail, the increase in the freight rate for one product

would be similar to that of any other product. The rail—

road does nei * _.iior ch.ng*** "1 ojm ration

or outlays f* ( <« :Mr  us. e Or r.igines

in the near fumm. wuiu opinion is mat v/iui the increased
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some input. I@r add itionu 1ma :jileaancc on theline and
renal* i Ii fat ion cn® engines nr. « c.«rs should beincluded in
estimating any 1increase in rates.

The Usebelli mine does not anticipate any increase
in the cost of co.il other than to follow thegeneral
inflationary trend across the country, doc Usebelli in—
dicated that he would prefer a longer term contract
(approximately ten years) with the University, so that
he could more easily plan plant expansion, hiring, budget,

etc. The Golden Valley Hlectric Association 1is on a long—
term contract for the coal that they use 1in their Healy
power plant. Mr. Usebelli also indicated that he 1is in
negotiations with the Amax Corp. for the purchase of his
mine. Amax Corp. indicates thatthere 1is a possibility

of exportation of coal to the V.€st Coast. Any increased
demand at the mine would level, off or possibly reduce the
coal prices. .Joe Usebelli indicated that with Ffifty

percent more demand ho could reduce the price of coal
approximately twenty percent due to mere efficient utiliza—
tion of the present physical plant. The prime users of

coal arc Ft. Wainwright, Golden Valley Hlectric Association
City Power Plant, Gilson Air Force Base, Clear and the
University of Alaska. None of these plants expect lo
increase their usage by fifty percent so a price reduction
cannot be contemplated unless there is exportation to the
West Coast.

In conclusion, wc can expect that in the future coal
prices in Fairbanks 1i;ill rise a* approximately the general
inflationary rate so that the cost would be approximately
$1.10 to $1.20 per therm by the end of 1977. (Sec Figure 1)

2. OlIL

Oil 1is the most heavily used fuel for heating and 1is
becoming the major clcctrical-producing fuel 1in the Fair—

banks area. At the present time all oil for the Fairbanks
area 1is brought up from Anchorage on the Alaska Pail road,
with Tcsoro being the prime supplier in Fairbanks. The

posted price of Arctic diesel fuel in Fairbanks now 1is

$ .510f. per gallon and number two Tfuel oil 1* $ .4459

per gallon. Any price less than posted must oe negotiated.
Golden Valley Hlectric Association pays between $ .37 and
$ .40 per gallon for diesel fuel used 1in their generation
facilities.

At the present time crude oil 1is controlled by the
crude oil entitlement which subsidizes those refineries
which must purchase crude oil from foreign producers.
The Tcsoro p; It tomcat F*t "meld cntu jM
is not; S6.0.% . .enci 7.vro - VoVs
up to $11.00 a uajici. hie piice bctoro entitlement



is for "old crude"™ from iirc.is that wore producing crude

oil before the controls went into effect. "New crude"

is from areAs developed after controls nnl 1is approximately
5~ .0f> above the "\Id crude"™ price.

There 1is the possibility that the various controls
on oil may 1iic eliminated. Then the price 1is expected to
stabilize at approximately $11.00 to $12.00 a barrel, or
approximately the sane as the present price wirh entitle—
ments. Current controls produce price flucuations and
shortages.

Another variable in the Fairbanks area 1is the pro—
posed lincrgy Company of Alaska-North Pole Topping Plant.
This plant will come on line sometime in mid-1977 with a
15,000 barrel a day capacity. At that time, it is ex—
pected to provide heating oil, diesel fuel, turbine fuel,
military jet fuel and asphalt. The Golden Valley Hlectric
Association 1is going to use the turbine fuel for 2 - 60 mw
gas turbine generators. A portion of the waste heat from
these turbines will go to the Topping Plant for their
production Tfacilities. The Topping Plant will also provide
fuel for the Alyeska Pipeline Pumping Station No. 8; and
in the future, would he expected to produce gasoline and
commercial jet fuel.

The Topping Plant would remove approximately 25,000
barrels a day of crude oil and return 10,000 barrels a
day of residuals to the pipeline. All their planned pro—
duction will be sold only on a contract basis. At the moment
it is very difficult to predict what prices may be; however,
they car. be expected to be still competitive with imported
liquid fuels.

In conclusion it can be expected that petroleunm
prices will go up in the next two years at probably the
inflationary rate with perhaps a leveling off when the

North-Pole Topping Plant comes on line. The other possi—
bility is that removal of controls may cause the price
to escalate further. Our best estimate 1is that the price

of diesel fuel which 1is now approximately $5.00 per thernm
to contract users will go up to approximately $5.60 a
therm in the next two years. Predicting future cost of
oil 1is considerably harder than predicting the future cost
of coal because of the large number of variables effecting
crude oil cost.

3. OT1IHR FUIILS

Natural gas 1is not available now 1in the Fairbanks
area. There arc several possibilities 1in the future. One
is that the natural gas reserves on the North Slope will
be piped through Fairbanks along the oil pipeline route.

