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EAHIBIT 2-2

BUILDING AREA SiMMARY
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The weather variables shown in Exhibit 2-4 were derived from the Lincoln
Electric System weather data base. Exhibit 2-5 is a graphic
representation of the minimum, maximum and average temperatures. The
data utilized to calculate mean monthly temperatures, degree days,
temperature humidity index, and wind chill factor, were based on one-hour
interval observations reported by the National Oceanic and Atmospheric
Administration (NOAA) for Lincoln, Nebraska for the years 1977 through
1985, Heating degree days were calculated using both the traditional
65°F mean daily tomperature and a temperature of 45°F to reflect a lower
balance point temperature to account for increased internal heat
retention and lower thermostat settings currently experienced. Cooling
degree days were calculated for both 65° and 75°F %o reflect higher
thermostat settings demonstrated by recommended conservatior practices.
Because of the interest in the concepts of the project large amounts of
data has been assimilated for future evaluation. This information will
be available for subsequent refinement as the boundary areas become

bettar defined,

Thermal Load Recommendations:

a. Refine building energy consumption requirements and square footage
assumptions of the Town Center development through contact with

project architect/engineer and review of building code requirements,

b. Determine degree of project interest by existing building owners to

refine system confiquration,

. 18 -




Ca Evaluate renovation and remodeling plans for future effect on system

conficy
Gl

ration

d. Perform detailed survey of prospective buildings to refine building
gata regarding system type, operating temperatures, potential for
retrofit, energy consumption, ﬂn1%ﬁ?ﬁﬁ occupancy, and square footage

for more accurate thermal load evaluation,

s 15 .
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EXHIBIT 2-4

Weather Yariablesl
24-Hour Averages
Lincoln, Nebraska

rd

Mean Temperature Degree Days Temperature

Month — °F <) HDD6S bﬁﬁi’g CDD65 CbD75 Humidity Index>
Jan 18 (~7.8) 1,453 832 0 0 30
Feb 25 (-3.9) 1,126 566 0 0 35
Mar 18 (3.3) 829 257 0 0 45
Apr 52 (11.1) 409 46 12 0 54
May 62 (16.7) 141 0 51 2 62
Jun 72 (22.2) 14 0 234 44 70
Jul 79 (26,1) ] ] 422 140 74
Aug 75 (23.9) 2 0 323 90 72
Sep 66 (18.9) 96 3 136 23 65
Oct 53 (11.7) 384 22 4 0 55
Nov 38 {3.3) 821 267 0 0 44
Dec 25 (-3.9) 1,256 638 0 0 35
TOTAL 6,533 2,630 1,183 299

o

Weather variables are monthly mean values of 24-hour averages,

HDN65 - Heating Negree Days calculated for mean daily temperature of 65°F,

HDD45 - Heating Degree Days calculated for mean daily temperature of 45°F,

CDD65 - Cooling Degree Days calculated for mean daily temperature of 65°F,

ChD75 - Cooling Degree Days calculated for mean daily temperature of 75°F,

Temperature Humidity Index THI = ,55T + ,2 T, + 17.5

Wind Chill (Kg-cal/square meter~hour) WC = (?H WV + 10,45 - WV) (33.0 - L

where: T = Air Temperature (°F) WV = Wind Velocity (meters=-sec)
po = Dew Point Temperature (°F) T. = Air Temperature (°C)

C

Average

1,077
981
813
616
439
281
186
234
369
573
797

1,003

4




EXHIBIT 2-5

Monthly Average Outdoor Temperature




Thermal Distribution System

Based on the potential thermal loads defined in the previous section,
threc distribution system options were developed. For all distribution
cases the central plant or distribution starting point was located on a
city owned lot at 10th and S Street as the closest practical location
for the central plant facility to minimize distribution system cost.
Approximately 1000 feet of main piping would be required between the
central plant and the first thermal load in the service area which is a
significant portion of the total distribution system cost. The
distribution service areas for each of the three options is shown on

Exhibit 2-6,

The philosophy used to analyze the DHAC distribution system was to start
from a relatively dense core area and expand concentrically into
adjacent areas. This method provided an opportunity to study systems of
various sizes and provides a logical approach to evaluate system
expansion and growth. This growth pattern can minimize capital
investment and operating costs as load is added to the distribution

network,

The distribution system parameters are shown in Exhibit 2-7. The system
design would include four distribution pipes. One pair of these pipes
would provide for heating load, while the second pair of pipes would
provide chilled water for the cooling load. The heating pipe would be a

composition construction, providing an integral insulation layer around




the steel pipe, The chilled water pipe would be an uninsul ated pipe
system since the temperature differential between the chilled water and
earth would be relatively small. Both piping systems would incorporate
protective coatings or jackets to reduce corrosion and to extend system
Tifetime and reliability. By selecting pipes fabricated for the
specific temperature requirements the system material costs can be
optimized. This four pipe system would also enable building cooling
needs to be served during the winter heating season and domestic hot
wator or other heating requirements to be served during the summer

cooling season.

A schematic one line representation of the projected four pipe
distribution system is shown in Exhibit 2-8. The routing has not been
specifically determined, but the system shown would have the capability
to serve all three of the load options selected for this study. An
effort was made to minimize the total length of distribution piping
while allowing for expansion of the system to meet the concentric growth

pattern previously outlined.

The develcpment of distribution cost estimates for all three
distribution options required a preliminary piping design and the
performance of load calculations based on projected building loads. The
options were simulated to evaluate the effects of flow rates and
pressure drops to generate materials lists which detailed pipe sizing
and preliminary fitting requirements. Budgetary per unit price
estimates were obtained from manufacturers and from consultant supplied
historical cost data. These costs were then used with the materials

lists to approximate total distribution system costs. The distribution

- 23 -




capital costs are summarized in Exhibit 2-9.

The estimated distribution capital cost summary indicates the
importantance of serving a significant load in a centralized, relatively
dense core area with the initial distribution system installation. The
system should be constructed with provisions for planned expansion which
could be performed for incremental increases in first phase investment

costs.

From the perspective of distribution system capital costs, it would
appear that Option 2 would provide the best opportunity for maximizing
thermal Toad service at the minimum capital investment. Distribution
Option 2 would enable service to approximately 50 percent additional

space with only a 12 percent increase in investment over Option 1.

Thermal Distribution System Recommendations:

a. Further review pipe size and capital costs with regard to allowable
water flow velocities, vibration, noise, cavitation, routing

alternatives and pumping costs,

b. Investigate alternate distribution piping materials.

c. Refine simultaneous heating and cooling requirements.

d. Investigate cost savings potential of incorporating installation of
district heating and cooling piping network with required rework of
city utility services during construction of proposed redevelopment

project,
w, P
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DISTRIBUTION SYSTEM SERVICE AREAS




EXHIBIT 2-7

DISTRIBUTION SYSTEM PARAMETERS

Peak Distribution Water Temperature:

Heating * 230°F (110°C) Supply/140°F {60°C) Return
Cooling 39°F (4°C) Supply/ 57°F (14°C) Return

Peak System Water Flow:

Option 1 2,780 GPM (170 liters/sec)
Option 2 4,170 GPM {259 liters/sec)
Option 3 5,560 GPM (341 liters/sec)

Customer Heat Exchanger Maximum Pressure Drop: 10 psi (68.9 kilopascals)

Maximum Distribution Pipe Size:
Heating 12" Diameter (30 CM)
Cooling 16" Diameter (40 CM)
Distribution Pipe Materials: (Heating System)
DIN Steel, Polyurethane Insulation, with
seamless polyethylene jacket
Distribution Pipe Materials: (Cooling System)

Muctile Iron, coated class 250 water distribution piping.,

* Heat Pump delivery temperature would be 185°F (85°C) with the auxiliary
boilers supplying the additional heating during peak heating periods.

- 26 -
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EXHIBIT 2-9

Distribution Capital Cost Summary

HEATING SYSTEM $697.,000

COOLING SYSTEM

TOTAL DISTRIBUTION

SYSTEM COST $922,000
TOTAL DISTRIBUTION
SYSTEM TRENCH LENGTH 4,100 ft,

SYSTEM COST PER
INSTALLED FOOT

$225/ft.

Option 2

$768,000

$263,000

-
2

L

$1,031,000

A 00 £
3,ﬂub 2 4

$224/f¢.

Option 3
$1,075,000

$ 355,000
$1,430,000

6,500 ft.

$220/ft.




3.

