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INTRODUCTION 

The Minnesota Legislature allocated$ 100,000 to the Department of Human 

Services to complete several studies examining the feasibility of burning 

refuse and using cogeneration at State owned institutions. This funding was 

administered by the State Planning Agency with the assistance of the Department 

of Administration. As a part of this funding, the Department of Administration 

contracted with Sam Stewart & Associates to conduct a detailed refuse/cogenera

tion feasibility study for the St. Peter State Hospital. 

This study was begun on December 20, 1985 and a report was presented to 

the Department of Administration and State Planning Agency on January 31, 1986. 

Three major programs were evaluated in this study. The first was the 

installation of a new boiler at the State Hospital to burn either densified 

refuse derived fuel or green wcx:x:1. This program examines the availability and 

cost of refuse and wood, initial cost of new equipnent, annual operating cost 

savings and payback for refuse and wcx:x:1 fuels. 

The second program was the use of cogeneration. Historical energy use 

data was collected and thermal and electric load profiles were developed. 

Different cogeneration operating cycles were analyzed as well as the opportuni

ties for selling the excess electricity generated. Three energy sources were 

considered for cogeneration; refuse, wcx:x:1, and natural gas. Estimates of 

initial cost of new equipnent, annual operating cost savings, and payback were 

provided for each energy source option. 
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In the process of conducting this study, two additional energy cost saving 

options were identified. These options, unrelated to refuse burning or 

cogeneration, became the third program in the study. The first option was 

utility electric demand peak shaving. The second option was to combine the 

Upper and Lower Campus electric meters into one bill. 
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1 • 0 EXEaJTIVE SUMMARY 

1. 1 DEFINITION OF a:x:;ENERATION 

Cogeneration is defined as the simultaneous production of useful thermal 

and electric energy. Cogeneration canbines on-site generation of electricity 

with conventional utility delivered electricity. A cogeneration system 

operates at an overall thennal efficiency as much as 2-1/2 times to 3 times 

that of conventional utility electrical generation systems. The reason for 

this is that electricity is generated at the point of use, thereby allowing 

the nonnally wasted exhaust heat to be captured and partially used for thennal 

or electric energy production. 

The three most cormnon configurations for cogeneration systems are steam 

turbines, gas turbines and reciprocating engines. These are discussed in more 

detail in Section 7.10 

There are three factors which significantly affect the economic feasibili

ty of a cogeneration project. First, the energy user should have significant 

requirements for process or other heat uses, generally from steam or hot water. 

The canbination of the production of heat with the generation of electricity 

typically makes a cogeneration project attractive. 

Second, the on-site generating plant must be integrated with the utility 

distribution in order to transfer excess power to the utility or to purchase 

power from the utility. In addition, there must be a contractual arrangement 

with the electric utility to purchase excess power from the cogenerator at a 

reasonable buyback rate. 
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Third, the institution should have high electric rates compared to natural 

gas or another primary fuel source such as refuse or wood. This allows the 

institution to generate high priced electricity with a lower priced primary 

fuel. 
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1 . 2 SOJPE AND OBJECTIVES 

This study has two objectives; the first objective is to detennine the 

economic feasibility of using wood or refuse_ as an alternate energy source; 

the second objective .is to determine the economic feasibility of cogeneration. 

The use of on-site cogeneration has been expanded significantly during 

the last few years because of Federal legislation which requires electric 

utilities to purchase power fran qualified cogeneration plants. The rate paid 

users for this power is based on the utilities avoided costs of producing the 

equivalent power. This atmosphere provides a strong incentive for large energy 

users such as St. Peter State Hospital to carefully investigate cogeneration 

systems. 

The options evaluated in this study are based on the current energy 

requirements at St. Peter State Hospital. Our analysis includes a detailed 

hour by hour simulation of thermal and electric loads. This level of detail 

is necessary to determine whether the Hospitals thermal demand is greater 

than or less than the cogeneration systems thermal output capacity. 

The hour by hour analysis of thermal and electric loads mandates using a 

computer program. The program we selected was developed by Integrated Energy 

Systems, Inc. (IES). The IES software package has the following two features 

which are necessary to perform a comprehensive analysis: 

o Cost savings are calculated for two possible contractural arrangements 
with the local electric utility company: buy-all, sell-all or 
offset-load, sell-surplus. 
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o If the minimum thermal demand (which is an input to the program) is 
less than system capability, the system is operated at part-load. 

For St. Peter State Hospital, we have selected the Offset-Load, Sell

Surplus as the appropriate contractual arrangement with the electric utility 

company. In this mode, the cogenerator offsets his load with his system and 

therefore pays the utility company only for his net consumption. If he 

generates more than he uses, the utility company buys only that excess at 

the agreed upon "avoided cost" rates. Standby charges are a part of the rate 

structure. 

The St. Peter State Hospital has a 800 KW continuous duty diesel engine 

generator set in place. The cogeneration options analyzed in this report 

assume this unit can be run for short intervals to avoid paying utility 

standby charges. 

Each Offset-Load, Sell-Surplus cogeneration option discussed in this 

report is analyzed using buy back rates from the City of St. Peter Municipal 

Electric Utility and from NSP. Selling electric energy to NSP would require 

the City of St. Peter Municipal Electric Utility to wheel the power. We have 

assumed. a$ 0.001/KWH wheeling charge in our calculations. 
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1.3 FACILITY DESCRIPrION 

The St. Peter State Hospital is located in the southwest corner of 

st. Peter. It includes thirty-two (32) buildings and is divided into an 

Upper and Lower Campus. Figure 1 shows Lower Campus buildings. The total 

heated area is 721,000 square feet. The total cooled area is approximately 

230,000 square feet. 

High pressure steam (125 PSIG) is generated at the power plant on the 

Lower Campus. Steam is supplied to all Lower and Upper Campus buildings 

through tunnels or via.direct burial. 

The Lower Campus purchases 4,160 volt electric power from the City of 

St. Peter Municipal Electric Utility. The upper Campus purchases secondary 

voltage electric power from the City through a separate electric meter. 
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1.4 SUMMARY OF ALTERNATIVE FUEL 7 COGENERATION / OTHER OPTIONS 

OPT IONS 

Alternative Fuel Options 

OPTION 1 - REFUSE 
FIRED BOILER 

OPT ION 2 - WOOD 
FIRED BOILER 

Cogeneration Options 

OPT ION 3 - REC IPROCAT I N3 GAS 
EN3 I NE COGENERAT 10 N 

\0 OPT ION 4 - GAS TURBINE 
COGENERAT ION 

OPT ION 5 - REFUSE FIRED BOILER 
WITH STEAM TURBINE 
COGENERAT ION 

OPT ION 6 - WOOD FIRED BO ILER 
W 1TH STEAM TURBINE 
COGENERAT ION 

SYSTEM CESCR IPT ION 

REFUSE TO ENERGY SYSTEM 
CES IGNED TO BURN CENS IF IED 
REFUSE CER IVED FUEL ( ffiDF) 

WOOD TO ENERGY SYSTEM 
ll:S IGNED TO BURN 
GREEN 0-I IPS AND BARK 

BASELOAll:D, 
THERMALLY SIZED, 
OFF-SET LOAD,SELL SURPLUS 

BASELOAOED, 
THERMALLY SIZED, 
OFF-SET LOAD,SELL SURPLUS 

BASE LOADED, 
THE~ALLY SIZED, 
OFF-SET LOAD,SELL SURPLUS 

BASE LOA DE D, 
THERMALLY SIZED, 
OFF-SET LOAD,SELL SURPLUS 

Other Energy Cost Sa~in[ Q~tions 
OPT ION 7 - NEGOTIATED ELECTRIC CEMAND 

PURO-IASE ARRAN3EMENf PEAK SHAV lt'-X3 

OPTION 8 - MODIFY THE 
ELECTRIC METERS 

COMB I NE THE UPPER A ND 
LOWER CAMPUS ELECTRIC 
METERS INTO ON: ELECTRIC 
B Ill FOR THE ENf IRE 
STATE HOSP ITAL 

EQUIPMENf REQUIRED 

INSTALL A 20,000 LB/HR 
REFUSE FIRED 125 PSIG 
STEAM BOILER 

INSTALL A 20,000 LB/HR 
WOOD f IRED 125 PS IG 
STEAM BO ILER 

INSTALL ONE 460 KW 
~TURAL GAS EN3INE 
GENERATOR SET 

INSTALL ONE 440 KW 
NATURAL GAS EN3 I NE 
GENERATOR SET 

INSTALL A 100 KW BACK 
PRESSURE STEAM TURBINE 
GENERATOR SET 

INSTALL A 100 KW BACK 
PRESSURE STEAM TURBINE 
GENERATOR SET 

INSTALL A 500 KW DIESEL 
EN3 I NE GENERATOR SET 
W-1 I0-I WOULD OPERATE 
LESS THAT 400 HOURS/YEAR 

t-OT APPL !CABLE 

Heat Recovery For 
Steam Production 

RECOVER E)Q-IAUST HEAT 
FOR THE PRO DOCT 10 N 
OF 125 PSIG STEAM 

RECOVER E»-IAUST HEAT 
FOR THE PRODUCT ION 
OF 125 PSIG STEAM 

ADDITIONAL 
BUILDIN3S REQUIRED 

CONSTROCT AN ADDITION 
TO THE EXISTIN3 POWER 
PLANf TO HOUSE THE 
REFUSE BOILER 
·----------
co f\STRUCT AN A DD IT 10 N 
TO THE EX 1ST I N3 POWER 
PLANf TO HOUSE THE 
WOOD BO ILER 

Heat Recovery For 
Preheating Water 

RECOVER HEAT FROM 
JACKET WATER FOR 
PREHEAT I N3 BO ILER 
MAKE-UP WATER 

CONSTROCT AN ADDITION 
TO THE EX 1ST I N3 POWER 
PLANf TO HOUSE THE NEW 
EN3 I NE GENERATOR SET 
·-----------
CONSTROCT AN ADDITION 
TO THE EX 1ST I N3 POWER 
PLANf TO HOUSE THE NEW 
TURBINE GHERATOR SET 

t-OT APPLICABLE 

t-OT APPLICABLE 

t-OT APPLICABLE 

l'OT APPLICABLE 



1.5 E(X)NOMIC SUMMARY 

The options evaluated in this study were ba.sed on the current energy 

requirements at the St. Peter State Hospital. A summary of the economics of 

each option is shown below. 

Utility 
Buy-Back 

ALTERNATE FUEL OPI'IONS 

Option #1 Refuse 
Fired Boiler 

Option #2 Wood 
Fired Boiler 

CDGENERATION OPI'IONS 

-
Option #3 Reciprocating Gas 

Engine Cogeneration 
(without standby charges) 

Option #4 Gas Turbine 
Cogeneration 

Option #5 Refuse Fired Boiler 
with Steam Turbine 
Cogeneration 

Option #6 Wood Fired Boiler 
with Steam Turbine 
Cogeneration 

OI'HER ENERGY (X)ST SAVING OPI'IONS 

Option #7 Negotiated Purchase 
Arrangement 

Option #8 Modify the Electric 
Meters 

SMMPA 

NSP 

SMMPA 
NSP 

SMMPA 

NSP 

SMMPA 

NSP 

Initial Annual Payback 
Cost of Cost Period 
System Savings ...J.Years) 

$1,050,000 $ 28,482 36.86 

1,100,000 87,234 12.61 

378,768 51,395 7.37 

379,400 54,455 6.96 

916,550 49,688 18.45 
924,500 51,777 17 .86 

1,282,000 56,365 * 22.70 

1,282,000 56,365 * 22.70 

1,332,000 115,939 * 11.49 

1,332,000 115,939 * 11.49 

100,000 36,172 2.76 

0 5,155 immediate 

* All electric power is used on site, therefore SMMPA and NSP buy-back rates 
are not relevent .. 
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1 • 6 OBSERVATIONS AND RE<X>MMENDATIONS 

OBSERVATIONS 

GENERAL 

1 . The price of natural gas from Minnegasco decreased three times during 

1985 as follows: 

April 27, 1985 from $ 4.01 per MCF to$ 3.80 per MCF 

October 27, 1985 from $ 3.80 per MCF to$ 3.70 per MCF 

December 27, 1985 from $ 3.70 per MCF to$ 3.52 per MCF 

2. The price of electric power from the City of St. Peter.Municipal Electric 

Canpany decreased approximately 0.8 cents per KWH during October, 1985. 

(From approximately 5.8 cents per KWH to approximately 5.0 cents per KWH) 

ALTERNATIVE FUEI.S 

3. Because of the difficulties in matching thermal requirements with refuse 

availability, densified refuse derived fuel (DRDF) would be the preferred 

fuel if the State Hospital converted to refuse burning. A facility to 

convert refuse to DRDF would be built by a third party. Fuel from this 

facility would cost approximately$ 40.00 per ton delivered. 

4. At the present time there is adequate refuse available in the area 

surrounding St. Peter to provide all of the thermal requirements of the 

St. Peter State Hospital. However, refuse availability could become a 

problem if NSP constructed a refuse derived fuel (RDF) plant near the 

·Wilmarth Power Plant. 
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5. NSP is converting their Wilmarth Power Plant in Mankato to burn refuse 

derived fuel. This plant is expected to be operational by July, 1~87. 

In conjunction with this facility, NSP is considering building a plant 

near Wilmarth which would produce refuse derived fuel. 

6. There is an adequate supply of green waste wood fran Minnesota Valley 

Forest Products in nearby Courtland. This wood is available at$ 18.00 

per ton delivered. 

CDGENERATICN 

7. In order for cogeneration to be econanically attractive, the purchased 

power rates should be high relative to the fuel source used to operate 

the cogeneration system. 

8. Utility buy-back rates for electric power for qualifying cogeneration 

systems are less than 60% of the rate for purchased power. 

REmMMENDATION'S 

ALTERNATIVE FUEIS 

1., With the present cost of natural gas and DRDF, the State Hospital would 

only realize a small fuel cost savings if they installed a refuse fired 

boiler. Because the payback for the refuse miler is estimated to be 

over 35 years, it should not be seriously considered at this time. 

However, there are other circumstances that could affect a decision to 

convert the State Hospital to burn refuse: 
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o First, because the payback for this type of system is very sensitive 

to fuel costs, a significant rise in natural gas rates or a signifi

cant drop in the price of DRDF would shorten the payback. 

o Second, as landfill regulations become more rigid in the next 5 to 

10 years, refuse disposal costs will increase. This could lower the 

cost of DRDF and shorten the payback for installing a refuse.fired 

ooiler. 

o Third, as groundwater pollution problems with sanitary landfills 

increase, the State may decide that burning refuse is a more environ

mentally sound option. 

2.. If the State Hospital installed a refuse energy system, they should have 

a guaranteed supply of refuse. An agreement would have to be negotiated 

with the County Boards in each of the surrounding counties which required 

that all of the waste collected in their county be delivered to the 

DRDF plant. 

3. With the present cost of natural gas and waste wood, the payback for 

converting to a wood energy system would be over 1 2 years. 'Af3 with a 

refuse burning system, the payback for a wood energy system is very 

sensitive to the costs of natural gas and waste wood. If natural gas 

rates were to rise or if wood oosts were to drop, the payback might be 

short enough for the State to consider this option. 
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mGENERATia.:J 

4. At current fuel costs, the only option that appears economically feasible 

is reciprocating natural gas engine cogeneration. The payback for this 

system is approximately 7 years. This option requires that the State Hospi

tal use their existing diesel engine generator for electric backup when 

the primary system is down for maintenance or repairs. otherwise, they 

would be required to pay utility stand-by charges, lengthening the payback. 

5. The b.ly-all, sell-all* contractual arrangement is not cost-effective for 

any cogeneration option because of the large difference between purchased 

power and buyback rates. The thennal savings with cogeneration is not 

large enough to offset the rate difference. Therefore, the contractual 

arrangement with the City of St. Peter Municipal Electric Canpany should 

be off-set load, sell-surplus.* Under this option, the cogeneration 

electricity is principally ~sed on site. 

* See page 43 for definitions. 

CJrHER OPria.:TS 

6-o The State Hospital should discuss with the City of St. Peter Municipal 

Electric Company a negotiated purchase arrangement to reduce the utility 

peak electric demand. The resultant savings could be shared by the City 

and the Hospital. 

7o The State Hospital should also discuss with the City the possibility of 

canbining the Upper and Lower Campus electric meter readings into one 

billo This would reduce the electric demand charges and save the State 

Hospital approximately$ 5,000 annually at current electric rates. 
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2.0 EXISTING THERMAL AND ELECI'RIC SYSTEMS 

2. 1 THERMAL SYSTEMS 

The power plant contains five (5) milers as described below: 

Maximum 
Year Steam Flow General 

Manufacturer Type Installed --tlE~ Lbs/Hr Condition 

#1 Bros Water Tube 1965 870 30,000 gocrl 

#2 Bros Water Tube 1965 870 30,000 gocrl 

#3 Bros Water Tube 1965 435 15 ,ooo gocrl 

#4 Bros Water Tube 1965 435 15,000 gocrl 

#5 C.B. Fire Tube 1985 250 8,625 new 

The atove boilers are capable of burning either natural gas or No. 6 oil 

to provide 125 PSIG steam. Boiler #5 is a combination high/low pressure miler 

installed for summer operation. 

High pressure steam is supplied to both the lower and upper campus. Steam 

lines for the lower campus are installed in utility and passage tunnels. The 

4 inch steam line to the upper campus is direct buried along with a 2 inch 

condensate return and a 3 inch hot water line. 

The maximum steam demand for 1985 was 29,400 Lbs/Hr and the minimum steam 

demand was approximately 2,000 Lbs/Hr. The annual steam consumption for 1985 

was approximately 82,486 MLbs. 

The miler plant has oil storage capacity of 600,000 gallons. 
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Farly in 1985, a study was conducted to detennine the feasibility of 

using deionized water for boiler feed.water at St. Peter State Hospital. The 

Hospital has two wells, #149 and #154, which supply water for the entire campus. 

Well #149 is used primarily for standby. The poor well water quality at 

St. Peter State Hospital results in: 

sludge in the boiler and scaling of the tubes 

corrosion in the condensate return lines 

blow down of large quantities of water 

the use of high amounts of chemical additives 

reduced boiler efficiency 

The study concluded that a new reverse Osmosis/Deionization System would have 

a payback of 4.25 years. 
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2.2 ELECTRIC UTILITY SERVICES 

The St. Peter State Hospital has the following four electric meter 

stations: 

Central meter for the lower campus 

Meter for the upper campus (Minnesota Security Hospital) 

Meter for Gluek Building (Recreation Park) 

Meter for street lighting (Highway #333 Upper Campus) 

Tables 2 - 5 show the annual electric energy consumption and cost data 

for two years for each meter station. 

The lower and upper campus and the street lighting are served by the 

City of St. Peter Municipal Electric Utility. The Gluek Building is served by 

Frost Benco, an REA. Each metering station is billed separately. 

The central meter for the lower campus is located on a power pole near 

the Northeast corner of the State property. Electric power from this metering 

station is distributed via two 4,160 volt underground feeders to switchgear in 

Shantz Hall. From Shantz Hall, 4,160 volt power is looped around the campus 

to accanodate all buildings. 

The meter for the upper campus is located in the Security Hospital 

Building. Electric power is supplied to this site at 13,800 volts. 
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In 1982, a 940 KW, 1 , 175 KYA engine generator set was installed in the 

boiler house to meet the emergency power needs of the lower campus. The set 

consists of a Caterpillar 1,800 RPM diesel engine driving a Kato generator. 

The generator has a 800 KW continuous duty rating. This standby generator is 

large enough to handle the entire lower campus electrical load during power 

outages. It is connected to the 4,160 volt campus loop and is designed to 

start up automatically if the Municipal Power canpany service fails. 

A 275 KW diesel engine generator set was installed to meet the emergency 

power needs of the upper campus. 

2 .. 3 THERMAL AND ELECI'RIC HIS'IDRICAL CXliISUMPI'ION AND O)ST DATA 

See the following five (5) pa.ges. 
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Table 1 
ANNUAL FUEL CDNSUMPTION AND CDST 

Facility ST. PETER REGIONAL TRFA'IMENT CENTER Building Name HEATING PLANT 
~-~~ ~--~- --- • -------------- Date 

Address'..,__ ________________ _ 

1984 19 85 
; 

FUEL TYPE $ FUEL 'IYPE $ TOTAL FUEL 'IYPE $ FUEL,'IYPE $ TOTAL 
M)NTH DATE INr. GAS msT 1/:6 OIL CDST FUEL DATE INr. GAS en.err 1/:6 OIL CDST F1JEL 

Fran/To UNITS UNITS CDST Fran/To UNITS UNI'IS (X)ST 
MCF GAL. $ MCF GAL. 

12/26/83 
15,730 ~4,752 3,955 2,689 67,441 

12/27 /Bi 
15,618 62, 71E 8,573 5,830 68,548 Jan. to 1/26/84 1/26/8~ 

Feb. 
1/27 /84 

to 2/26/84 13,495 155,558 - - 55,558 
1/28/8~ 

15,628 62,755 62,759 to 2/27 - -
-- ~ 

March 2/27~84 12,510 51,506 51,506 2/17/8~ 10,317 41,44l 41,446 to 3/ 6/84 - - to 3/26 - - -- ______ ,.. _ _. 

April 3/27/84 9,560 t39,361 39,361 4/1/85 8,208 32, 98: 32,983 to 4/26/84 - - to 5/1 - -
Hay 4/26/84 6,158 ~5,370 25,370 4/27 /8~ 4,132 15 ,89Li 15,894 to 5/26/84 - - to 5/26 - -

-·-- -
June 5/27/84 3,337 13,769 13,769 t61~]~~~ 3,294 12,557 ,12_, 557 ------·· to 6/26/84 - - - ----~- n•-----

6/26/84 6/26/8~ 
July to 7/26/84 2,984 [12,317 - - 12,317 to 7/26 2,755 10,510 - - 10,510 

----- -----•-··---- ·--· ------ -----··----- ----··· 7/26/85 
-

Aug. tb1
~%~J84 2,963 [12,231 - - 12,231 to 8/26 3,037 11,581 - - 11,581 ; 

Sept. 8/26/84 4,010 16,537 16,537 8/26/85 3,808 14,510 14,510 to 9/26/84 - - to 9/26 - -
Oct. 9/27/84 _ 10,933 _ ~;5,008 45,008 t6

1t8~~i 7,851 29,867 - - 29,867 to 10.~L~ - -
10/27/84 10/26/8: 

Nov. to 11/26/BL 11,449 47,130 - - 47,130 to 11/26 11,627 43,110 - - 43,110 
~--····•------ ----- ---------···-----

Dec. 11/27/84 14,015 57,683 4,726 3,214 60,897 11/26/85 16,251 60,237 : 60, 237 _______ to 12/26/SL to 12/26 - -
-· 

1UfAL 107,144 441,22~ 3,214 ~7,125 102,526 398,172 5,830 404,002 

UNITS OF MEASURE: Gas - CF= cubic feet CCF = Therms/hundreds of feet 
MCF = thousands of cf 1000 CF= 10 CCF = 1 MCF 

Steam - Lbs. - pounds !vil..B - thousands of lbs. 
Chilled water - THR - Ton hours 
Propane and oil - gallons 

SS-lO\ 



Table 2 

ANNUAL EIECTRICAL ENER:iY C'ONSUMPTION & COST 

BUIIDIN:;: __________________ _ UMER CAMPUS METER NUMBER: ---------------------
ONE 4, 160 volt (Primary) 

NAME OF PERSOO CXMPLE'!'Ill; FORM: 

I 

I 

r...; 
C 

DATES 
Fro1 

'ID 
(1) 

% 1 

% C 

r!J5t(z 
%i 1 

% 1 

~ I 

~ I 

~ 4 

DEMAND KW 
BILLED 

lCIUAL 
(2) 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

'¾/4 
0/1 ~ 
~ 1 ~ 
~ 2 ~ 
~

/ 
2/1] ~ 
~ 

1984 

P.F. KWH 
(3) (4) 

85.6 324,000 

84.9 308,000 

84.9 348,800 

84.4 289,600 

84.5 307,200 

85.0 357,600 

85.4 392,800 

85.5 451,200 

85.1 268,000 

85.2 319,200 

85.6 344,000 

86.4 320,000 

4,030,400 

----------

cmTS 
DEMAND KWH 'IDrAL 
aIAR:;E CHAia a::GT 

(5) (6) (7) 

5,099 12,847 

5,153 12,503 

4,992 13,358 

4,777 11,692 

4,992 12,330 

5,957 14,491 

6,632 15,717 

6,493 17,313 

4,831 11,209 

4,492 12.626 

5,045 tl..3,290 

5,206 12,850 

160,226 

ARFA (S) SERVED: LOWER CAMPUS ------------------
UT I LI TY NAME: CITI OF ST. PETER 

PHONE: ------------- -------

1985 
DATE'S DEMAND KW CCETS 
FR(M BILLED DEMAND KWH 'J.'OI1AI. 

'ID ACTUAL P.F. KWH CHARGE OIARGE COST 
{1) (2) (3) (4) (5) • (6) (7) 

1% 1 i~ 86.6 360,800 7,134 21,098 

~ ~ 
·-

86.3 327,200 6,914 19,~!Qj 1 

~
1 ~ 1 85.4 314,400 6,620 18,329 I 

~
1 ~ 

··----! 
i 

5/1 85.9 309,600 6,473 17,873 I 
~

3 ~ i 

6/1 85.9 313,600 17,786 1 
I ------~ 

6!X(i ~ 86.1 334,400 8,456 19,470 l 1 

7}¼;_1 
i~ 

- __ , 
I 

I 

8/1 86.6 391,200 ~1,193 
8~1 9/3 ~ 85.9 363,200 19,949 
~~3 ~ 

! 