Tf the gas n: * = " e li Canada. n rtor line to
Fairbanks ivy ""her 04 tr e rsi*"llicies
.lie expected t. . WVeNh Xt yeii Ine «icxc .. 1i

therefore, wc arc discounting Natural Gas as a potential
fuel 1in the Fairbanks area.
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4. 1-1.r CTRIE=ITY

Electricity in r.ii rh-1tvk*® i. generated by either coal
or oil. At the present time, there is no hydro power
available and there 1is no natural gas for turbine genera—
tion. Golden Valley Hlectric Association provides electri—
cal power to the University and 1is tied 1in with the mili—
tary sites 1in the area and the City Power Company. There
are coal*fired steam generation plants 1in the Fairbanks
area with prime electrical generation at the Golden Valley
plant 1in Mealy. Other major coal users were listed in
the coal section of this report. The large demand for
electricity 1in the Fairbanks area has caused Golden Valley
F.lcctric Association to install gas turbine generators
running on diesel fuel to meet the demand peaks.

The University is on Golden Valley®s rate number seven
which consists of energy charges starting at $ .0375 per
kilowatt hour for the first 10700 kwhr per month and going
to $ .013 kwhr for use over 500,000 kwhr per month. In
addition, there are demand charges from S3.00 a kilowatt
hour for the first 100 kw of demand to $2.75 a kwhr for

anything over 500 kw demand per month. There 1is also a
fuel cost rate adjustment which varies according to Golden
Valley®"s fuel costs for power generation. This has been

around $ .008 to $ .015 per kilowatt hour. With their
present usage, the University is paying Golden Valley
Electric Association between $ .027 and $ .0375 per Kkwhr
for purchased power.

Golden Valley 1is expected to submit a rate increase
on the order of fifty percent. This should absorb the
present fuel cost rate adjustment, but leave the option
to use this adjustment 1if fuel costs continue to climb.
One of the reasons that the fuel cost adjustment is so
severe 1is that 1in Fairbanks, the fuel cost of generating
electricity with oil is approximately eight to nine times
the cost of generating electricity with coal. This does-
not. take 1into account tiie cost of purchasing and maintaining
additional equipment running on diesel Tfuel to meet: peaks.

The cost of electricity will go up with the 1increased
fuel prices. The only Jleveling off would cone about if
demand were reduced sufficiently so that fuel would not
have to be used s much. Unfortunately, the present trend
is towards increased use of diesel fuel for power generation,
especially with the 2 - 60 mw combustion turbine generators
planned for North Pole.

The proposed Susitna Ilydro-Hlcctric power plant could
effect the electricity rates in Fairbanks, but expecta—

tions are tha* *e expect *MuU®. involve
one year to jy *er <I; t*c t: e years Lo
get a supplement gJwhic.i.,i»_two *o0 »i,v. )curs to

investigate sites ar.d design; ar.d three to six years for
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construction. Therefore, no hydro-electric power is

expected, even if authorised, within the next tea years.
It is exported th.it such a project would produce power for
about $ .02 per kwhr before distribution. Hue to these

factors, we arc discounting possible hydro-electric power.

In conclusion, we can expect electrical rates to

rise over the next few years. They will rise faster than
fuel costs due to the larger proportion of more expensive
fuel needed to meet the demand. We estimate that 1in two

years, the cost to the University of Alaska for electricity,
including demand and fuel charges, wouldbe somewhere
between $ .03S and $ .045 per kwhr.

5. SUMMARY

The foregoing predictions (summarized 1in Figure 1,
Appendix) are based on current, data and cannot take into
account the possibilities of increased or lessened govern—
mental control, shortages 1in other parts of the country
or general increases or decreases in demand. Of the above
figures, the coal price appears to be the most stable due
to steady demand and minimal controls, with oil prices
flucuating greatly due to governmental controls and de —
mands or heavy inputs from projects that are expected to
be completed Within the next few years. Since electrical
rates arc based on both coal and oil prices 1in addition
to amortization of new equipment, they arc the least
predictable.

B. EXISTINT, PLANT OFF,RATIONS AND F.FFICI i-N"CES

The power plant at the University of Alaska, Fairbanks
produces steam for heating and electricity for the University,
The plant uses coal or oil to produce steam and generates
electricity with non-condensing steam turbine generators.

The boilers produce steam at 600 psi, 700=F which goes
through tho turbines and is reduced to approximately 30

psi for winter steam heating production and 17 psi for summer
steam production for absorption chillers and heating or

to approximately five to seven psi when the new condenser

is operating for the pure production of electricity.