Thermal Sources

An essential part of any heating and cooling analysis is the procurement
of a stable and readily available energy source. This requirement
applies to the use of fossil fuels, electrical energy or in the case of
& water source heat pump station, a dependable water supply for use as a
heat source and sink, As part of the feasibility study conducted for
this project, an independent water supply investigation was conducted by
the firm of Hoskins-Western-Sonderegger Inc. of Lincoln, NE. The
results of this study were presented in a December 31, 1985 report
entitied "Report of Preliminary Water Supply Investigation for the
Proposed Haymarket District Heating and Cooling System, Lincoln,

Nebraska,®

The two water sources investigated under this study were the groundwater
source available in the vicinity of the downtown Lincoln area and the
treated waste water effluent from the Theresa Street Sewage Treatment

facility,

The results of the water source investigation indicated that either
supply could technically fulfill the DH&C water supply requirements.

The advantage of the well water system would be: (1) the relatively
constant source/sink water temperature, which would aid in production of
thermal energy independent of weather or seasonal conditions, and (2)
the lack of competing uses, due to the highly saline nature of the area

ground water, Historical test data indicate that adequate quantities of

- 29 -




water could be produced from a well field and several area facilities
have in the past utilized this ground water as a cooling medium for
industrial and commercial applications. One specific application
included the use of a 100G gallon per minute well as an auxiliary

cooling supply for the now decommissioned X Street Power Plani.

The Hoskins-Western-Sonderegger report identified the potential for
seasonal thermal storage within a geothermal well field, The
possibility exists that well water withdrawn, tempered by the heat pump
facility and then reinjected, could be stored for thermal enerqgy
recovery during the opposite season. This could be accomplished by
reversing well flows and substituting the source wells for injection

wells,

A disadvantage to utilizing ground water is the uncertainty that exists
with the development of well field facilities. Significant expenditures
€an occur prior to and during a well development phase with
indeterminate final well field production capabilities and long-term
performance. The water withdrawn from a well field for use in
geothermal applications must be replaced or reinjected in unpol luted
condition into the same underground aquifer from which it is

withdrawn. The current engineering practice is to provide twice as many
fnjection wells as supply wells which substantially increases capital
cost and the number for the wells required for a given flow

requirement. Uncertainty regarding geothermal supply capabilities would
exist until test production and injection wells could be completed and

operated to gather performance data. No environmental restrictions were

« 30 w




found for the production and injection concept, however, development of
such a facility would require further investigation to determine any
potential present or future conflicts regarding the utilization of the

underground water resource.

The treated wastewater effluent, which flows directly from the Theresa
Street Station into Salt Creek, was the second thermal anergy
source/sink alternative investigated. OQuality data for the treated
sewage effluent is detailed in Exhibits 2-10 and 2-11 and a plot of the
effluent temperatures is shown in Exhibit 2-12. Exhibit 2-13 has been
included to indicate the average hourly flow rates and Exhibit 2-14
shows the monthly flow rates from the Theresa St. facility. Water
quantities on the average exceed the projected requirements for the DH&C
system. The treated sewage effluent temperature varies seasonally
unlike the ground water source which maintains a relatively stabdle
temperature of 55°F (12,7°C). This temperature variation would effect
the performance of a heat pump central plant., The advantages of
utilizing the treated effluent include the constant and continuous
supply of thermal energy. This supply represents a known and probably
increasing quantity and the cost of delivery of the water to a central
plant can be readily calculated. Disposal of the treated effluent would
be carried out by discharging into the same creek as is currently

done, The only difference would be a seasonal temperature change

consisting of an increase of 18°F (10°C) during peak summer cooling and

a decrease of approximately 10°F (6°C) during the winter peak heating

period, and the relocation of effluent discharge approximately 1.5 miles

upstream from the existing location.




Disadvantages to using the treated effluent are: (1) minimum discharge
flow rates require that thermal storage or backup water supply be
constructed to allow the central heating plant to operate at required
capacity levels during low treatment plant discharge periods or periods
of treatment plant malfunction, (2) additional chemical treatment at the
waste water facility to suppress biological growth and aeration may be
required at the discharge point to reduce oxygen demand, which would be
an added operating expense but could alleviate heat exchanger
malfunction at the central plant facility, and (3) additional safety
procedures may be required when working on the central plant heat

exchangers because of the potential for methane gas accumulation.

For the purposes of this study, cost estimates were developed using the
waste water effluent as the thermal source, since this supply is
relatively stable and cost estimates could be readily developed. The
physical configuration of the source system would consist of a pumping
and chemical treatment station located at the Theresa Street facility
which would supply a single sixteen inch (16") force main routed
parallel with Salt Creek to the heat pump central plant as indicated on
Exhibit 2-15. The force main would be constructed four to five feet
below grade and would be approximately 12,000 feet in length, The
effluent would provide the thermal source or sink to the central plant
through the heat pump shell and tube condenser or evaporator and would
then be routed back to Salt Creek through a 4,500 foot discharge main.
The capital cost estimate for this source piping and pumping station is

summarized in Exhibit 2-16., Various pump horsepower and efficient flow

- 32 -




options were derived for this cost summary, all of which would be

dependent on the ultimate central plant capacity.

Thermal source Recommendations:

da

Investigate water storage requirements and costs.

Evaluate costs of relorating effluent discharge point at Theresa

Street Station.

Evaluate maintenance costs of force main.

Determine requirements for establishing long-term usage rights for

sewage effluent,

Determine chemical treatment requirements for inhibiting biological

fouling of heat exchanger,

Determine environment effect of increased discharge temperatures on

dissolved oxygen and Biochemical Oxygen Demand (BOD).




EXHIBIT 2-10

Wastewater Treatment Plant
Effiuent Quality Data

Biological Oxygen Dissolved Oxygen Fecal Coliform Temperature Suspended Solids
Demand (mg/L ) (mg/L ) (oK) (*C) (mg/L)
ﬁs..;."...,.‘.,m_.m_ Ht_;‘r‘ww- 1\(€ ';";"'"" (l!,, a RN ...-._., " ;sﬁ: T i o . 'AVP ;t"';;" Rt Hi “ G A‘;; Ha " . ""’; |’1 o A "
1985

January 49 11 26 12.2 1.8 3.3 15 9 13.3 29 ] 18
February 42 11 25 10,1 8.1 9.0 15 12 13.3 4] ] 19
March 47 7 27 10,2 . 9.1 15.5 12.6 14,2 34 9 25
April 22 3 13 8.9 8.5 9.0 2400 <20 17.% 12.6 15.4 34 ] 16

May 70 8 27 9.0 6.2 7.4 3500 <20 19,1 16.1 17.46 39 1 14

; June 58 8 19 R.4 6.2 7.4 9200 <20 21.8 17.9 18.5 27 3 10
5 Jduly 14 6 18 7.6 4.5 6.8 16000 <20 1.9 20 21.1 57 6 16
" August 10 ? 17 7.9 6.9 7.2 9200 <20 22.8 20 1.4 25 3 10
September 48 6 19 8.1 6.0 7.1 >24000 <20 23.2 19 21.9 26 6 ]
October 37 8 18 9.0 6.3 1.9 0,3 16.9 19.3 47 4 15
November 42 8 27 8.6 6,7 7.5 18.6 14.3 17.3 31 8 21
December 44 17 28 8.7 6.7 7.8 15.4 13.1 14,2 43 20 29

Source: Lincoln Wastewater System




EXHIBIT 2-11

Theresa Non-Potable Effluent Water Analysis

May 1985

PARAMETER RESULTS, mg/1 (except pH)
Ammonia Nitrogen 13.6
Organic Nitrogen 4.3
Nitrate Nitrogen 2.8
TEN 18,1
Rﬂn5 18 to 30
TSS 12 to 30
TDS 790
Chloride 134.3
Residual Chlorine 0.6 to 2.0
Total Alkalinity 530 (as CaCO3)
Temperature 17 ta 20°C.
pH 7.4 to 7.6
Ortho-Phosphate 5.0
Boron 0.4
Calcium 38.0
Copper 0.01
Cadmium 0.004
Chromium 0,01
Nickel 0.04
Magnesium 13.2
Molyboenum 0.008
Lead 0.009
Potassium 20.8
Sodium 228,.0
Zinc 0.02
Barium 0.37
Iron 0.12
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EXHIBIT 2-12

Treated Effluent Temperature

(Degrees Celsius)
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EXHIBIT 2-13

Average Hourly Treated Effluent Flow
Million Gallons per Day (MGD) Equivalent
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Daily Treated Effluent Flow
Million Gallons per Day (MGD)
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EXHIBIT 2-15
DHAC PRELIMINARY SITE MAP
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EXHIBIT 2-16

Wastewater Source System
Capital Cost Estimate

Force Main Cost (Supply System) 480,000

16" 12,000 feet @ $40/ft

Force Main Cost (Discharge System) 180,000

16" 4,500 feet @ %40/ft
Pump House 200,000

Pumps, Controls, Header Piping, etc,

860,000

Pipe size and pumping parameters

Force Main Force Main
Flow Requirements Force Main Horsepower Cost

{ GPM) Size (") {Approx.) ($/ft)

1,850 16 30 $40.00

2,780 16 40,00

3,700 16 40.00




4, Central Plant

The location of the central plant is dictated by two factors: (1) the
ability to deliver the thermal source/sin% water to a particular site with
relative ease and (2) the proximity to the district heating and cooling
load to reduce the cost and extent of the thermal distribution system. In
an attempt to meet these criteria, four potential locations were

identified. The following is a description of each site:

Site 1 - North 6th Street and Charieston - This site consists of

approximately four acres which is owned by the City of Lincoln

located adjacent to Salt Creek. The major advantages for this
site were 1) proximity to Salt Creek in which the waste water
effiuent would ultimately be discharged, and 2) the size of the
parcel would allow room for thermal storage facilities. The
major disadvantage to this site included the distance from the

central district heating and cooling system.