0/1 86.2 314,400 . -- ---1!Ll}~ 

~ ~ ! ' 

86.1 324.000 il6 852 ! -- --1-~---1 

~
/ ~ 

I 

12/2 35.5 336,800 6,862 8,592 r:4~;.· 

71;;_ l~ 2 ~5.6 354.400 _ 6 _lit~) 

~ 4,044,000 21,699 
- .•.~----·- --•-



Table 3 

ANNUAL EI.ECTRICAL ENER:;Y CONSUMPTION & COST 

BUIIDIN3: ------------------- METER NUMBER: '!ID 480 Volt 

NAME OF PERSCN CXMPLEl'IlKi FORM: 

1984 

DATES DEMAND KW ~TS 
FRCM BILLED DEMAND !<NI 

TO ACIUAL P.F. KWH CHARGE CHARGE 
I (1) (2) (3) (4) (5) (6) 

/4 ~ 170,500 

/4 ~ 188,500 

~ ~ 170,000 
t....: 
J-/4 ~ 154,000 

~ ~ 160,500 

.k .~ 171,000 

/4v ~ 258,500 

~ ~ 248,000 
.ke{ ~ 218,000 

~ ~ 173,000 
-~ ~ 170,500 

l/4 ~ 213.'1()() 

~ 2,296,000 

'IOrAL 
~T 

(7) 

6,708 

7,410 

6,689 

6,065 

6,318 

6,728 

10,140 

9,731 

8,561 

6,806 

6,708 

8.385 

90,249 

ARFA(S) SERVED: MINNESOTA SECURI'IY HOSPITAL 

UTILITY NAME: 

PHONE: 

1985 
DATES DEMAND KW 
FRa-1 BILLED DEMAND 

'IO ACIUAL P.F. KWH CHARGE 
(1) (2) (3) (4) (5) 

/2 I~ 180.000 

i~ ~ 163.000 

I~ ~ 157,000 

~ ~ 139,000 

/4 ~ 178,000 

~ ~ 243,500 

l.~ .~ 196,500 

/4 ~ 251,000 

/4 ~ 236,000 

1/4 ~ 131.000 

4 ~ 229,500 

i/~ ~ 145.000 3.877 

~ 2,249,500 

CC6'IS 
KWH 'IDTAI 

QIAR3E COST 
(6) (7) 

10.6q2_ 

9 4821 ____ :.J....._ .... -, 

l 

9,oz~j 
i 

7,985~ 
I 
I 

9,976~ 

12,987! 
--j 

: 

10,232 

13.118 

12,622 ! 
I 

_6,685-J 
I 

. -·- _9~32 .. i 
! 

7 ,846_.i 
---~H• ~ -1 

,.20,606 
. --·-----~-· 



I 

N 
N 

Table 4 

ANNUAL ELECTRICAL ENERGY CONSUMPTION & COST 

BUIID~: METER NUMBER: 'IHREE --------------------- -------------------
AREA (S) SERVED: GLUEK BUILDING 

UTILITY NAME: FROST-BENCO 

NAME OF PERSCN a:MPIE!'IN, FORM: ----------
PHONE: ------------ ------

198-4 1985 

DATES DEMAND KW <n3TS DATES DEMAND KW CCSTS 
FRCM BilaLED DEMAND ~ TOrAL FR:M BILLED DEMAND KWH 'I011AI 

'ID PCIUAL P.F. KWH OJARGE OJARGE <n3T 'ID ACTUAL P.F .. KWH CHARGE a-JA.R;E COST 
(1) (2) (3) (4) (5) (6) (7) {1) (2) (3) (4) (5) (6) (7) 

k ~ /4 I~ 
.. 

7,691 .08 623.20 3,341 .06 259.06 

~ ~ I~ ~ 
·-

6,300 .08 529.42 8.462 .07 ·- 622..ll_l 

~ ~ ~ ~ 
! 

5,065 .08 414.44 5,307 .08 420._Qll 

~ ~ ~ ~ i 
4,000 .08 324.35 3,407 .08 267. 78 I 

~ i~ ~ ~ 
1 

4,419 ! 
.08 354.93 2,160 .07 161.81 l 

k ~ ~ ~ 1,338 .08 107.90 957 .08 76.53 l 

/4v ~ ~ ~ 
I 

I 

333 .09 30.97 426 .09 38.06 I 

L ~ /4 ~ ! 
434 .09 39.72 761 .08 61.25 I 

/4 ~ /4 ~ I 
543 .09 48.74 421 .09 38.59 j 

/4 ~ /4t ~ I 
700 .09 61.26 586. .09 51.80 I _____ j 

~ ~ ~ ~ l 

1,611 .08 122.66 ·k ! 
• ·--·- --·- --·--·----- ·-··1 

/4 ~ /4; ~ ! 
4,246 .07 315.83 .;, I 

I 
I 

~ 36,680 ~,973.42 ~ 
_-. ---; 

·k not available 



I 

N c..,.. 

BUIIDIOO: STA1E HIGHWAY 1/333 

STREET LIGHTING 

NAME OF PERSOO CXMPLETIN3 FORM: 

1984 

DATES DElvWID KW 
FF01 BILLED 

'ID ACIUAL P.F. KWH 
(1) (2) (3) (4) 

/2 ~ 1,020 

~ ~ 1,060 

/4 ~ 880 

/4 ~ 730 

~ !~ 760 

-~ ~~ 740 

/4, ~ 420 

/4 ~ 720 

/4 ~ 760 

'/4 ~ 780 

/4 .~ 

820 

~ ~ 1,290 

~ 9,980 

Table 5 

ANNUAL EIECI'RICAL ~ OONSUMPI'ION & COST 

METER NUMBER: FOUR 
----------------·-·-----··· 

AREA (S) SERVED: ------------------
UTILITY NAME: 

PHONE: 

1985 
~TS DATF.s DEMAND KW CC6TS 

DEMAND KWH TOrAL FR(M BILLED DEMAND KWH 'IU.I'AI 
ClIARGE OIARGE ~T 'ID ACIUAL P.F. KWH CHARGE OJARGE COST 

(5) (6) (7) (1) (2) (3) (4) (5) (6) (7) 

1/4 ~ 
-·- . 

.08 80.52 920 .12 105.80 

~ ~ 
·-

.08 82 •. 56 1,160 .11 125.42 i 

i~ ~ 
·····1 

.08 70.38 870. .11 99.03 i 
·---~ 

~ ~ 
i 

.08 58.98 720 .11 82.46 l 
~ ~ 

I 
i 

.08 61.26 820 .11 92.20~ 

59.74 ~ ~ .08 830 .11 91.12 ! 

-~ ~ 
I 

.08 35.42 450 .11 51.00 
I 

,08 58.22 ~ ~ 500 .11 56.27 ------ -· ---

.08 61.26 ~ ~ 1,050 .11 l12.45 

1At ~ ! 
.08 62.78 960 11 102 1s I 

~ ~ ·k i 
.08 65.82 i --·--·· .... , 

/~ ~ * I 
.07 94.29 I 

I 
~-- "i 

791.23 ~ ! 
-·· .. ··-·---··-. 

·k not available 



3.0 BASELINE YEAR 

3. 1 THERMAL AND ELECI'RIC LOAD PROFILES 

Four avera~ 24 hour profiles were created for each month (thermal week

day, thennal weekend, electric weekday and electric weekend). The primary 

difference between weekday and weekend days is that the laundry operates from 

approximately 7:00 am to 4:30 pm on weekdays. 

The values for each hour for each prorile are the average of all the 

hours within a specific timeframe. For example, for a 20 weekday month, the 

value for 2: 00 p:n is the average of the 20 hours from 1 : 00 p:n to 2: 00 p:n. 

The thennal 24 hour profiles were developed by selecting a weekday and 

weekend day for each month that closely approximated the nonnal year average 

temperature. For example - for January, the normal average temperature is 

11.2 ° F as shown on Table 6. We reviewed all January 1985 weekdays to find 

the one which had an average temperature closest to the normal temperature. 

January 28 was selected for our weekday thermal profile because it had an 

average temperature of 1 2. 0 ° F. 

The electric 24 hour profiles were determined using the thermal profile 

days. This assures that the thennal and electric profiles are synchronized for 

each month and minimizes the chance for error. 

Table 7 shows normal year (baseline year) thermal (steam) consumption 

and electrical consumption. Average 24 hour profile values multiplied by the 

number of weekdays and weekend days equals the total steam and electric 

- 24 .... 



consumption for each month. Note that the normal year thermal consumption 

is 0. 6 % higher than the actual ( Table 1 ) for the previous twelve months 

primarily because of the difference in heating degree days. Also note that 

the normal year electric consumption is only 1. 73% higher than the actual 

for the previous twelve months. The fact that the normal totals are close 

to the actual totals indicates that the average profile concept used on this 

project is valid. 

Table 6 

Average Montly Temperatures 

Normal Year Actual Temperature St. Peter 
Average National Hospital 

Temperature Weather Service ~erature 

January 11.2 10. 1 ( 1985) 14. 0 ( 1985) 

February 17 .5 16. 5 ( 1985) 17. 4 ( 1985) 

March 2901 35.6 (1985) 37.8 (1985) 

April 46.0 52. 1 ( 1985) 52.2 (1985) 

May 58.5 62.2 (1985·) 64.8 (1985) 

June 68. 1 63 .. 9 (1985) 64.5 (1985) 

July 73. 1 73.9 (1985) 65.7 (1985) 

August 70.6 67.6 (1985) 66.4 (1985) 

September 60.6 59.9 (1985) 61 . 2 ( 1985) 

October 49 .. 5 50.7 (1984) 48.2 (1985) 

November 33.2 33.3 (1984) (not available) 

December 19.2 17. 9 ( 1984) 20.23 (1984) 

- 25 -
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3 . 2 THERMAL Ai.~ ELECTRIC CONSUMPTION AND COST DATA 

Table 7 ---------------------------------------------~------------------------------------
ST. PETER HOSPITAL 

- -- - -------------------------------------------------------------------------------------------------------------- --· 

Month 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

TOTAL 

Monthly Energy Consumption (Baseline Year) 

Thermal 
Consumption 

MMBtu/Mo 

13,040 

11,101 

9,872 

6,694 

3,436 

2,831 

2,057 

2,871 

2,893 

6,110 

9,463 

12, 119 

82,486 $ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

Fuel 
Cost 
$/Mo 

52,487 

45,282 

42,060 

30,926 

19,337 

16,278 

12,249 

16,572 

16,587 

29,262 

40,374 

49,556 

370,970 

Electrical 
Consumption 

KWH/Mo 

366,760 
-------
331, 344 
-------
337, 648 
-------
304, 608 
-------
319, 792 
-------
319, 680 
-------
398, 744 
-------
345, 104 
-------
322, 760 
-------
331, 344 
-------
340, 240 
-------
362, 464 

4,080,488 $ 

Baseyeor Fuel Cost: 104,499 MMBtu at $ 370,970 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

Electrical 
Cost 
$/Mo 

17,241 

16,027 

15,913 

14,839 

15,412 

17,229 

19,741 

17,797 

16,805 

16,027 

16,423 

17,120 

200,577 

(MMBtu's of fuel used include effects of boiler efficiency and partial load efficiency) 
Baseyear Electrical Cost: 4,080,488 KWH at $ 200,577 
Baseyear Total Energy Cost: $ 571,546 
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4.0 ALTERNATIVE FUEL SOURCES 

4.1 REFUSE FUEL 

4.11 Overview of the Waste Disposal Issue 

Until the 1970 1s burning garbage in open dumps was the standard practice in 

Minnesota, as well as the rest of the United States. In 1967, the Legislature 

created the Minnesota Pollution Control Agency (MPCA), and granted them broad 

powers to control air, water, and land pollution. The MPCA had to address 

the problems of open dumps which included: smoke, rodents, flies, blowing 

paper, and ground and water pollution. 

As a result, the MPCA developed rules for the siting of sanitary 

landfills. At the time it was believed that these landfills were the best 

solution to disposing of ever increasing quantities of solid waste. It wasn't 

until the mid-1970 1 that water monitoring results began to indicate the 

presence of leachate at sanitary landfills. 

As further testing revealed additional hazardous waste problems, the MPCA 

began work on alternatives to landfills. The three most common alternatives 

include recycling, composting and energy recoveryo 
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This search for alternatives led to the reemergence of the concept of 

burning refuse as an environmental and economic alternative to conventional 

landfills. Conversion of municipal solid waste is not a new concept, it has 

been used in Europe for over 80 years. 

4.12 Refuse in the St. Peter Area 

As a part of their effort to help develop alternatives to sanitary 

landfills, the MPCA has required all Minnesota Counties to develop 

comprehensive solid waste management plans. In order to meet this requirement, 

seven counties including Blue Earth, Brown, Le Sueur, Nicollet, Rice, Sibley 

and Waseca have joined together to form the South Central Solid Waste Planning 

Board. This Board has recently advertised for assistance in developing the 

comprehensive solid waste plans required by the MPCA. These plans, when 

completed, will include detailed information on all relevant solid waste 

issues, including the potential for siting a energy resource recovery system in 

the area. 

Because detailed data on the amount and characteristics of waste collected 

would not be available until the comprehensive solid waste plans were 

completed, personal interviews and national estimates were used. Interviews 

were completed with county solid waste officials and one landfill owner. A 

brief discussion of the data collected by county is shown below. Table 8 

summarizes the data for all seven counties and Figure 2 is 

surrounding St. Peter. 
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Blue Earth County 

There are three landfills operating in Blue Earth County. However, two of 

these are demolition landfills and accept primarily building materials that are 

not practical to burn. The third landfill is privately owned and is called the 

Ponderossa landfill. It is located approximately 7 miles south west of 

downtown Mankato. This landfill accepts approximately 37,000 tons of refuse 

annually. The tipping fee, set by the County Board, is currently $2.25 per 

compacted yard or approximately $7.00/ton. This rate will rise to $2.50/yard 

or $7.70/ton on March 1, 1986. Almost all of the waste brought to this 

landfill is from within the county expect for a small portion from North 

Mankato which is in Nicollet County. 

Brown County 

Brown County has one privately owned landfill which is located south of 

Sleepy Eye. It receives approximately 12,500 tons/year of refuse. Most of 

this refuse is from Brown County with a small portion originating in Nicollet 

County. The current tipping fee is $4.25/compacted yard 

Le Sueur County 

There are two landfills in Le Sueur County, Telejohn landfill and Reak 

landfill. The Telejohn landfill was opened in 1972 and is privately owned. It 

receives an estimated 57 tons/day or approximately 15,000 tons/year. The Reak 

landfill was opened in 1972 and is also privately owned. It receives 

approximately 1,500 tons/year. Most of the waste shipped to these two 

landfills originates in Lesueur County, although a small portion comes from 

Nicollet, Blue Earth and Sibley County. The current tipping fee at both 

landfills is $2.00 yard or approximately $6.15/Ton. This rate is set by the 

landfill owners and is expected to rise soon. 
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Nicollet County 

There are no sanitary landfills in Nicollet County, the county that the St. 

Peter State Hospital is located in. Currently, waste is hauled to the Telejohn 

landfill in Le Sueur County and the Ponderossa landfill in Blue Earth County. 

Rice County 

The one landfill operating in Rice County is owned by the county. The 

tipping fee is $9.00/ton. A total of approximately 38,000 tons of waste is 

deposited here annually. 

Sibley County 

Currently, there are no landfills operating in Sibley County. The waste 

generated from Sibley County is shipped to the Ponderossa landfill in Blue 

Earth County and the Telejohn landfill in Lesueur County. 

Waseca County 

There is only one landfill in Waseca County. It is located 6 miles south 

of Waseca and is owned by the county. The tipping fee is currently 

$2.25/compacted yard but is expected to rise to near $3.50/compacted yard in 

the near future. Most of the 11,000 tons of refuse brought here annually is 

from Waseca County. 
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TABLE 8 

REFUSE AVAILABILITY AND COSTS 

County Annua 1 Tonnage Tipping Fees 

Nicollet 0 NA 

Le Sueur 16,500 $6. 15/ton 

Sibley 0 NA 

Blue Earth 37,000 $9. 00 /ton 

Brown 12,500 $13. 00 /ton 

Rice 38,000 $9o 00 /ton 

Waseca 11,000 $7. 00 /ton 

TOTAL 115,000 tons/year 

* The tipping fees are either based on tons or compacted yard. 
A density of 650 lbs/per compacted yard was assumed. 

These county waste estimates were cross-checked by using per capita waste 

factors based on national estimates. For rural communities, it is estimated 

that 2o2 pounds of waste is generated daily. 

The 1985 population estimate for these seven counties as obtained from the 

Minnesota State Demographers Office is 221,000. Therefore an estimated 

243 Tons/day of waste is generated in this area. This translates to 

approximately 88,700 tons annually. This figure is reasonably close to the 

estimate in Table 8. Therefore we estimate the annual waste resource in this 

seven county area at between 89,000 and 115,000 tons. 
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4.13 Densified Refuse Derived Fuel (DRDF) 

There are two common technologies for using waste as an energy resource. 

The first is known as mass burn incineration. With mass burn, solid waste is 

dumped on a tipping floor or pit for storage and then placed in a hopper or 

feeder and batch fed into an incinerator as heat requirements dictate. The 

main advantages to this technology are inexpensive fuel costs and the fact that 

this is a proven technology. The main disadvantage is the problem of matching 

the energy demands with the available resources. Unfortunately, the time when 

the energy demand for the State Hospital is the greatest, the winter, is also 

the time when there is the least waste. The waste quantity peaks in the summer 

months when the requirements for energy at the State Hospital are at their 

lowestG 

The second common technology is to produce densified fuel pellets from the 

waste and burn the pellets using technology similar to burning wood chips. The 

main advantage to this option is the ability to produce fuel pellets when 

waste is available. These pellets are easily transported and stored until the 

time they are needed. The primary disadvantage is the higher fuel costs. 

Because of ability to store fuel pellets, this study focused on a facility 

which could burn DRDF. 

A typical sized DRDF plant can process approximately 80 tons of waste 

daily. Approximately 55% of the raw waste fed into the plant is converted to 

fuel pellets. A plant operating 8 hours per day, 250 days per year could 

produce 11,000 tons of fuel pellets annually. A DRDF facility produces fuel 

pellets that have a BTU content of approximately 8,000 per pound or 16.0 

MMBTU/Ton with a moisture content of 12% or less. 
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A plant of this size would cost approximately $1.8 million to construct. 

The cost of the fuel pellets is determined primarily by the tipping fee 

charged. The reason is the tipping fees represents a major source of revenue 

to the plant. Assuming a tipping fee of $25.00/Ton, the fuel pellets would 

cost approximately $36-40 per ton delivered to the State Hospital. If the 

tipping fee were lower, the fuel costs would be higher. Conversely, if the 

tipping fee were higher, the fuel costs would be lower. 

This type of facility would have to be built by an independent company. 

Discussions with Preferable Fuels and Systems, Inc. of Eden Prairie revealed 

that they would be interested in financing and constructing such a facility if 

they were able to sign a contract for fuel pellets with the State Hospital. 

Preferable Fuels has built a similar facility in Thief River Falls and is also 

planning two DRDF plants to be located in Willmar and Chanhassen. 

With an estimated 80 to 115 million tons of waste available annually, a 

DRDF plant located near St. Peter could produce 44,000 to 63,000 tons of fuel 

pellets annually. The Btu 1 s available from this waste is shown below: 

GROSS= 44,000 tons/year X 16.0 MMBtu/tons = 704,000 MMbtu/year 

63,000 tons/year X 16.0 MMBtu/ton = 1,008,000 MMBtu/year 

NET = 704,000 MMBtu/year X .68 = 479,000 MMBtu/year 

1,008,000 MMBtu/year X .68 = 685,000 MMbtu/year 

Since the net annual energy required for the St. Peter State Hospital is 

80,000 MMBtu it appears that there is adequate waste in the seven county area. 
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4.14 Environmental Issues of Burning Refuse 

There are many unanswered questions regarding the potential air pollution 

problems from burning refuse. Although refuse burning facilities have been in 

operation for many years, very little emission monitoring has been completed. 

This is causing serious concern from many groups including the Minnesota 

Pollution Control Agency (MPCA), public officials, environmentalists and the 

general public. These groups are being asked to support refuse burning with 

its potential air pollution problems over landfills with their known ground 

water pollution problems. 

The MPCA is responsible for approving large-scale refuse burning 

operations. Their primary concern for facilities the size of the one that 

would have to be built at the St. Peter State Hospital is the possible 

production and release of dioxins. To limit the production of dioxins, the 

MPCA is recommending that the boilers be preheated to 1600-1800 degrees F with 

a fossil fuel before introducing refuse fuel. Even if this is done, the MPCA 

is still concerned about the potential for dioxin production when heat is 

extracted from the exhaust gases. Unfortunately, there is very little 

empirical data to guide the MPCA in establishing their guidelines. 

If the State Hospital were to install a refuse burner, they would have to 

apply for and receive a permit from the MPCA. The refuse burning facility 

would either have to meet Ms s 116.07 subd 4 - Standards of Performance for 

Incinerators or Standards of Performance for Indirect Heating Fossil Fuel

Burning Equipment in order to receive a permit. An official of the MPCA said 
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that the two primary requirements the facility would have to meet would be to 

monitor temperatures to assure that combustion temperatures are at least 1600 

degrees F and include an electrostatic precipitator to control particulate 

emissions. 

4.15 NSP Wilmarth Plant 

NSP has begun converting the Wilmarth Plant in Mankato to burn Refuse 

Derived Fuel (RDF). The plant which currently burns coal, is expected to be 

ready to burn RDF by July of 1987. This plant is scheduled to act as a back-up 

to the NSP Red Wing Plant. 