1* PhANT CAPACITIES ANT) LOADS
a. STEAM

The steam plant can generate approximately 95,000
pounds per hour of steam with its coal-fired boilers,

except for a six-week period each year when the boilers
arc out of commission for maintenance. During that tinme,
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CHART 1
PRESENT PLANT
FUTURE ELECTIC AND STEAM USAGES

V. ON SQ. FT. MILLION KW-HRS/YR.

F ELECTRIC STEAM TOTAL*  TOTAL ELECTRICAL DEMAND  ELECTRIC GENERATION ELECTRIC POWER
i.iAR 5 HEAT MILLION LB/YR MILLION KW-HRS. 3 26 LB/KK-HR PURCHASED
1376 2. 2.063 448 34 17 17
177 2. 2.063 533 34 20.5 13.5
1)73  2." 2.113 54 2 34.9 20.8 M
179 2.- V 2.163 552 35.8 21.2 14.6
1930 2.4CO 2.163 552 35.8 21.2 14.6
1131 2.4 60 2.223 563 36.9 21.6 15.3
1)S2 2. .12 2.223 563 36.9 21.6 15.3
1353 2. 4 2.273 572 37.8 22 15.8
1084 wewd] 2.273 572 37.8 22 15.8
19SS 2.S40 2.303 577 38.4 22.1 16.3

*"120 x 7IGh." 1 stcan/ycar  flow throi"ph condenser added to protect steam demand; only 60 x 107
..pounds*steam were added to 1976 because of condenser breakdown.



YE

15
19;
197?;
1979
1980
19
19 -
1983
1984

1935

CHART 2

PRESENT PLANT
PURCHASED ELECTRIC POWER COSTS

ELECTRIC POWER PURCHASED

MILLION KW-HR/YEAR

17

13.5

14.1

14.6

14.6

15.3

15.3

1S.8

15.8

1§5.3

71/ycar minimum rate of cost iIncrease
20"5/ycar maximum rate of cost iIncrease

t

MINIMUM RATE

S/KW-HR

035

0375

0399

04 24

0443

0473

0497

0522

0546

057

TOTAL $

595,000
506,000
562,600
6ip,040
654,030
723,700
760,400
824,760
862,680

872,100

MAXIMUM RATE

$/KW-HR

.048
.048
.056

.T64

. 104

.112

TOTAL $

680,000
648,000
789,600

934,400

1,051 ,200
1,224,000
1,346, -00
1,516,; )0
1,653,200

1,713,600



CHART 3
PRESENT PLANT
FUTURE COAL COSTS

MILLION LBS. MINIMUM RATE MINIMUM RATE MAXIMUM RATE MAXIMUM RATE

YEAR STEAM/YEAR S/LB. S/YEAR S/LB. S/YEAR
1976 448 .0015 672,000 .0015 672,000
1977 533 .00152 808,000 .00165 879,000
197S 542 .00153 829,000 .0018 976,000
1979 552 .00154 850,000 .00195 1,076,000
1930 552 .00156 $61.000 .0021 1,159,000
1931 S63 .001588 887,000 .00225 1,267,000
19S2 563 .00159 895,000 .0024 1,351,000
1983 572 .00160 913,000 .00255 1,459,000
1954 572 .00162 927,000 .0027 1,544,000
1935 S77 .0016 943,000 .00285 1,644,000
As sun jns: Coal cost minimum rate of increase of 11 per year.

Maximum rate of 10 percent per year.
Use steam usages fron Chart »1.

* i



to

jumptions:

STEAM PEAK OIL-FIRED STEAM S/LB OIL FIRED
THOUSAND LB/HR MILLION LB/YR. FUEL COSTS

92.5 .0051
98.6 .246 .0056
100.7 .694 .0061
102.7 1.114 . .0066
102.7 1.114 .0071
105.5 2.665 .0076
105.5 2.665 .0082
1C7.3 3.866 .0087
107.3 3.866 .0092
108.9 5.518 .0097

CHART 4
PRESENT PLANT
FUTURE OIL COSTS

Coal-fired boilers can produce 93,000 pounds per hour.
Hours of operation at or near peak are:
20 hours 0 peak 200 hours 0 (.95) (Peak)

SOC hours

3 (.90) (Peak) 800 hours 0 (.85) (Peak)

S/YR.

1,500
4,200
7,400
7,Jo0
20,300
21,900
33.600
35.600

$3,500



CHART 5
* SELF-SUFFICIENT PLANT
CONSTRUCTION COST ESTIMATE

TURBINE GENERATOR-condcnsing automatic extraction
7.5 mw, H O ,000 pounds per hour input 0 600 psig
700=F. , Extract 20,000 to 100,000 pounds per
hour 0 50 psig. Exhaust at 4" Hg, 4160 v, 60 Hz,
30 with gearbox, baseplate, etc.

CONDENSER - dry type, steam to air, 40,000 pounds
per hour, 4”7 Hg, 70°F. design temperature.
45<= MTD, 8,000 sg. ft. bare surface with 8-30
HP fans (2 spd, or auto pitch), recirculating
system, steam ejector, etc.

FEED PUMPS - 2 0 50 HP, 80 GPM,2000" Head

ELECTRIC SV.TTCHGEAR - Motor control center,
generator control center, breakers, wiring
and labor.

MECHANICAL - piping, valves, equipment
installation, controls, start up,freight, etc.

BUILDING MODIFICATIONS - foundations, equipment
support?, etc.

1976 PRICES

Engineering, contractor®s overhead and profit,
contingencies, etc. (x1.4)

Inflation for 1978 construction (x1.2)

TOTAL COST 1IN 1978

$1,000,000.

