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SECTION 1 – TECHNICAL PRODUCTION EQUIPMENT PERFORMANCE 



 
 
 
 
Existing Systems

ELECTRIC SYSTEM

Equipment MachineorGroup Units Notes Characteristics

DEG MinStandby Percent Minimum Standby Percent 0.05

DEG DispatchCapThres Percent Dispatch Capacity Threshold 1

DEG Capacity LPSteamPerHr Capacity Units Per Hr 22

DEG Capacity kWPerHr Capacity Units Per Hr 9600

DEG Efficiency kWPerGal Efficiency 12.8

DEG Efficiency LPStmPerMlbs Efficiency 1

PRV Efficiency LPSteamPerMlbs Steam Down Rate # HP Steam = #s LP Steam 1

Turbine3 Capacity kWPerHr Capacity Units Per Hr 9600

Turbine3 Capacity HPSteamPerHr HP Steam in 138

Turbine3 Capacity LPStmPerHr 25 # Extraction 78

Turbine3 Capacity Restraint % of Capacity Restraint Assumes Linear Relationship

1.0 except Jun, Jul, Aug when 

equal to 0.71, 0.71, 0.67

STEAM SYSTEM

Equipment MachineorGroup Units Notes Characteristics

Boiler1 MinStandby Percent Minimum Standby Percent 0.2

Boiler1 DispatchCapThres Percent Dispatch Capacity Threshold 0.65

Boiler1 Capacity HPSteamPerHr Capacity Units Per Hr 45

Boiler1 Efficiency MlbsPerTonCoal Based on UAF Historic Data 10.9

Boiler1 Efficiency MlbsPerMMBtu

=10.9 / (7,800 Btu per lbm *2000 lbs per Ton)*(1351 Btu 

/ Mlb Out/ (1351-178) Btu / Mlb Out) 0.805

Boiler2 MinStandby Percent Minimum Standby Percent 0.2

Boiler2 DispatchCapThres Percent Dispatch Capacity Threshold 0.65

Boiler2 Capacity HPSteamPerHr Capacity Units Per Hr 45

Boiler2 Efficiency MlbsPerTonCoal Based on UAF Historic Data 10.9

Boiler2 Efficiency MlbsPerMMBtu

=10.9 / (7,800 Btu per lbm *2000 lbs per Ton)*(1351 Btu 

/ Mlb Out/ (1351-178) Btu / Mlb Out) 0.805

Boiler3 MinStandby Percent Minimum Standby Percent 0.15

Boiler3 DispatchCapThres Percent Dispatch Capacity Threshold 1

Boiler3 Capacity HPSteamPerHr Capacity Units Per Hr 90

Boiler3 Efficiency MlbsPerGal Based on UAF Historic Data 0.0971

Boiler4 MinStandby Percent Minimum Standby Percent 0.05

Boiler4 DispatchCapThres Percent Dispatch Capacity Threshold 1

Boiler4 Capacity HPSteamPerHr Capacity Units Per Hr 90

Boiler4 Efficiency MlbsPerGal Based on UAF Historic Data 0.0971

BoilerSA Efficiency LpsteamPerGal 78% Efficiency (139,000 Btu / Gal * 78% = 0.10842) 0.10842

CHILLED WATER SYSTEM

Equipment MachineorGroup Units Notes Characteristics

ChWDES Efficiency kWPerTon Efficiency DES Electric 1

ChWDES Efficiency lbsPerTon Efficiency DES Steam 22

CoolingSA Efficiency kWPerTon Efficiency Stand Alone ChW 1.1
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Strategy 1 - New Equipment

STEAM SYSTEM

Equipment MachineorGroup Units Notes Characteristics

BoilerSA Efficiency LpsteamPerGal

78% Efficiency (139,000 Btu / Gal * 78% = 

0.10842) 0.10842

CHILLED WATER SYSTEM

Equipment MachineorGroup Units Notes Characteristics

CoolingSA Efficiency kWPerTon Efficiency Stand Alone ChW 1.1

Strategy 1 - Natural Gas Sub-Option - New Equipment

STEAM SYSTEM

Equipment MachineorGroup Units Notes Characteristics

BoilerSA Efficiency LpsteamPerNG 78% Efficiency (1 Btu / Btu * 78% / 10^6= 0.78) 0.78