As a part of this project, NSP is considering the construction of a RDF 

plant near the Wilmarth Plant. This plant, if constructed, would probably burn 

waste from the seven county area around Mankato. NSP is considering a plant 

that could process about 250 to 400 tons of waste per day. Approximately 70% of 

this waste would be converted to RDF with a Btu content of 5500 Btu/lb. or 11.0 

MMBtu/Ton. 

If NSP were to construct an RDF facility near the Wilmarth plant and 

consume refuse from the area, it would require nearly all of the burnable waste 

in the seven county area. The result would be that there may not be enough 

waste left to make the construction of a DRDF plant near St. Peter economically 

feasibleo 
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4.2 WOOD FUEL 

4.21 Wood Energy System Overview 

Over the past five years there have been considerable developments in the 

wood energy system market. Not only have the design, operation and 

availability of wood energy equipment improved, but the entire infrastructure 

required to support the industry has rapidly improved. 

The hardware components for wood energy systems are manufactured by many 

different suppliers. Currently, design engineers and fabricators combine 

hardware components into field erected packages which meet the needs of each 

user. Each wood energy conversion package is unique, in that it must operate 

within wood source, boiler, space, budget and code constraints. 

Because of this, the design of commercial/industrial wood energy systems is 

more an art than a science. Standard engineering manuals are not available, 

therefore, designers must rely on their knowledge and experience when designing 

wood energy systemso In spite of this drawback, system designs are improving. 

In addition, the standardization of equipment has eliminated many of the 

equipment problems of years ago. 

It is important to mention that wood energy systems have not been without 

problems. Quality and dependability of fuel can been a problem. This can 

cause equipment failures. There are often start-up problems. In addition, 

more maintenance is required to operate a wood system than a natural gas 

boiler. 
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4.22 Wood Availability in St. Peter 

One of the most important factors that determines the success of a wood 

energy system is a close, dependable supply of high quality fuel. Although 

there are no large producers of waste wood in St. Peter, there is one in nearby 

Courtland, 20 miles west of St. Peter on Highway 99. Minnesota Valley Forest 

Products, located in Courtland, produces a variety of wood products from 

hardwoods, including grade lumber for housing and furniture and wood pallets. 

They have been in business over ten years and employ 53 people in their year 

round operation. 

Minnesota Valley has chips, mulch and sawdust available, all of which are 

very clean. They have established some markets for chips and sawdust. The 

total amount of waste wood that Minnesota Valley produces annually is shown in 

Table 9 below. These figures are based on discussions with Mr. Frank 

Kilibarda, President and owner of Minnesota Valley Forest Products. 

TABLE 9 

WASTE WOOD PRODUCED BY MINNESOTA VALLEY FOREST PRODUCTS 

Wood Type Daily Production Annual Production 

Wood Chips 37 Tons 8,400 Tons 

Mulch 25 Tons 5,600 Ton 

Sawdust 15 Tons 3,300 Tons 

Tota 1 s 77 Tons/Day 17,300 Tons/Year 

* The average mix of this waste wood is estimated to have 9.0 MMBtu/Ton. 
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In addition to the current production of waste wood, Minnesota Valley 

Forest Products has a stockpile of wood waste estimated at 9,000 tons. This 

pile is several years old and consists of chips, mulch and sawdust. The 

quality of this wood is uncertain. 

Minnesota Valley Forest Products would be willing to sell this waste wood 

to the St. Peter State Hospital at a first year cost of $18-20 per ton 

delivered to the site. It would be delivered with a self-unloading trailer. 

They are also interested in a long term contract for this wood supply at a 

price to be determined through negotiation with the State Hospital. 

The waste wood produced by Minnesota Valley is green wood and has a 

moisture content of approximately 50%. The BTU content of this waste wood is 

estimated at 9.0 MMBTU/Ton. The total annual BTU's available from this waste 

wood, assuming a 68% efficient boiler, is estimated at 102.8 MMBTU as shown 

below. 

GROSS= 

NET = 

17,300 Tons/Year X 9.0 MMBtu/Ton = 155.7 MMBtu/Year 

155.7 MMBtu/Year X .68% = 102.8 MMBtu/Year 

The total thermal energy required for the State Hospital is approximately 

80,000 MMBTU. This represents 13,000 Tons of green wood annually at a boiler 

efficiency of 68%. With a trailer capacity of 25 tons, there would be almost 

550 deliveries annually; from a high of 85 per month in January to a low of 13 

per month in July. 
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Minnesota Valley Forest Products represents an ideal source of waste wood 

for this project. They appear to be a very stable company which operates year 

round. They are located reasonably close to the State Hospital. They have an 

adequate production level of waste wood to supply all of the needs of the St. 

Hospital. They are willing to enter into a long-term contract for supplying 

waste wood. They are willing to deliver the product and they have their own 

self-unloading trailer. 

4. 23 Environmental Issues of Wood Burning 

Although there is limited data available, it appears that the environmental 

problems associated with small commercial/industrial wood burning systems may 

be less serious than for refuse burning systems. The Minnesota New Source 

Performance Standards, enforced by the Minnesota Pollution Control Agency, are 

the governing rules for air emissions sources. 

The particulate matter rules for wood energy systems in Minnesota are 

relatively easy to meet with properly designed available control technologies. 

Compliance for particulate matter would probably require an electrostatic 

precipitator or baghouseo Nitrogen oxides could be controlled by wood fuel 

selection and boiler operation procedures, without the addition of specific 

nitrogen oxide control equipmento 

Another concern of some officials is disposal of wood ash. There is very 

little literature on the environmental problems associated with the disposal of 

ash from wood burning facilities. The literature that is available seems to 

indicate that wood ash is not considered hazardous. 
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5.0 UTILITY INCENTIVES FOR CDGENERATION 

5. 1 BACKGROUND 

The St. ~eter State Hospital presently receives electric service from the 

City of St. Peter Municipal Electric Utility under the City's Large General 

Service - Industrial Rate. The incremental cost of demand under this rate is 

$ 9.10 per KW per month, and the incremental cost of energy is$ .0281 per KWH. 

The hospital presently receives service at two p:)ints of delivery, one at 

4,160 volt primary voltage (called the St. Peter State Hospital - Lower Campus) 

and the other at secondary voltage (called the St. Peter Security Hospital -

Upper Campus). The Lower Campus service demand is nearly twice the Upper 

Campus service demand (912 KW versus 500 KW). 

In April, 1985 the City issued their rules and regulations regarding 

cogeneration within the City's system. These rules reflect that the City is a 

"whole-requirements" wholesale customer of the Southern Minnesota Municipal 

Power Agency (SMMPA). Based on the City's rules, the rules of Northern States 

Power Company, and provisions of PURPA, the St. Peter State ;Hospital has two 

basic options for utilizing the electric output from a cogeneration unite 
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5.2 ELECTRIC UTILITY INTERFACE OPI'IOOS 

A. Buy-All, Sell-All 

Under this option the State Hospital remains a full-requirements custaner 

of the City and pays its two electric bills as in the past. The cogeneration 

unit is considered completely separate from the two electric services and the 

entire output is sold either to the City of St. Peter or to Northern States 

Power Company under their avoided cost purchase tariffs. 

under the buy-all, sell-all arrangement are: 

Primary concerns 

1. How have the two utilities determined their avoided capacity costs, 

and what are the capacity payments? What is the required availabi

lity of the cogeneration unit to receive these payments? 

2., What are the prices paid for purchased energy and how do the 

time-of-day periods relate to operation of the cogeneration unit? 

3. What contract period is required ? 

B. Offset-Load, Sell-Surplus 

Under this option, the cogenerated electricity is principally used on-site 

to reduce the Hospital's electric bill. During periods when the cogenerated 

electricity is insufficient to supply the entire needs of the Hospital, supple

mental electricity must be purchased from the City at a standard tariff rate. 

During periods when the potential cogenerated electric output exceeds the needs 

of the Hospital, the surplus can be sold to the City at the surplus sale rate 
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(if it makes economic sense to do so). 

the arrangement: 

There are four primary concerns with 

1. Ix:)es the smaller amount of electricity purchased disqualify the 

Hospital for the large Industrial Rate and force the Hospital onto 

a more expensive rate for the supplemental electricity purchased? 

2. What are the backup power costs and the other standby arrangements 

necessary with the City to provide a "full-requirements" purchase 

when the cogeneration unit is out of service? 

3. How do the costs of electric production compare to the incremental 

sales revenues for selling the surplus? This in turn relates to 

how the needs for steam relate to the electric needs, i.e., the 

overall energy cost of producing steam and electricity simultaneously 

is less than the energy cost of producing electricity without steam. 
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6.0 ANALYSIS OF ALTERNATIVE FUEL OPrIONS 

6. 1 OPI'ION #1 - REFUSE FIRED EOILER 

Description of Equipnent 

One (1) 20,000 Lb/Hr Densified RDF fired 125 PSIG toiler with all 

accessories including I. D. fan, pollution control devices, soot blower, 

ash auger, control panel, conveyor/hopper, storage bin and metal building. 

Description of System 

'Ihe refuse fired toiler has the capability of producing 20,000 Lbs/Hr 

of steam. Peak winter steam demands exceeding 20,000 Lbs/Hr can be picked up 

by the 8,600 Lb/Hr toiler installed during late 1 985. 'Ihe new small boiler 

will operate at'Out 500 hours per year. Based on a 60% average load, the MCF 

of gas used by the small boiler will be: 

8,600 Lbs/Hr x .60 x 500 Hrs x 1,000 BTU/Lb 
.80 Eff. x 1 O" BTU/MCF 

= 3,225 MCF/Year 

'Ihe following pages summarize the econanics of converting to a refuse 

fired energy systernG 

Table 1 0 on page 49 shows the payback period for different refuse fuel 

costs and natural gas costs. 
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COST COMPARISON MODEL FOR CONVERTING TO A REFUSE ENERGY SYSTEM 

STEP A DETERMINE THE NET ANNUAL ENERGY REQUIRED 

Gross natural gas consumption= 

Refuse fuel substitution= 
(104,499Mcf - 3225Mcf) 

Annual fuel combustion efficiency= 
(expressed as a decimal) 

Net annual energy required= 

gas consumption X combustion effo X 10 6 Btu/Mcf = 

line 2 X line 3 X 10 Btu/Mcf = 

STEP B DETERMINE THE TONS OF REFUSE REQUIRED ANNUALLY 

Type of refuse fuel to be used= 

Moisture content of DRDF = 

Btu content of DRDF per ton = 

Combustion efficiency of refuse system= 
(expressed as a decimal) 

Tons of DRDF required annually= 

net annual energy requirement 
Btu content of DRDF X combustion eff. = 

line 4 (line 6 X line 8) = 

/04J 4-99 line 1 
(site specific) 

IOI, ;).7Lj Mcf line 2 
(site specific) 

. TB1 line 3 
(site specific) 

7'/, CfOS' MMBtu line 4 

D~nsd,ed R.Dr= (DP-.Dr) 1 i ne 5 
(site specific) 

IJ% 1 i ne 6 

1,. o MMbtu line 7 

o.,~ line 8 

7, 3 '-I 'I Tons 1 i ne 9 

STEP C DETERMINE THE SIZE AND COST OF THE PROPOSED REFUSE ENERGY SYSTEM 

Size of refuse energy system cJ0J. 000 Lbs/Hr line 10 

Cost of refuse energy system t I, 050, 000 line 11 
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STEP D DETERMINE THE ADDITIONAL ANNUAL OPERATING COSTS FOR A REFUSE ENERGY SYSTEM 

Additional maintenance costs= 

Additional electricity consumption= 

Electricity rate= 

Additional electricity costs 

additional elec. consumption X electricity rate= 

line 13 X line 14 = 

Hours per day system is operated= 

Days per year system is operated= 

Hours per year system is operated 

hours per year X days per year= 

line 16 X line 17 = 

Hours of labor required for 
maintenance per hour of operation= 

Labor rate 

Additional labor costs 

hours operated X add'l labor X labor rate= 

line 18 X line 19 X line 20 = 

TOTAL ADDITIONAL ANNUAL OPERATING COSTS 

maintenance+ electricity+ labor= 

line 12 + line 15 + line 21 = 
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7, 000 $ I Year 1 i n e 12 

'8 o I ooo kwh line 13 

0-05 $/kwh line 14 

4,000 $/Year line 15 

;24 Hrs l i nP. 16 

8~S Days line 17 ------

8, 7~0 Hrs/Year line 18 

{).25 Hrs line 19 -------
I :z. () o $/Hr 1 i n e 20 

(site specific) 

:2ft:J1 :280 $/Year line 21 

37, ~ -gt) $/Year 1 i ne 22 



STEP E DETERMINE THE NET ANNUAL OPERATING SAVINGS FOR A REFUSE ENERGY SYSTEM 

Cost of present fuel = 

Total annual cost of present fuel 

annua 1 fue 1 con sum pt ion X fue 1 cost = 

1 i ne 1 X 1 i ne 23 = 

Cost of DRDF = 

Total annual cost of DRDF + natural gas= 

(annual DRDF consumption X cost of DRDF) + 
(annual natural gas consumption X cost of gas)= 

(line 9 X line 25) + (line 1 - line 2) X line 23 = 

3. 55 $/Mcf 1 ine 23 
(site specific) 

37tJ1970 $/Year line 24 

/f0.()0 $/Ton 1 i ne 25 ------

3 o 5, ;i o 8 $ I Year l i n e 2 6 

NET ANNUAL OPERATING SAVINGS FOR NON-TAX PAYING INSTITUTIONS 

Annual operating savings= 

annual cost of present fuel -
(cost of refuse fuel + add'l operating costs)= 

line 24 - (line 26 + line 22) = :22'- 1../J;l $/Year line 27 

STEP E DETERMINE THE PAYBACK PERIOD FOR NON-TAX PAYING INSTITUTIONS 

Installed cost of refuse energy system = 
Annual operating savings 

1 i ne 11 
1 i ne 27 
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Table 10 below shows the payback in years for a refuse energy system at the 

St. Peter State Hospital at various fuel costs. This table shows natural gas 

costs ranging from $3.25/MCF to $5.00/MCF and refuse fuel costs from $32.00/Ton 

to $56.00/Ton. At current fuel costs, $3.55/MCF for natural gas and $40.00 for 

DRDF, the payback would be 36.7 years. 

The payback for this refuse energy system is very sensitive to fuel costs. 

For example, if natural gas costs were at the December 1984 level of $4.00/MCF 

and DRDF could be purchased for $32.00/Ton, the payback would drop to 7.8 

years. 

TABLE 10 

PAYBACK PERIOD FOR A REFUSE ENERGY SYSTEM AT ST. PETER STATE HOSPITAL 

NATURAL GAS RATES 
( $/MCF ) 

REFUSE 
FUEL COSTS 
( $/TON ) $3.25 $3.55 $3.75 $4.00 $4.25 $4.50 . $4. 75 $5.00 

$56.00 - - - - - 102. 4 28. 9 16.8 

$52.00 - - - - 77 .8 26.5 15.9 11. 4 

$48.00 - - - 62.7 24.5 15. 2 10. 9 8.7 

$44.00 - - 52.5 22.8 14.5 10. 7 8.4 7.1 

$40.00 - 36.7 21. 3 13.9 10. 3 8.2 . 6. 8 5.8 

$36.00 39.6 18.2 13.3 10. l 8.1 6.7 5.7 5.1 

$32.00 18.8 12.1 9.7 7.8 6.6 5.6 4.9 4.4 

* All Paybacks are shown in number of years. 
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6.2 OPTION #2 - WOOD FIRED BOILER 

D3scription of Equipnent 

One (1) 20,000 Lb/Hr wood fired 125 PSIG miler with all accessories 

including I. D. fan, pollution control devices, soot blower, ash auger, 

control panel, conveyor/hopper, unloader, storage bin, bucket elevator and 

metal building. 

D3scription of System 

The wood fired boiler has the capability of producing 20,000 Lbs/Hr of 

steam. Peak winter steam demands exceeding 20,000 Lbs/Hr can be picked up by 

a new 8,600 Lb/Hr miler installed during late 1985. The new small boiler 

would not operate over 500 hours per year. Based on a 60% average load, 

the MCF of gas used. by the small boiler would be: 

8,.600 Lbs/Hr x .60 x 500 Hrs x 1,000 BTU/Lb 
. 80 Eff. x 1 0 '- BTU/MCF 

= 3,225 MCF/Year 

The following pages surrrrnarize the econanics of converting to a wood fired 

energy system. 

Table 11 on page 54 shows the payback period for different wood fuel 

costs and natural gas costs. 
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COST COMPARISON MODEL FOR CONVERTING TO A WOOD ENERGY SYSTEM 

STEP A DETERMINE THE NET ANNUAL ENERGY REQUIRED 

Gross natural gas consumption = 

Wood fuel substitution= 
(104,499Mcf - 3225Mcf) 

Annual fuel combustion efficiency= 
(expressed as a decimal) 

Net annual energy required= 

gas consumption X combustion eff. X 10b Btu/Mcf = 

line 2 X line 3 X 10 Btu/Mtf = 

STEP B DETERMINE THE TONS OF WOOD REQUIRED ANNUALLY 

Type of wood fuel to be used= 

Moisture content of wood fuel = 

Btu content of wood fuel per ton = 

Combustion efficiency of wood system= 
(expressed as a decimal) 

Tons of wood required annually= 

net annual energy requirement 
Btu content of wood X combustion eff. = 

line 4 (line 6 X line 8) = 

STEP C DETERMINE THE SIZE AND COST OF THE PROPOSED WOOD SYSTEM 

Size of wood energy system= 

Cost of wood energy system installation= 
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/0~ "-1-99 
(site specific) 

IO Ii ;i 7 4- Mc f 
(site specific) 

.129 
(site specific) 

line 1 

line 2 

line 3 

79 qtJS MMBtu line 4 

tr~v, t!,I,, .5 + RaYk line 5 
site specific 

SO% line 6 

9.a MMbtu 1 i ne 7 

o. ~g line 8 

13, 66-, Tons line 9 

c2 tJ, OtJ CJ Lbs /Hr line 10 

~ I, I 60, () tJ D 1 i n e 11 



STEP D DETERMINE THE ADDITIONAL ANNUAL OPERATING COSTS FOR A WOOD ENERGY SYSTEM 

Additional maintenance costs = 

Additional electricity consumption= 

Electricity rate= 

Additional electricity costs 

additional elec. consumption X electricity rate= 

line 13 X line 14 = 

Hours per day system is operated= 

Days per year system is operated= 

Hours per year system is operated 

hours per year X days per year= 

line 16 X line 17 = 

Hours of labor required for 
maintenance per hour of operation = 

Labor rate 

Additional labor costs 

hours operated X add'l labor X labor rate= 

line 18 X line 19 X line 20 = 

TOTAL ADDITIONAL ANNUAL OPERATING COSTS 

maintenance+ electricity+ labor= 

line 12 + line 15 + line line 21 = 
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1, tJtJO $/Year 1 i ne 12 

20l ()00 kwh line 13 

o. CJ5 $/kwh line 14 -------

"-f.ooo $/Year line 15 ------

,;l.Lf Hrs line 16 

..Jt:,S Days line 17 -------

'2 t 7fo{) Hrs /Year 1 i ne 18 

6 '15 Hrs line 19 

/;?.t)O $/Hr line 20 
(site specific) 

,;J..fa'-;? '20 $/Year line 21 

3z r22(J $/Year line 22 



STEP E DETERMINE THE NET ANNUAL OPERATING SAVINGS FOR A WOOD ENERGY SYSTEM 

Cost of present fuel = 

Total annual cost of present fuel 

annual fuel consumption X fuel cost= 

line 2 X line 23 = 

Cost of wood fuel = 

Tota 1 annua 1 cost of wood fue 1 = 

annual fuel consumption x cost of wood fuel)+ 
(annual natural gas consumption X cost of gas) = 

( 1 i ne 9 X 1 i ne 25) + ( 1 i ne 1 - 1 i ne 2) X 1 i ne 23 = 

.3.55 $/Mcf line 23 
(site specific) 

3 70'- 970 $/Year 1 ine 24 

12. 6('.'.) ---~---$/Ton 1 i ne 25 

o2'-I-C:i'- 'ft;-t:, $/Year 1 i ne 26 

NET ANNUAL OPERATING SAVINGS FOR NON-TAX PAYING INSTITUTIONS 

Annual operating savings= 

annua 1 cost of present fue 1 -
(cost of wood fuel + add'l operating costs) = 

line 24 - (line 26 + line 22) = 

STEP E DETERMINE THE PAYBACK PERIOD FOR NON-TAX PAYING INSTITUTIONS 

Installed cost of wood energy system 
Annual operating savings = 

1 i ne 11 
1 i ne 27 = 
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'g~e23~ $/Year line 27 

/c:2. t I Years line 28 



Table 11 below shows the payback in years for a wood energy system at the 

St. Peter State Hospital at various fuel costs. This table shows natural gas 

costs ranging from $3.25/MCF to $5.00/MCF and wood fuel costs from $10.00/Ton 

to $20.00/Ton. At current fuel costs, $3.55/MCF for natural gas and $18.00 for 

wood fuel, the payback would be 12.7 years. 

The payback for this wood energy system is very sensitive to fuel costs. 

For example, if natural gas costs were at the December 1984 level of $4.00/MCF 

and wood could be purchased for $14.00/Ton, the payback would drop to 5.9 

years. 

TABLE 11 

PAYBACK PERIOD FOR A WOOD ENERGY SYSTEM AT ST. PETER STATE HOSPITAL 

NATURAL GAS RATES 
( $/MCF ) 

WOOD 
FUEL COSTS $3.25 $3.55 $3. 75 $4.00 $4.25 $4.50 $4. 75 $5.00 
( $/TON ) 

--

$20.00 36.9 17.9 13.4 10.2 8.2 6.9 5.9 5.2 

$18.00 19.7 12.7 10. 2 8.2 6.9 5.9 5.2 4.6 

$16.00 13.4 9.7 8.2 6.9 5.9 5.2 4.6 4.2 

$14.00 10. 2 7.9 6.9 5.9 5.2 4.6 4.2 3.8 

$12.00 8.2 6.6 5.9 5.2 4.6 4.2 3.8 3.5 

$10. 00 6.9 5.7 5.2 4.6 4.2 3.8 3.5 3.2 

* All figures are shown in number of years 
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7.0 ANALYSIS OF COGENERATION OPrIONS 

7. 1 DEFINITION OF COGENERATION 

Cogeneration is defined as the simultaneous production of useful thermal 

and electrical energy. 

A cogeneration system operates at an overall thermal efficiency as much 

as 2-1/2 times to 3 times that of conventional utility electrical generating 

systems. The normally wasted exhaust heat is captured and partially used for 

thermal or electric energy production. This thermal and electric energy can 

be recovered and used in cogeneration system operations in a "topping" or 

"bottoming" mode. In a topping system, thermal energy exhausted in the produc

tion of electrical or mechanical energy is used in industrial processes or for 

heating or cooling. 

Bottan cycle cogeneration reverses this process. Fuel is consumed to 

produce the high-temperature heat needed in an industrial process such as paper 

production or aluminum remelting. Heat is extracted from the hot exhaust waste 

stream and, through a heat exchanger (usually a waste heat recovery boiler), 

used to drive a turbine and produce electrical or mechanical energy. 

'Any heat engine can be combined with a waste heat recovery boiler to 

create a cogeneration system. The most important, and by far the most costly 

component of a cogeneration system is the prime mover, the equipnent or heat 

engine that converts the energy content of fuel to mechanical shaft energy. 