9th and S Streets - This triangular shaped site consists of
approximately 5,000 square feet., The location was considered
excellent except that the size of the parcel may be inadequate.

The property is owned by the State of Nebraska and could be

purchased for use as a district heating and cooling system,

8th and S Streets - This site consists of approximately 14,000

square feet, The location was considered excellent and the size




would be adequate, It is currently in private ownership.

Site 4 - 10th and S Streets - This site is vacant and consists of
approximately 16,000 square feet. It is currently owned by the
City of Lincoln., This is the closest site to the district
heating and cooling system and is also located adjacent to the
Interstate Overpass. The overpass could possibly be utilized to

support the wastewater effluent pipe,

Based upon the cost per foot of the four pipe distribution system in
comparison to the cost of the wastewater effluent piping, it would appear
that the closest possible publicly owned site with adequate size would
make the best potential location for the central District Heating and
Cooling Plant, The site that best mec.s this criteria is site number 4 at

10th and S Streets.

The centra1 plant would contain large commercial or industrial grade heat
pumps and ancillary equipment to produce thermal energy for

distribution. Large scale heat pump technology for heating has been
demonstrated numerous times in European applications, and is just now
being promoted and developed in the United States. The underlining
principle of this particular system is the recovery of waste heat or
rejection of unneeded heat to a readily available medium. The thermal
source and sink selected for this evaluation is treated waste water
effluent, a technology that has been demonstrated on a number of other
projects. The water utilized from the effluent stream is isolated from

the distribution system by the heat pump and heat pump heat exchangers.,
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An energy balance diagram has been included in Exhibit 2-17 to demonstrate
the principles of heat pump operation and illustrate how it is possible to
recover waste heat in the heating mode. For every unit of energy put into
the heat pump in the form of electricity two units of heat are withdrawn
from the thermal source. The three units of heat are then gbtained from
the system as output. The measure of heat pump efficiency at any given
set of operating conditions is called its coefficient of performance
(COP), The coefficient of performance is defined as the ratio of the

heating or cooling capacity to the work input

Energy Output

Coefficient of Performance (COP) = 3.0

1

Work Input

Heat pumps are capable of exceeding a COP of 3.0 depending on thermal
source conditions and operating conditions. The higher the COP the
greater the efficiency and the lower the operating costs. An advantage of
utilizing a thermal source such as treated sewage effluent is that the
water source temperature is relatively stable with predictable flow
conditions which allows estimation of equipment COP io be primarily

dependent upon output temperature levels.

Heat pumps operate through the use of a vapor-compression cycle employing
8 working fluid or refrigerant which is recirculated through four basic
physical processes or changes: compression, condensation, expansion and
evaporation. The heat pump has four working parts to accomplish these
changes: a compressor, two heat exchangers (one serving as a condenser and

the other as an evaporator) and an expansion device,
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The basic difference between cooling and heating operations lies in which
of the two heat exchangers supplies cold vapor to the compressor and which
heat exchanger receives hot vapor from it. Co0ling and heating can be
provided from a single heat pump installation by reversing the thermal
source and thermal sink water supplies as the heating and cooling seasons

change,

Exhibit 2-18 illustrates the energy balance of the heat pump cycle
operating in the heating mode, The water source or treated effluent
enters the evaporator heat exchanger at a temperature of 57.2°F at a flow
rate of 2760 gallons per minute (GPM), which would be variable depending
on thermal load conditions. The low temperature, low pressure
ligquid/vapor refrigerant exiting from the expansion valve would absorb
14,8 x 108 BTU's of heat from the effluent through the surfaces of the
evaporator causing the liquid refrigerant to boil or evaporate into a low
temperature, low pressure vapor, The effluent leaving the evaporator
would be cooled 10,8°F in temperature and discharged back into Salt Creek
at a temperature of 46,4°F, As the warmed refrigerant vapor is moved from
the evaporator to the condenser through the compressor, it absorbs 9.0 X
106 8TU's of additional heat from the electrical drive motor as it is
compressed to a high temperature, high pressure vapor. Since the vapor
temperature is above the temperature of the surroundings, a total of 23.9
X iﬂﬁ BTU's of heat would be available for transfer through the surfaces
of the condenser to the water in the district heating distribution
system, The temperature of the water in the distribution system would be
tncreased from 140°F to 185°F at a flow rate of 1060 GPM. This transfer

of heat would cause the refrigerant vapor to condense
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EXHIBIT 2-18

TYPICAL WINTER OPERATION

TWO STAGE HEAT PUMP CENTRAL PLANT

TREATED
46.4 °F EFFLUENT 57.2°F
{ #°C) 2760 GPM (14°C)
1 (174 liters/sec)
14.8 X 10% BTU/HR *
(4.36 MW)
:t;t;§;~—~ EVAPORATOR
EXPANSION
VALVE

.00 X108 BTU/HR
: @264 MW) COMPRESSOR

:j:jzf CONDENSER

HEAT PUMP
COEFFICIENT

OF PERFORMANCE ~—

AT PEAK LOAD

‘ 23.9 X 106 BTU/HR
(7.0 Mw)

(THERMAL SINK)

140° F DISTRICT 1BS *°F
( 60 °C) HEATED WATER (85°C)

1060 GPM
\67 liters/sec)

HEAT PRODUCED - 23.9 X 108BTU/HR
ENERGY INPUT 9.00 X 108 BTU/HR

COP = 2.65

LINCOLN ELECTRIC SYSTEM
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into a warm temperature, high pressure liquid which would then f1ow
through the expansion valve that regulates its flow and causes the
refrigerant to expand back into a low temperature, 1low pressure
liquid/vapor, completing the heat pump cycle. The heating mode

coefficient of performance for these operating conditions would be.

)
COP = Energy Output . £23.9 X 18

Work Input 9.0 X 106 BTU/hr

BTU/hr

= 2.65

Calculation of the overall central plant coefficient of performance should
include the pumping and auxiliary losses, which would slightly lower the

expected system COP.

Since heat is recovered from the effluent source, the system would have a
2.65 to 1 advantage over electrical resistance heating and a significant

advantage over fossil fuel fired heating systems.

The use of the heat pump as a heating only system has been proven feasible
in numerous applications. However, the true advantage of the central heat
pump station in the Lincoln application is the potential for installing a

single mechanical system and providing both heating and coocling energy.

Connection of the effluent to the condenser, to act as the heat sink and
connection of the distribution system to the evaporator, to act as the
heat source will convert the heat pump into a conventional water cooled
centrifugal chiller. Exhibit 2-19 illustrates the energy balance of the
heat pump cycle operating in the cooling mode. The water source or

district cooling water enters the evaporator heat exchanger at a
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EXHIBIT 2-19 :

! TYPICAL SUMMER OPERATION
TWO STAGE HEAT PUMP CENTRAL PLANT

DISTRICT
50°F COOLING WATER 570 F
(10°C) 4890 GPM (14°C)
l (308 liters/sec.)
17.1X 108 BTU/HR Y !
(5.0 MW)
,\/\/\N/\\j___ EVAPORATOR |
‘ |
i L, EXPANSION Y |
VALVE | [
wn
& 5 '
a (.96 MW)
=
W Y
it @
| I
e CONDENSER |
A 20.5 X 10 BTU/HR *
(6 MW) (THERMAL SINK)
824° F TREATED 100.4°F
({ 28 °C) EFFLUENT ( 38°C)
2280 GPM
(144 liters/sec)
HEAT PUMP
COEFFICIENT .. HEAT EXTRACTED - 17.1 X 10% BTU/HR
OF PERFORMANCE ~—  ENERGY INPUT 3.28 X 10® BTU/HR