300,000.
20,000.
150,000.
500,000.
30,000.

$2,000,000.

$2,800,000.
$3,400,000.

$3,400,000.

00

00

00

00

00

00

00

00

00

00



YEAR

1977
1973
1979
19,30
1931
1982
1933
1984

19S5

Assur _pt

*RAGE STEAM
TAND If/HOUR

23,500
24,000
24,500
24,500
25,000
25,000
25,500
25,500

26,000

2,650
2,700
2,800
2,800
2,850
2,850
2,900
2,900

2,970

CHART 6
SELF-SUFFICIENT PLANT
SUMMER COAL COSTS

AVERAGE ELECTRIC AVERAGE THROTTLE STEAM TO
DEMAND:

MEET ELECTRIC DEMAND /HR

47,000
48,000
49,000
49,000
50,000
50,000
51,000
51,000

52,000

(S Steam turbine performance ir3 per Figure HO.

Minimum/maximum coal

Peaks and valleys
Present averages are 22,000 H/hr. steam and

2050 kw.

costs same as Chart If3
roughly average.

Projections made per Figure #4.

TOTAL SUMMER ?TEAM

MILLION PC

103.4

105.6

107.8

107.8

110

110

112.2

112.2

114 .4

“5

MIN. -

157,000
162,000
167,000
168 ,-"00
173,000
175, "0
180,U00
182,000

187 ,7J00

MAX,
$



1:* e :

11727
1981

1982

1985

Present average

« AVERAGE STEAM

mCHART 7

«

SELF-SUFFICIENT PLANT
(FALL/SPRING) COAL COSTS

MIDDLE SEASON

“DEMAND LB/HR.

46,000
46,650
47,700
47,700
49,000
49,000
49,900
49,950

50,600

steam demand

AVERAGE ELECTRIC

KW

3,250
5,350
3,400
3,400
3,500
3,500
3,600
3,600

3,650

- 43,000 pounds per hour,

TOVTrw
Src«\*N

C fe"oo0

Clcoo

6 £2000
60 C0O0

*0cco g 30°

X)CCO S¢S
91000 50
72.000 317
*33 000 3 A

MINIMUM DOLLARS

PER YEAR

443,290
451,044
462,264
466,752
485,100
489,720
508,464
513,216

525,162

electric 3,250.

MAXTMUM
PER YEAI
471,900
530,640
583,440
628,320
693,000
739,200
807,840
855,360

915,420



¢
CHART 8
SELF-SUFFICIENT PLANT
WINTER COAL COSTS
AVERAGE STEAM AVERAGE AVERAGE STEAM TO MEET TOTAL STEAM COAL COSTS
YEAR DEMAND LB/HR. ELECTRIC KW ELECTRIC LB/HOUR MILLION LBS MINIMUM $  MAXIMUM
igh 69,300 3,600 83,000 182.6 276,639 301,290
If 70,700 3,700 84,000 184.8 282,744 332,640
1L. 72,000 3,800 86,000 189.2 292,314 368,940
i i 72,000 3,800 86,000 189.2 295,152 597,320
1C .1 74,000 3,900 88,000 * 193.6 304,920 435,600
1932 74,000 3,900 88,000 193.6 307,824 464,640
19.23 75,400 3,960 89,000 195.8 314,259 499,290
i7n | 75,400 3,960 89,000 195.8 317,196 528,660

li 76,500 4,050 90,000 198.0 323,730 S64 ,300



« OIL-FIRED STEAM

(A%

jmptions:

REQUIRED

MILL ION/LBS.

17,794
17,794
24,200
24,200
23,335
23,383

31,968

Mi.nir.itn price
Maxinun price
Sane peak stcan usages as with present plant with addition of 15,000
pounds per hour condensed stcan.

CHART 9
SELF-SUFFICIENT PLANT
FUTURE OIL COSTS

MINIMUM MINIMUM
S/LB. S/YEAR
.0059 105,000
.0062 110,300
.0065 157,300
.0068 104,600
.0071 201,500
.0074 210,000
.0077 246,200
increase - 71 per year.
increase - 171 per year.

*

MAXTMUM
S/LB

.0075

.0084

.0092

.0100

.0109

.0118

.0126

MAXTMUM
S/YEAK

133,500
149,5"0
222,70
242, 39
309,460
334, v 0

402,800



13 weeks

COAL

e 921.

930

963.
9n2.
1,003.
1,012.

1,036.

sunrscr,

CHART 10

SELF- SUFFICIENT PLANT

SUMMARY OF FUTURE FUEL

MINIMUM
orL TOTAL

0 10S.0 1,206. 1,
.0 110.3 i,0.;0.3 1,
0 1S57.3 1,120.3 1.
3 161.6 1,137.1 1,
0 201.5 1,204.5 1,
2 210.0 1,222.2 1,
0 246 .2 1.252.2 1,

26 weeks fall and spring, 13 weeks winter.