The mechanical energy is then used either to drive a generator and produce 

electricity, or directly as mechanical shaft horsepower. other components 
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of a cogeneration system include the thermal distribution system; electrical 

switchgear and paralleling equipnent; supplementary toilers (if needed); fuel 

storage or pipeline interconnection; controls and performance monitoring 

equipnent. 

The prime mover, the heart of a cogeneration system, is also classified 

as either topping or l:ottoming. Topping cycle prime movers include extraction 

turbines, backpressure turbines, gas turbines, diesel or gas-fired reciproca

ting engines, and externally fired Brayton cycles. Bottoming cycle prime 

movers include low-pressure steam turbines and organic Rankine engines. 

Bottoming cycle prime movers use the hot exhaust waste stream of the industrial 

process as energy input (via a waste heat boiler) for electric production. 

Most existing and planned cogeneration systems operate on topping cycles 

using steam turbines, gas turbines or reciprocating engines. 

Steam 

Steam turbine topping cycles represent the most widely used method for 

electric utility power generation, accounting for at-out 80 percent of the 

electric power generated in the United States. In a cogeneration system, steam 

is taken from the turbine at a pressure and temperature appropriate for the 

process energy needs (generally much higher than the energy conventionally 

rejected fran a power plant). This is achieved by extracting the steam exhaus

ted fran the turbine at a high pressure. The result is a decrease in the 

amount of electricity produced per unit of steam and an increase in the 

availability of thermal energy. 
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Gas Turbine 

Gas turbines are like stationary jet engines. Large volumes of air are 

compressed through several stages of rotary compressor blades. Fuel is 

combusted in a separate chamber and heats the air causing it to expand. Expan

sion takes place in the turbine section. As the hot air expands it drives 

blades in the turbine causing the turbine to turn one or more shafts. The hot 

expanded exhaust is expelled through a duct. The shafts drive the compressor 

and a generator. Electric utilities frequently use gas turbines for power 

generation at their peak loads. 

In cogeneration, the high temperature (800 - 1,000 degrees F) exhaust heat 

from a gas turbine can be used as a heat source for process use or input to a 

waste heat boiler to generate steam. For a given quality of steam requirements, 

gas turbines can produce more electricity than steam turbines. 

Reciprocating Engines 

Diesel engines have a higher electrical conversion efficiency than gas 

turbines, but also require petroleum-based fuels. Diesel engines require on

site fuel storage facilities which add appreciably to the capital cost of an 

installation. A typical diesel engine used for power generation has an 

electrical conversion efficiency of 30 to 40 percent and the exhaust gases and 

the water jackets contain considerable heat that can be recovered. Diesel 

engines are more efficient than either small gas turbines or small steam 

turbines at full and partial load, and offer approximately twice the electricity 

per unit of steam as the gas turbine and ten times that of the back pressure 

steam turbine. 
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Gas engines are well developed and cormnercially available. They are 

especially attractive for small cogeneration applications because natural gas 

is a relatively clean-burning fuel. While the diesel engine operates on a 

compression ignition system, the gas engine operates on spark ignition using 

natural gas or gasoline. The gas engine was introduced in many topping cycle 

"total energy" systems during the early 1960's. In addition to natural gas, 

these engines can burn propane, butane or methane. 
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7.2 DESCRIPTION OF CALa.JLATION PROCEIX.JRES 

Cogeneration options are analyzed using the Integrated Energy Systems, 

Inc. (IES) computer software package. 

The program begins each hour's sequence by determining whether the 

facility thennal demand is greater than or less than the cogen thermal output 

capacity. If demand is greater than or equal to the system thermal capacity, 

the full-load performance parameters (thennal and electrical efficiencies, net 

fuel, rate, etc.) are used. If the facility thermal demand is less than system 

capacity, then the system runs at the partial load corresponding to thermal 

demand for that hour. 

The program compares the electricity generated against the facility 

demand for that hour and calculates the excess generated, if any. The program 

then decides, based on the utility rate structure, whether the hour.is: 

1 . On-peak month, on-peak hour, or 

2. On-peak month, off-peak hour, or 

3. Off-peak month, on-peak hour, or 

4. Off-peak month, off-peak hour. 

Once the appropriate bin is selected, the following values are calculated 

for that bin: 

1. Amount of KWH to be added to the bin 

2. The number of hours to be added to the bin 

( week.day = 24 x number of week.days in month; same for week.end) 

3. The excess KWH to be added to the bin, if any 
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4. The fuel increment to be added to the bin (B'IU's) 

5. For Buy-All, Sell-All, the cost of the electricity being purchased 

minus the revenues for the electricity being sold to the utility 

6. For Offset-Load, Sell-Surplus, if excess electricity is being 

generated, how much revenue is generated 

7. For Offset-Load, Sell-Surplus, if excess is not being generated, 

how much the purchased electricity costs; the running total net cost 

is incremented accordingly 

When all thennal profile hours have been analyzed and each bin has all 

values accumulated accordingly, net revenues, costs, and savings can be 

calculated. 

This functional area adds all the hourly bin data for both "Buy-All, 

Sell-All (BASA)" and "Offset-Load, Sell-Surplus (OLSS)" operation modes. 

Monthly charges are calculated, fuel savings (in fuel switch cases) are 

accounted for, and net costs, savings, and revenues are summarized on a 

monthly and annual basis. 

The output of this section includes monthly and annual summaries of· 

electricity generated (KWH), fuel increment charged (B'IU's), total fuel 

required (B'IU's), and net operational costs from each operational mode. 

Also, a complete bin breakdown summary of all costs and revenues is presented. 

Finally, investment costs are estimated and all first year revenues, savings, 

and costs are presented for economic analysis. 
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The bin values calculated in the system performance area of the program 

are totalled to obtain: 

1. Monthly and annual KWH generated 

2. Monthly and annual excess electricity generated, if any 

3. Monthly and annual fuel increment required (BTU' s) 

These values are transferred to the Net Savings, Costs, and Revenues 

area of the program to calculate: 

1. Monthly and annual energy costs for purchased electricity 

(both BASA and OISS) 

2. Net monthly and annual cost to the facility for electrical energy 

(not including monthly charges, fuel savings due to fuel switch, 

or fuel increment) 

Based on the utility rate structure being analyzed, the program then 

calculates all monthly charges such as: 

1. Custaner charge (if applicable) 

2~ Fuel increment 

3. Billing demarid 
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7.3 OPTION #3 - RECIPROCATING GAS ENGINE CCXiENERATION 

Description of Equiprnent 

o One (1) 460 KW gas engine generator set and controls or similar equiprnent 

o A heat recovery system to recover heat from the exhaust gas, jacket 
cooling water and oil cooling water 

o A switchgear system to connect the engine generator to the load(s) and 
to operate in parallel with the City of St. Peter Municipal Electric 
Utility 

o A system of meters and recorders to establish the electrical and thermal 
energy delivered to the Hospital 

o The building to house the above equipment, and all necessary piping and 
electrical interface connections 

Description of System 

Figure 3 shows how a gas engine cogeneration system is usually configured. 

The gas engine generator has the capability of generating approximately 

460 KW of electric energy. The engine will operate on a continuous basis on 

interruptible natural gas. If the Gas Ccmpany interrupts gas service, which 

is expected to be minimal, the natural gas engine generator set will be shut 

down and the Hospital will operate the existing 800 KW diesel standby generator 

set or if necessary will purchase all electric power from the City of St. Peter 

Municipal Electric Utility. It is our opinion that the few hours of natural 

gas curtailment during winter months will not justify the installation of a 

$ 20,000 propane standby system. 

An economic analysis of a gas engine cogeneration system is shown on 

pages 64 to 73. 
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I SMMPA BUY-BACK 

Summary of Input/Output Parumelcrs 

Facility: ST. PETER HOSPITAL 

Input Parameters 

Boiler fuel cost ($/MMBtu) 
Cogen fuel cost ($/MMBtu) 
System Thermal Efficiency(%) 
System Electrical Efficiency(%) 
System T/E Ratio 
System Net Fuel Hate (Btu's/kwh) 
Fuel Cost to Generate($/kwh) 

Utility Rate Structures 

---------------Energy Credits: 

Summer On-Peak ($/kwh) 
Summer Off-Peak ($/kwh) 
Winter On-Peak ($/kwh) 
Winter Off-Peak ($/kwh) 

Capacity Credits: 

On-Peak Summer ($/kwh) 
On-Penk Non-Summer ($/kwh) 

3.55 
3.55 

52.0 
27.0 

1.93 
: l2G37.04 

$0.045 

$0.030 
$0.016 
$0.029 
$0.020 

$0.000 
$0.000 

Rate for Large General Service ($/kwh) 
$0.050 

Rate structure has been specified as fixed. 
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SMMPA Buy-Back Continued 

Total Electricity Generated in On-Peak/Off-Peak Periods 

Facility: ST. PETER HOSPITAL 

Tsize: 3.022 MMDtu/Hr (Thermal output) 

Period 
On-·Peak Mo., On-Peak Hr 
Off-Peak Mo, On-Peak Hr 
On-·Peak Mo., Off-Peak Hr 
Off-Peak Mo, Off-Peak Hr 

System Performance 

Month 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Total 

EGEN 
MKWH 

342 
309 
342 
331 
342 
331 
206 
342 
331 
342 
331 
342 

3,892 

Hrs 
1092 
2197 
1836 
3635 

Excess kwh 
8,888 

16,772 
88,626 

221,909 

'EXCESS' 
MKWH 

19 
19 
29 
46 
44 
34 

0 
30 
34 
39 
23 
20 

Total kwh 
491,631 

1,010,359 
718,371 

1,671,669 

Add. Fuel 
MMBtus 

4,324 
3,905 
4,324 
4 I 184 
4,324 
4, 1B4 
2,598 
4,324 
4,184 
4,324 
4,184 
4,324 

---------------------
336 49,184 

Bin No. 
1 Summer Month 9AM to 9PM 
3 Winter Month 9AM to 9PM 
2 Summer Month 9PM to 9AM 
4 Winter Month 9PM to 9AM 

Note: 'Add. Fuel' is the extra fuel consumed to generate electricity beyond fuel required 
to meet the thermal load. 



SMMPA 'Buy-Back Continued 

Monthly Operating Costs for Buy-All, Sell--All (BASA) Mode 
----------------------------------------------------

Item Bin# M 1 M 2 M 3 M 4 M 5 M 6 M 7 M 8 M 9 M!O Mll Ml2 Total Yr 
----------------------------------------------------------·------------------------------------------------------

Ecost 1 $ 0 0 0 0 0 6648 9275 7850 7010 0 0 0 $ 30,783 
-Hev 1 $ 0 0 0 0 0 3587 3629 394G 3587 0 0 0 $ 14,749 

BASA 1 $ 0 0 0 0 0 30Gl 5o46 3904 3423 O· 0 0 $ 16,034 
Ecost 2 $ 0 0 0 0 0 9:l:36 10662 940G 9128 0 0 0 $ 38,532 
-· Rev 2 :s 0 0 0 0 0 :l3B5 U5-'l 3370 :l :J 85 0 0 0 $ 11,494 

BASA 2 $ 0 0 0 0 0 5951 9308 6036 5743 0 0 0 $ 27,038 
Ecost 3 $ 8338 7311 7056 6854 7427 0 0 0 0 7958 -7360 7896 $ 60,201 
-Rev 3 $ 3814 3294 3641 3641 3814 0 0 0 0 3988 3468 36-11 $ 29,300 

BASA 3 $ 452~ 4017 3415 3214 3G.l:l () 0 0 0 3970 38!12 4255 $ 30,~00 
Ecost 4 $ 10000 9256 9826 8:176 85fi2 0 0 0 0 8609 9652 10227 $ 74,509 
-n,~v 4 $ 4213 3909 4:l32 4111 4213 0 0 0 0 4093 4231 4332 $ 33,133 

BASA 4 $ 5787 5347 5494 4265 4350 0 0 0 0 4516 5421 5895 $ 41,076 

Elect Subtot $ 10311 9364 8909 7478 7963 9012 14954 9939 9166 8487 9314 10150 $ 115,048 

Q'\ 
Facility Chg $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

Q'\ 
Fuel(Note 3) $ 15349 13864 15349 14854 15349 14854 9224 15349 14854 15349 14854 15349 $ 174,602 

Fuel(Note 4) $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

Fucl(Note 5) $ 49114 41280 34698 20563 5407 2982 3212 2832 3264 17573 33166 44926 $ 259,017 

System O & M $ 3'122 3090 3422 3311 31122 3:311 2056 3422 3311 3422 3311 3422 $ 38,920 
----------------------------------------------------------------------------

Total Cost $ 78197 67598 62379 46207 32141 30159 29446 31542 30596 44831 60645 73847 $ 587,588 

Noles. 
1. Bin Numbers are assigned to on/off penk hours/months on the previous page. 
2. 'Facility Chg' includes monthly facility or customer charges from the electric company. 
3. Fuel cost attr butable to COGEN electrical output. 
4. Fuel cost attr butable to COGEN thermal output. 
5. Fuel cost attr butable to non-COGEN thermal output. 



SMMPA Buy-Rack Continued 

Monthly Operating Costs for Offset-Load, Sell-Surplus (OLSS) Mode 

Item 

Ecost 
-Rev 

OLSS 
Ecost 
-llev 

OLSS 
Ecost 
-Hev 

OLSS 
Ecost 
--Rev 

OLSS 

Bin# 

1 
1 
l 
2 
2 
2 
3 
3 
3 
4 
4 
4 

Elect Subtot $ 

Facility Chg $ 

~ Fuel(Note 3) $ 

Fuel(Note 4) $ 

Fuel(Note 5) $ 

System O & M 

Total Cost $ 

Noles. 

$ 
$ 
$ 
$ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

M l 

0 
0 
0 
0 
0 
0 

l 7a2 
18 

1775 
407 
375 

32 

1806 

0 

15349 

0 

49114 

3422 

69692 

M 2 

0 
0 
0 
0 
0 
0 

1632 
0 

1632 
422 
375 

46 

1678 

0 

13864 

0 

41280 

3090 

59912 

M 3 

0 
0 
0 
0 
0 
0 

937 
92 

845 
266 
508 

-242 

603 

0 

15349 

0 

34698 

3422 

54073 

M 4 

0 
0 
0 
0 
0 
0 

921 
199 
721 

41:i 
779 

-733 

-12 

0 

14854 

0 

20563 

3311 

38717 

M 5 

0 
0 
0 
0 
0 
0 

1018 
97 

921 
75 

818 
-743 

178 

0 

15349 

0 

5407 

3422 

24356 

M 6 

873 
l r1 •) ..... 
751 
235 
472 

-238 
0 
0 
0 
0 
0 
0 

513 

0 

14854 

0 

2982 

3311 

21661 

M 7 

3227 
0 

3227 
6429 

0 
6429 

0 
0 
0 
0 
0 
0 

9656 

0 

9224 

0 

3212 

2056 

24149 

M 8 

1383 
66 

1317 
248 
440 

-1 !J l 
0 
0 
0 
0 
0 
0 

1126 

0 

1534~) 

0 

2832 

3422 

22729 

1. Bin Numbers are assigned to on/off peak hours/months on the previous page. 

M 9 

1163 
79 

108'1 
132 
506 

-374 
0 
0 
0 
0 
0 
0 

710 

0 

14854 

0 

3264 

3311 

22140 

MIO 

0 
0 
0 
0 
0 
0 

1160 
45 

1115 
230 
741 

-511 

604 

0 

15349 

0 

17573 

3422 

36948 

2. 'Facility Chg' includ~s monthly facility or cuslomer charges from the electric company. 
~. Fuel cost attributable to COGEN electrical output. 
q_ Fuel cost attributable to COGEN thermal output. 
5. Fuel cost attributable to non-COGEN thermal output. 

Mll 

0 
0 
0 
0 
0 
0 

1409 
16 

13!.13 
199 
450 

-251 

1142 

0 

14854 

0 

33166 

3311 

52474 

Ml2 

0 $ 
0 $ 

0 $ 
0 $ 
0 $ 
0 $ 

1652 $ 
19 $ 

1633 $ 

377 $ 
392 $ 
-15 $ 

1617 $ 

0 $ 

15349 $ 

0 $ 

44926 $ 

3422 $ 

65315 $ 

Total Yr 

6' 6116 
267 

6,379 
7,044 
1,418 
5,626 

10,521 
486 

10,035 
2,021 
4,438 

-2,417 

19,623 

0 

174,602 

0 

259,017 ·k 

38,920 

492,163 

* The$ 259,017 fuel cost is based on lOOo/,. utilization of recoverable heat~ A portion of the recovered heat 
from the engine jacket water and lube oil cooling system can not be used during night and weekend hours when 
the domestic hot water and latrr1dry hot water loads are minimal. Fuel cost increases by $ 27, 988 - a 25o/o 
reduction in savings - to accotrr1t for nonusable recoverable heat. Fuel cost (Note 5) increases 
from$ 259,017 to$ 287,005. 
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SMMPA Buy-Back Continued 

Analysis of First Year Operation 

* Tsize: 3.022 MMBtu/Hr Esize: 459 KW * 

·aase Year Annual Energy Cost: $ 571,546 Thermal & Electrical Total Costs 

Summary of COGEN Capital/Cost/Revenue Line Items: 

Investments: 

Steum Plant Cost: 
Engine /Generator Cost: 
Engineering & Design: 
Contingency Allowance: 
Other costs, Not specified: 

Subtotal for Investments 

Revenues and Savings: 
Electricity Revenues (DASA Mode): 

Expenses: 

$ 
$ 
$ 
$ 
$ 
$ 

$ 

Electricity Costs (BASA Mn<lc): $ 
Monthly Electric Company Charges (BASA): $ 

Electricity Costs (OLSS Mode): $ 
Monthly Electric Company Charges (OLSS): $ 

Total Fuel Costs (Either Mode): $ 
Annual Operating & Maint Costs: $ 

(O & M Cost Factor [$/kwh]: 0.0100) 

Net First Year Results--BASA Mode 
Total ~apital Investment: $ 
Net First Year Cost (Expense - Rev.): $ 
First Year Savings (COGEN vs Haseyear): $ 

Payback Never 

J.O, 000 
301,400 

28,026 
9,342 

30,000 
378,768 

88,977 

20'1,02'1 
0 

26,233 
. 0 

433,620 
38,920 

378,768 
587,588 
-16,041 

Net First Year Results--OLSS Mode 
Total Capital Investment: $ :l78,7fi8 
First Year Cost: 
First Year Savin1~s (COGEN vs Baseyear): 

Payback 

$ 4 ~)2, 1 fi:1 
$ 7'.l, 3H:3 

4.77 years 

100% use of 
Recoverable Heat 

378,768 
520,151 
51,395 
7.37 years. 

75% use of 
Recoverable Heat 
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II NS P BUY-BACK 

Summary of Input/Output Parameters 

Facility: ST. PETEil HOSPITAL 

Input Parameters 

Boiler fuel cost ($/MMDtu) 
Cogen fuel cost ($/MMDlu) 
System Thermnl Efficiency(%) 
System Electrical Efficiency(%) 
System T/E Ratio 
System Net Fuel Rate (Btu's/kwh) 
Fuel Cost to Generate($/kwh) 

Utility Rate Structures 

---------------Energy Credits: 

Summer On···Peuk ( $/kwh) 
Summer Off-Peak ($/kwh) 
Winter On-Peak ($/kwh) 
Winter Off-Peak ($/kwh) 

Capaci ly Credi ls: ·k 

On-Peak Summer ($/kwh) 
On-Peak Non-Summer ($/kwh) 

3.55 
3.55 

52.0 
27.0 

1. 93 
:12637.04 

$0.045 

*0.024 
$0.014 
$0.024 
$0.014 

$0.014 
$0.014 

Rate for Lnrge General Service ($/kwh) 
$0.050 

Rate structure has been specified as fixed. 

·k Applies to all hours On-Peak and Off-Peak 

$ 10.04/KW 
720 Hrs/Mo 

= $ 0.014 



-.....J 
0 

NSP Buy-Back Continued 

Jotal Electricity Generated in On-Peak/Off-Peak Periods 

Facility: ST. PETER HOSPITAL 

Tsize: 3.022 MMBtu/Hr (Thermal output) 

Period Hrs Excess kwh Total k\vh Bin No. 
On-·Peak Mo., On-Peak Hr lO!J2 8,888 491,631 1 Summer Month 9AM to 9PM 
Off-Peak Mo, On-Peak Hr 2197 Hi,772 l,OI0,35!J 3 Winter Month 9AM to 9PM 
On-Penk Mo., Off-l'cak Hr 1B36 8B,G21i 7Ul,:J71 ~ Summer Mouth ! . .ll 1M to ~AM 
Off-Peak Mo, Off-Peak Hr 3635 221,909 1,671,669 4 Winter Month 9PM to 9AM 

System Performance 

Month EGEN ,EXCESS' Add. Fuel 
MKWH MKWH MMBtus 
-------------------------------------------

l 342 19 4,324 
2 30~ l !J 3,905 
3 342 29 4,324 
4 331 46 4,184 
5 342 44 4,324 
6 331 34 4, 184 
7 206 0 2,598 
8 342 30 4,324 
9 331 34 4,184 

10 342 3!) 4,324 
11 331 23 4,184 
12 342 20 4,324 

--------------------------------------------
Total 3,892 336 49,184 

Note: 'Add. Fuel' is the extra fuel co11sumed to generate electricity beyond fuel required 
to meet the thermal load. 



NSP Buy-Back Continued 

Monthly Operating Costs for Buy-All, Sell-All (BASA) Mode 
-------------------------------

Item Bin ;t M 1 M 2 M 3 M 4 M 5 M 6 M 7 M 8 M 9 MlO Mll Ml2 Toto] Yr 
------------------------------------------------------------------------------------

Ecost l $ 0 0 0 0 0 nti1liJ 9~75 7850 7010 0 0 0 $ 30, 7!D 
-Rev 1 $ 0 0 0 0 0 4!544 4597 4998 454,1 0 0 0 $ 18,682 

BASA l $ 0 0 0 0 () 2104 467H 2BG2 24fjlj 0 0 0 $ 12,101 
Ecost 2 $ 0 0 0 0 0 8:~36 lOG6:.! 9401j 9128 0 0 0 $ 38,532 
-Rev 2 $ 0 0 0 0 0 5923 2:370 58!38 5923 0 0 0 $ 20,114 

BASA 2 $ 0 0 0 0 0 341:l 8292 3508 3205 0 0 0 $ 18,417 
Ecost 3 $ 8338 7311 7056 6854 7427 0 0 0 0 7958 7360 7896 $ 60,201 
-Rev 3 $ 4998 4316 4771 4771 49~)8 0 0 0 0 5225 4544 4771 $ 38,394 

BASA 3 $ 3340 2·995 2285 2084 242!J 0 0 0 0 2733 2816 3125 $ 21,807 
Ecost 4 $ 10000 9256 9826 8376 85G::! 0 () 0 0 8609 9652 10227 $ 74,509 
-Hev 4 $ 5898 5473 6065 5756 5898 0 0 0 0 5730 5923 6065 $ 46,807 

-....J 
BASA 4 $ 4102 3783 3761 2620 266G 0 0 0 0 2879 3729 4162 $ 27,702 

:-1 
Elect Subtot $ 7442 6778 6047 4704 5094 5517 12970 6360 5671 5612 6545 7287 $ 80,028 

Facility Chg $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

Fuel(Note 3) $ 15349 13864 15349 14854 15349 14854 9224 15349 1485 11 15349 14854 153•19 $ 174,602 

Fuel(Note 4) $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

Fuel(Note 5) $ 49114 41280 34698 20563 5407 2U82 3212 2832 3264 17573 33166 44926 $ 259,017 

System O & M $ 3422 3090 3422 3311 3422 3311 2056 3422 3311 3422 3311 3422 $ 38,9~0 
-------------------------------------------------------------------------------------------

Total Cost $ 75328 65012 59516 43432 29272 26664 27463 27963 27101 41956 57876 70985 $ 552,568 

Not.es. 
l. Bin Numbers are assigned to on/off peak hours/months on the previous page. 
2. 'Facility Chg' includes monthly facility or customer charges from tl1e electric company. 
3. Fuel cost attr butable to COGEN electrical output. 
4. Fuel cost attr butable to COGEN thermal output. 
5. Fuel cost attr butable to non-COGEN thermal output. 