AT PEAK LOAD
COP = 5.2

LINCOLN ELECTRIC SYSTEM

TYPICAL SUMMER OPERATION
TWO STAGE HEAT PUMP CENTRAL PLANT

DRAWN BY CHECKED BY CHECKED BY APPRQVED BY
lo.s. 4-14-86
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REVISION DRAWING NO. MIDC -A- 28




temperature of 57°F at a flow rate of 4890 GPM. The low temperature 1ow

pressure 1iquid/vapor refrigerant exiting from the expansion valve would
absorb 17.1 X 100 Btu's of heat from the district cooling water through
the surfaces of the evaporator causing the liquid refrigerant to boil or
evaporate into a low temperature, low pressure vapor. The district
cooling water would be cooled 7°F to a temperature of 50°F before being
additionally cooled by auxiliary chillers and then recircul ated back into
the district distribution system. As the warmed refrigerant vapor is
moved from the evaporator to the condenser through the compressor it
absorbs 3.28 X 10% Btu's of additional heat from the electrical drive
motor as it is compressed to a high temperature, high pressure vapor.
Since the vapor temperature is above the temperature of the effluent, the
total of 20.5 X 106 Btu's of heat would be transferred through the
surfaces of the condenser. The temperature of the effluent would be
increased from 82.4° to 100.4°F at a flow rate of 2280 GPM. This transfer
of heat would cause the refrigerant vapor to condense into a warm
temperature, high pressure 1iquid which would then flow through the
expansion valve causing the refrigerant to expand back into a low
temperature, low pressure 1iquid vapor, completing the heat pump cycle.

The coefficient of performance for these operating conditions would be:

cop - Energy Output _ 17.1 X 10® Btusnr

= 5.2

Work Input 3.28 X 106 Btu/hr

Again, the overall coefficient of performance for the plant would be
reduced somewhat by the additional central plant pumping and plant

auxiliary loads, resulting in a slightly lower expected COP.
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It should be noted that the cooling COP is higher than that shown for the

heating cycle. The COP for a given machine is dependent upon source and
discharge water conditions and operating levels. In the heating case
water at a temperature of approximately 57°F has been used as a thermal
source to supply hot water to the system at 185°F. 1In the chilling case,
water at a temperature of 82.4°F has been used as a thermal sink to
provide chilled water to the system at 50°F. The change in water
temperature requirements for the machine from the heating to cooling cycle

would have a significant effect on the plant performance or COP.

A basic element of central energy plant design is matching equipment to
the load to be served. This is a complex question in the case of DH&C due
the uncertainty of which existing building HVAC systems can be retrofited
and in this study, the size of the new commercial development which has
been proposed. The second element of this decision process is the size
relationship between base load equipment and peaking equipment. In nearly
all energy plant applications, high efficiency equipment carries a high

capital cost when compared to equipment used for peaking purposes.

For the Lincoln central plant the heat pump equipment has been considered
as the base load or primary source for heating and cooling. Through an
analysis of typical heating load duration curves, shown in Exhibit 2-20,
the heat pump capacity necessary for this energy supply could be sized at
approximately 50% of the system maximum heating demand and still supply
over 80% of the heating energy requirements. The remaining energy needs
could be supplied from hot water boilers which would serve during high

energy demand, during startup, provide 1oad following requirements, and
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provide backup supply during heat pump maintenance.

A fundamental problem exists in serving both heating and cooling needs
from the heat pump equipment due to the thermal capabilities of the heat
pump equipment and the characteristics of the system loads. This
technical problem is demonstrated in Exhibit 2-21. To effectively serve
all heating needs from the central plant, both heat pumps and peaking
boilers could be utilized; however, in all cases the cooling capacity of a
specific heat pump will be approximately two-thirds to three-fourths of
the heating capacity. If the heat pump were reduced in size and peaking
boilers were used to supplement the heating capacity, the heat pump would
be considerably undersized for its secondary role as system cooling
equipment. Since a maximum level of both heating and cooling load are to
be served, both supplemental boilers and supplemental centrifigal chillers

would be required.

The relationship between maximum heating and cooling capacity for the

central station is as follows:

* Heating Peak Capacity -
50%  Supplied from heat pumps
50% Supplied from peaking boilers

100%  System size option requirements

* Cooling Capacity -
35% Supplied from heat pumps
65% Supplied from supplemental chillers

100% System size option requirement
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EXHIBIT 2-20

Estimated Annual Load Duration
Curve For Cooling Requirements
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EXHIBIT 2-21

System Peak
Heating Load

System Peak

Cooling Load
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Further refinement in equipment sizing would be necessary to optimize the

central plant investment cost.

The central plant configuration for the DH&C system must satisfy the

following conditions:
* Provide both heating and cooling for the district.

. Follow the district heating and cooling requirements from the

lowest to highest demand level.

- Provide simultaneous heating and cooling during periods of

transition from heating to cooling seasons.

- Maintain a high efficiency level for both heating and cooling

cycles at partial and full load.

« Provide a degree of equipment redundancy for planned and

unscheduled outages.

. Provide for unmanned operation.

* Be located as close as possible to the downtown district

distribution system to reduce distribution system piping costs.
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Exhibits 2-25 and 2-26 are general schematic diagrams for the district

heating and district cooling operations. These diagrams indicate the
interconnected equipment included for the economic and operational
analysis presented in this study. The following paragraphs describe in
more detail the primary components required for the central plant

facility.

The heat pump based central plant would contain single or multiple heat
pumps and centrifugal chillers. To provide load following capabilities at
least one of the compressors could be installed with a variable speed
drive. This would allow matching low load levels up to the maximum output
of the variable speed machine and then increasing output by bringing a
fixed speed base load machine on-line and backing down the variable speed
unit. The variable speed unit would then be used again for 1oad

following.

The second station component would be multiple heating boilers. The
purpose of providing alternate district heating boilers is: first, to
provide the capability of heat production in the event of heat pump
outage; secondly, the boilers can be installed at a lower capital cost per
unit of energy production and can provide peaking capacity in excess of
the heat pump capability during times of high heating demand. By
installing both heat pumps and boilers, the central plant would operate at
high efficiency levels on the heat pump the largest percentage of the time
and would provide the remainder of energy requirements through 1ow capital

cost but much lower efficiency heating boilers.
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The third plant item would be the distribution system water pumps. These
pumps would be installed in multiple units to provide redundancy for
maintenance and pump outage. The pumps would be supplied with variable
speed electric drives which would improve overall plant efficiency during

partial and varying load conditions.

The fourth major component in the district heating and cooling system
would be the heat and cool storage facilities. The storage systems would
provide for off peak energy consumption by allowing the heat pump to
charge the storage tanks with hot or cold water during low system thermal
Toad periods. The storage capacity can be optimized to provide equipment
and pipe size reductions and to enable daily electrical consumption load
leveling. The parameters for storage and the systems to be used are

discussed in a later section.

The fifth item required would be the equipment control and electrical
equipment area. Within this area all motonr starter, variable speed drive
and communications equipment would be located. The actual plant structure
would either be provided as part of a turnkey central plant installation
or by separate building contractor. The building provided would be of a
prefabricated metal structure with a overall size of approximately 4,000

square feet,

The central plant capital cost summary is shown in Exhibit 2-22. The
capital cost estimates for this equipment are based on several budgetary
estimates provided through turnkey heatpump plant manufacturers. The

turnkey central plant budgetary estimates were plotted as shown in Exhibit
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2-23. The estimates received were for various central plant sizes and the

cost per unit of thermal output varied significantly between estimates.