CHILLED WATER SYSTEM

Equipment MachineorGroup Units Notes Characteristics

CoolingSA Efficiency kWPerTon Efficiency Stand Alone ChW 1.1

Strategy 2 - New Equipment

STEAM SYSTEM

Equipment MachineorGroup Units Notes Characteristics

BoilerWR MinStandby Percent Minimum Standby Percent 0.05

BoilerWR DispatchCapThres Percent Dispatch Capacity Threshold 1

BoilerWR Capacity LPSteamPerHr Capacity Units Per Hr 150

BoilerWR Efficiency MlbsPerGal

85% Efficiency (139,000 Btu / Gal * 85% = 

0.11815) 0.118

CHILLED WATER SYSTEM

Equipment MachineorGroup Units Notes Characteristics

CoolingSA Efficiency kWPerTon Efficiency Stand Alone ChW 1.1

Strategy 2 - Natural Gas Sub-Option - New Equipment

STEAM SYSTEM

Equipment MachineorGroup Units Notes Characteristics

BoilerWR MinStandby Percent Minimum Standby Percent 0.05

BoilerWR DispatchCapThres Percent Dispatch Capacity Threshold 1

BoilerWR Capacity LPSteamPerHr Capacity Units Per Hr 150

BoilerWR Efficiency MlbsPerMMBtu 85% Efficiency 0.85

CHILLED WATER SYSTEM

Equipment MachineorGroup Units Notes Characteristics

CoolingSA Efficiency kWPerTon Efficiency Stand Alone ChW 1.1
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Strategy 2 w/Chiller Plant - New Equipment

STEAM SYSTEM

Equipment MachineorGroup Units Notes Characteristics

BoilerWR MinStandby Percent Minimum Standby Percent 0.05

BoilerWR DispatchCapThres Percent Dispatch Capacity Threshold 1

BoilerWR Capacity LPSteamPerHr Capacity Units Per Hr 150

BoilerWR Efficiency MlbsPerGal

85% Efficiency (139,000 Btu / Gal * 85% = 

0.11815) 0.118

BoilerWR Efficiency MlbsPerMMBtu 85% Efficiency 0.85

Strategy 2 w/Chiller Plant - Natural Gas Sub-Option - New Equipment

STEAM SYSTEM

Equipment MachineorGroup Units Notes Characteristics

BoilerWR MinStandby Percent Minimum Standby Percent 0.05

BoilerWR DispatchCapThres Percent Dispatch Capacity Threshold 1

BoilerWR Capacity LPSteamPerHr Capacity Units Per Hr 150

BoilerWR Efficiency MlbsPerFuel2 85% Efficiency (139,000 Btu / Fuel 2 * 85% = 0.11815) 0.118

BoilerWR Efficiency MlbsPerMMBtu 85% Efficiency 0.85

Strategy 3 - New Equipment

ELECTRIC SYSTEM

Equipment MachineorGroup Units Notes Characteristics

TurbineN Capacity kWPerHr Capacity Units Per Hr 19200

TurbineN Capacity HPSteamPerHr HP Steam in 276

TurbineN Capacity LPStmPerHr 25 # Extraction 156

STEAM SYSTEM

Equipment MachineorGroup Units Notes Characteristics

BoilerC MinStandby Percent Minimum Standby Percent 0.2

BoilerC DispatchCapThres Percent Dispatch Capacity Threshold 0.7

BoilerC Capacity HPSteamPerHr Capacity Units Per Hr 135

BoilerC Efficiency MlbsPerTonCoal Based on GLHN Table and Capacity Percent 10.9

BoilerC Efficiency MlbsPerMMBtu Based on GLHN Table and Capacity Percent 0.805

CHILLED WATER SYSTEM

Equipment MachineorGroup Units Notes Characteristics

CoolingSA Efficiency kWPerTon Efficiency Stand Alone ChW 1.1

Strategy 3 - Natural Gas Sub-Option - New Equipment

ELECTRIC SYSTEM

Equipment MachineorGroup Units Notes Characteristics

TurbineN Capacity kWPerHr Capacity Units Per Hr 19200

TurbineN Capacity HPSteamPerHr HP Steam in 276

TurbineN Capacity LPStmPerHr 25 # Extraction 156

STEAM SYSTEM

Equipment MachineorGroup Units Notes Characteristics

BoilerC MinStandby Percent Minimum Standby Percent 0.2

BoilerC DispatchCapThres Percent Dispatch Capacity Threshold 0.7

BoilerC Capacity HPSteamPerHr Capacity Units Per Hr 135

BoilerC Efficiency MlbsPerTonCoal Based on GLHN Table and Capacity Percent 10.9

BoilerC Efficiency MlbsPerMMBtu Based on GLHN Table and Capacity Percent 0.805

CHILLED WATER SYSTEM

Equipment MachineorGroup Units Notes Characteristics

CoolingSA Efficiency kWPerTon Efficiency Stand Alone ChW 1.1

Technical Appendix - Section 1 – Technical Production Equipment Performance  

Page 3 of 4



 
 

 

 
 
 
 
 
 
 

 