NSP Buy-Rack Continued 

Monthly Opernting Costs for Offset-Load, Sell-Surplus (OLSS) Mode 
-----------------------------------------------·---

Item Bin# M 1 M 2 M 3 M 4 M 5 M 6 M. 7 M 8 M 9 MIO Ml l Ml2 Total Yi-
--------------------------------·--------------------------------------------------------------------

Ecost 1 $ 0 0 0 0 0 873 322'7 1383 1163 0 0 0 $ 6, f:i•16 
-Rev 1 $ 0 0 0 0 0 155 0 83 100 0 0 0 $ 3:38 

OLSS 1 $ 0 0 0 0 0 718 32:..!7 1300 10 ~j~{ 0 0 0 $ 6,30}3 
Ecost 2 $ 0 0 0 0 0 235 64:29 248 1:32 0 0 0 $ 7, O·l-1 
-Rev 2 $ 0 0 0 0 0 827 0 769 8BG 0 0 0 $ 2, ·182 

OLSS 2 $ 0 0 0 0 0 -5n 6428 -521 -753 0 0 0 $ 4,563 
Ecost 3 $ 17!12 1632 937 921 1018 0 0 0 0 !Urn 1109 1652 $ 10,521 
-Hev 3 $ 23 0 121 261 127 0 0 0 0 59 2 l 25 $ 6~{7 

OLSS 3 $ 17139 1632 817 659 8~11 0 0 0 0 1101 1388 1627 $ 9, 8lM 
Ecost 4 $ 407 4 '1') ...... 266 46 75 0 0 0 0 230 199 377 $ 2,021 
-nev 4 $ 525 525 711 1091 1145 0 0 0 0 10~m 629 549 $ 6,213 

OLSS 4 $ -118 -104 -445 -1045 -1070 0 0 0 0 -808 -431 -172 $ -4, Hl2 

Elect Subtot $ 1651 1528 372 -385 -179 126 9656 778 310 294 957 1455 $ 16,563 
--..J 
N Facility Chg$ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

Fuel(Note 3) $ 15349 13864 15349 14854 153119 14854 9224 1534~) 14854 15349 14854 15349 $ 174,602 

Fuel(Note 4) $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

Fucl(Note 5) $ 49114 41280 3469B 2056:l 5,107 2982 3212 2832 a264 17573 33166 44926 $ 259,017 

System O & M 3422 3090 3422 3311 3422 3311 2056 3422 3311 3422 3311 3422 $ 38,920 
--------------------------------------------------------------------------------------------------------------------------

Total Cost $ 69536 59762 53841 38343 23999 21274 24149 22381 21739 36638 52289 65152 $ 489,102 

Notes. 
l. Bin Numbers are assigned to on/off peak hours/months on the previous page. 
2. 'Facility Chg' includes monthly facility or customer charges from the electric company. 
3. Fuel cost altr butable to COGEN electrical output. 
4. Fuel cost attr butable to COGEN thermal output. 
5. Fuel cost attr butable to non-COGEN thermal output. 
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NSP Buv-Eack Continued 

Analysis of First Year Operation 

* Tsize: 3.022 MMBtu/Hr Esize: 459 l{h' * 

Base Year Annual Energy Cost: $ 571,546 Thermal & Electrical Total Costs 

Summary of COGEN Capital/Cost/Revenue Line Items: 

Investments: 

Steam Plant Cost: 
Engine /Generator Cost: 
Engineering & Design: 
Contingency Allowance: 
Other costs, Not specified: 

Subtotal for Investments 

Revenues and Savings: 
Electricity Revenues (BASA Mode): 

Expenses: 

$ 
$ 
$ 
$ 
$ 
$ 

$ 

Electricity Costs (BASA Mode): $ 
Monthly Electric Company Charges (BASA): $ 

Electricity Costs (OLSS Mode): $ 
Monthly Electric Company Charges (OLSS): $ 

Totol Fuel Costs (Either Mode): $ 
Annual Operatiug & Maint Costs: $ 

(0 & M Cost Factor [$/kwh): 0.0100) 

Net First Year Results--BASA Mode 
Total Capital Investment: 
Net First Year Cost ,(Expense - Hcv.): 
First Year Savings (COGEN vs Bascyear): 

Payback 

$ 
$ 
$ 

10,000 
301,400 

28,000 
10,000 
30,000 

379,400 

123,997 

204,024 
0 

26,233 
0 

43:{, 620 
38,920 

37fl,400 
552,5GB 

18,879 

19.9~ years 

Net First Year Results--OLSS Mode 
Total Capital Investment: $ 379,400 
First Year Cost: 
First Year Savings (COGEN vs haseye.:irJ: 

Payback 

$ 4B!l,l0:l 
$ 82,44~ 

11. 60 years 

100% use of 
Recoverable Heat 

379,400 
517,091 
54,455 
6.96 years 

75% use of 
Recoverable Heat 



7.4 OPrION #4 - GAS TURBINE CDGENERATION 

Description of Equipnent 

o One (1) 440 KW gas turbine generator set and controls or similar equipnent 

o A heat recovery boiler to recover heat from the exhaust gas (3,698 Lbs/Hr) 

o A switchgear system to connect the turbine generator to the load(s) and 
to operate in parallel with the City of St. Peter Municipal Electric 
Utility 

o A system of meters and recorders to establish the electrical and thermal 
energy delivered to the Hospital 

o The building to house _the above equipnent, and all necessary piping and 
electrical interface connections 

Description of System 

Figure 4 shows how a gas engine cogeneration system is usually configured. 

The gas turbine generator has the capability of generating approximately 

440 KW of electric energy. The turbine will operate on a continuous basis on 

interruptible natural gas. If the Gas Canpany interrupts gas service, which 

is expected to be minimal, the turbine generator set will be shut down and the 

Hospital will operate the existing 800 KW diesel standby generator set or if 

necessary will purchase all electric power from the City of St. Peter Municipal 

Electric Utility. It is our opinion that the few hours of natural gas curtail

ment during winter months will not justify the installation of a propane 

standby system. 

An economic analysis of a gas turbine cogeneration system is shown on 

pages 7 6 to 8 5 . 

- 74 -
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I SMMPA BUY-BACK 

Summary of Input/Output Parameters 

Facility: ST. PETER HOSPITAL 

Input Parameters 

Boiler fuel cost ($/MMDtu) 
Gas fuel cost ($/MMBtu) 
System Thermal Efficiency(%) 
System Electrical Efficiency(%) 
System T/E Ratio 
System Net Fuel Rate (Btu's/kwh) 
Fuel Cost to Generate($/kwh) 

Utility Rute Structures 
____ .. ________ .... - -
Energy Credits: 

Summer 011·-Perd< ( */k1-1h) 
Summer Off-Peak ($/kwh) 
Winter On-Peak ($/kwh) 
Winter Off-Peak ($/kwh) 

Capacity Credits: 

On-Peek Summer ($/kwh) 
On-Peak Non-Summer ($/kwh) 

3.55 
3.55 

44.0 
19.0 
2.32 

:17957.90 
$0.064 

$0.030 
$0.0lo 
$0.029 
$0.020 

$0.000 
$0.000 

Rate for Large General Service ($/kwh) 
$0.050 

Rate structure has been specified as fixed. 
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Sl'1MPA Buy-Rack Continued 

Total Electricity GeneruteJ in On-Peak/Off-Peak Periods 

Facility: ST. PETER HOSPITAL 

Tsize: 3.476 MMBtu/Hr (Thermal output) 

Period Hrs Excess kwh Total kwh Bin No. 
On-Peale Mo., On-Peok Hr 1092 3,5B5 41-il, 992 l Summer Month 9AM to 9PM 
Off-Peak Mo, On-Peak Hr 2197 7,606 966,500 3 Winter Month 9AM to 9PM 
On-Peak Mo., Off-Peak Hr 1836 55,441 no, 33o 2 Summer Month 9PM to 9AM 
Off-Peak Mo, Off-Peak Hr 3635 H.i5,814 1,598,901 4 Winter Month 9PM to 9AM 

System Performance 

Month EGEN 'EXCESS' Add. Fuel 
MKWH MKWH MMHtus 
---------------------------------------

1 327 13 5,878 
2 296 13 5,30~ 
3 327 19 5,878 
4 317 35 5,6BB 
5 327 34 5,874 
6 314 22 5, 6:33 
7 245 0 4 I 39:i 
8 3 •)') ...... 17 5,774 
9 313 20 5,Gl2 

10 327 29 5,87B 
11 317 lG 5,688 
12 327 14 5,878 

------------------------
Total 3,758 2:i2 67,481 

Note: 'Add. Fuel' is the extra fuel consumed to generate electricity beyond fuel required 
to meet the thermal load. 



SMMPA Buy-Back Continued 

Monthly Operatin11 Costs for Buy-All, Sc.· 11-· A 11 (llASA) Mode 
------------

Item Bin# M 1 M 2 M 3 M 4 M 5 M 6 M 7 M 8 M 9 MlO Mll Ml2 Total Yr 
-------------------------------------·------ ---------------------------------------------------------------------

Ecost 1 $ 0 u 0 u 0 Fi6413 n1s 7850 7010 0 0 0 $ 30,783 
-Hcv l $ 0 0 0 0 0 3131 3~23 3774 3431 0 0 0 $ 13,860 

BASA 1 $ 0 0 0 0 0 n11 60f,3 4075 3579 0 0 0 $ lo,923 
Ecost 2 $ 0 0 0 0 0 9:,{:Hi l0Gli2 9,106 9128 0 0 0 $ 38,532 
··Rev 2 $ 0 0 0 () 0 3UJ}1 2 l!J5 ~H32 3170 0 0 0 $ ll,6B5 

BASA 2 $ 0 0 0 0 0 6148 8467 6274 5958 0 0 0 $ 26,846 
E.:ost 3 $ 8338 7311 7056 6854 7 1127 0 0 0 0 7958 736Q 7896 $ 60,201 
-Hev 3 $ 3649 3151 3'1B3 3483 3E49 0 0 0 0 3815 3:11 7 3483 $ 28,028 

BASA 3 $ 4689 4160 3573 3:J72 3779 0 () 0 0 'll 4 3 ,lQ,t~J 1ltl 13 $ 32, 172 
Ecost 4 $ 10000 9256 9826 8376 8562 0 0 0 0 8609 9652 10227 $ 74,509 
-nev 4 $ 40:rn 3739 4144 3933 4 0~~6 0 0 0 0 3915 4047 4144 $ 31,978 

BASA 4 $ 5970 5517 5682 4443 4537 0 0 0 0 4694 5fj()5 6083 $ 42,531 

Elect Subtot $ 10660 9677 9:!56 7815 8315 936-1 14520 1034!:J 9536 88J7 96,JB l049l1 $ 118,473 
-....J 
OJ Facility Chg$ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

Fuel(Note 3) $ 20865 18846 20865 20192 20853 199~6 15594 20_499 19923 20865 20192 20865 $ 239,557 

fucl(Note 4) $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

.Fuel(Nole 5) $ 47577 39891 33161 1!)075 3877 1605 565 1501 1928 16036 31678 43389 $ 240,284 

System O & M $ 1636 1478 1636 1584 IGJ5 15GB 1223 1608 lG63 1636 1584 1636 $ 18,789 
---------------------------------------------------------·--------------------------------------------------------------

Total Cost $ 80739 69892 64918 48666 34680 32533 31901 33957 32950 47375 63102 76387 $ 617,103 

Notes. 
I. 1l in Numbers are assigned to 011/ off peak hours /m••n t. hs on the previous page. 
2. 'F<Jcility Chg' includes monthly facility or cu~tomcr charges from the electric company. 
3. Fuel cost attr butable to COGEN electr·ical output. 
4. Fuel cost attr butable to COGEN thermal output. 
5. fuel cost nttr butablc to non-COGEN thermal output. 



SMMPA Buy-Back Continued 

Monthly Operating Costs for Offset-Lund, Sell-Surplus (OLSS) Mode 
-------------------------------------------------------------

Item Bin# M 1 M 2 M 3 M 4 M 5 M 6 M 7 M 8 M 9 MIO Mll Ml2 Total Yr 
-----------------------------------------------------------------------------------------------------

Ecost l $ 0 0 0 0 0 10n 3!)04 1603 1323 0 0 0 $ 7,862 
-Rev l $ 0 0 0 0 0 62 0 26 19 0 0 0 $ 108 

OLSS l $ 0 0 0 0 0 971 3!104 1576 1304 0 0 0 $ 7,755 
Ecost 2 $ 0 0 0 0 0 3G8 3803 404 212 0 0 0 $ 4,787 
--Rev 2 $ 0 0 0 0 0 3U) 0 251 317 0 0 0 $ 887 

OLSS 2 $ 0 0 0 0 0 49 3803 153 -105 0 0 0 $ 3,900 
Ecost 3 $ 2056 1878 1093 1084 1215 0 0 0 0 1381 1649 1899 $ 12,256 
-Rev 3 $ 5 0 24 13G 46 0 0 0 0 0 5 5 $ 221 

OLSS 3 $ 2051 187fl lOG9 948 1Hi9 0 0 0 0 1381 1644 1895 $ 12,036 
Ecost 4 $ 559 566 399 78 106 0 0 0 0 276 313 558 $ 2,855 
-Rev 4 $ 253 263 373 614 643 0 0 0 0 582 311 277 $ 3,316 

OLSS 4 $ 306 303 26 -536 -537 0 0 0 0 -306 1 282 $ -461 

-.J Elect Subtot $ 2356 2181 1095 413 632 1020 7707 ;I.729 1199 1075 1645 2177 $ 23,229 
\.0 

Facility Chg $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

Fuel(Notc 3) $ 20865 18846 20865 20192 20853 19996 15594 204!)9 19923 20865 20192 20865 $ 239,557 

suel(Notc 4) $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

Fucl(Notc 5) $ 47577 39891 33161 19075 3877 1605 565 1501 1928 16036 31678 43389 $ 240,284 

System O & M 1636 1478 1636 1584 1635 1568 1223 1608 1563 1636 1584 1636 $ 18,78!) 
---------------------------------------------------------------------------------------------------

Total Cost $ 72436 62396 56757 41264 26997 24189 25089 25337 2461~1 3%13 55100 68068 $ 521,859 

Notes. 
l. Bin Numbers are assigned to on/off peak hours/months on the previous page. 
2. 'Facility Chg' includes monthly facility or customer charges from the electric company. 
3. Fuel cost attr butable to COGEN electrical output. 
4. Fuel cost attr butable to COGEN thermal output. 
5. Fuel cost attr butable to non-COGEN thermal output. 



00 
0 

SJvlMPA Buy-Back Continued 

Analysis of First Year Operation 

* Tsize: 3.476 MNBlu/Hr Esize: 439 K\v 

Base Year Annual Energy Cost: 

Summary of COGEN Capital/Cost/Revenue Line Items: 

Investments: 

Steam Plant Cost: 
Turbine/Generator Cost: 
Engineering & Design: 
Contingency Allowance: 
Other costs, Not specified: 

Subtotal for Investments 

Revenues an<l Savings: 
Electricity Revenues (BASA Mode): 

Expenses: 

$ 

it 
$ 
$ 
$ 
$ 
$ 

$ 

Electricity Costs (BASA Mo<lc): $ 
Monthly Electric Company Charges (BASA): $ 

Electricity Costs (OLSS Mode): $ 
Monthly Electric Company Charges (OLSS): $ 

Total Fuel Costs (Either Mode): $ 
Annual Operating & Maint Costs: $ 

(0 & M Cost Factor [$/kwh]: 0.0050) 

Net First Year Results--DASA Mode 
Total Capital Investment: 
Net First Year Cost (Expense - Rev.): 
First Year Savings (COGEN vs Daseyeor): 

Payback 

Net First Year Hesults--OLSS Mode 
Totnl Capital Investment: 
First Y•"!ar Cost: 
First Year Savi.n!{s (COGEN vs Bascyear): 

Payback 

$ 
$ 

$ 

Never 

$ 

$ 
ij; 

* 

571,546 Thermal & Electrical Total Costs 

10,000 
785,000 
63,600 

7,950 
50,000 

916,550 

85,55:! 

204, 02,1 
0 

27,7GO 
0 

479, OH 
18,789 

~16,5fi0 
617,103 
-45,5!>(-i 

Dl6,550 
5~1,BGD 

4!J, 6BH 

10.45 years 
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II NS P BUY-BACK 

Summary of Input/Output Parameters 

Facility: ST. PETER HOSPITAL 

Input Parameters 

Doller fuel cost ($/MMUtu) 
Gas fuel cost ($/MMBtu) 
System Thermal Efficiency(%) 
System Electrical Efficiency(%) 
System T/E Rntio 
System Net Fuel Rate (Btu's/kwh) 
Fuel Cost to Gencrate($/kwh) 

Utility Rate .Structures 

---------------Energy Credits: 

Summer On-Peak ($/kwh) 
Summer Off-Peak ($/kwh) 
Winter On-Peak ($/kwh) 
Winter Off-Peak ($/kwh) 

Capacity Credits: 

On-Peak Summer ($/kwh) 
On-Peak Non-Summer ($/kwh) 

3.55 
3.55 

44.0 
19.0 
2.32 

:17957.90 
$0.064 

$0.024 
$0.0H 
$0.024 
$0.014 

$0.014 
$0.014 

Rate for Large General Service ($/kwh) 
$0.050 

Rate structure has been specified as fixed. 
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NSP Buy-Back Continued 

Total Electricity Geueraled .in On-Peak/Off-Peak Periods 

Facility: ST. PETER HOSPITAL 

Tsize: 3.476 MMBtu/Ur (Thermnl output) 

Period Hrs 
On-Penk Mo., On-Peak Hr 1092 
Off-Peak Mo, On-Peak Hr 2197 
On-Peak Mo., Off-Penk Hr 18:rn 
Off-Peak Mo, Off-Peak Hr 3635 

System Performance 

Month EGEN 
MKWII 

Excess kwh 
3,585 
7,60G 

55,4'11 
165,814 

'EXCESS' 
MKWII 

Total kwh 
46J,9Ll2 
966,500 
730,336 

1,598,901 

Add. Fuel 
MMBtus 

---------------------------------------------------
l 327 13 5,878 
2 29G 13 5' ~{(}!) 

3 327 19 5,87B 
4 317 35 5,G8B 
5 327 34 5,874 
6 314 22 5,633 
7 245 0 4,393 
8 322 17 5,774 
9 313 20 5,612 

10 327 29 5,870 
11 317 lG 5,688 
12 327 14 5,878 

----
Total 3,758 232 67,481 

Bin No. 
I Summer Month 9AM to 9PM 
3 Winter Month 9AM to 9PM 
2 Summer Month 9PM lo 9AM 
4 Winter Month 9PM to 9AM 

Note: 'Add. Fuel' is tl1e extra fuel consumed to generate electricity beyond fuel required 
to meet the thermal load. 



NSP Buy-Back Continued 

Monthly Operating Costs for Duy-All, Sel 1-All (BASA) Mode 
-------------

Item Bin# M 1 M 2 M 3 M 4 M 5 M 6 M 7 M B M 9 MlO Mll Ml2 Total Yr 
--------------------------------------------------------------------

Ecosl 1 $ 0 0 0 0 0 GG,JR 9:~7 5 7850 7010 0 0 0 $ 30,783 
-Hev 1 $ 0 0 0 0 0 4 3•16 40B2 4781 43•16 0 0 0 $ 17,55G 

HASA l $ 0 0 0 0 0 2302 51!)3 30G~l 2GG4 0 0 0 $ 13,227 
Ecost 2 $ 0 0 0 0 0 9336 10GG2 9 1106 9128 0 0 0 $ 38,532 
-Rev 2 $ 0 0 0 0 0 5580 :iH 1l J 5,181 5518 0 0 0 $ 20,4-19 

IL\SA 2 $ 0 0 0 0 0 3756 GB21 3925 :iGUO 0 0 0 $ 18,082 
Ecost 3 $ 8338 7311 7056 685 11 7427 0 0 0 0 795B 73GO 7896 $ 60,201 
-Hev 3 $ 4781 4129 4564 4564 47nl 0 0 0 0 4998 4346 4564 $ 36,727 

BASA 3 $ 3557 3182 2492 22~ll 2fi,Hi 0 0 0 0 2~ll:.i0 3014 3332 $ 23,474 
Ecost 4 $ 10000 9256 9826 8376 85G2 0 0 0 0 8609 %52 10227 $ 74,509 
--!U!V 4 $ 5642 5~35 5802 5506 56:16 0 0 0 0 5481 5666 5802 $ 44,769 

BASA 4 $ 4358 4021 4025 2870 2927 0 0 0 0 3128 3986 4426 $ 29,740 

00 El<!Ct Subtot $ 7915 7203 6517 5161 55'73 
v) 

6058 12014 6991 6244 6087 6999 7758 $ 84,523 

Facility Chg $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

Fucl(Note 3) $ 20865 18s,16 20865 20192 20853 19U96 15594 20499 19fl23 20865 201!)2 20865 $ 239,557 

J:,'uel(Note 4) $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

Fuel(Note 5) $ 47577 39891 33161 19075 3877 1605 565 1501 1928 16036 31678 43389 $ 240,284 

System O & M $ 1636 1478 1636 1584 16:35 1568 1223 1608 1563 1636 1584 1636 $ 18,789 
-------------------------------------------------------------------------------------------------------------------------

Total Cost $ 77995 67419 62180 46012 31938 29227 29396 30602 29658 44625 60454 73649 $ 583,153 

Notes. 
1. Bin Numbers are assigned to on/off peak hours/months on the previous page. 
2. 'Facility Chg' includes monthly facility or customer charges from the electric company. 
3. Fuel cost attr butable to COGEN electrical output. 
4. Fuel cost attr butable to COGEN thP.rmal output. 
5. Fuel cost attr butable to non-COGEN lhermul output. 