COSTS

COAL

162.6

252.0

376.0

468.0

593.0

637.0

806.0

MAXTMUM

OlIL

133.5

149.5

222.6

242 .0

309.4

334.9

402.3

TOTAL
1,296.
1,401.
1,598.
1,710.
1,902.
2,021.

2,208.



Self-Sufficient Plant

AC
\r 5
IS 78 m
3,79 .30
=30 540
| 150
12 .160
Kk 15 75
1.3 - 90
l-ys .200
1.5, -
er 1.

ol

Total savings is the sun of /early savings tines compound amount ¥factor O 8L
is multiplied by conpound anount factor
four years.
six years.

PERATIO.V
TENANCE

Savings

1.

1.

.S2

.61

.66

.74

79

82

Payoff at nininun

(Costs G Savings
MINIMUM FUEL

ENERGY COSTS
PRESENT

Selt-sufficicnt plant cost
I.*.yoff at maximum fuel
fuel

increase
increase

CHART 11

SELF-SUFFICIENT PLANT
SAVINGS AND PAYOFF RATE

INCREASE
S.S. * SAVINGS
-0- -0-
1.03 .31
1.04 .34
1.12 .34
1.14 .36
1.20 .36
1.22 .38
1.23 .30

is less

is

in Millions of Dollars)

0T. SAVINGS
8 PERCENT

.33

.79

12.

.42

.42

.08

.09

66

than
less than

MAXIMUM FUEL

ENERGY COSTS

PRESENT

2.22

2.51

2.72

3.01

INCREASE
S.S.* SAVINGS
-0- _0-
1.30 .57
1.40 .68
1.60 .76
1.71 .85
1.90 .94
2.02 1.01
2.21 1.00

0 31.

TOT. SAY.
0 85

.62

1.51

15.56

23.33

S.S.PL
at S:

3.67

4.23

4.99

5.in

5.33

are fuel cost savings (Present plant fuel costs*»sclf-sufficient plant fuel »ests.



CHART 12

ALTERNATE SKI,I. ROWHR TO GOLDEN VALLEY

PER KW-HR COSTS

Assume installation
generator,

of coal-fired boiler,
building addition and related

Capital Cost:

Hoiler - 100,000 P/hr. coal
Turbine - 200,000 tf/i»r/18 mw
Condenser - 180,000 #/hr.
Extra equipment, piping
Building addition

System Revamp, Bus-work

ELECTRIC ASSOCIATION

18 mw turbine
equipment.

$3,000,000.
1.500.000
1.500.000
1,000,000
1,000,000
1,000,000

$9,000,000

COST PER

Yearly Amortisation 3 87, 20 year - $920,000. KW-HR
Assume average net "power -,14 mw
Power sold/year - 122 x 10 } KW-HR $ .0075
Pucl Costs 0 (10Vkw-hr)($ .0016/1lbs. steam) $ .016
Operation ft Maintenance: Assume double present

Souu,0TTO/year

122,000,000 kw-hr/ycar $ .0049

$ .0285

CHART 13

Plus Profit

GOLDEN VALLEY ELECTRIC ASSOCIATION

POWER COSTS ASSUMED

60 nw gas-turbine generators as princ power

Frame 7 fuel oil ? $.40/gal 1

.iSh.-BiU/gal

.2>2T-'nr

producers.

3413 BTU
kv -jilt

- $.0307/Kw-hr

$.002/Kw-hr

6100 br/yr

$12.18/yr.

Maintenance Average:
Oper 11 igjn ?
Cnpi tal $120/1<w
20 years 0 80V-
An - $12.18/yr.
» $ .007
TOTAL

$.0347 plus operation

Lw-hr.



CHART 14
POSSIBLE PROPIT PROM POWER SAM-

PRICE CHARGED PROPIT YEARLY $
$/KW-HR S/XW-HR PROPIT
.0305 .002 244,000
.0315 .003 366,000
.0325 .004 488,000
.0335 .005 610,000
.0345 .006 732,000
Payoff at .003 $/kw-hr profit ($366,000/yr.)
At 85 (Profit = .003 $/kw-hr plus .0075 $/kw-hr
Amortization = .0105 $/kw-hr = $1, 280,000/year)
YEARS CONSTRUCTION COST AMORTIZED PROFIT
0 $ 9,000,000 $ -0-
1 9,720,000 1,280,000
5 13.221.000 7,510,000
10 19.430.000 18.543.000
11 20.988.000 21.806.000

Payoff 1in ten to eleven years.

NOTE:1. If natural gas is available within ten years
Golden Valley Electric Association will be
able to produce Tfor less.

2. Long tern contracts for coal and electricity
must be negotiated before design initiated.

3. Plant must be base loaded to be profitable.



MOWER & ASSICIATES

PROFESSIONAL ENGINEERS

Area Codr 907 P.0. Box 0415
Ifor.<j. 2773 33j Anchorage, Alaska {h>03

April 26, 1976

Mr. Gerald V. Neubert

University of Alaska Disr. 2 J 1976 100 -
Office of Institutional Studies

5 Physical Facilities Development

Fairbanks, Alaska 99701

Subject: Proposed Golden Valley Electric Association
Rate Increase

Dear Mr. Neubert:

We have reviewed the proposed Golden Valley Electric
Association electric rate 1increase for the University. The pro—
posed rate increase 1is substantially higher than the one the
University 1is presently billed under.