The various piant capacities indicated in the capital cost summary allow
for the incorporation of capital cost estimates for the various system
sizes developed in the thermal load znalysis section of the report. Plant
Size 1 for the distribution system Option 1 and Plant Sizes 2 and 3 for
the respective distribution options outlined in the distribution system
section. Exhibit 2-24 summarizes the central plant performance

assumptions used in the feasibility study.
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EXHIBIT 2-22

Central Plant Capital Cost Summary

Plant Size 1
25.0 10° Btu/Hr (Heating)
25.0 10% Btu/Hr (Cooling)

Heat Pumps (3.5 MW)

(Turn-Key) $ 850,000
Chillers (1,114 gons) 320,000
Boilers 19 X 10” Btu/Hr) 170,000
Bui]ding and Land 250,000
Piping and Auxiliaries 150,000
Cool Storage 210,000
Heat Storage 70,000

TOTAL $ 2,020,000

Plant Size 2
37.5 100 Rtu/Hr (Heating)
37.5 10% Btu/Hr (Cooling)

Heat Pumps (5.0 MW)

(Turn-Key) $ 1,100,000
Chillers (1,567 Togs 480,000
Boilers (37 » X 10" Btufiir) 250,000
Building and Land 380,000
Piping and Auxiliaries 200,000
Cool Storage 280,000
Heat Storage 92,500

TOTAL $ 2,782,500

Plant Size 3
50.0 10° Btu/Hr (Heating)
50.0 10% Btu/Hr (Cooling)

Heat Pumps (7.0 MW)

(Turn Key) $ 1,500,000
Chillers (2,228 gons) 640,000
Boilers (50 X 10”7 Btu/Hr) 340,000
Building and Land 400,000
Piping and Auxiliaries 250,000
Cool Storage 350,000
Heat Storage 115,000

TOTAL 33,595,000

.
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Plant Performance Parameters
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EXHIBIT 2-25
SIMPLIFIED DISTRICT SYSTEM SCHEMATIC
HEATING OPERATION
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5. Thermal Storage

One of the major benefits of large district energy systems is the
potential for energy storage applications. Utilizing storage systems for
daily load leveling and emergency system backup provides cost control
possibilities which are not available or are very expensive for the single

b:Ji]deg system owners,

For the district heating and cogling system analyzed in this study, both
heat and cool storage systems have been incorporated. The general

parameters for the storage systems proposed include the following:

Storage Capacity -~ Sufficient capacity is included to reduce peak
electrical demand by a factor of 1.5 for cooling and 1,25 for heating,
The storage systems proposed provide sufficient capacities for hours of
daily peak energy storage thus reducing central plant equipment size and

sewage effluent flow requirements,

Type of Storage =~ The storage systems included in this analysis are
steel vessels of 3 sufficient size to satisfy the above storage
requirements. The cool water storage tanks would be a steel vessel
similar to those used as oi)] storage tanks. The cylindrical tank wall
would be fitted with a thermal insulation of 3 thickness optimized as a
function of cooling energy costs and temperature difference, The
horizontal surface could be insulated by a layer of floating plastic

foam, In order to maintain storage efficiency, blending or thermal mixing

of the cold water in storage and warm return water must be minimized or
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eliminated, This can be accomplished hy installing a horizontal diaphram
that can move up and down within the storage tank to provide physical

separation of water temperatures.

The hot water storage tanks would be steel vessels operated at atmospheric
pressure, The vessels would have a cushion of steam above the water
surface in order to keep out air and avoid corrosion caused by the
ahsorption of air into the water, This steam cushion would also allow the
vessel to he used as an expansion tank. The vessel could be designed with
sufficient height to act as the system pressurizer if it is installed on

the suction side of the main circulation pump,

Storage System Costs - The storage tank sizes and costs used for each
size option have been summarized in Exhibit 2-27. The cool storage
vessels are approximately eight times the size of the heat storage
vessels, due primarily to the relatfve enthalpy difference betweem the
delivery water versus the return water for the cool water and hot water
system, The cold water and hot water system custs differ by only & factor
of 3 due to the economy of scale and the more costly requirements far hot

water storage equipment.

The storage facilities inclyded far this feasibility study require
additional optimization., Factors which must be considered to determine
the ideal storage capacity include: facility input energy costs, the
electrical energy rate structure, storage period requirements, storage
capital costs, and the system load profile for both heating and cooling.

While optimization of energy storage is beyond the scope of this analysis
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Sensitivity of Energy Cost to Equipment Cost
Option 1 - 1,250,000 Sq. Ft.
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Sensitivity of Energy Cost to Thermal Energy Delivered
Option 1 — 1,250,000 Sq. Ft.
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1,875,000 SQ. FT.
LINCOLN DISTRICT HEATING SYSTEM
CAFITAL AND OPERATING COST
FUBLIC CASE
k%% ASSUMPTIONS %X
TOTAL MMBTUS FRODUCED 93,750
COOLING ENERGY OUTFUT 37,500
HEATING ENERGY OUTFUT 56,259
HEAT FUMF COST 1,100,000
FROJECT LIFE 30
FINANCED FORTION 5,274,514
SALVAGE VALUE 50,000
COOLING COF 4.800
HEATING COF 2.400
HEATING: RATE . 030
COOLING RATE . 060
FINANCED INTEREST RATE 075
DATE GENERATED: 10/01/86
ANNUAL COSTS
1987 1988 19290 19914 1992 1993 1994 1995 7
FUMPING COST % 86,356 % B6,356 % 89 1,642 ¥ 23,475 % 75,344 ¢ 97,231
FLANT ENERGY COST $ 343,357 & 343,357 $ : 3D 228 364,3 $ 371,660 & 379,094 & 386,675
CUSTOMER CHARGE $ 3,240 $ 3,240 $ 32 3 3 3,240 & 3,240 $ 31240 % 3,240
MAINTENANCE COST $ 923,470 $ 93,470 % 3,470 % 73,4 3,470 $ 73,470 % 23,470 % 23,470
OFERATOR COST ¥ 79,875 % 83,070 $ 86,393 ¢ 9 {0,067 % 105,110 ¢ 109,314 $ 113,687
INSURANCE $ 30,000 $ 30,000 & 30,000 9§ x 30,000 @ 30,000 % 30,000 % S0, 000
SELLING ADMIN $ 50,000 $ 50,000 € 25,000 5,000 ¢ 25,000 % 25,000 $ 25,000
0 &H $ 686,298 & 689,493 ¢ 667,816 ¢ 671,272 : 70 721,955 [4& 3
DERT SERVICE (7.5%) $ 444,749 $ 446,769 % 446,749 & ARL, 76T by 74 44 446,769
OFERATION+DERT SERVICE #1,133,047 $1,136,262 $1,114,585 $1,118,041 12 1,148,724
R&R (DEEBT COVERAGE) $ 223,385 $ 223,385 ¢ 223,385 & 223,385 223 $ 223,385 $
TOTAL ANNUAL COST 52 $§,359,647 $1,337,970 $1,341,424 - $1., $1,3%2,10
COST PER MILLION BTUS
DEBT SERVICE $ 4.77 $ 4.77 $ 4.77 $ 4.77 $ 4,77 $ 4.77 $ 4.77 ¢ 4.77 $ 4.77 $ 4.77
ENERGY COST ¢ 4.58 $ 4.58 $ 4.58 $ 4.58 } $ .77 $ 4.86 $ 4.94 $ 5.06 $ 5.16
0 & M $ 2.7 $ 2.l $ 2.54 $ 2.58 $ 63 $ 70 ¢ 2.74 $ 2.78 § 83
R&R (DEBT COVERAGE) ¢ 2.38 $ 2.38 $ 2.38 £ 2.38 g $ L1 E 38 » 2.38 $ 2.38 $ 2,38
TOTAL FER UNIT COST $14.47 $14.50 $14.27 $14.39 $14.44 $14.57 $14.71 t $15.14
COOLING FORTION $18.86 $18.70 $18.64 $18.48 $18.63 $if $19 $19.61
HEATING FORTION $11.54 $14.57 $11.36 $11.39 51 e $11.6 $11.76 $12.16

TAERLE 11
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SUMMARY

OPTION 2







1,375,000 SQ, FT.

DATE: 10/10/86
1987 198 {991 992 1993 1994 1995 1594

SALES $1,550,889 $1,554,700
VARIABLE COST
ENERGY COST $ 429,713 $ 429,713

$4,534,083 $1,549,352 $1,5465,020 %1,553,83%

$ 456,015 % -lcb“‘*, 1:1?3 $ 474,438 % 483, "r‘L‘é

$1.,124,987 $1,078,0468 %1 J-Jhl,.‘,1 $1,090,582 $1,086%9,713

..
-J |
2,

CONTRIEUTION MARGIN 1,121,

FIXED COSTS:

DEET SERV ICL' 520,222 % 520,222 $ S2Q,222.% 1 520,227 % o I $ K 2QNEARD
HAINTENANCE COST $ 23,470 % 93,470 ¥ 93,470 % 93,470 $ 73,470 % 923,470
OFE F\Hirjh E[ 1 $ 79,875 % 83,070 ¢ {01,048 ¢ 105,111 & 107,315 ¢ 113,688
REFLACEMENT RENEWAL $ 923,470 % 23,470 b 23,470 % 73,470 % 2 f $ 923,470
SELLI Ml.r Ll"( ADMIN. $ 50,000 % ‘)U Q00 b 5 25,000 % b 25,000
INSURANCE $ 30,000 % Q00 $ $ 30,000 % b 30, 000
CUSTOMER CHARGE ¥ 3,240 % 240 B $ 3,240 % ¥ 3,240
TOTAL FIXED COSTS $ 879,277 i $ B70,513 % $ 879,090
OFERATING INCOME & 250,829 % 251,510 t 11,598 243,704 ¢ 215,B465 £ 190,823
LESS
DEFRECIATION $ 141,699 ¢ 141,479 11,697 & 141,699 ¢ 141,497
TAXABLE INCOME : S | O“ 200 ¢ 109,816 it Al 3 2,005 $
INCOME TAX $ 37,128 % 37,55 : 23, 166 % _‘ 4,482 %
NET INCOME $ 12,002 % 72,479 16,133 ¢ ¥7,523 18, 950 %
FOSITIVE NET INCOME $ 12,002°% 72,479 16,133 % 47,523 $ 48,930 $ 32,42
INVESTHENT TAX CREDIT $ 0 % 0 f 0 % 0 % 0 % 0
TAX VALUE DEFR $ 48,178 % 48,178 $ 48, 1 78 % 48,178 % 3,178
b *T‘ Qt’ $ 47,440 % =L