Strategy 3 w/ 10MW Turbine - New Equipment

ELECTRIC SYSTEM

Equipment MachineorGroup Units Notes Characteristics

TurbineN Capacity kWPerHr Capacity Units Per Hr 19200

TurbineN Capacity HPSteamPerHr HP Steam in 276

TurbineN Capacity LPStmPerHr 25 # Extraction 156

STEAM SYSTEM

Equipment MachineorGroup Units Notes Characteristics

BoilerC MinStandby Percent Minimum Standby Percent 0.2

BoilerC DispatchCapThres Percent Dispatch Capacity Threshold 0.7

BoilerC Capacity HPSteamPerHr Capacity Units Per Hr 135

BoilerC Efficiency MlbsPerTonCoal Based on GLHN Table and Capacity Percent 10.9

BoilerC Efficiency MlbsPerMMBtu Based on GLHN Table and Capacity Percent 0.805

CHILLED WATER SYSTEM

Equipment MachineorGroup Units Notes Characteristics

CoolingSA Efficiency kWPerTon Efficiency Stand Alone ChW 1.1

Strategy 3 w/ 10 MW Turbine - Natural Gas Sub-Option - New Equipment

ELECTRIC SYSTEM

Equipment MachineorGroup Units Notes Characteristics

TurbineN Capacity kWPerHr Capacity Units Per Hr 19200

TurbineN Capacity HPSteamPerHr HP Steam in 276

TurbineN Capacity LPStmPerHr 25 # Extraction 156

STEAM SYSTEM

Equipment MachineorGroup Units Notes Characteristics

BoilerC MinStandby Percent Minimum Standby Percent 0.2

BoilerC DispatchCapThres Percent Dispatch Capacity Threshold 0.7

BoilerC Capacity HPSteamPerHr Capacity Units Per Hr 135

BoilerC Efficiency MlbsPerTonCoal Based on GLHN Table and Capacity Percent 10.9

BoilerC Efficiency MlbsPerMMBtu Based on GLHN Table and Capacity Percent 0.805

CHILLED WATER SYSTEM

Equipment MachineorGroup Units Notes Characteristics

CoolingSA Efficiency kWPerTon Efficiency Stand Alone ChW 1.1

Technical Appendix - Section 1 – Technical Production Equipment Performance  
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SECTION 2 – UTILITY SERVICE DESIGN MAPS 
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THE UNIVERSITY OF ALASKA FAIRBANKS 
2005 UTILITY DEVELOPMENT PLAN 
History of UAF’s Utilities Development 

 

Utility Development 1922-1960 

Buildings at UAF have been served from a central campus utility system since the 

inception of the campus. An early campus map posted in Constitution Hall shows a stand alone 

boiler house that would have provided low pressure steam through a subterranean piping system. 

A limited campus electric production and distribution system appears to have been in place to 

provide power, primarily for lighting, to campus buildings. 

 

By the early 1960’s the campus included approximately 350,000 square feet of academic, 

housing and administrative space and was on a monotonically increasing trend.  
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1961 Bechtel Heating Plant Feasibility Study 

A 1961 projection that campus enrollment (then just under 1,200 students) would rise to 

more than 3,200 students by 1971 (a 160% increase over ten years) may have motivated the 

University to commission the Bechtel Corporation, of San Francisco CA. to perform a 

“Feasibility Study for a Heating Plant.”. The completed report was submitted in 1961 and 

included the following major elements: 



 
 

 
   
 
10/25/06 

 

 

• A derivation of projected peak demand and annual consumption of electrical power and 
steam; by year over a ten year planning time frame (1961-1971); 

 
• A review of current and projected capacity requirements, including consideration of the 

dictate for standby equipment to provide reliability under peak load conditions; 
 
• Consideration of alternative fuel sources including oil, coal, and natural gas;  

 
• A NPV analysis of the alternative of  a relatively high capital cost boiler plant utilizing 

relatively inexpensive fuel (coal) versus a less capital intensive plant utilizing more 
expensive fuel (oil); 

 
• An economic evaluation of the additional capital expenditure to construct a plant in 

which high pressure steam is used for first electrical generation before distribution to 
campus for heat ( which we now term “combined heat and electric power generation” or 
“cogeneration”) versus a less capital intensive plant that generates only low pressure 
steam for distribution as heat and the University purchases all of its electric power 
requirements from the local utility (Golden Valley Electrical Cooperative); 

  
• Technical discussion and presentation of the conceptual general arrangement of the 

proposed plant and campus steam and electrical power production and distribution 
systems; and 

 
• Consideration of plant siting issues, and presentation of construction cost estimates and 

construction phasing issues. 
 

Bechtel’s simple NPV analysis demonstrated long term economic advantage to 

investment in the higher capital cost alternatives and recommended installation of two coal fired 

units each capable of generating 50,000 lbs/hr of steam at 600 psi, along with installation of two 

back pressure turbines capable of generating one MW while exhausting 15 psig steam. The cost 

for this new plant along with associated distribution in utilidors to lower campus and extension 

of a rail spur was estimated at under $3.5 million. 

 

Implementation of the fundamental recommendations in the 1961 Bechtel Study lead to 

construction of the central campus utility infrastructure that exists today. Although the plant was 

not located as recommended, and somewhat larger turbine generators were actually installed (1.5 

MW), the general concepts and arrangement of the steam and electrical systems as a coal fired 
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cogeneration system along with much of the original piping, equipment and infrastructure remain 

in place (and in operation) in the facility known as the Atkinson Plant at the south edge of Lower 

Campus.  Its configuration in the 1964 through 1968 period was as follows: 
 

a. Condensate holding tank, hot well, transfer pumping; 
b. Deaerator tank and controls; 
c. Feedwater header and pumps (steam drive and electric drive); 
d. 50,000 lbs/hr Coal Boiler #1 and #2; 
e. Air to air heat exchangers, stacks; 
f. Coal grate, vertical coal transport, coal hoppers, scales;  
g. Ash silo; 
h. Main steam header;  
i. Turbines #1 and #2 (1500 kW); 
j. Boiler floor control shack; 
k. Switchgear room with plant MCC and campus distribution board;  
l. Utilidor to LC; 

 

Utility Development 1960-1970  

Campus growth in the ten year period 1960 to 1970 was the highest in the history of the 

UAF campus. Over one million square feet was added in the this period. By 1968, LC footage 

was approximately 850,000 square feet (SF) and the West Ridge included close to 150,000 SF. 