At the present time the University pays approximately 5.75%
per kwhr for the first 10,000 kwhrs of monthly use. This rate
drops to 1.3; per kwhr for usage over one-half million kwhrs

per month. In addition to this, there are demand charges for
peak monthly demand over f>00 kw of S3. 75 a kw. The University
also pays a fuel charge which 1is a varying percentage based

on Golden Valley Electric Association®"s fuel bill.

The proposed Golden Valley Electric Association rate in—
crease has base rates of 10 a kwhr for the first 400 kwhrs a
month and these rates drop to 5.5¢ a kwhr for usage over 1S,000
kwhrs a month. The demand charge 1is raised to $3.75 a kw for
peak monthly demand over 50 kw." It is assumed that this rate,
increase will absorb the present fuel surcharges, hut Golden
Valley will continue to have that fuel surcharge option avail —
able to it if the cost of fuel oil increases.

Your power plant superintendent, Gerald England, has
computed the effects of this proposed rate increase on your
present electrical usage. Wc investigated the effect of the
proposed rate increase on electrical usage costs of a year ago.
Gerald England 1iound that 1in December 1975, your charges under
the present rate schedule were 3.S6t per kwhr. Under the proposed
increase they would be *1.55d per kwhr, Tfor an eighteen percent
increase. Tn January the present rate was <:kQCG{ per kwhr, ari
increase of approximately eleven percent. In February 1976 you
paid 4.38c per kwhr for nn 1increase or six percent. In March
you paid 5.36»“ pci . . yrcpa."-"d rate Tnc/v > would have



Mr. Gerald Neubert
April 26, 1976
lage

cost you 5.39cl per kwhr for approximately one percent increase”

in cost. These figures indicate that the proposed rateincrease
is planned to absorb the fuel surcharge with no appreciable
increase in total electrical charges. This 1indication 1is en—
hanced by our investigation of the electrical charges for the
same period a year ago. If the proposed rate increase had been
in effect at that time, the charges would vary between 111
percent and 38 percent above the actual charges. Your histori—

cal experience has been that the fuel surcharges are increasing
at an extremely rapid rate.

The proposed rate increase establishes a new base rate of

;,3.5< a kwhr. This means that the University under this rate
would never pay less than 5.5<r a kwhr. When this 1is taken 1into
account and the tact that the electrical rates will probably
not decrease, it becomes imperative* that the University produce
more of 1its own power. At 3.5i a kwhr, the University can

save approximately one-half cent a kilowatt hour with its
existing equipment and more with the addition of an condensing
steam turbine generator.

Mower fj Associates projected electrical fuel costs would
increase an average of 13 percent per year. The current pro—
posed increase would place the electrical power cost substan-
tially higher than our projection; however, wc must remember
that rates tend to increase in steps and then level out for a
time. The fuel surcharge somewhat alters this trend, but we
would expect our projections to be very conservative.

The proposed rate increase has made the addition of a
condensing steam turbine generator to the existing power plant

much more profitable. Golden Valley has effectively stated
that power will not bo available from them for loss than 3.5?
a kwhr. Kith our conservative projections of approximately 13

percent per year increases 1in electric charges, the proposed
addition of a steam turbine generator has pay-off rates 1in three
to five years. The proposed rate increase*makes this pay-off
rate even faster.

Sincerely yours,

MOWER f, ASSOCIATES

"y n / Y n (m
Michael G. Mower

MGM/ 1o



MONG..Q & ASSCCIATGS

PROFESSIONAL ESGIXHEP.S
Arc:i Ode 507 ' . PO Box &}J5

@r.tr.c: Anchorage, Alaska 0062

April 8, 1970

Mr. Gerald V. Neubert

University of Alaska

Office of Institutional Studies

8 Physical Facilities Development
Fairbanks, Alaska 99701

Subject: 1. Steam Condenser Hcor.or.ic Justification
2. Proposed Power Plant Addition Economic Details

Dear Mr. Neubert:

Attached find an economic justification for the addi —
tional proposed steam condenser. Included with this is a
chart showing estimated annual savings and a second chart
showing accumulated savings and a pay off of between four
and five years. Also enclosed is a proposed condenser pro—
ject schedule.

Also attached find a graph showing projected present
plant annual costs and estimated self-sufficient plant annual
costs. Also shown on this graph arc cumulative savings.
lhe information for this graph 1is presented 1in chart lornm.

These attachments should answer your latest questions.

Sincerely yours,
MOWER m ASSOCIATES

=
Michael G. Mower

MGMZ 1o

cnc.



ECONOMIC JUSTIFICATION OF PROPOSED STEAM CONDENSER
University of Alaska, Fairbanks

The University of Alaska, Fairbanks 1is proposing to purchase
and install an additional steam condenser which would be capable
of condensing approximately 40,000 pounds of steam an hour.