EQUITY $ 19,858 $ 22,142

$ 158“4! 1*14 5867 $ 175 493

+

EFFECTIVE NET INCOME $ 140,108 E ‘}4‘ ““;J

i 7 2134 37 oA “s

RATE OF RETURN 133 » 130

SELLING PRICE $146.54
TOTAL INVESTHENT $5, ’Fk},\H 7
CAFITAL FORTION ‘H 056,064
INANCED FORTION $4,224,253
FOINTS COST $ 126,148
FIRST YEAR DEFR. $ 141,497
TOTAL MMETU'S SOLD 93,750
FPER "FH TAGE MARKUP 1L
INVESTMENT TAX CREDIT »00
INCOME TAX RATE s
STRAIGHT LINE DEFRECIATION
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Sensitivity of Energy Cost to Equipment Cost
Option 2 - 1,875,000 Sq. Ft.
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TABLE 17

Sensilivity of Energy Cost to Thermal Energy Delivered
Option 2 - 1,875,000 Sq. Ft.
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% % M

MMETUS

DERT § E $ $ 4 ) 4. b p 4 $ 4 b 4.° 4.5 P 4,50 § 4.
ENERGY -3 ). 71 $ 4, f 1.9 P 5.00 $ D 1 - $ .

0 & M 3 N | F 2.1 $ WY $ i AR 3 ! P
R&K (DEBT COVERAGE) o $ 202> $ 2.2 P L. ® 2.25 $ 2r > 2.2 $ 2.2 5 D220 » 2125
TOTAL FER UNIT COST $13.714 : 1 $13.684 §3.9 $14 ., § £44.2 $14,.37
COOLING FORTION 02 4 ) i ) $18.29 14 b 4 $
HEATING FORTION $10.8 $10.87 10.71 81 } b1 11.08 1 el $11.45
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Sensitivity of Energy Cost to mﬁilp nent Cost
Option 3 - 2,500,000 Sq. Ft.
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TABLE 26

Sensitivity of Energy Cost to Thermal Energy Delivered
Option 3 — 2,500,000 Sq. Ft.
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DHCALL IFPS A STATE OF NEBRASKA VM/CMS

MODEL DHC 08/14/8613 35 33
LINCOLN DISTRICT HEATING SYSTEM COSTS PROGR
CREATED 12/20/85 BY THE GENERATION ENGINE
OF THE LINCOLN ELECTRIC SYSTEM
PUSLIC OWNERSHIP CASE
OLUMNS 1-30

b

-
o
et

INPUT DATA ENTERED IN SEPERATE

OURCE_PIPE COST =_DATA
SOURCE PIPE INSTALLATION
SOURCE PUMP STATION = D
DISTRIBUTION PIPE COST
DISTRIBUTION PIPE INSTALL
2

% PUMPED SIZED IN BREAKING HORSE-POWER
SOURCE PUMP SIZE = DATA
DISTRIBUTION PUMP SIZE
COOLING STORAGE COST
HEATING STORAGE COST
CENTRAL PLANT BOILER
LAND BUILDING COST
PIPING AUX DATA
CHILLER = DATA

g - -
* HEAT PUMP SIZED IN TONS
HEAT PUMP SIZE = DATA

= HEAT PUMP COST IN $/TON
HEAT PUMP COST = DATA

&

= ENERGY IN BTUS

TOTAL ENERGY = DATA
COOLING ENERGY PERCENTA
HEATING _ENERGY PERCENTA
PEAK COOLING = DATA
PEAK HEATING = DATA
INITIAL OPERATOR RATE
COOLING COP = DATA
HEATING COP = DATA
INITIAL HEATING ENERGY_RATE_
INITIAL DEMAND RATE = DATA
HEATING RATE ESCALLATION =
HEATING LOAD FACTOR = DATA
INITIAL COOLING ENERGY RATE
INITIAL DEMAND RATE = DATA
COOLING_RATE_ESCALLATION
COOLING LOAD FACTOR = DATA
ANNUAL CUSTOMER CHARGE = DATA
HEATING OPERATING HOURS ATA
COOLING OPERATING HOURS ATA
PERCENTAGE MARKUP = DATA
OPERATOR HQURS = DAYA_ _
MAINTENANCE FACTOR = DATA
SALVAGE VALUE = DATA

4

A

T

P&i
%_} 5"‘
A

i

10N

DATA
DATA
DATA
DATA

DATA |

W Hn

GE
GE

DA

DATA

DATA

DATA
= D
= D

FIMES

HAR ING
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FILE DHCALL IFPS A STATE OF NEBRASKA VM/CMS TIMESHARING

560
570
580
590
600
610

.u
=
-0
00

o ol
£ W
(o Q=]

-0
W
o

950
+ 960
<970
- 980
290

i

"INVESTMENT TAX FACTOR = DATA

# NUMBER OF YEARS DEBT 1S TO BE AMORTIZED OVER
YEARS = DATA

INSTALLATION COST = DATA
TREATMENT COST mUDATA D b e
ENGINEERING FACTOR = DATA
OPERATING AG = 0

SALES TAX = DATA _

MATERIALS PERCENTAGE = DATA

TAX RATE = DATA

CONTINGENCY = DATA___
SALARY ESCALLATION = DATA

RESERVE RENEWAL FACTOR= DATA
SELLING ADMIN = DATA

INSURANCE = DATA

POINTS = DATA

DOWNPAYMENT FACTOR = DATA

SQUARE FOOTAGE SERVED = DATA
# INVESTMENT FACTORS L
FINANCED PORTION INTEREST = DATA
EXXON PORTION INTEREST = DATA
EXXON_CONTRIBUTION = DATA
EXXON PAYMENTS START = DATA
EXXON YEARS = DATA
INITIAL EST TOTAL PU = DATA
EST ESC = DATA
o
# ENERGY AND DEMAND RATE ESCALLATION
L
HEATING ENERGY RATE = INITIAL HEATING ENERGY RATE,PREVIOUS HEATING ENERGY RATE = °*
{1 + HEATING RATE ESCALLATION}
COOLING ENERGY RATE = INITIAL COOLING ENERGY RATE,PREVIOUS COOLING ENERGY RATE » ¢
{1 + COOLING RATE ESCALLATION}
DEMAND RATE = INITIAL DEMAND RATE,PREVIOUS DEMAND RATE * *
{1 + COOLING RATE ESCALLATION}
DEMAND RATE = INITIAL DEMAND RATE,PREVIOUS DEMAND RATE = °*
{1 + HEATING RATE ESCALLATION)

»

# CALCULATION OF BLENDED RATES

E

ELEET HEATING RATE=SHEATING ENERGY RATE + (DEMAND RATEZ(730 * HEATING LOAD FACTUR))
ELECT COOLING RATE=COOLING ENERGY RATE+ (DEMAND RATE/(730 = COOLING LOAD FACTUR})
3

* ENERGY COST CALCULATIONS
=

1000 COOLING OUTPUT ENERGY = TOTAL ENERGY ¥ COCLING ENERGY PERCENTAGE

.- 1010 HEATING OUTPUT ENERGY
- 1020 COOLING ENERGY OUTPUT
1030 HEATING ENERGY OUTPUT

TOTAL ENERGY * HEATING ENERGY PERCENTAGE
COOLING OUTPUT ENERGY / 1000000
HEATING OUTPUT ENERGY / 1000000

Hun

- 1040 ENERGY COST =ROUNDUP (PUMPING COST + PLANT ENERGY COST)
1050 PUMPING COST =ROUNDUP (COOL ING PUMPING COST + HEATING PUMPING COSTI}

. 1060 HEATING INPUT_ENERGY = HEATING OUTPUT ENERGY / (HEATING (OP * 3413)

. 1070 COOLING INPUT ENERGY = COOLING OQUTPUT 'ENERGY/Z({COOLING COP#*3413)

=, 1080 PLANT ENERGY COST=ROUNDUP{ (HEATING INPUT ENERGY * ELECT HEATING RATE}+®
- 1090 {COOLING INPUT ENERGY* ELECT COOLING RATE!})




FILE DHCALL IFPS A STATE OF NEBRASKA VM/CMS TIMESHARING

1100 HEATING ENERGY COST=HEATING INPUT ENERGY®ELECT HEATING RATE

1110 COOLING ENERGY COST=COOLING INPUT ENERGY*ELECT COOLING RATE

- 1120 OPERATING COST = PUMPING COST + PLANT ENERGY COST + OPERATOR COST
+ 1130 _COOLING PUMPING COST = ELECT COOLING RATE = PUMP SIZE * COOLING OPERATING HOURS
*11#0 HEATING PUMPING COS = ELECT HEATING RATE * PUMP SIZE * HEATING OPERATING HOURS

1150 PUMP SIZE = {(DISTRIBUTION PUMP SIZE + SOURCE PUMP SIZE } / 1.34
-;150 *

1170 = PIPING AND PLANT CODST
- 1180 @

'ilBS STORAGE_COST_ = HEATING STORAGE_CODST_+ COOLING STORAGE COST. ___ .