Near term building construction plans at that point called for even more additional growth, 

particularly on the WR. The graph below shows actual building construction during this period, 

when over 1.2 million square feet were added. Creation of the Atkinson Power Plant was 

necessary to serve the heating and electrical power loads of the rapidly developing campus. 
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1968 Kennedy Engineers Utility Study 

Sometime in the late 1960s a goal appears to have been set to reach a student enrollment of 

8000. By the year 1980, the University of Alaska commissioned an additional study to analyze 

steam and electrical load and load growth and to provide recommendations for planning further 

utility development.  The Kennedy Engineers’ report  “Utilities Study” was submitted in 1968 

and includes the following scope items: 

 

• A forecast of growth of  campus square footage for the years 1968 through 1978; 
 
• A forecast of peak demand and annual consumption of steam and electric power based 

on campus square footage; 
 

• Recommendations for an addition to the Atkinson plant along with recommendations for 
the size and type of steam generating unit to be installed therein; 

 
• Study the existing University agreement with the local utility, Golden Valley REA, and 

evaluate the economics of on-site power generation; make recommendations for 
improvement of University benefit from power generation; 

 
• Evaluation of current and projected distribution steam line capacity problems and 

recommendations for improvements  
 

• Evaluation of current electrical distribution system and potential distribution capacity 
shortfalls due to load growth. 
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The analysis done by Kennedy Engineers projected overall campus square footage 

increasing by a factor of 2.35 (from 850,000 SF on LC and 140,000 SF on WR in 1968 to 

1,914,000 SF on LC and 447,000 SF on WR by 1978). Kennedy recognized an increase in load 

density in new construction for both steam (presumably due to higher indoor ventilation rates) 

and electric demand (possibly associated with more sophisticated requirements for HVAC, 

lighting and vertical transport). As a result, steam demand was forecast to increase at more that 

2.5 times (from 51,000 lbs/hr in 1968 to 126,000 lbs/hr in 1978) and electric demand at just 

under 3 times over the ten year planning time frame. 

 

  The magnitude of the increase in projected peak steam demand triggered a near term need 

for an additional boiler to satisfy the utility reliability requirement that peak campus load must be 

met with the largest unit off line. Based on the need for reliability under the peak demand 

projection, a need for an additional 100,000 lb/hr unit was established.  Construction cost 

estimates for plant extension and installation of a field erected coal boiler versus plant expansion 

and installation of a packaged fuel oil boiler (with natural gas firing capability) were prepared. 

The coal option was found to cost on the order of $550,000 more than the fuel oil/natural gas. 

Operating costs, based on limited peaking duty were similarly prepared for the alternatives. In 

addition to operation with fuel oil, the analysis included computation of operating cost with 

natural gas, which, it was speculated, could some day become available in Fairbanks.  

 

An economic comparison between the high capital cost and low fuel cost of a coal unit 

alternative against the relatively low capital cost and high fuel cost of an oil unit was provided. 

Although the NPV analysis was done along the same lines as the earlier Bechtel study and the 

relative costs of equipment and fuel were of the same magnitude, Kennedy’s analysis leads them 

to the opposite recommendation. Over the ten to twelve year planning horizon in the Kennedy 

study, Boiler3’s function would be primarily as a reliability unit, with relatively few hours of 

peaking duty under extreme conditions, occurring under increasing frequency toward the end of 

the twelve year period. In this scenario the payback (in low operating cost) of a higher capital 

cost coal boiler unit does not occur within the evaluation period—as the unit would operates too 
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few hours to generate sufficient fuel cost savings. This analysis does not recognize the problem 

that as the campus continues to grow beyond the economic planning time frame, annual hours of 

operation become increasingly appreciable, and the unit (with an expected service life in excess 

of forty years) becomes a legacy of inefficiency. Authors of the Kennedy report may have 

wrestled the long term significance of their recommendation, writing: 

 
“Comparison of the excess capital cost of the coal fired installation with the 
cumulative tabulation of present worth of the excess of oil fuel cost for peaking 
and standby service indicates equality in approximately 17 years at 1987 for load 
growth static after 1976 and equality in approximately 12 years for load growth 
continuing to 1980.  The result may be interpreted as follows: 
 

A. If the oil fired package installation is selected and: 
a. Natural gas becomes available before 1982 to 1987, assuming 

actual load growth is within the range forecast herein, a good 
choice will have been made. The lowest cost will have been 
achieved and the oil standby unit can become a base load gas unit. 

b. If natural gas does not become available by 1982 to 1987, a poor 
choice will have been made since continued operation with the 
more expensive fuel will result in a higher cost than if the more 
costly coal firing boiling had been installed.  If load growth is as 
forecast and the break even point is reached in 1982 without 
prospect for natural gas service in the near future, it will be 
necessary to consider installation of an additional coal fired unit. 
The oil fired unit would still have use as a standby at reduced level 
of use”….. 