This condenser would be ultimately able to be utilized with the
proposed steam-turbine generator discussed in Phase 1l of Mower

5 Associates energy study. This economic justification will not
take into account the possible future adaptation of this condenser
and will only discuss the annual savings of utilizing the proposed
condenser with the present steam plant.

Purchase of an additional condenser has two prime advantages
to the University"s Fairbanks power plant. The first 1is that
additional steam above and beyond the present campus demand and
present condenser capacity can be condensed so that additional
electricity may be generated. The second advantage 1is that with
two separate condensers, the turbine back pressure can be adjusted
for most efficient turbine operation when the campus steam load
is less than the capacity of one turbine. The turbines operate
most efficiently when they are at maximum capacity. With two
condensers one turbine can serve the campus heating load during
summer months and during a portion of the early fall and late
spring and also be connected to a condenser that will operate

at the steam distribution pressure. The other turbine will then
operate at its lowest feasible exhaust pressure with the other
condenser. With this operation more electricity is produced

with less steam than 1if both turbines were connected to a single
condenser.

ChaTt I is a summation of estimated annual savings with the
proposed condenser. Wc have divided the* operation modes 1into
three seasons. During the summer the existing condenser will
operate with a turbine supplying steam to the campus while the
proposed condenser will operate with the other turbine at the
optimal output. Six weeks during the summer at least one boiler
and one turbine are not in operation due to annual maintenance;
therefore, wc have shown a seven-week summer operation with
those turbines rather than thirteen weeks.

A thirtecn-week period of early fall and late spring will
have operation nodes the same as summer operation. The only
difference 1is that additional campus steam 1is required so that
one of the condensers 1is net used to its optimum.

During the late fall and early spring the campus heating
requirement 1is high enough so that steam must be taken through
both turbines; therefore, both turbines must operate at the
campus distribution oressure of approximately %7 to 30, psi and

[ ]

ccadtl. 1 oo o pres *
e 11 . - - 1 Di'l'll SO 1 s
eet-'Uiu dc in s e , *ie .n cuuwciiser would

be more efficient and, therefore, probably used more often.



Economic Justification cf Proposed Steam Condenser
Page 2

We have utilized steam rates derived from Phase T of our
report and steam costs and electric rates derived from Phase |,
Phase IT and current information from the University. Wc have
assumed that extra operation anc! maintenance for the additional
condenser and additional usage of boilers and turbines would be
approximately $5,000 a year.

Chart 1 indicates that at the present time annual savings
in the order of $60,000 to $70,000 a year can be realized. This
figure could be improved by shortening the time required for
annual boiler and turbine maintenance. It should also be noted
that estimates of electric rates are very hard to determine
month by month, but that electric rates will rise faster than
costs of coal to product steam. We c;.n, therefore, expect that
annual fuel and el ctric savings will probably increase as the
years go by.

Chart Il is a summary of the economics of the proposed
condenser. This chart includes an estimate of the purchase
cost of the condenser, 1its installation and engineering cost
for a first cost of approximately $230,000. We have used an
eight percent annual interest rate to determine the time required
to pay off the 1initial 1investment. It can be seen that
the cumulative savings willpay off the original investment
in four or five years.

Annual savings will increase over the life of the equip—
ment due to the fact that electricity costs arc rising faster
than coal costs.

CONCLUSION

Wc conclude that the purchase of an additional steanm
condenser for tho University of Alaska®s power plant can be
justified economically. The condenser will save the University
approximately $60,000 to $70,000 a year. The total annual
savings including amortization of the proposed condenser would

be approximately $37,000 a year. These annual savings will
increase with 1increased electrical co”ts. The annual savings

will be such that the first cost of theproposed condenserwill
be paid off in four to fiveyears. The proposed condenser be—

comes even more"attractivc when 1i* is realized that with the
addition of recirculation euuipmcnt and a steam ejector, it
could be used with tho proposed steam-turbine generator detailed
in Phase U of our ~cport. The condenser will be designed at
the present time to accommodate both operation modes so that

in the future its entire purchase price will he saved if the
University elects to hwr* « «"tnl ™ self-sufficient in power

generation.



PROPOSED CONDENSER
PROJECT SCLCKHI:

Stare Project. April 14, 1976
Preliminary Engineering Complete. April 21
Contact with Manufacturers April 30

5 Qutline Specifications.

Write Performance Specifications May 7
Por Manufacturers Proposals.

Bid Date. May 28

Evaluation and Award to Manufacture June 2
Prepare Pad, Foundation, Piping,
Etc. on Site.

Shipment From Factory. September 2
Arrival on Site. September 30
On Site Connection and Set Up. October 1
Testing and Preliminary Accentance November

Subject to Full Load Hot Weather
Test.