' 1190 SOURCE SYSTEM COST = SOURCE PIPE COST » SOURCE PIPE INS?ALLATION * SOURCE PUHP ST&I]OM

** 1200 DISTRIBUTION SYSTEM COST = DISTRIBUTION PIPE COST + DISTRIBUTION PIPE INSTALLATION
413210 CENTRAL PLANT COST=HEAT PUMP COST + CENTRAL PLANT BOILER+CHILLER?®
+ 1220 + LAND BUILDING COST + PIPING AUX + STORAGE COST

= 1230 HEAT PUMP = HEAT PUMP COST

412ﬁ0 EQUIE_COSI_E.ﬁcuaCE_SvSTEH COST_+ DISTRIBUTION SYSTEM COST + CENTRAL PLANT COSTY

* 1250

’:1260 # OPERATOR RATE ESCALLATION AND ANNUAL OPERATOR COST

«1270 =

<1280 DPERATOR RATE = INITIAL OPERATOR RATE,PREVIOUS OPERATOR RATE *= [1+SALARY ESCALLATION]}
1290 OPERATOR CODOST = OPERATOR RATE *®= DPERATOR HOURS

<h300 OPERATING_HOURS_=_HEATING OPERATING.HOURS. + COOLING OPERATING. HOURS

' 1320 * TAXES, AELGy SALVAGE, OtHM
dyzzo s 2 e A B
- 1340 TAX = ROUNDUP(EQUIP COST = SALES TAX! = MATERIALS PERCENTAGE
- 1350 RESERVE RENEWAL =ROUNDUP{ RESERVE RENEWAL FACTOR ® LOAN PAYMENT)
‘ﬁ1360vﬁ6 = ROUNDUP{OPERATING AG_* (EQUIP COSYT + INSTALLATION COST + TAX + CONT )}
1370 ANNUAL AG = OPERATING AG * {[RESERVE RENEWAL + OPERATOR COST)
31380 CONT = ROUNDUPI{CONTINGENCY =* {EQUIP COST + INSTALLATION COST + TAX}}
*11390 SALVA =2ROUNDUPL{{SALVAGE VALUE = (1 /7 2))#»(~1))
» 1400 OM = DPERATOR COSTH+MAINTENANCE COST+INSURANCE+SELLING ADMIN+ENERGY COST#+*®
’{1401 ANNUAL CUSTOMER CHARGE
> 1410 ENGINEERING = ROUNDUPIENGINEERING FACTUR*({EQUIP COST+INSTALLATION COST+TAX)) ipn e e
<1620 MAINTENANCE COST = ROUNDUP({MAINTENANCE FACTOR = EQUIP COST)
214630 MISC = ROUNDUP{TAX+AG+CONT+ENGINEERING#SALVA)
1440 * 3
"3450 L] AﬂGRTIIATIQN CALCULATIGH UTILIZING CGNTINUOUS COMPOUND ING CAPITAL RECOVERY FACTOR
= 14660 *
1470_TOTAL_EQUIP COST_= ROUNDUP(EQUIP_COST » TAX ¢ CONT_+ AG*SALVA*ENGINEERING)
"1430 INITIAL CAPITAL INVESTMENT = ROUNDUPI(DOWN PAYMENT FACTOR * TOTAL EQUIP COST)
&3 1490 FINANCED BASE = ROUNDUPITOTAL EQUIP COST — EXXON CONTRIBUTION)
‘1500 CQST QF. FIHANC_&G = ROUNDUPIPOINTS *= FINANCED BASE)}
"1510 BASE CUST = FINANCED BASE + COST DOF FINANCING
=4,1520 AMORTI{BASE COST:0FINANCED PORTION INTEREST,YEARS,;1;1,L0AN PAYMENT*®
21530 _  INTEREST. .PORTION:PRINCIPAL PORTIOM.OUTSTANDING PRINCIPAL!} £ . e A
-~ 1540 YR = EXXON YEARS
1550 AMORT{EXXON CONTRIBUTION:QOEXXON POURTION INTEREST YR+EXXON PAYMENTS START,.?®
*+ 1540 1,EXXON PAYMENT ;EXXON INTEREST EXXON PRINCIPAL:;EXXON QUTSTANDING}
» 1570 EXXOMN PERCENTAGE = EXXON CONTRIBUTION/SICGTAL EQUIP COST
» 1580 FINANCED PERCENTAGE = 1 = EXXON PERCENTAGE
»'1590 DEBT SERYICE = ROUNDUP (LOAN PAYMENT#EXXON PAYHENT)
’ﬂi&OG $NNUAL CAPITAL COST = BASE COST * INTEREST * Z 7/ 17=1}
21610 A = 1 + FINANCED PORTION INTEREST
6200 Pl REARS et U e O S e e

3L
L]




FILE DHCALL IFPS A STATE OF NEBRASKA VM/CMS TIMESHARING

| 1630 Z = XPOWERY(A,B)

| 1640 =»

| 1650 # ANNUAL COST

PASOON i e L S e : e e i L N
111670 OPERATING COST=PUMPING COST+PLANT ENERGY COST+OPERATOR COST#INSURANCEe®
| 1680 MAINTENANCE COST+SELLING ADMIN+ANNUAL CUSTOMER CHARGE

| 1690 OPERATION DEBT = OPERATING COST + DEBT SERVICE
| 1700 TOTAL ANNUAL COST = OPERATION DEBT + RESERVE RENEWAL
L 1710 *
| 1720 * TOTAL BTU OUTPUT IN MILLION BTUS SR L et
1’1730 TOTAL BTU =(FEATING OUTPUT ENERGY + COOLING OUTPUT ENERGY) / 1000000
- 1740 =
k1750 * PER UNIT BTU COST CALCULATIONS
1760 *
- 1770 DEBY SERVICE PU = DEBT SERVICE / TOTAL BTU
= 1780 ENERGY PU = ENERGY COST / TOTAL BTU )
1790 PUMPING COST PU = PUMPING COST / TOTAL BTU
| 1800 PLANT ENERGY PU = PLANT ENERGY COST / TOTAL BTU
b 1810 MAINTENANCE PU = MAINTENANCE COST / TOTAL BTU
- 1820 #ARIABLE OM PU = VARIABLE OM / TOTAL BTU
| 1830 CUSTOMER PU =ANNUAL CUSTOMER CHARGE / TOTAL BTU
| 1840 OPERATOR COST PU = OPERATOR COST / TOTAL BTU
L 1850 AG PU = ANNUAL AG / TOTAL BTU
l: 1860 RESERVE RENEWAL PU = RESERVE RENEWAL / TOTAL BTU
f: 1870 CONT PU = CONT / TOTAL BTU
F 1880 SELLING ADMIN PU = SELLING ADMIN / TOTAL BTU
k- 1890 INSURANCE PU = INSURANCE/TOTAL BTU
| 1900 FIXED OPERATING COST = CUSTOMER PU+OPERATOR COST PU ’
1910 + MAINTENANCE PU+SELLING ADMIN PU+INSURANCE PU
1920 OPERATING COST = FIXED OPERATING COST *= TOTAL BTU
} 1930 TOTAL PU =TOTAL ANNUAL COST / TOTAL BTU
E 1940 PW FACTOR = 1,PREVIOUS #* 1.115
1950 PW TOTAL PU = TOTAL PU / PW FACTOR
: 1960 EXISTING PU = TOTAL PU_— DEBT SERVICE __
1970 PW EXISTING PU = EXISTING PU/PW FACTOR
£ 1980 CUMM PW TOTAL PU = PREVIOUS CUMM PW TOTAL PU + PW TOTAL PU
1990 CUMM EXISTING PU = PREVIOUS CUMM EXISTING PU + PW EXISTING PU
I 2000 EST TOTAL PU = INITIAL EST TOTAL PU,PREVIOUS % {1 + EST ESC)
2010 PW EST TOTAL PU = EST TOTAL PU / PW FACTOR
2020 CUMM_EST TOTAL PU = PREVIOQUS CUMM EST TOTAL PU + PW EST TOTAL PU
L 2030 X = FIXED OPERATING COST + RESERVE RENEWAL PU
2040 Y = X + DEBT SERVICE PU