 

…“With the break even point at least 12 years away, most private enterprises 
would elect to take the gamble offered by the oil fired installation”  

 

Utility Development 1970-1980 

The campus growth used as the basis of the 1968 Kennedy Engineers study did not 

materialize as projected.  The graph below shows actual building growth as a solid line and the 

Kennedy Study assumptions as a dashed line. The steam and electrical loads associated with 
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campus square footage leveled out between 1973 to1980. This meant that  new fuel oil Boiler 3 

did, in fact serve as a reliability unit with only limited peaking duty.  Plant improvements in the 

1970  consisted of: 

a. West Building Expansion;  
b. 100,000 lb/hr Fuel Oil Boiler 3;  
c. Fuel Oil Tank and Pumping Station;  and 
d. Utilidor to West Ridge. 
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Utility Development 1980-2000 

Campus growth over the next twenty years added another 700,000 SF of heating and 

power load to the District Energy System. The total campus area of 2.3 MSF, projected in the 

1968 Kennedy Engineers study to occur by 1974, actually occurred in 1989—approximately 

fifteen years later. 
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  As this occurred the peak (and then average) winter campus steam demand exceeded 

100,000 lbs/hr and fuel oil Boiler 3 became utilized with increasing frequency to handle base 

load. By the mid 1980’s an additional boiler unit was needed to provide the N+1 redundancy. A 

study describing economic evaluation of fuel alternatives for Boiler 4 was not uncovered in the 

research for this report. Presumably, the availability of capital funding at the time was such that 

the substantial additional first cost of a field erected coal unit could not be considered. A 100,000 

lb/hr fuel oil boiler 4 was installed in 1986.  

 

Another result of ongoing campus growth from 1980 through 2000 was increasing 

electric demand. A larger steam turbine generator, capable of generating as much as 9.6 MW 

with 140,000 lbs/hr of high pressure steam input was installed in 1981.  Additional air cooled 

condenser capacity to allow high output in summer conditions was added in 1992. By 2000 the 

campus electric demand again began to exceed turbine generator output, and improvements to 

the campus interconnection to GVEA to allow a greater level of supplemental power were 

implemented.  

 

In the late 1990s a federal program to demonstrate coal slurry technology provided much 

of the funding necessary to install an internal combustion engine generator with heat recovery 

boiler. Although the coal fuel technology component has not been employed, the unit is fully 
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functional operating with fuel oil. Electric output is approximately 10 MW, with as much as 

20,000 lbs/hr of low pressure (25 psig) steam from the heat recovery system.  Plant 

Improvements in 1980-2000 consisted of: 

1981:  10 MW Turbine Generator  

a. Paralleling Switchgear and  Control Systems; 
b. Surface condenser using well water;  and 
c. Air Cooled Condenser #3. 

1986: Bag House 

a. Bag house 1 and 2 

1986: Boiler 4 

a. East Building Expansion (including north entrance and admin/office floor); 
b. 100,000 #/hr Fuel Oil  Boiler #4;  and  
c. Steam and feedwater header expansion. 

1992; Condenser #2 

a. Air Cooled Condenser #4. 

1999: Diesel Engine Generator 

a. DEG building; 
b. Diesel Engine with 10 MW Generator;  
c. 20,000 lb/hr Heat Recovery Boiler;  and 
d. Bag House. 

2000: WR Utilidor Improvements 
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THE UNIVERSITY OF ALASKA FAIRBANKS 
2005 UTILITY DEVELOPMENT PLAN 

TECHNICAL DETAIL 
 

TECHNICAL DETAIL 
 

The 2005 Utility Development Plan includes a Capital Renewal Plan and three 

alternative Utility Development Strategies to address campus growth.   Capital costs associated 

with each of the individual elements are inputs to the economic Model along with annual 

operating costs derived from efficiency estimates and load assumptions.  Technical details and 

background of the individual elements making up these plans and alternative strategies are 

provided in the sections that follow. 

 

CAPITAL RENEWAL TECHNICAL DESCRIPTION 
 

A narrative description with associated capital cost estimates of the individual 

components of the capital renewal program can be found in Financial Appendix - Section A. 

 

STRATEGY ONE - TECHNICAL DESCRIPTION 
 

Strategy 1 is referred to as the “stand alone” Strategy.  In order to minimize initial capital 

construction costs and to avoid a bonding request for development of new or expanded campus 

infrastructure, building heating and cooling systems would be of the packaged commercial type. 