CHART

PROPOSED CONDENSER ESTIMATED ANNUAL SAVINGS

ADDITIONAL STEAM REQUIRED

SEASON HRS AVERAGE TOTAL STEAM
POUNDS POUNDS COST
PER HOUR  (MILLIONS) (%)

Summer

7 weeks 1176 42 ,8U0 SO 67,900
See Note

Early Pall
Late Spling

33 weeks 2184 42,800 93 126,100
Sec Note |1

L.ize Fall
Early S| rirg

13 weeks "7is-; i7,000 37 50,100

Note 1 Summer and early fall/late spring assumes

existing condenser operating at campus

distribution pressure (17*20 psi) and proposed
condenser on one turbine operating at 5-7 psi

vdth manual output.

Note flvimcr assumes ¢ weeks for boiler fi turbil

~tilitenance

AVE.STEAM
RATE ///KWHR

ADDITIONAL ELECTRICITY REQUT e

ELEC. TOT.ELEC. EST.ELEC. ELEC.
KW KWHR RATE $/KW COST
(MILLIONS)
1860 2.19 .04 87, « 0
1860 4.06 .041 166, ol)0
630 1.38 .043 59,100
7.63

Extra Operation f, Maintenance
Saving

saving =

€]
(8]

19,500

40,500

9.000
$69,0(1;
+5.00.

$04,</(\



CHART 2

ECONOMIC JUSTIFICATION OF

FIRST COST

Purchase Cost of Condenser
(including start up)

Installation by University

Engineering

PROPOSED

Interest for Amortization is Assumed at 8».

SAVINGS (THOUSANDS)

YEAR PROJECTED ANNUAL
1976 $20.
1977 70.
1978 T7.
1979 84.
1980 91.

Four year amortization at 8, =

$55," 2/your

Fivc year amortization at 8< a4 $66,847/year

Therefore, capital investment will

five years.

CONDENSER

$190,000.

35,000.
5,000.

$230,000.

CUMULATIVE ANNUAL
SAVINGS (THOUSANDS)

$20

90
167
251

342

pay off between four and



UNIVERSITY OF ALASKA, FAIRBANKS
PRESENT PLANT vs SELF-SUFFICIENT PLANT

ITEMIZED ANNUAL COST COMPARISON

(In Thousands of Dollars) )
YEAR 1979 1980 1981 1982 1983 19S4 1985
PRESENT PLANT
Projected Average
Annua] Costs
Bond , ent 105 504 501 503 499 201 20U
Opera; " 8 Maintenance 840 900 960 1020 1080 1140 1200
Fuel t 1 octricity 1740 1870 2060 2190 2330 251 0 2tJ o
Total nuual Cost 3085 3274 3521 3715 3959 3851 4010
SELFE-SUFFICIENT PLANT
UstlINN ted Average
Annual Costa
Bond 1 i.;;icnt-Notc 1 S63 862 859 S61 857 559 558
Operai 8 Maintenance 970 1040 1110 11 SO 1255 1330 1400
Fuel M70 1220 1360 14 20 1550 1620 y u
Total Annual Cost 3003 3122 3329 3461 3662 3509 3708
Annual Saving 82 152 192 252 297 342 512
of Self-Sufficient Plant
cumuj .V: ivn cash 82 234 426 678 975 1317 1119

savi:
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MOWER & ASSICIATGS

PROFESSIONAI ENG INKERS
e": Cod? PO7 P.O. Box MI15

0.it'- 2/2-5325 Anchorage, Alaaka 53502

March 30, 1976

orncF ﬁrﬁﬁng t,
INSTITUTI STUDIES

Mr. Gerald V. Neubert I1CG ~
Office of Institutional Studies DIST: MAP. 3 0 137f-----
5 Physical Facilities Development Cta j €.r-)

University of Alaska
Fairbanks, Alaska 99701

Subject: Energy Utilization Study
Dear Jerry:

Attached find two graphs | prepared this afternoon which
should help answer your recent questions. The first graph
shows the projected casli requirement for the power plant*
addition. This graph basically shows a million dollars total
requirement through February 197S. Contract for construction
should be awarded at approximately that time and the balance
of funds due between that time and August 1978. Notice that
the estimate has gone from $3,409,000 to 33,514,000. The
additional $114,000 represents the interest paid from the
start of the contract 1in May 197n to the start of the plant
in August 1978. I believe tiiis time frame 1is more than reason
able and wc could expect a reduction in the total project time
rather than any extension.

The second graph shows a total cash savings to the
University through 1985. This cash savings was arrived at
using an average.of the minimum and maximum cost projections.

I would expect this average ro be on the conservative side

of the board. Jet savings were calculated by taking the aver—
age gross fuel savings, subtracting the amortization, sub-—
tracting additional operation and maintenance costs to arrive

at a net cash savings per year. Amortization was figured on
$3,514,000 utilizing twenty years and eight percent/ Figure
returned 1is $35>,0u0 per year. Total net cash savings to the

University estimated through 1985 would be $1,6SG,0UO0. We fee
the $3,514,000 1is a very conservative estimate and should
leave a contingency of between five and eight percent. The
1.4 multiplier used to estimate the cost base of $2,800,000
should cover adequately the above mentioned contingency, siXx
percent engineering fee and the University > five percent