NSP Buy-Back Continued 

Monthly Operating Cosls for Offsel-Load, S,:,l l-Surplus (OLSS) Mo<le 
-----------------

Item Bin# M l M 2 M 3 M 4 M 5 M 6 M 7 M 8 M 9 M!O Mll Ml2 Total Yr 
----------------------------------------------------------------------------

Ecost l $ 0 0 0 0 0 l o~i 3 ::!~)04 l li0 ~! 1n3 0 0 0 $ 7,862 
-Hev l $ 0 0 0 0 0 7'.J 0 ~i] 21) 0 0 0 $ l :.i /j 

OLSS 1 $ 0 0 0 0 0 %4 3!JO!l l 5f.i!J 12aa 0 0 0 $ 7, 7:.!6 
Ecost 2 $ 0 0 0 0 0 36H 3803 404 212 0 0 0 $ 4,787 
-Hev 2 $ 0 0 0 0 0 558 0 440 5f.ifi 0 0 0 $ 1,552 

OLSS 2 $ 0 0 0 0 0 -190 3803 -3G -343 0 0 0 $ 3,234 
Ecost 3 $ 2056 1878 1093 1084 12l5 0 0 0 0 1381 1649 1899 $ 12,256 
-·Flev 3 $ 7 0 32 178 GO 0 0 0 0 0 6 6 $ 289 

OLSS 3 $ 2049 1878 1061 906 1155 0 0 0 0 1381 1643 1893 $ 11,967 
Ecost 4 $ 559 566 399 78 106 0 0 0 0 276 313 558 $ 2,855 
-Hcv 4 $ 354 36!.) 5""' 859 uoo 0 0 0 0 815 436 387 $ 4,643 

OLSS 4 $ 204 197 -123 -781 -794 0 0 0 0 -539 -124 171 $ -1,788 

(X) Elect Subtot $ 2254 2076 938 125 361 764 7707 1534 956 a,13 1519 2064 $ 21,140 
+' 
,, Facility Chg$ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

Fucl(Note 3) $ 20865 18846 20865 20192 208:,3 19996 155!.)4 20•19~! 19923 20865 20192 20865 $ 239,557 

Fuel(Note 4) $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

Fuel(Note 5) $ 47577 39891 33161 19075 3877 1605 56G 1501 1928 16036 31678 43389 $ 240,284 

System O & M 1636 1478 1636 1584 1635 1568 122~-! 1608 1563 1636 1584 1636 $ 18,789 
---------------------------------------------------------------------

Total Cost $ 72333 62291 56601 40976 26726 23933 25089 25142 24370 39380 54974 67955 $ 519,770 

Notes, 
l. Din Numbers arc assiitne<l to on/off .peak hours/months on the previous pagt:~. 
2. 'Facility Chg' includes monthly facility or customer charges from the electric company. 
3. Fuel cost altr butable to COGEN electrical output. 
4. Fuel cost attr butable to COGEN thermal output. 
5. Fuel cost attr butablc to non-COGEN thermal output. 
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NSP Buy-Back Continued 

Analysis of First Year Operation 

* Tsize: 3.476 MMBtu/IIr Es i z e : 4 3 9 K \'l 

Base Year Annual Energy Cost: 

Summary of COGEN Capital/Cost/Revenue Lino Items: 

Investments: 

Steam Plant Cost: 
Turbine/Generator Cost: 
Engineering & Design: 
Contingency Allowauce: 
Other costs, Not specified: 

Subtotal for Investments 

Revenues and Savines: 
Electricity Revenues (BASA Mode): 

Expenses: 

$ 

$ 
$ 
$ 
$ 

$ 
$ 

$ 

Electricity Costs (DASA Mode): $ 
Monthly Electric Company Charges (BASA): $ 

Electricity Costs (OLSS Mode): $ 
Monthly Electric Company Charges (OLSS): $ 

Total Fuel Costs (Either Mode): $ 
Annual Operating & Maint Costs: $ 

(0 & M Cost Factor [$/kwh]: 0.0050) 

Net First Year Resu)ts--BASA Mode 
Total Capital Investment: 
Net First Year Cost (Expense - Rev.): 
First Year Savings (COGEN vs Bascyear): 

Payback 

Net First Year Resulis--OLSS Mode 
Total Capital Investment: 
First.Year Cost: 
Firs t Ye a r Sa v•i n ts (COGEN vs 13 as eye a r) : 

Payback 

$ 
$ 
$ 

Nevc~r 

:~ 
~~ 

$ 

* 

571,54G Thermal & Electrical Total Costs 

10,000 
785,000 
63,600 
15, !JOO 
50,000 

924,500 

ll!J,501 

204,024 
0 

27,760 
0 

479,841 
18,789 

n21J,soo 
5B3,153 
-11,607 

U24,500 
519,770 

51,777 

17. gr; years 



7.5 OPTION #5 - REFUSE FIRED BOILER WITH STEAM TURBINE ccx:;ENERATION 

Description of Equipnent 

o One (1) 100 KW ba.ck pressure steam turbine generator set and controls 
or similar equipnent 

o A switchgear system to connect the steam turbine generator to the load(s) 
and to operate in parallel with the City of St. Peter Municipal Electric 
Utility 

o A system of meters and recorders to measure the electrical energy 
delivered to the Hospital 

Description of System 

The steam turbine generator has the capability of generating approximately 

100 KW of electric energy. The turbine will operate on a continuous ba.sis 

on 600 PSIG steam supplied by the new refuse fired boiler (Option #1) discussed 

in Section 6.1. The only change from Option #1 is that the boiler would be 

designed to operate at 600 PSIG instead of 125 PSIG. 

The incremental cost for a 600 PSIG steam boiler is included under 

this Option. 
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COGENERATION FEASIBILITY STUDY 

r• ),J\ BOILER/STEAM TURBINE COGENERATION 

LObf>E6 AIID 
EXHAU61 25 ¼- 15 ¾ 

D 
22 LB/HP-Ht 11.IRBINE 
6TEAH RATE 
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PR0CE6!> 6TEAN FOR 
HEATltU, / COOLIN6 

,2°✓ .... 70% 

le=::> ELECTRICITY 12%-ISo/. 

Integrated energy systems, chapet hill, north carolina 
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Function# 2: Properties of saturated vapor as a function of pressure 

Pressure= 615 psia 

Enthalpy= 1203.8!:3'7 Dtu/lbm 
Entropy= 1.443517 Btu/lbm-R 
Spec. vol. = 0.750~63 cu ft/Ihm 
Internal energy= 1118.501 Btu/lbm 
Saturation temperature= 488.8625 deg F 

Function# 7: 

Pressure= 
EnLropy 

Enthalpy of wet steam as a function of pressure 
and entropy 

140 psia 
1.443517 Btu/lbm-H 

Enthalpy= 
Quality= 

1086.099 Btu/lbm 
0.88 
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I SMMPA BUY-BACK 

Summary of Input/Output Parameters 

Facility: ST. PETEil HOSPITAL 

Input Parameters 

Turbine Inlet Pressure (psig) 
Turbine Outlet Pressure (psig) 
Turbine Inlet Enthalpy (llTU/lh) 
Turbine Inlet Entropy (IlTU/lh/f) 
Turbine Thermal Efficiency ( 0

.;) 

Turbine Mcch--Elec Efficiency (~) 

Existing Boiler Efficiency(%) 
COGEN Boiler Efficiency(%) 

Fuel cost ($/MMBtu) 

fjOO 
125 

1,201) 
1. •liJ 

4!.J 
05 (Assumed) 

80 
68 

2. ~12 

Calculated COGEN Parameters (@ Full Load) 

Steam Unit Input Energy (Btu/Lb) 
System Thermal Efficiency(%) 
System Electrical Efficiency(%) 
System T/E Ratio 
System Net Fuel Rate (Btu's/kwh) 
System Steam Rnte (lbs/kwh) 
Fuel Cost to Generate($/kwh) 

Utility Rate Structures _______________ 
Ener-gy Credi ts: 

Summer On-Prnl< ( $/lrnh) 
Summer Off-Peak ($/kwh) 
h'inter On·-Peak ( $/kwlt) 
W i n t er O ff - Pen k ( $ I le w l, ) 

Capacity Credits: 

On-Peak Summer ($/kwh) 
On-Peak Non-Summer ($/kwh) 

1476.32 
64.l 
3.3 

19.27 
:20401.97 

f]~). '19 
$0.060 

to. o~rn 
$0.016 
$0.02!.l 
$0.020 

:io. ooo 
~;0.000 

Rn t e f o r La r f{ e G en e r a l S e r v i c e ( $/1<1-.rh) 
$0.050 

Rate structure has been specified as fi:-:ed. 
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S:MMPA Buy-Back Continued 

Total Electricity Generated in On-Peak/Off-Peak Periods 

Facility: ST. PETER HOSPIT~L 

Tsize: 6.58 MMBtu/Hr (Thermal output) 

Period Hrs Excess kwh Total kwh Bin No. 
On-Penk Mo., On-Peak Hr 1092 0 64,48•1 1 Summer Month 9AM to 9PM 
Off-Peak Mo, On-Peak Hr 21 ~J7 0 214,870 3 Winter Month 9AM to 9PM 
On·-Peak Mo. , Off-Peak Hr 1836 0 80,529 2 Summer Month 9PM to 9AM 
Off-Peak Mo, Off-Peak Hr 3635 0 342,f..,74 4 Winter Month 9PM to 9AM 

System Performance 

Month EGEN 'EXCESS' Add. Fuel 
Ml{l'l'H MKWII MMBtus 

-------------------------------------------------------
l 74 0 1,519 
2 67 0 1,372 
3 74 0 1,519 
4 72 0 1,470 
5 '18 0 l, 0 ·1 !J 
6 39 0 87'1 
7 26 0 632 
8 40 0 8flli 
9 40 0 B!J:J 

10 74 0 1,519 
11 72 0 1,470 
12 74 0 1,519 

-----------------------------------------------------
Total 703 0 14,726 

Note: 'Add. Fuel' is the extra fuel consumed to generate electricity beyond fuel required 
to meet the thermal load. 



SJvfMPA Buy-Rack Continued 

Monthly Operating Costs for Buy-All, Sell-All (BASA) Mode 
------------------------- ~-------------------------

Item Bin if ~ 1 M 2 M 3 M 4 M 5 M 6 M 7 M 8 M 9 MlO Mll Ml2 Total Yr 
--------------------------------------------------------------------------------------------------------------------------

Ecost l $ 0 0 0 0 0 61-j,18 9275 7B50 7010 0 0 0 $ 30,783 
-Rev 1 $ 0 0 0 0 0 4HO a7:! 530 54:3 0 0 0 $ 1,935 

BASA 1 $ 0 0 0 0 0 6159 8903 7319 6467 0 0 0 $ 28, 8·18 
Ecost 2 $ 0 0 0 0 0 9336 10662 9406 9128 0 0 0 $ 38,53:2 
-Rev 2 $ 0 0 0 0 0 3f.i5 21 !J 351 353 0 0 0 $ 1,288 

BASA :.! $ 0 0 0 0 0 8971 10443 9055 8775 0 0 0 $ 37,243 
Ecost 3 $ 8338 7:111 7056 6854 7,121 0 0 0 0 795H 7360. 7896 $ 60,201 
-Rev 3 $ 830 717 1n 7~2 681 0 0 0 0 868 755 792 $ 6,231 

BASA 3 $ 7508 65~M 6264 60ti2 67-13 0 0 0 0 7090 6605 7104 $ 53,970 
Ecost 4 $ 10000 9256 9826 8376 85G:2 0 0 0 0 8609 9652 10227 $ 74,508 
-Hev 4 $ 917 851 9,13 8% 4~M 0 0 0 0 891 921 9,13 $ 6,853 

BASA 4 $ 9083 8405 8884 7481 806~1 0 0 0 0 7718 8731 9284 $ 67,656 

\0 
1--1 

Elect Subtot $ 165~)1 15000 15147 13543 14811 15129 19346 16374 15242 14809 15337 16388 $ 187,717 



SMMPA Buy-Back Continued 

Monthly Operating Costs fur Offset-Load, Sell-Surplus (OLSS) Mode 
--------------------

Item Bin# M 1 M 2 M 3 M 4 M 5 M 6 M 7 M 8 M 9 Ml0 Mil Ml2 Tot al Y1· 

-----------------------------------------------------------------------------· ------------------
Ecost 1 $ 0 0 0 0 0 5833 8655 6966 6105 0 0 0 $ 27,559 
-Hev 1 $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

OLSS 1 $ 0 0 0 0 0 5833 8655 6i)(-jfj 6105 0 0 0 $ 27,55!) 
Ecost 2 $ 0 0 0 0 0 8194 9977 8309 8025 0 0 0 $ 34,505 
-Rev 2 $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

OLSS 2 $ 0 0 0 0 0 819,1 9977 8309 802.5 0 0 0 $ 34,505 
Ecost 3 $ 6907 6075 5690 54H8 62:17 0 0 0 0 64f:i2 605~} 6530 $ 49,457 
-Hev 3 $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

OLSS 3 $ 6907 6075 5690 5488 62'17 0 0 0 0 6'162 6059 6530 $ 49,457 
Ecost 4 $ 7708 7129 7469 6139 7328 0 0 0 0 6382 7350 7870 $ 57,375 
-Rev 4 $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

OLSS 4 $ 7708 7129 7469 • 6139 7328 0 0 0 0 6382 7350 7870 $ 57,375 

\.0 
N Elect Subtot $ 14615 13204 13159 11627 13575 14027 18632 15275 14130 128-14 13409 14400 $ 16B,8!J7 



A. mGENERATION ONLY 

BASE YEAR ANNUAL ENERGY COST 

$ 200,577 + $305,208 = $ 505,785 

Electric + Fuel 

Summary of Cogeneration capital/Cost/Revenue Line Items: 

Investments: 

Expenses: 
Electricity costs (OLSS mode) 
Fuel costs 
Incremental cost of generating 
600 PSIG steam versus 125 PSIG steam 
Maintenance Costs 

Net First Year Results - OLSS Mode 

Total capital Investment 

First Year Cost 

First Year Savings 
(Cogeneration versus Base Year) 

Payback 

( 1 ) From Option # 1 

$ 232,000 

$168,897 
305,208 (1) 

3,094 ( 2) 
703 

$232,000 

477,902 

27,883 

8.32 Years 

(2) 1,204 X $305,486 = $ 308,302 - $305,208 = $ 3,094 
1, 193 

B. (XX;ENERATION AND REFUSE BOILER 

Total capital Investment 

First Year Savings 

Payback 

$ 1,282,000 

56,365 

22.70 Years 
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II NS P BUY-BACK 

Total Electricity Generated in On-Peak/Off-Peak Periods 

Facility: ST. PETER HOSPIT~L 

Tsize: 6.58 MMfitu/llr (Thermal output) 

Period Hrs Excess kwh Total kwh Bin No. 
On-Per1k Mo. , On-Peak Hr 1092 0 6-1, 481 1 Summer Month 9AM to 9PM 
Off-f't!ak Mo, On-Peak Hr 2UJ7 0 :!1'1,870 3 lvinter Month 9AM to rip~ 
On--Peak Mo., Off-Peak Hr 1B36 0 80, 52~) 2 Summer Month 9PM to 9AM 
Off-Peak Mo, Off-Peak Hr 3635 0 342,674 4 Winter Month 9PM to 9AM 

System Performance 

Month EGEN 'EXCESS' Add. Fuel 
MKIVH MKWH MMUtus 
-------------------------------------------

1 74 0 1,519 
2 67 0 1,372 
3 74 0 1,519 
4 n 0 1,470 
5 48 0 1, 0•19 
6 39 0 874 
7 26 0 632 
8 40 0 886 
9 40 0 893 

10 74 0 1,519 
11 72 0 1,470 
12 74 0 1,519 

-----------------------------------------
Total 703 0 14,726 

Note: 'Add. Fuel' is the extra fuel consumed to generate electricity beyond fuel required 
to meet the thermal load. 



Monthly Operating Costs for Buy-All, s,~11-All (BASA) Mode 
-------------------------------------

[ tem Din# • M l M 2 M 3 M 4 M 5 M 6 M 7 M 8 M 9 MlO Mll Ml2 Total Yr 
-----------------------·---------~---------------------------------------------------

Er:ost l $ 0 ·0 0 0 0 fiG48 n75 7850 7010 0 0 0 $ 30, rn:_{ 
-Hev l $ 0 0 0 0 0 718 545 778 797 0 0 0 $ 2,837 

B,\SA l $ 0 0 0 0 0 5!J30 H730 7072 6213 0 0 0 $ 27, ~)46 
Ecost 2 $ 0 0 0 0 0 !J:.l:Hi l0liG2 ~MOG 9128 0 0 0 $ 38,532 
-11•.!V 2 $ 0 0 0 0 0 B6H 521 834 s:rn 0 0 0 $ 3,0GO 

BASA 2 $ 0 0 0 0 0 8468 1014 l 8572 8290 o. 0 0 $ 35,472 
Ecost :3 $ 83:rn 7311 705G 6B!i4 7427 0 0 0 0 7~J5B 1:rno 78% $ 60,201 
-Hev 3 $ 802 692 7G5 765 661 0 0 0 0 838 72!J 765 $ 6,016 

BASA 3 $ 7536 61:iEl 62~"3 l. 6089 6766 0 0 0 0 7120 6631 7131 $ 54, HM 
Ecost 4 $ 10000 9256 9826 8376 85G2 0 0 0 0 8609 9652 10227 $ 74,509 
-llcv 4 $ 1742 1616 1 7 !j 1 1700 938 0 0 0 0 l6!J3 1750 1791 $ 13, 0:.!2 

BASA 4 $ 8258 7640 8035 6G76 7624 0 0 0 0 6917 7902 8436 $ 61,488 

'° u, Elect Subtot $ 15795 14259 14326 12765 143!.J0 14399 18871 15644 14503 14037 14534 15567 $ 179,089 



Monthly Operating Costs for Offset-Load, Sell-Surplus (OLSS) Node 
----------

ltem Bin# M 1 M 2 M 3 M 4 M 5 M 6 M 7 M 8 M 9 MlO Mll Ml2 Tot3l Yr 
---------------------------------------------------------------------------------------------------------------------------

Ecost 1 $ 0 0 0 0 0 58:33 8655 f:>%6 6105 0 0 0 $ 27,559 
-Hev 1 • $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

OLSS l $ 0 0 0 0 0 5033 8GG5 696(3 6105 0 0 0 $ 27, 55~) 
Ecost 2 $ 0 0 0 0 0 8194 9:)77 8309 8025 0 0 0 $ 34,505 
-Rev 2 $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

OLSS 2 $ 0 0 0 0 0 819,.1 9977 8309 8025 0 0 0 $ 34,505 
Ecost 3 $ 6907 6075 5690 5488 6247 0 0 0 0 6'1f:i2 605~ 6530 $ 4~}, 457 
-Rev 3 $ 0 0 0 0 0 () 0 0 0 0 0 0 $ 0 

OLSS 3 $ 6907 6075 5690- 5488 62 117 0 0 0 0 6462 6059 6530 $ 49,457 
Ecost 4 $ 7708 7129 7469 6139 7328 0 0 0 0 6:382 7350 7870 $ 57,375 
-Hev 4 $ 0 0 0 0 0 0 0 0 0 0 0 0 $ 0 

OLSS 4 $ 7708 7129 7469 6139 7328 0 0 0 0 6382 7350 7870 $ 57,375 

Elect Subtot $ 14615 13204 13159 11627 13575 14027 18632 15275 14130 12811'1 13409 14400 $ 168,897 
~ 

C\ 



7.6 OPTION #6 - WOOD FIRED BOILER WITH STEAM TURBINE COGENERATION 

This option is identical to Option #5 in tenns of description of equipnent, 

description of system, and electricity costs (OISS Mode). Changes are reflected 

in the following Base Year Energy Cost Summary. 

CCGNERATION ONLY 

Base Year Annual Energy Cost $200,577 + $246,456 = $ 447,033 

electric + fuel 

Summary of Cogeneration capital/Cost/Revenue Line Items: 

Investments 

Expenses: 
Electricity Costs (OISS Mode) 
Fuel Costs 
Incremental Cost of Generating 

600 PSIG Steam versus 125 PSIG Steam 
Maintenance Costs 

Net First Year Results - OISS Mode 

Total capital Investment 

First Year Cost 

First Year Savings 
(Cogeneration versus Base Year) 

Payback 

(1) From Option #2 

$ 232,000 

168,897 
246, 456 , ( 1 ) 

2,272 ( 2) 
703 

$ 232,000 

418,328 

28,705 

8.08 Years 

(2) 1,204 X $246,456 = $248,728 - $246,456 = $2,272 
1, 193 

COGENERATION AND WOOD BOILER 

Total capital Investment 

First Year Savings 

Payback 

$ 1,332,000 

115,939 

11.49 Years 
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8.0 ANALYSIS OF arHER OPrIONS 

8. 1 OPrION #7 - NEGOrIATED PUROIASE ARRANGEMENT 

The City of st. Peter Municipal Electric Utility buys power fran the 

Southern Minnesota Municipal Power Agency (SMMPA) on a Contract Demand Basis. 

This option assumes the City of St. Peter and the State Hospital can negotiate 

an arrangement whereby the hospital operates a standby generator for those 

few hours each year when the Municipal Electric canpany demand exceeds their 

contract demand. A negotiated purchase arrangement as described above could 

function as follows: 

AssurnEtions 

1. The City of St. Peter Municipal Electric Canpany has a finn contract 

demand of 9,000 KW with SMMPA 

2e The Cities historical peak demand is 9,500 KW 

3. The City pays SMMPA $ 9.00/KW for electric demand which exceeds 9,000 KW 

4. The Hospital purchases and installs a 500 KW diesel engine generator set 

So The Hospital agrees to operate the standby generator set whenever the 

Cities contract demand exceeds 9,000 KW 

6. The Hospital's generator set is operated 200 - 400 hours per year 

7. The City and the Hospital agree to share the savings on a 20/80 basis 

Description of F.quiµnent 

o One (1) 500 KW diesel engine generator set and controls or similar 

equiµnent (unit located outside) 

o A switchgear system to connect the engine generator to operate in parallel 

with the City of St. Peter Municipal Electric Utility 
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An econanic analysis of a diesel engine standby generator is shown below: 

Annual Cost Savin9:s 

Demand Cost Savings = 500 KW x 12 months x $ 9.00/Kw = $ 54,000/Year 

Operating Costs 

( 1 ) Diesel Fuel = 500 KW x 300 Hrs x 15,000 BTU/KWH+ 140,000 BTU/Gal 

x $ 1.00/Gal x .50 Diversity* = $8,035 

(2) Maintenance = 500 KW x 300 Hrs x $ .01/KWH x .50 Diversity 

= $ 750 

* Based on an average load of 250 KW 

Net Annual Cost Savings = $ 45,215 

City of St. Peter share = $ 45,215 X .20 = $ 9,043 

St. Peter State Hospital share = $ 45,215 X .80 = $ 36,172 

Hospital Investment 

Diesel engine generator set $ 90,000 

Miscellaneous __l9_i000 

$100,000 

Payback = $ 100!000 = 2.76 Years 
$ 36,172 
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8.2 OPrION #8 - MODIFY THE ELECTRIC :MEIERS 

This option analyzes the electric demand cost savings that could be 

achieved if the Upper and Lower Campus electric meter readings were combined 

into one electric bill. Table 12 shows electric demand readings for indivi

dual electric metering and for canbined billing. The canbined billing column 

assumes the canbined monthly demand is 95 % of the individual demands due to 

diversity. 
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Table 12 

Lower campus Upper campus Combined Billing 

Primary Secondary Secondary 
Demand Volta~ Demand Voltage Demand Voltage 

Jan 736 400 

Feb 712 400 

Mar 680 410 

Apr 664 425 

May 680 450 

June 880 500 

July 912 500 

Aug 864 450 

Sep 824 425 

Oct 712 410 

Nov 728 400 

Dec 728 E 400 
------- --------
9,120 + 5,170 = 14,290 X .95 = 13,575 

3,QQQ X 10.05 = $30,150 3,QQQ X 10.05 = $30,150 3,000 X 10.05 = $ 30,150 
6,120 X 9.10 = 55,692 2,170 X 9.10 = 19,747 10,575 X 9.10 = 90,232 

-------- 5,170 X .so 2,585 13,575 X .50 = 6,787 
$85,842 -------- --------

$52,482 $ 133, 169 

$ 138,324 

Annual Cost Savings = $ 5,155 
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APPENDIX A 

OJRRENT ELECrRIC AND GAS RATES 
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Firm Customer Charge 
Energy Charge: 

MINNEGASCO 
RATE SCHEDULES 

MINNESOTA 

SMALL VOLUME 
RATE SCHEDULES 

First 3 CCF1 
Excess 

January 3, 1986 

Effective December 27, 1985 

$ 3.00 
. 02771 per CCF 
.51354 per CCF 

Interruetible Customer Charge 
Energy Charge 

$30.00 
.37951 per CCF 

NOTES 

lo CCF - 100 cubic feet of gas, also referred to as a therm. 