Each new building would be provided with a fuel oil or natural gas fired heating water boiler 

system. Because of the extreme cold temperatures in Fairbanks, prudent engineering practice 

dictates installation of fully redundant heating systems (i.e., N+1 redundancy) such that full back 

up of each building’s boilers and heating water auxiliaries exist. Initial construction costs for 

building boiler plant (not including building heating system) is estimated (based on local 

experience) at $6/SF, on which a thirty percent (30%) project cost multiplier is applied to arrive 

at 2005 values. 
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The useful service life of the equipment installed in a typical boiler plant is estimated at 

ten years (based on UAF experience). At the end of each ten year period, a 

repair/replacement/upgrade project costing $4/SF is assumed. This is intended to account for 

replacing or retubing units, replacing controls, stacks, breeching, etc. 

 

The University’s air quality permit will need amendment as individual building boilers 

become more common. An estimate of costs associated with annual permitting is included in the 

Strategy analysis. It is assumed that the boiler systems would be specified as “dual fuel,” and that 

fuel oil tanks, piping and transfer pumping equipment would be installed even if natural gas 

service becomes available. “Dual fuel” capability would provide additional reliability and a 

hedge against fuel market instability. The capital cost difference between the fuel oil and the 

natural gas sub-option is the additional cost of a natural gas distribution piping system.  A total 

cost of approximately $14.5 million is expected to install new and replacement units.  

 

The “stand alone” solution assumes installation of air-cooled, electric driven air 

conditioning equipment in each new building. This cooling solution is consistent with the 

direction that essentially all construction on the West Ridge has taken. The systems are either 

Direct Expansion (DX) split systems (with condensers and fans located outside) or air cooled 

water chillers (with compressors, condensers and fans located outside and a glycol heat transfer 

solution).  Raw construction costs for the refrigeration components of the air conditioning 

system, based on local experience, are $4/SF.  Again, this expense is multiplied by a factor of 1.3 

to reflect overall project cost impact.  Average efficiency of “stand alone” air-cooled equipment 

is estimated at 1.1 kW/Ton. The outdoor components of commercial grade air conditioning 

equipment have been found to suffer from the extreme temperatures in Fairbanks, and history 

indicates a ten year estimate of useful life is reasonable.  Equipment replacement is thought to be 

slightly less costly than initial installation as much of the equipment support, piping and 

auxiliaries can remain. An estimate of $3/SF is used.  Over the twenty year course of the Model, 

a total on the order of $7.4 million would be spent on new and replacement stand alone chillers 
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All new electric demand is assumed to be purchased through the public utility (GVEA) as 

no new power generation equipment is installed on campus over the planning time frame.  The 

capital renewal program is assumed to be in place and current issues with the electrical power 

distribution system, the turbine generator, and the air-cooled condenser are addressed. The 

“stand alone” option does not include estimates for installation of individual building standby 

generators as the existing 10 MW Diesel Engine Generator (and associated switchgear) would be 

configured to serve these loads. This may not prove to be an entirely valid assumption, as certain 

critical electrical users, such as the supercomputer center, are likely to require fully dedicated 

backup to satisfy the quick response time. 

 

STRATEGY TWO - TECHNICAL DESCRIPTION 
 

The second strategy provides a utility infrastructure for the West Ridge with more 

durability and efficiency than stand alone systems.  A new central energy plant, providing lower 

annual operation and replacement costs, would be constructed on a developed site on the West 

Ridge and designed for expansion and flexibility. 

 

Campus heat would be provided by a steam plant with equipment of a more institutional 

class, with the equipment’s expected useful service life on the order of twenty-five (25) years. 

The 15 psig steam boilers would be piped in parallel with the existing utilidor steam system and 

would operate as a satellite plant, fired on natural gas or fuel oil to supplement the system when 

the Atkinson turbine exhaust volume is insufficient or when distribution pressure to the West 

Ridge is inadequate.  Two boilers would initially be installed, providing full redundancy.  The 

plant would be designed for relatively simple and economical installation of additional boilers, to 

be installed as the West Ridge expands.  Total estimated project costs for a West Ridge heating 

plant are on the order of $10 million (significantly less than the “stand alone” option) with much 

of the expenditure concentrated on initial construction. 
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As originally conceived, the West Ridge Plant would also house a pair of 1000 ton, single 

effect absorption chillers and cooling towers with provisions to expand cooling capacity as the 

campus load increases (see attached drawing). A tremendous benefit of the concept of absorption 

chilling at a new West Ridge Plant is the summertime combination of beneficial use of Atkinson 

coal fired steam turbine “waste” heat with the coincident elimination of additional peak electrical 

demand to run refrigeration compressors.  Not only is there a thermodynamic cycle justification 

for the installation of an absorption chilling plant (resulting in lower annual fuel and power 

costs), but it also provides significant improvement in annual maintenance and labor over 

multiple “stand alone” package units. Expected useful life of the absorption equipment would be 

on the order of twenty to twenty-five years, reducing the planned major maintenance budget. 