P DA S RS S e T3 K
/2046 * ALLOCATION OF HEATING AND COOLING COST
.'2047 »
: 2050 COOLING COST_PU= COOLING CAPITAL+COOLING ENERGY COST PU+COOLING OM+?
2060 COOLING RR
| 2070 COOLING CAPITAL = DEBT SERVICE®*(HEATING ENERGY OUTPUT/TOTAL BTU)/®
SFln ) e TR s S COOLING ENERGY OUTPUT
- 2080 COOLING ENERGY COST PU={COOLING ENERGY COST+COOLING PUMPING COST)/®
k2090 COOLING ENERGY OUTPUT
12100 COOLING_OM_= (DPERATING COST#{COOLING QPERATING HOURS/ *___ . .
©2110 OPERATING HOURS))/COOLING ENERGY OUTPUT
#2120 COOLING RR = RESERVE RENEWAL®*(HEATING ENERGY OUTPUT/TOTAL BTU)/®
93 3 i R _____ _ _CDOLING ENERGY DUTPUT
it
FILE DHCALL IFPS A STATE OF NEBRASKA VM/CMS TIMESHAR ING

2130 HEATING COST PU= HEATING CAPITAL+HEATING ENERGY COST PUSHEATING OMe?

+ 2140 HEATING RR
2150 HEATING CAPITAL = DEBT SERVICE*({COOLING ENERGY ODUTPUT/TOTAL BTU}/®
21351 HEATING ENERGY_DUTPUT __ __ .. e
2160 HEATING ENERGY COST PU=(HEATING ENERGY COST+HEATING PUMP ING COST)/*
- 2170 HEATING ENERGY OUTPUT
* 2180 HEATING OM = (OPERATING COST#(HEATING OPERATING HOURS/ °*
- 2190 OPERATING HOURS))I/HEATING ENERGY OUTPUT

» 2200 HEATING RR = RESERVE RENEWAL®(COOLING ENERGY OUTPUT/TOTAL BTU)}/?
HEATING ENERGY OUTPUT . . L 2R e

* 2201
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i 350 /PLANT ENERGY COST/PLANT ENERGY COST
1360 JCUSTOMER CHARGE/ANNUAL CUSTOMER CHARGE

370 _MAINTENANCE CQST —Seate SNE T SRSt i
i*~380 DPERATOR COST
)+ 385 INSURANCE
4390 SELLING ADMIN_
** 400 UNDERL INE
)"410C JO & M/ OM

* 420 /JDEBT SERVICE (7.5 _)/DEBT_SERVICE_ e

= 430 UNDERL INE
})' 440 FJOPERATION®DEBT SERVICE/OPERATION DEBT
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540 /DEBT SERVICE/DEBT SERVICE PU
* 550 FENERGY COST/ENERGY PU
« 560 JOD & M/ FIXED OPERATING COST
{2 370 /RER (DEBT_COVERAGE)/RESERVE_RENEWAL PU__
{+.580 UNDERL INE
* 590 /TOTAL PER UNIT COST/TOTAL PU

* 600 UNDERL INE= _ _ ] -
[7 610 /COOLING PORTION/COOLING COST PU

« 620 /HEATING PORTION/HEATING COST PU

i - e - .- - - -




vonversion aciors

Multiply By To Obtlain

acres 4047 x 10¢ square melers

acre-lest 1.233x 10¢ cubic melers
amperes/square inch 1.550x 10‘ amperas/sq
amperes/square meler peres/sqinch
smpers-turns/inch Jns/maier
ampera-turns/meler urng/ mcr:
atmosphares "65 mercury {32 deg. F}

atmospheres
atmospheres (760 torr)
barrels (oil)
bars
bars
British thermal units {Blu)
British thermal units {Biu}
British thermal units (Blu)
Bnms rmal units (Biu}
Blu/he-square lool
Blu/hr-sq li-deg. F
Blu/minule
Blu/minute
calories
cenlipoisas
crzn!:sl"kez
cubic leat
cubic feet
cubic feet/min
cubic melers
cubic melers
cubic melers
cublc meters/sec
cubic melers/sec
degrees Celsius
dagrees Fahrenhall
fest
fee!l of H,O (35.2 deg. F)
feetof H,0 (39.2 deg. F}
last/sec
lool-candies ‘
fool-pound (lorce}
fool-pounds (lorce)/min
gallons
galflons/min
grains/gallon (US}
horsepower
horsepowaer

haorsepower {(doiler)
orsepower (boiler)
horsepower-hours

hnrse:}ower hours

inches of H,0 [39.2 deg. F}

inches mefﬂ. y (32 deg. F)

inches mercury {32 deg. F)
inches mercury (32 deg. F)
inches mercury {32 deg. F)

Joules

Joules

Joules

kilograms

kilograms

kilograms/cubic meler
mcgrams!s;uam meler
kilograms/square meler

kilograms/square meler

kilograms/square melar

kilojoules

kilopascals

kilopascals

kilopascals

kilopascals

kilopascals

kilowalts

kilowall-hours

kilowall-hours
kilowalt-hours

liters

Jux

megawall-days
megawali-days

maelars

Newlons

parns/million
Pascal-seconds

pounds

pounds {force)
pounds/cubic leel
pounds/square inch
pounds/squsrs Inch
pounds/square inch
pounds/square inch
square leel

square melers

square maelers

square millimeiers/sec
lonnas

lons (short}

Watls

Watls

Watl-seconds

Watls/sq cenlimeler
Walls/sqcm-deg.C

4,
$.869x10

x 10
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3.785x 10
8309x10*
1.712x10
4244 x 10
TASTx 10
3.352x 10
9.80
2.54T x ‘it"
TA4A5Tx1
2_‘“}‘ "¥!
3.342x 107
3.453x10¢
3.388
4 512110'

gael
o
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210

Cs:-_-.mmmm—-r“ow
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653:1*""
2.953x10*
1.000x 10
9.869 x 10°*
1.341
343x10
1.341
4.167x10*
3531 x10°
9.290x10*
B.189x 107
2.400x 10¢
3.281
2.248x 10
5.840x10%
1.000x 107
4536x 10t
4,448
1.602x 10
2.307
2.0368
7031 x10¢
6.885
#290x10*
2471 x10*
1.076x 10
1.000
205x108
8.072x10°
5.688x10*
£427 x10¢
1.Q00
3ATIx 10
1.762x 10

ogram/sq meler

gallons
aimospheres

Watts/sq centim

W/sq cm-degrea Calsius
horsepower

Walls
Joules
Fn_az-m

ol
lllers

cubic meters/sec
acre-leat

cubic feet

galions (US)

cubic feet/min

g :n:r"nm
degrees Fahranhelt
degrees Celslus
malors
kilogram/sq meler

owndzl Qif‘cﬁ
maters/s

fes
Walls

cubic melers

cubic melers/sec
paris/milfion

British thermal unils/min
kilowalts

British thermal uniis/he
kilowalls

British thermal units
kilowall-hrs
kilopascals
aimospheras
klograms/sq meler
kilopascals

pounds/sq Inch
fool-pounds (lorce)
Walt-second

calories

pounds

tong {short)
pounds/cubic foot
almospheres

11 H,0 (al 39.2 deg. F}
inches mercury {32 deg. F)
pounds/sq inch

British thermal unils
inches H,C (at 33.2 deg. F)
pounds (force}/sqinch
inches mercury {32 deg. F}
bars

almosphaeres (760 torr)
horsspower

Brilish thermal unils
horsepower-hours
megawali-days

cubic feel

{oot-candles

Brilish thermal unils
kilowali-hours

{eot

pounds (force}
grains/gallon (US)
cenlipoises

kilograms

Newlons

kilograms/cu maler

i1 H, O at 39.2 deg. F)
ln:hos marcury {32 deg. F}
kilograms/sq maler
kilopascals

square melers

scies

square [sel

ceniisiokes

pounds

kilograms

Blu/minute
{oot-pounds {force)/minule
Joules

Blu/hr-sgft
Biu/he-sqit-deg. F