Firm 

The firm energy charge includes a Purchased Gas Adjustment (PGA) 
of_.$.02771 per CCF and the interruptible energy charge a PGA of 
$.00046 per CCF. 

Customer Charge 
Energy Charge: 

LARGE VOLUME 
RATE SCHEDULES 

First 3 CCF1 
Excess 

$ 3.00 
.00050 per CCF 
.48633 ·per CCF 

Interruetible Customer Charge 
Energy Charge 

$45.00 
.35230 per CCF 

NOTES 

1. CCF - 100 cubic feet of gas, also referred to as d therm. 

The firm energy charge includes a Purchased Gas Adjustment (PGA) 
of $.00050 per CCF and the interruptible energy charge a negative 
PGA of .02675 PER CCF. 
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~f'Mmnegasco 

H 

SOS 10-00.H 
MINNEAPOLIS, MN 55486 

88 LB 
PV 765 

ST PETER STATE HOSP 
100 FREEMAN DR 
ST PETER MH 56082 

··, i·.,,i 

Uup 0,lle 

Dec 21 85 

1\111011111 Y\111 /'up l',1y111q 

(~;1 S 

Oth,~r 
Charge~ S 

Total s 
~;, ... 11!h,~, ~Hh' lt11 l,tlt• p,,vnu•nl dP!.t,1!-t 

~~w 
\9S5 

D~q 
~~ 

Acco1111t NurnlH'r 

240-002-822-200 

l'IP,1<,I' P.1y 

(~,I<, 

Ut111•r 

Charges 

Total 

$43110.24 

$.00 

$43110.24 

rl132400028222000043110~4 

;·,;• 

ST PETER STATE HOSP 
Service Ac:Wr~~:;i., 
100 FREEMAn DR 

A~c;;.ount Numt:wi-{ • 
2'+0-002-82,-200 

Account Summary 

Previous Balance 
Payments Received 
Adjustments 

Oalance 
Current Billing 

New B<1lance 

Amount Due By 
Dfiic 21 as: 

Other Charges Detail 

+ 

ST PETER MH 56082 .Billing ();it<' 
Dec 5 85 

Other Charges Gas Charges 

$.00 $29867.03 
. 0 0 - 29867.03 Nov 25 - Thank You 
. 0 0 .00 

. --
$.00 $.00 

. 0 0 + 43110.24 

$.00 $43110.24 

--·· ------ . ---- ·-·----

$43110.24 

Gas Charges Detail 
SQrvicQ To DatQ 
Servicg From Datg 

= $43110.24 

MQhlr Humber: 
Hov 27 85 

Gas Used in 3) Days 
Oct 27 85 

116270 CCF 

Interruptible Service 

· ·, (116270 CCF $45.00 __ arge 
8 :s: · --- ,,v·•'·"~t• ~:t~~er Charge 

;'5_5-{_Q_ --~~"--1 , ' \ urcha sec! Gas ~. $. 37905 l 44 0 7 2. 14 

: , ... ' ... , ..... -- .---- ' - 0 (116270 cc/~Justment : 4: )JLQ..: ~'~"~•II ~~~'+~~ · ta l Curren\ B; II;~~ 0866 CR l l O o 6. 9 OCR 

• _ l.-_-.-.-:~+.~~-s=_--~ -: $

4

31109 

..... : . >i ; : ;;:r:.::_;::.: .. :::'.::.: .·_: :· i:: ;::::::.-' -

,· ....... -, ..... ,, ... ~ ',., ....... 
"~ y • .. ·~·-· ~ ..... - - \ -· . -·-· -··· --- ---·------ • --- • - • 

r\_ r: Mlnnegasco 
MINNEGASCO, me 
315 MINNESOTA AV SO 
ST. PETER, MN 56082 

I 

,\ ••• , ,t1jf' ( L,,1, \ •. ,-, l l•,,1 JI 

612-372-4790 
WQ Accept Collect Call5 
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n.
"'f/Mlllllegasco - ttttttnmn ·• -

P. 0. BOX 1297 
MINNEAPOLIS, MN 55472-0061 

20 
PMT5 765 

SiATE HOSPITAL 

Due Date. 

Qgc 17 85 

Amount You Arc P,1y1r1q 

Gc1s s 

Otl,er 

Ct1arges S 

Total s 
See other sode'for lale paymenl df!lil1ls 

Account Number: 

240-002-756-200 

Pl Pase P:-iy. 

Gas 

Oltll'f 

Charges 

Total 

$930.36 

$.00 

$930.36 

H rl792400027562□□□00093036 

:-;,:n(I T t11s Part 

"-•·•·;1 I 11,:--. P<1rt Service Address: Account Number: 
ST PETER STATE HOSPITAL DOMESTIC 240-002-756-200 

ST PETER MN 56082 Billing Date: 

Account Summary 

Previous Balance 
Payments Received 
Adjustments 

Balance 
Current Billing 

New.-Balance 

Amount Dua By 
DQC 17 85: 

+ 

------~"~'· ,._ .. _:'_•'---
tail 

ltrfOoC.l..llv"lltl 

Other Charges 

$.00 
. 0 0 
.00 

Gas Charges 

$692.47 
692.47 

.00 

Nov 29 85 

Nov 14 - Thank You 

------·-·. -- • ·-==.:======----------------
$.00 

. 0 0 

$.00 

+ 
$.00 

930.36 

$930.-36 

$930.36 

Gas Charges Detail Mgtgr 

= $930.36 

HumbQr: 708631 
14431 
13312 

Rgading on Nov 27 85 
____ J.Q-L.=:...-~:.....,....:..._;.--,,......;;~~~~--r::-::".:":74 Rgading on Oct 28 85 

·:.;1•t1•
1
:n:,-,1~;1,:,t~·1•~.i:::;;!''''.:i (.;,;.,_.,;•! ~?/>u ~~~s:~~! 1 ~t 1 ~~ ~l i Qr: ~: ;~~~ 

1 Tgmpgraturg Multipligr: 1.0176 
l ___ .1.....,,LJ.,~-'-..!:t:::___J..U;z:..t....:.-~::-;.:;,..-':~~-=----;FPV Multiplier: 1.0012 
L,;-,.;.;.;.; Gas Used in 30 Days _______ l 742 CCF 
l r • .•r:, (~rl1f'f rt\..)~ 'T\t• l(•..-llf1, ('W n,41ir-'1A1, (('h1'"'f"'('t t,-, tf',•'o 'lA1f" ,-..,.v,- , ...... ~ ,: '\•· •' Customgr Charge $3.00 

r- -

. ·.,,.,.J n• l'•t' \,..t~•-r·, "4"'° ~ ,,..,,,.."•..-.1 ••·1 •--~ '" 4(<.o•.~.o11··· • ,. 
,· ~ ,.·~ ,L 1 '1 .tit:,,, l"'("I.,..., tu,m iti,,,,11() .. ,.,v-,..,-1 ,...,,., ev.t1•"- •· : ; •• ,. 

• _ ... , r,, ,,.,., t•'t>""""".,-n~•d 

''','!"••·••\.'•IC'""~ ~O 
f't r, ,,,, .. , ,, ' ': ~ r ~, , • • 

Commercial customers in MN 
will seg a decrgase of about 
0.335 cents per CCF in thgir 
cost of gas bgcausg of a pricg 
reduction by Minnegasco's gas 
suppligr effgctivg Oct 27,1985 

/\v,,, .:tqt' Oatly T.-,n,)t'' t•t ,Jr,. 

L 
'f/Mlnnegasco 

, (Includes 3 CCF) 
!Gos ChargQ 844.86 
\ (1739 CCF ~ $.48583) 
,Purchased Gus Adjustme>nt 82.50 
; (1742 CCF;;} $.04736) ~ 

-~otal Currgnt Billing---t~ 

~ 
DEc o J 1985 

, (),Ill\' (;,,.._4{JS4Nfss ~ Av,·• ,1<1• ._.., rf\..t 

,,.,.,t M1·1t•r H,,_.011,q 

O<ac 26 85 

507-931-2100 N1•1I tltlltnq 0;11.-

MINNEGASCO, INC Wg Accgpt Collgct Call~ Jan 2 86 
315 MINNESOTA AV SO 
ST. PETER, MN 56082 'io·s'· . '. ,•, 

•• 1 I I 

~1,, ·•··':~ .. .....,:ft· .. .,. .:..• .. 4 •-= ..... ,. ~, - ... ~ ;•.• •,, • :,,i.,-.t ... '"'[>-:, .... ..., ~-~ ~; -~,.. - . ".· . .,!·• • ·:,; 1 : , ... !-->-~-·1":~,, ... ;;.~ .. ,.-~,y;;~~·~\J;t.i'rtt;1~~":~t<~,,.,...:~"-5~:iJ~,~ ... ~,$••r~<t4:.-;:. 
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CITY OF ST. PETER 

MUNICIPAL UTILITIES 
P.O. BOX 299 
ST. PETER, MN 56082 

ACCOUNT NO. 

DUE DATE 

AMOUNT DUE 

l 7 l Q'.; 

12/lb/S:, A P£NAl TY EQUAL 
TO 10". OF ELEC· 
~- WATER & SEWER 
CHAAGE IS .\00€0 

LATE AMOUNT 

SERVICE ADDRESS 

~-,A l 77 I .!c~E~~~~NT 8•~
5 ~ 

TE 

[

. ST• PCT CK ST ATC t1J~P ] 

ST. P:=1~"' Mf'-4 5~/Jt<2 I 

ST. 'PETER MUNICIPAL UTILITIES 
P.O. BOX 299 
ST. PETER, MN 56082 

ACCT NO 

DESCRIPTION CUARENT PAfVOJS USAGE READING READING 

ARRt:ARS Pd (\n~.:r.it .:.,-
ELECT 1 z-,F,J ) C • , , 

'-- ~ :>.., ~ lZ t~ 

RECEIVED 

DEC u 5 1~ ~J 

IUSINESS om ~ 
r- Ut:L A')JUSl'-1L;rJT ~ ~: ~ K -,.,:- . ,,,.~\qc"' 

CUST. TYPE 11 SERVICE ADDRESS I CG-~ : :sTRE~T L [:,Hr l~(, 

1 7 j •'' 

AMOUNT 

1c2.~-
c__;. ·, -_ D 

TOTAL DUE 

'1?(,'.!7 

RETURN THIS STUB WITH REMITTANCE 
RATE SCHEDULE 

19 d 5- 3 
AFTER 1 2/ lo/ 8'::> , .:.- : _._.,. y.: i2)l.77) 

~}~~1 • ~,~-,~~q~'.?--:. 

.)iit 
--(~ft{~:-_.· .:t ''l!-:-'..Jv.~ ... -, •.. ;. 

• '-,~~,-; '..i,.~1, 
·:t.~~-.!f.r.'i, 

'..{tii.ft•: 
?~;;;_· ·_ 

ii• 

;~.i>ftl, 

: . ;: • ft~~. 

, -~~i:~~it.; 

y \ 

.f~~~~;j.· 
:t-··~;-. 

-~~~/>t 

'°t:1W~;i'.::. 
,;.~k:~~, t·: .. -

... ~-.i:v-~~u ; . 
;,il-',•11,{-''".' ·, l·• 

li;t\ 
-~,f: 

• • ,: ..... -:.· 
' . .;. . . . . 

: , ·1+-.;' •• 

- ~} .. ~. 

--

.lt/ii 
,.. 1i'f.J>, 

• ,..·!]. 

·J:lrt: 
:{j~f • 

·:,_..,.,6:.,;:, 

,.._ ·.' _, ---~'" 

.. / 

._, ~ :~. -
: • J_\·:~ ;,.:, 

~~. ,•,.Y. 

-'~./--~/'~ , •• 
··;·it/-· 

\, .• ,1,.' 

\ .. 
--'~~~-: .. 

•.i;f 
.,: 

·.-
.. ,. 

? c: R urn i.:. , 1 J r f\ G L; ~ 1 :: ~ ~ ; lJ 

.:,- ►• . ;, . .
~~·!: ,,. 

-~~"~ 

.... -

•illl\;;-,-,i,'ill 

llrf'Jl(f l,(,lfl,t I 

(,_,: 1 ,, ,, ...... 

1 rt~ u.;., ~ _, l..b,Q ;y ~-c-
' ~•eby c.e11,~, !1'1.!l I~ go,:io~ o, m,1~, ... h cn,e, ... J :,, rr .. ·~.m t..rt r_,,..,,.,. ,: .• - , .. , 
~no 'OCt•VtJ or lht ~'"""'\ 1'.ive t~..-. , ... ,tn,.,,~Cl ~•-rJ jlt ,n •CCt'ftl.l••(, .... 

1ot(1l,Ul1on1. ar,d jlt or, P'~r form, ~,,.-j •'~v-,,,t_ •••j ._,,1,fy_ lf',j DJ),.,. : llltrrfo, ,, ht,eby •ecommt<ldcd 

STSI( II ASSICll.fO ru"s II() 

[I/ rJ 4,Jl,<,P1/[& 'JG'Vlt~f 



... ~ ---. 

tif:-
,·-, .. 

:: .-__ -. ~

:~ '.". 

\·/. 
•,,'· 

.......... ~- .. ,.-, 
•• :J: .. • .• 

.:... 
{'). ·.~· 

·r:'! 
• !',; .. • 

r: -

{v 
. :JC' 

,,.,. 

J---1 
0 
-.....J 

•~iii¥~~~"' ' ~. -;~-·~••+i: .;','? 
'.t~- "4~I 

'•'~1!.'---· ····(.~~-'P'42f,:~ 
• -•. :\~~~t~if.~:; ' 

)!,:~ 
. ... :;-,,.>: ... ·,.·, 

.;iffit 
-~I~!.-~'.-• ... :~i;~r 

' ;~ ... • .. . 

... ~.,._· .. .... 

• -J. ~::_; "c 

~it~~ 
-~.;:, ... , 

!~il 
-~~~~---~ ;~i,-:: 

/t~~; ~~~Jfl. 
~~)~~£\/~} 

Jl}: 
;.•,f:f_t"'""·'· ... 

; }1¢:;;.:~-~\ . 
-~~:•.-; __ 

.':~f-1-&i.i\:,. 
~ -~~',,J,:~"> . 

····)J:}t 
-.~:;~, 

=..c-;_; ~:; 

... ,· 

ttii 
Jk_, 

,.~•.,,......,..,,_.._ 
··.:·.-1.,-
.. > , . ...:·. -

./t:.·:.,. 

. __ ....__..__:_ ______ -

··~· ....... -~~---·· 
• '~t ,. . ~ •• 

-~ .::.l~ 

l\1AHK you,· 111ctcr and pay y1Htr hill the..· Fll<ST I l:\ Y of c..·ad1 1111111th. It 
payrncnt i:-- not rel:civcd by the..· :!Sth of the..· 111011th WL' \"'·ill add a latl' 
pay1nent .-li.11·gc..· of 1 1/:,~• (but 1.H,l lc..~ss than $1.00) ,,f the unpaid bal.111, v 

of $10.00 .,,. 111<1n·. 'l"his rc .. •sul.ls in an Annual pcrc..·c..•11t.1l-:l' ,·atl' 11f lH'~. 

REGISTER ANY 

INQUIRY TO: 

FROST•BENCO 

ELECTRIC 

PO BOK 8 

,,._..._"'.._TO. "'N ~6001 

See Retierse Side 
For Phone Numbers 

----· 
LAST PAYMENT 

AND DATE 

51.80 
11/06/85 

G1,GkE METER 

SERVICE METER tADING 
CODE PREVIOUS PRESt:NT 

14 
01 33tJY 5 35830 

STATE HOSPITAL 

u I AL S 
~

IG 
G 

MN 56082 

SERVICE LOCATION NUMBER POWER COST ADJ. ACCOUNT NUMBER 
THROvGH DATE PER KWH 

11/01/85 016 30 
--

.:t~'I': F, • • 
-{mt/·-:- . 

•',P./:"1; ~::/ _.:: ' 

.... 
<.-..... ;.:~. 

- -~ .• _?- ,;·. 

-~, ·. 

115 .007'200 

l ~( t ~•!< . >•' 

':}Jl;L 

'!(Gjlff 
• -: t ' .· • 

-, . 
";:-

.; •,· "--: 
•• - ~--. : 

; 011370 

• ~-.•i·,.i 

}\:. 

)•: 

-1- • 
~~--~ • 

-~ 

~~ -~'.!~::. 
, J."t \· 

,· .-: ·•·· 

I' 
,_.A 

CONSUMPTION CHARGES 

~ • C, ;) 
213) 1:)9. U 7 

~ECTIVED 

DEC 02 l:-0J 
------

IUSINESS OfPIC.f 

t ~/ t 
-

£) 1:•;::~etsl{~~-:: ~ 

Wl~i.J\latJ 

__, 

llf\lOIC(ll;.1¥6lt 

,,_, I ;• (, loO 

COSI COO( 4 

, ... ,,, 

~;~r~·_: 

ii~t 
~--·.·:.;.-,.:.._ 

·:f},j~t .. , 

0 :,),,i:$: 
I herd>yc.ort1fy lfJI ltlt' i(Ul'<l~ cw n,;~r.••~ c,,,,.,,., •.,:, ,..,,,., r..~ t,,.♦,.r ,1.·,:.,,.-.1 
anc..1,ec:e,vt-~ o, ,,..,e s.t:-.,r,!"'\ n,n,e ht~• ~,tr.., ...... • .• •'':'.,, .,,:,.._,,:;.,,,,:,· ""·'' 

., "· - ~t«•hc.11.()1",5 ar,d 4t~ •t• v,~, torm, "•'-<-l ,, ..... :,1 J • ... ,:.,-,. 41·c ~,.oc-,,, 
~relo, IS l'lt>retr •~om•rof'nde-d 

ii)¥ :.. 
:;•,· ··ST'Stllil A~llfOlR.lll~ II() 