 

The life cycle economic model does not support investment in an absorption chiller plant 

on the WR.  The simple reason is that, although peak demand is high, the projected ton-hours of 

operation (on which the comparative energy and efficiency costs are based) are too low to 

provide a return on the high investment cost.  Implementation of a central chilled water plant 

involves plant and site development costs, equipment procurement and installation, construction 

of a distribution piping system, and conversion of existing DX air handling systems to chilled 

water.  Total twenty year project costs for a central absorption chiller plant at WR is estimated a 

$16 million, roughly twice the “stand alone” cost.  Expenses are largely concentrated into the 

initial plant/distribution/building conversion project. Because the economic prospect of the WR 

Chiller Plant is poor compared to the “stand alone” option, Strategy 2 is based on a satellite WR 

heating plant (no individual building boilers) with stand alone building chilling units. 

 

This analysis does not to imply that absorption chilling can never be proven as a viable 

option on the WR. Installation of absorption chilling as a part of a new and large building 

construction project with limited distribution requirements, concentrated internal heat loads, and 

competitive equipment pricing might well pass the life cycle cost test. Future installation of an 

absorption chiller to serve the supercomputer center warrants consideration. 
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Electric power to meet anticipated demand of the growing campus would be served by 

GVEA in a manner identical to Strategy 1. Similarly, it is assumed that the electrical substation, 

distribution and switchgear projects described in the Capital Renewal section of this report are 

completed to enable full reliance on the DEG for WR standby power requirements.  

 

STRATEGY THREE - TECHNICAL DESCRIPTION 
 

A third strategy evaluated in the UDP involves expansion of the original cogeneration 

concept to provide all of the current and projected campus needs for heat and electric power over 

the next twenty years with coal.  The principal advantages of this strategy are the relatively low 

cost and long-term stability of the fuel source, and the high levels of efficiency, reliability and 

control that on site generation of primary utilities have historically provided the UAF campus. In 

its basic form, Strategy 3 includes construction of a 600 psig, 150,000 lbs/hr stoker type steam 

generator, a 20 MW steam turbine generator with extraction at 125 psig, 75 psig, 15 psig, and a 

steam exhaust to a new set of condensers.  A complete set of coal boiler auxiliaries, such as coal 

conveying, hopper, ash handling system, piping, plumbing, and electrical are included in the life-

cycle cost analysis.  Plant expansion on this order will meet projected peak steam and electric 

power demands of the campus. 

 

The overall Strategy 3 project cost estimate amounts to approximately $85 million.  The 

sources of this cost estimate, which forms a principal input to the economic Model, are described 

below.  An estimate for environmental permitting costs is based on an assumption of annual 

expenditures over the implementation phase of the project.  Direct vendor quotations (including 

shipping) are used for the primary equipment (boiler, turbine, bag house, condenser, etc.). 

Auxiliary equipment and systems costs are estimated using in-house engineering judgment and 

the historical database of HRA, a central Illinois consulting engineering firm with recent relevant 

experience in design and construction of coal fired power plants of this scale. Costs for site 

development and primary structures are derived from recent (2001), similar projects in Alaska 

(Clear AFS and the UAF Clean Coal Project).  Contractor overhead and profit are added to the 

raw equipment and construction costs.  A design contingency is applied to the sum of these 
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numbers and a thirty percent (30%) project cost multiplier, intended to cover A/E design, testing, 

commissioning, UAF project management and construction period contingencies, is applied on 

top of that total cost. 

 

Although overall this Strategy is more capital intensive than Strategy 1 or Strategy 2, it is 

possible to implement Strategy 3 in phases.  Initiation of environmental compliance and 

permitting requirements would have to be considered in the early stages of strategy 

implementation.  Initial design of the plant—to tie down site location, footprint, equipment type, 

general arrangement and overall process flow—would be a necessary part of this early exercise. 

Once an institutional commitment to expand the cogeneration system at Atkinson Plant is in 

place, construction of a high pressure steam line to the WR would be a logical step to solving the 

near term WR pressure deficiency without compromising the output of the existing steam turbine 

generator. Construction of a new modular ash handling facility, planned for both current 

(identified under the Capital Renewal program) and future needs, could be accomplished early in 

the Strategy. Site development, procurement of major equipment, erection of the structures, and 

installation and commissioning of the turbine generator could be planned for phased 

implementation. 

 

Improvement of the steam distribution system to the WR is a necessary component of 

Strategy 3, as all steam will continue to be generated in the Atkinson Plant at the southeast 

corner of the campus.  The dynamics of the concept proposed here are substantiated in the steam 

model (attached). Existing steam service to WR is accomplished using low pressure (15 psig 

summer, 25 psig winter) steam from the controlled extraction port of the steam turbine flows out 

the western side of the plant to the vicinity of Lola Tilly Hall via a 14” line in a section of 

relatively open utilidor space.  At Lola Tilly, the single 14” line splits into two 10” lines routed 

into the Lathrop Blister.  The utilidor is extremely congested in this area.  A manifold in the 

Lathrop Blister ties in an east-west line from the Library, a direct buried line from the upper 
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dorm complex and a second pair of 10” lines routed west to Patty Ice Center.  The utilidor, from 

Lathrop Blister to Patty Ice, is congested.  As the utilidor leaves Patty Ice, the two 10” lines 

combine back into a single 14” line running up the grade to the WR.  This long portion of 

utilidor is relatively large and open.  

 

Under current peak heating load conditions, roughly 37,000 lbs/hr is needed in the 

vicinity of The Geist Museum on the WR.  With this flow rate, the observed steam pressure drop 

across the piping system is on the order of 15 psig, meaning operation of the controlled 

extraction port at 25 psig provides 10 psig on the WR - 5 psig under design and too low for 

satisfactory operation of building heat exchangers.  A steam pressure drop calculation model 

(output attached) yields similar results.  When a new 10” line is modeled in parallel to the 

existing lines from the plant to The Geist Museum, the piping system becomes capable of 

moving 53,000 lbs/hr at a pressure drop of 10 psig, leaving an acceptable 15 psig on the WR. 

53,000 lbs/hr corresponds to an increase in building square footage on the order of 250,000 SF. 

This magnitude of WR growth is projected within five (5) years.  

 

As peak demand increases further, the new line can be used in a different mode. A 600 to 

125 psig regulator on the Atkinson high pressure header would allow the line to flow higher 

pressure, lower specific volume steam that bypasses the turbine directly to the load on the West 

Ridge where it would bleed back into the existing low pressure distribution system through a 125 

psig to 15 psig regulator set.  In this turbine bypass mode, the line could support on the order of 

800,000 SF in addition to the 500,000 SF served by the low pressure line at 15 psig. Ultimately, 

in Strategy 3, a new 20 MW steam turbine is brought on line. This unit would be specified with 

higher pressure extraction ports so that bypass from the 600 psi header is no longer necessary.  A 

more detailed analysis will be needed to optimize the number and size of these ports.  For the 

purpose of the Utility Development Plan however, the project cost estimate carries the new line 

from Atkinson to the WR with its pressure regulating stations, improvements to the existing low 

pressure steam system to enable the East line to LC to operate at higher pressure (along with 

PRV stations) and costs to eventually upsize the existing 6” steam line at the north center of the 

system to allow better loop flow from LC to WR. 
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The arguments that made installation of “stand alone” air-cooled, electric-driven air 

conditioning equipment more economically attractive than an absorption chilling facility in 

Strategy 1 and Strategy 2 remain valid in Strategy 3.  The campus’ electrical profile is dual peak, 

with similar high demand in winter and summer.  Installation of absorption chilling equipment 

would not provide an opportunity to significantly scale back the boiler or turbine capacity.  

Strategy 3 therefore includes future installation of “stand alone” chilling equipment, subject to 

the same recommendation that special cases be evaluated individually.  

 

No additional costs for building standby generators are included in Strategy 3.  Capital 

renewal driven improvement of the campus high voltage switchgear and distribution system will 

allow use of the DEG (or GVEA) electricity as standby in the event of turbine outage. 

Historically, frequency and extent of outages of the University’s cogeneration system has been 

significantly better than that of GVEA.  On this basis, the electric power reliability of Strategy 3 

is postulated to be better than that in Strategy 1 or Strategy 2. 

 





























Proposed New Line at 75 psig start pressure
flow split line 1,2 1 Diversity fact h

flow split 2 1
flow split line 3 1 1.00 0.909 75  

Nodes MBH MBH* Load (Lb/hr) ipe size (in D int. (in.)In. A (in.^2Velocity (ft/s)Pressure/100Distance (ft) D Pressure (psi)
Total West Side 56500.00 56500 62156.22

Atkinson-Lola Tilly PLNT6-F1 0.00 0 0.00 14 13.12 135.28 0 0.0000 664 0.00
proposed line 1 PLNT6-F1 56500.00 56500 62156.22 10 10.02 78.85 14795 1.4745 664 9.79

 
flow split 2 0.00  

  9.79
Lola Tilly-Lathrop Blister F1-F3 0.00 0 0.00 10 10.02 78.85 0 0.0000 362 0.00
Lola Tilly-Lathrop Blister 0.00 0 0.00 10 10.02 78.85 0 0.0000 362 0.00

Lathrop Blister Load 0.00 0 0.00    
Lathrop Blister F4-K1 0.00 0 0.00 14 13.12 135.28 0 0.0000 200 0.00

Lathrop Blister-Patty Ice K1-K4 0.00 0 0.00 10 10.02 78.85 0 0.0000 760 0.00
Lathrop Blister-Patty Ice K1-K4 0.00 0 0.00 10 10.02 78.85 0 0.0000 760 0.00 0.00

    
proposed line 2 F1-K4 56500.00 56500 62156.22 10 10.02 78.85 14795 1.4745 1000 14.74

   14.74
Patty Ice-Geist K4-K7 0.00 0 0.00 14 13.12 135.28 0 0.0000 2410 0.00
proposed line 3 K4-K7 56500.00 56500 62156.22 10 10.02 78.85 14795 1.4745 2410 35.54

flow available at Geist 62156.22  35.54

60.07  
 Pressure @WR 14.93

Sp. Vol.
7.82

Start Pressure
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