C'lfl .__,..,,,11/fO St,'I.AltJl'( 

.. · ... -/'\. 

- ~~~--r _: ~-..-:·:~ ..... 



IN ACCOUNT WITH 

CITY OF ST. PETER MUNICIPAL UTILITIES 

BOX 299 

ST. PETER, MINNESOTA 56082 

NAME: ST. PETER STATE HOSPITAL 

Heter Reading Period 

From: November 1 19 85 

To: 19 _as_ 

DE:.'1AND CHARGE 

Demand Indicator .91 First 

Multiplier 800 

Total Kw Demand 728 Total ------

ENERGY CHARGE 

Date 

December 2 19.85 

November 1 19..§.§_ 

Difference 

Multiplier 

Total Kwhrs 

Meter Reading 

0845' 

0424 

421 
800 

3361800 

Fuel Adjustment 

250 Kw@$ 10.05 • $ 2,512.50 

478 Kw@$ 9.10 = $ 4,349.80 
728 Kw Demand 

336,800 Kwhrs@ $ .0281 

336,800 Kwhrs S S ,00259CR 

S 6,862.30 

s 9,464 o's 

$ (872 31) 

TOTAL DEMAND AND ENERGY CHARGE c::r,454.g 

--·-- --- - ---·--- --· --
•.• .. 

Aver-age Power Factor 85. 5 % - - ~ 5" 0 ).-)..-& <;""' 
r-, .. ,,·:1,, ~l~~.,•,q~•· •:•• .. .,·• •• •• --... 

t
:S_LPl. -~~ t::JI __ _______ P31 
~-15"··45~. 0 J J,;;_;;g_5-_~Cf_ll_ i _ • 
. _:"J ______ ,~··;!'& ________ _L~·-----~-
' • • t ' • ' • I • • ' ' 1 ' I j' • - ' , o • ' • ,.,. • , , t', t • • t • I, t • t • ., , • , , , , , 

··· .... '•.•'·' ,,, ...... , ,·' 
·• •· ,.., 'l ''·i•·• llun• •···" ,,. , •• t '• .. , '1•••• , 

lf,r1t•f11 ,• 1•t•tl, ft•, "11'•t'H\1f"\1 

, ., ... ""' '" ... " ... L .. " "·· .. _,.,.. ·•'.·• :· ·:-• __ -· ---

- 108 -

R!QNED 
DEc OJ 1995 
/J(J~~ 
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IN ACCOUNT WITil 

CITY OF ST. PETER MUNICIPAL UTILITIES 

BOX 299 

ST. PETER, MINNESOTA 56082 

NAME,(~eter SecuritY~0 

Meter Reading Period 

From October 10, 19-8.5_ 

To November 19 19-8.5_ 

DEMAND CHARGE 

Demand Indicator 8 First 

Multiplier S.Q.Q 

250 Kw@$ 10.05 s $ 

15.0. Kw@$ 9.10 • $ 

--4~0 ..... 0 Kw Demand 

2,512.50 

1 ,365 aa 
Total KW Demand a.ill) 

ENERGY CHARGE 

Date Meter Reading 

November 19 19 85 7884 
October 10 19 85 7425 

Difference 459 

Multiplier 500 

Total Kwhrs 229,500 229,500 - ____ Kwhrs@ $ .0281 

Fuel Adjustment: 229,500 _____ Kwhrs@ $ .00259CR 

TOTAL DEMAND & ENERGY CHARGE 

SECONDARY DISTRIBUTION VOLTAGE ADDER 

400 K~ Demand@$ .50 

DISCOUNTED (5%) Al10UNT DUE December 16, 1985 

AMOUNT DUE AFTER 12/16/85 --------
/, j ~ ,.·, •. ·, .. ·, l1f\ 

Average Power Factor ------ % : ·• ·---- ,., ....... . 

i ··- .,.Q.=~.2.,.?r\r1::19.-.~-~. -- . 
rn~-~--~-~c(~.J_J4}_ 1-.. __ •·_ I ••___ ,;).3/. 

c;-;; ·~· o l.( I ..... ·, i • • : 
~ -·-~· r·-3-~. -(~ .. ! LIH .11L<:i t.'S::.1f~-lf-1 : . 
-· .. _L ___ ._1_~~ ~.s: ____ L ___ _ 

, of, ,I " ◄• 1' I ,1 I f '• • t•f·' I•" I , ,.., •• l 

, , ••· _,,,,,, n.,,,. 1,., • .,, \ .... , ,, 1 , 

' p,,,,.,,, tl''~ 

'I 1 •I I I, '• I , • •, I 11,1 p,1~1.,I 

----------- -------, 
.. ,,~ , 109\ -

.. ' 

$ 3 ,B77 50 

$ 6,448.95 

S (594.41) 

$ 9,732.04 

$ 200.00 
-----

$ ~932.04 

~2.01) 

REaIVEo 

DECO 3 1985 

ltJS/Nfuomct 



\ ,. i .... 
{ ( L/ l. ST A T E O F MINN E SOT A 

DEPARTMENT OF ADMINISTRATION 

UNIFORM MONTHLY POWER PLANT REPORT 

(St. Peter Regional 
St. Peter State Hospital (Treatment Center) C' 

1 
S.P.H. 

Inst 1tut wn -----------------· ___________ o( c __________ _ 

, . 100 Freeman Drive, St. Peter, MN n t f ti th f November 10 85 LOCat1un ____________________ ,,epor or 1e rnon o 1 

A. MONTHLY AVERAGE OF DAILY AVERAGE OUTSIDE TEMPERATURES 25.2 F. 

B. FUEL CONSUMPTION (HEATING, PROCESSING, GENERATION) 

FUEi. QUANTITY 

COAL N A TONS$ 

LIGNITE N A TONS$ 
INTERRUP-

11.627 TIBLE GAS MCF $ 

firm 174 $ 'F'te8'f GAS MCF 

OIL ( :. 6 ) none GAL. $ 

TOTAL FUEL COST: $ 

C. STEAM PRODUCED 

Heating 721002200 Lb. 

Process 3,Q55.200 Lb. 
Elec. Gen. Lb. 
Resale Lb. 

TOTAL 1011222200 Lb. 
Peak Demand 24,900 Lb./Hr. 

D. BOILER UTILIZAT~ON 

BOILER NUMBER 1 2 3 

TOTAL COST 

$ 

$ 

4~ 11 n ?h $ 

930.36 $ 

$ 

44,o4o.6o 

AVER:\GE UNIT COST 

/TON 

/TON 

3.71 1 MCF 

5.35 IMCF 

/GAL. 

BILLING DA TES FOR 
GAS: 

10/27 TO 11/27/85 
___ To __ _ 

METERED ESTIMATED 

c:= ~ 
c= ~ 
[~ [=· ,--

[= L __ 

~~ [_= 

oc: c= 

E. EMERGENCY El:.ECTRICAL SYSTEM 

4 s Period of test operation 11-4-85 lir. 

DAYS FIRED 27Y ~ Period of emergency operation 11-8-85 - 25 ~r~n. 

F. ELECTRICAL ENERGY 

J.!H':\TJ()\ K \\'If I) E\1.-\:,.,: I) PO\\'f.R T()T,-\1. :\\'EH1\c;r-: Bll.Ll\:l; 11:\TI·> 
K\\ F :\CTU f{ C< 1 ST cnsT K\\'11 

, I ·:I I· - < ;i-: \ I·: fZ :\ T E I) i' < ) \\ F I~ 

Central 
Metering 336,800 728 85.5 15,454.07 0.05 Nov. 1 to 
Station Dec. 2, •85 

Minnesota 
Security Hospital 229,500 400 --- 9,932.04 0.04 Oct. 10 to 

Nov. 19, •85 

Gluek Bldg. 
(Frost-Bence) 2,135 not not 164.07 0.08 not available 

avail. avail. 
Street Lighting 1,260 not not 99.62 0.08 not available 

avail. avail. 

569,695 TOTALS $ 25,649.80 

- 110 ~ 



APPENDIX B 

THERMAL AND ELECTRIC LOAD PROFILES 
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~ . 

Month -:..J A Al Lf_ r-u-.x-

Thermal Thennal Electric Electric 
Weekday Weekend Weekday Weekend 
.MMBTU's .MMBTU's KWH X 1 ~ KWH x 1,000 

12 
-- ----·----. -~- -- -~ ··---,.~~""=-. -.sc-..::..;c..,- .... ..,~-

1 
I?, 3 ib,!i ;2.0, I I?, { ~3£? p 3,?f.. 

2 iC/,5 l7' b 11,5 ilt6 --3kZ t2. i..f/{, 
3 /(j_',~ 17th ,1'0, i_ /8'1 'f_ td :3 Zf, , if lb 
4 11, <J 17, t th 9. /7'? 'j[;, 8' ,· rll 
5 If, g 17,f t.9, g 17✓ r ~3 9'1 I <:flt 
6 

20( '/_ l;T,i 20(t/ l~f • 'f L/F I'-/'-(? ~ 
~ 7 2/r (J rl, i_ ;20( I !?el t-S;2f 1 '-1?0 

8 
?I, I !<£0 ;2/,3 /9',J.. I ~,3.2 ,lf.:;? 

9 
~ 1-l 1 .U,f_ J.o,J !?,t , t:,? F 1/ '7-, 

1 ...:J .4-

10 ~Ji,O lf/1 /Cl, f 17' f ., Z3b 4/i/ r 
I , / (f 

11 :2. ½ 0 2/,6 /f,5 l?tt ,lgff ; r../1./? 

12 ,;I;:?,~ .2 a,_J I£ O /6,2- ✓ ~Sl 1 1/c.Ycf 

1 .,2.0, I !?,'7_ /~0 /6/2:::_ ,l7b ;_ V.!?o 
2 If_( L 17,'l_ /7, I /£~ t'{:, '7':? ,_yt7 
3 .,::' 

1t,-.J l½j_ /%,t> /b,;i ,{;;Z'l_ 
____ 1 ~70 

4 lf,o 1~,2, /7,I l5;f_ " S-I ;Z.. .. - -··=-·-= l S-05/ 
5 I 8', o /6,.Z I '/2 '/ /Si? ' t/·J?c) l_s---or 

6 t?r1. /7,0 /~,,o 1612 1S2:? I' S.2. o 
~'. 7 lt,f l~f I 7'0 16,;Z f 3/ 7t ?~520 P- __.__,,__,_ ___ ...,._..,._ __ =-· .......... -- ·.. ,-=--

8 It, t /S-,/ [._f', t) 16·.~ ,lft_t </4·9 
I I -

9 I f,2- 17✓ 3 I 7, 7 1s-:r o/:
. 

' '32 t<f'-/0 

10 1£0 I £,2- 17, 7 I~ L I 3/li . 13.2-
11 17,I 15/I 17, r ,r7 .3zt. ·- --~=L:!l L ! ;:;:, ( 

12 
/7, 7 '"i /7, f 1£7 ,3t? '/( {: 

t 
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_/' 

Month fe bru 19r-y 
. l 

Thermal Thermal Electric Electric 
Weekday Weekend Weekday Weekend 
MMBTU's MMBTU's KWHx1t.2.QQ__ KWH x 1 looo 

12 
-

1 !8', 1 IZtJ L 71 f_ IS-,. 7 .. 32'/ ~ ~31:i? 
2 17,? it/t I 7t l ISZ 1370 ,36;? 
3 I?._, ;2- IZt3 171 L I~'/ . 33f l 3£~ 2 
4 ;g, c; /JtO/ 17,7 1_£7 .370 , 362' 

t 

5 19,;?- 1&3 17, L/ l-5t7 ,,3'8L/ I 37t 
) 

6 L9,Z- 17✓.J. /7t 7 ;5;_?_ II '-I Yb / '(00 
~ 

<r: 7 ~o, 1 !&7/j_ /7, 7 IS:'l rS76 ,. 'f~'I 
8 

l 9,5' IZ,6 l71f @~ I '7-~2-1~7 ~/ 
9 ;:;i ,fr> ~t), ~ 16, CZ /7, 0 , l1.t- r it i 

10 r11S 1~t lt'1 t lk_ ;7 r ?of ~ 1/S6 
11 

:J.~1 :J- ~I), 0 I 7 l 7 1s;1_ /~)gp 're -? , ;;2-

12 16,5' /~ '1 11 /f l-5r_7 ,k.</o . ('</'g't) 

1 IY, 3 16,.( ;Z,3 /6,5 tb-2'-/ , 3/t 1/ 
2 IF', 7 /6,f 171 '1f 16:7 , toy- , 1/b y 
3 1£, I /½5 17' (_ !St'/ t.S76 ' 1/t Lf 
4 1{)/3 1;,z l?,K' l~L lS.3-6 I 1/6 3/ 
5 I?, I /6,3 IF,o l~,;z_ ,520 f </~tj 
6 

I !?1 I 1£,3 1f~t Lt.£1 ,s...:z. 9 1'1S~ 
~ 7 /7, F' 16,0 /7,f /~1 ✓S~'T , 9~o P-

8 17s 1511 1;;: g /6,0 ,S3/;. ; ~..32 
9 17, 7 /~ i- I 7, % I6,0 I 1/90 i '70t) 

10 17,g /t,,o /Y, 6 /6,1 ; 1/FtJ /32r 
11 17, 7 !,{;_'l ltf'1 6 /6( j,, , </? i ----~---~-~---,_36 __ g7 
12 /7,/ 1~'( IZ,3 /~,~ ,3gr._ ,36? 
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Month tj_,::,rch 
Thermal Thermal Electric Electric 
Weekday Weekend Weekday Weekend 
MMBTU's MMBTU's KWH x 1L2.QQ__ KWH x 1,000 

12 
-
1 ;5,3 /3,i 1½7 13,J, ,,, ~-;6· 0 , fOO 
2 IS,7. l'//3 /_</1 'f_ 13,0 ,3S-2- : </00 
3 !S,3 13,? (3',-5 Di,-;- ,3S-;2. ·2C-? , .::> z ...:--
4 /~3 131 t l'-11 L rli,1 I 360 ,3/~? 
5 15/t Jlf,3 /5, 3 13,t ,32tf_ ,37b 
6 I b, ~ 15';! /'/, z 131..J.. I l/6 i I 'II b 

~ 
c:x:: 7 It, i l~L J'f, (_ /A,7 ls~c/ , 91/.-

8 1£b /6,7 /6,2 Lbt.l ,too / l//b 
9 18', r 1io /.5,0 1.3,5 J tit C l(;z 'I 

10 l~t it,7 11,7 13,:t,, ,6<?0 ( t/1/ f' 
11 IL/t 7 J3,J. ;S, 3 l3lf c. l32- ;f,?i) 

12 /5rO /315' /3, ;! IA,'/.. I b.2 '-/ 1o/Sl 
1 ff,O /;?,?, l'S:3 1.3, 1 ,5fz:_ I 'f._3 2-

-

2 /;2r0 10,F 13,;? f~t'f_ rSJ.? ; 1/~7' 
3 II I I LD,0 11/r 13(0 f5~? ; ~-13_2-
4 I!, I /0,.tJ /~t_ /3,tJ t c; 1/f , 3/6 '( 
5 /315' /~,~ /'f,7 /3l;J- ,t.f'(-0 I '-/Z,O 

6 IL/,/ /~,7 I'(, '-/ i3lO ,~32- "'16Y 
~ 7 13<9 /;;2,f /3,_5 l,7lJ- t t.;3;L , 9t!/ ___ P-

8 &/-.5 /J,;, 5-3 L3, <t { t.( 't._t> , C/Sb 
9 13~~ IJ,:r I.Y, '-/ 13, 0 I L/16 " 'ii b 

10 If, I IJ.l 1 l'/1 I /J,7 , 38'/ i 38'} 
11 /3,? 12,'i ;5,t> 13,5 ,36D ,.368' 

- -•-". -~- ---· . . ·-·,.,•.-----·· -•· ~~---
12 

I 'f, I_ 12,7 13~9 1~,r / 36 <] ,3b 7 
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Month 1-) 12-u-; ) 
Thermal Thennal Electric Electric 
Weekday Weekend Weekday Weekend 
MMBTU's MMBTU's KWH x 1,000 KWH x 1,000 

12 

1 /o,5 1{5" 1.t 1 f,1 ,3S:L ,37'L/ 
2 11 1 t/j_ f,3 F//_ ,336 ,33{;; 
3 ( 0 ,5 1_,5 I I I (_ ID/0 l33t ,33b 
4 /(),f 1,7 /IJ,5 1,( t33b ,33h 
5 10,r 1,2 t,3 9,'i ,3'-ltf , 3Yt/ 
6 I I, '-f /tJ { 3 /(), z_ '1 lj,, ,38''-/ {360 

~ 

~ 7 
12/ 3 //,/ C/11 F/( 'C/3:J- Jir ( . 

8 /;1.,7 tl,i/ 9,3 'J/.f_ ,~'I , LfOO 

9 1s 3 13/J 11, l /{}' 1) ,. 616 I t.-(0 i 
10 /;2,. 3 l(L /1,7 /tJe_ .. ? ~06'/ /" L/ 'It 
11 13, fl a,t 'l", °l &\rJ I bO0 /t;~O 
12 I/, L /0,IJ 9,9 f /j_ l S-ZL/ . (. l/ s-t 

1 (_O,~ ~{ /tJ, 5' r,£' ,5"7b ( Cf/ 6 
2 

~I 3 !,t ?,,7 7r1 1_S-60 , tt,·~ '-! 
3 9,3 <l/i ?, 7 7,? , 53h / <(tJO 

4 '1< 0 g, t) ~,7 7r't I '/Sb 1 ~00 

5 J?,5 JZ ?r '( Z? I 'f tJQ --- - - r -37{ 
6 cl 3 Zr1 o/1 C> g '- l , 'i_OO , 3'8'-/ 

~ 7 c;,, 1i ?c!f" Cf,. t) t, l "yoo ( 38._(i_ p.. 

8 9, 3 ?//_ c;,o z_, I r '(tJO 
I '3?2-

9 1,~ t,/;, ;,D <2l I 1 37/. .. 3b~ 
10 7', 1. '6/[ r, 3 ?r't , 3SJ-- ,36o 
11 f~t-, 11.? 7.-&:> ?, (,, .. 33{:; 

--· --··-· ·-· ·-·-- 1 _ 3 3 b ·-
12 I /J, 2-- Cf, J- f,O JI l , 33/.:, r33b 

v 
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Month Hr-; i--
Thermal Thermal Electric Electric 
Weekday Weekend Weekday Weekend 
MMBTU's MMBTU's KWH X 1,000 KWH x 1,000 

12 _____ ,. __________ 
1 3,1. a£5 i.13 3,1_ , 336 ; 3,,2.? 
2 

'/10 3,b 9,3 3/j_ ,33(, ,320 
3 '-f { 0 3,k '-/, 2- 3,? r336 ~ ,,..,o ,_ ~ 

4 L-l 2- 3,<t_ L/,3 3../1 ·l33~ t.220 
5 //,2- 3, <t Lf1S- L/1 I '31./L/ '3,20 
6 Lf,5 '-Id f~3 3,2 l 6b<l i33~ ~ 

~ 7 '11&7 'f,3 ¥, r. '£~ ,l/'-!f l 38'-/ 
8 517 ~L SI '-1,b I S:;i g t. '{OD 
9 7, 7 7tL S, I 06 lS7b , 38t./ 

10 Sc.? s,_;), i./,l t✓ L 1S12- I 'fOO 

11 8'1 I 7,3 ½2 .3/;! , lto I '(OD 
12 ?, 7- Z/f_ '/,2 3, i !§7.2- . '1.3 ·7 

I c::::;_ 

1 7r 2 ~,5 f',3 3,r ( 5Cj .2- / 1/'t'J D 

2 1,3 ~l2 6, 7 .3,5 1S>lf , 3 if' 
3 7:2- (e_,5 L/,3 3,7 1S60 .- LfOD 

4 
~I I S:5' 3r7 3,,3 , lf9l r 37{; 

5 s; 2- (:/_l1 Lf,O 3,t ,ift) ,38tj 
6 S,5' ~o ~z_ 3/i t 1/lb , 3b'% 

~ 7 s 7- 'ft1 ½ 0 3,b t t.;32- 368" p... f!...:::::. _____ 

8 7'/Z 1,-3 3,7 _g,5 ,L/lb ~{:,O 
t 

9 5,( ':&~ ~,2- 3,9 ,.921/ t:.368 
10 9 c 

I 1 '-11 'i ~,O 3.t I C/ll ~ 360 
11 Lf,3 3/J_ 11,o 31.~ I 3 6? --~---··-•- / 3'ff 
12 f,/-- 3,~ ·7 J_ .!11 3,5 ,3b? , 3'-lf 
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-Month __J L-f tJ e,_, 

Thermal Thermal Electric Electric 
Weekday Weekend Weekday Weekend 
MMBTU's MMBTU's KWH X 1 t.9QQ_ KWH x 1,000 

12 
-
1 31 j 3S 3,b _3 l / ,31/'I c: ~c}D 

2 ..3i b 3,2- 3,7 3r3 i33b ,3g·1 
3 t> o 3,b 3,7 .:3£ 3 /322' '

7 7l ( .:::; -

4 
-JC 35 3, l 3,:2,, 13:2.0 (".3 7 b .._::}, z I 

5 3 ,7 3!5 ~o 3,t ,320 ( 3t, f' 
6 ~,o 2,k 3,7 ~3 3S-;?_ l 37?-~ ' ~ 7 3/1 .2- 3 /9 3,7 3,g ''-IL/? I '1/I t, 
8 7, O ~,3 'l,2- 31 g, .S-bO ( t:tli 
9 ~b .S,tJ ~-/, 2-- 3,9 /s-gt : 1/7.2-

10 ~? 5:3 3,7 3,3 ;571£/ , <-/~!' 
11 

~I 3 s-,z 1/12--.3,? I <jgO ,s;zo 
12 ?,5' ~t y,,2- 3,.~ ,tog . ,s~g 

1 Sc_o ~I-~ 1/r 3 ~/1 ,s-7t I <(<:j ~ 
2 L/1 ~ '{:3 3,. 7 •'75 rS7t CSl.2 ..5,. 

3 if, :1- 3/8 S { 7 3,.S- ,,.s;z.g ; y~-10 
4 'ftO ),b •7. c7 3/5 rtt ,. '/''TO .::, ,. '-·--· '" 

5 
'-!tfa ~g 3,1_ 3,5 I l/'-10 ,, 'It 1/ 

6 ~I~ ½I o/ ,,2- 3,? 1: trl/0 _______ i Yi 1/ 

~ 7 L/1 3 .3, CJ '-/, 2- g; 9 Yo3' r f32-. P- ' • 
8 l/, 2- 3, '¥ 3, 7. 3,5 ,37!~ ,• 3/9':? 
9 L/12- 3,? 3,-7 $;3 r if/0 .. ~/( 

10 1./,0 3,6 f',O 3,.b ,3tf ,,, ~loo 
11 L/, z, 3/1 3-1 s✓f' c3b_Z ___ __ __________ ,, __ 381_ 
12 3,j_ 3,5 3, ~ 3,)- 35,A , 3 L- '8' ···-- ••• ·--·--'--·-·-- ··- . ·--- ---
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Month :r Lei t 
Thermal Thennal Electric Electric 
Weekday Weekend Weekday Weekend 
MMBTU's MMBTU's KWHx1i.QQ.Q_ KWH x 1,000 

12 
-

1 2,'-/ ;?,J- A, i A,~ I L/00 I' 'le/?' 
2 c2, t g,z 6 I '-/ 2 ,-1,,__,_ L/ 0 0 1rc.;o 
3 ~,2- ;?,O ,Al 2- ;l, I I) r 3&t./. rLfl.fO 

4 ~' 3/ ~,J- ~2, '-/ 2r~ 1381 , ¥v-2 f 
f ' 

5 A1S- .l,3 2,~ 2,3 ,3gf 't.;t1() 

6 ?.., Z- d, 0 ,2 ( 2-- ,,2, [J I -f;2._!f_ I 1/0 g' 
~ 
~ 7 3;,. 0 ;;, 7 3;0 2rl ,5/2- / c:;f C) 

8 s, g £2, 3r0 ;2,z t {,, --IO ------ r t./b i 
9 £1 7 s;L 3, o 2lZ rt.st ,,sr~ 

10 S1 l '!tb 3,0 A,7 I 7 %t.j ,~~y 
11 s, (_ ½? 3; 0 ;}l7 I 7.S-;:2- t. sr'I 
12 3, 'f_ 3,5" 3i O 2,2 { 7S-;2- . ;S§'.2-

1 
3[ lo 3,2 3, O :?, 7 .112 ~-S~Y 

2 3: 1 3,s .3✓0 :2, 7 I" ?'It./ ,.s-lo 
3 3, L /?,? 3,0 7..7 , 6 7:2- ,~60 
4 ~ I 'Z _2,5' 3, v ~.7 1 bl:/O -;60 ~.S 
5 2, 7 2,'I ~'? ,<,5' ,S68' 1 5_3 l 
6 3,3 .3dJ 3,.3 3(0 (lstg ,,5-2 g 

:=t 7 Jio 2,1 3, I ~.1 ,5if_ I L/_7? P-

8 .2 ,S- ,,2,3 A ,S- ;?,3 I ff Ff! '1/?t 
9 2,S- ;},5 A,~ :?,3 I l(Cj(, ic;,gz; 

10 2, 3 .2 I I ;2.,3 :<,l I l/ go ,, Yzo 
11 2,1- ;?,0 ,,.,., ·-? cJ. 0 I' 'I~ J1 ·/ if 

._ .. _ 1 3/ b_ ---£)'~ I ·---·· -·-·· . --- . 

12 
;2.,, l- J,o __ ;2._"_2= __ :?_,o -,. '/It I t.; 32--
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Month ,,4 u ~ t,( 6 f 

Thenna.l Thennal Electric Electric 
Weekday Weekend Weekday Weekend 
MMBTU's MMBTU's KWH X 1~ KWH X 1 £000 

12 
-· -- -·· ·-··-··•.-•----..__.- ... -.--

1 3,7 3,3 3,~ 3,t , 3S;L I <j;J..L-/ 
2 ·? t _3l_2 3/i' ·'? 5' ,3~'1 , 33'1 _? I ..;:) I 

3 3,. 'i 3; ( i-f~ 0 3,~ r3'1i_ i37{; 
4 3(t 2tfa 3, 7 3,3 / 3 t_L/ -?7/ 

I :;) 0 

5 3,9 31.? 91 tJ 3,b / 35"'.,t.?- i 3(:,0 

6 
217 3,3 .3,7 .3, f , 1/00 1371. ~ 

<G 7 3 0 l 7 3,( 'ft() :3)? 1 
'-/70 , cj{)O 

8 t:, ( I .£.s '-/, 3 3/f_ , {, oo t:/?·'? 
I j~ 

9 ?<2- S:6 L/, 2- 3,,g I &3 ;7- I Lft:,1/ 
10 t, l- ~/:; 3.7 3,3 I i7-L/ I '172--
11 &> I ( ~5 3, 1 3(_5" £ ~6i 1YR0 

12 6, I ~5' 3, b 3,:Z- , 6t>O · ~ 'ISO 
1 >,7 5';£ '/1 2- 3~2 £ {;;2.. L/ I '-11/? 
2 L/,3 3// 3,,7 3,5 t~o . i/l '/ I- . 

3 Lf, 0 3J~ ,;_· '7 3~ 7 1 ~ I ,6~1/ I 1/?0 
4 t/1 2- 3,1 3, j_ JS' t. S-l:2-- ; C/6 Lf 
5 ~o 3,t f,o 3,t I '-f'60 / C/-5-l 
6 c;, 2- 3,<i' L/r? '/3 l ygg ,~7l 

"'=;'' 7 f1° .3,t .. i._3/- , rt% t<'-• 

'713 it P-

8 3,1. 3,-5 Lj, ;z_ 3/J , 'lit. ✓ i 3,2... 

9 3, 1 3,5 3, 1 3,S- / '-132- 1 c;ou 
10 

? 7 3,S 3, 1 3/.5 ,· L(t) p . 37l ..:5 ' I 

11 3,7 .3,3 3, c;_ 3,:5' ,:3t __ ? __ .. .. _ .. ___ 1_3l_'i: 
12 3,7 3,3 __ 3-u_ 3,3 ---- ---- , 3 6 o --·--- ,3b~ 

----·--·--
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Month ,,;Jepiembe,_;; 
J 

Thennal Thennal Electric Electric 
Weekday Weekend Weekday Weekend 
MMBTU's MMBTU's KWH x 1,000 KWH X 1,000 

12 
---

1 ... 7 l 
..::>' 3,2- 3, r- 3,.£' ' 3t:..? I 3</'f 

2 3, b ,,J,2- 3, 1 315 ,·3f,f ,.3'/1/ I 

3 3,7 2':~ 3, 1 3j 5" I 3{;,0 I 3i'I./ 
4 317 3,3: i{ I) 3;b r3S;L ; 35.2-
5 3,t:. 3,2,- f,O 3,l. f3lo ?y·t.j t.. ::) ,. 

6 3(1 3,5' if, 0 3Jp / <ti(, , 3t~O 
~ 

<: 7 3,2 :f'--3 il 0 3,b t 'fSb ✓ 3h?' 
8 9,3 ~,1 -t> t ½I S7 '? ,, l/3 :z__ 

I 
( ,?-

9 ?,3 5,7 5',S- Lft[ ,. {:;, :i. L/ I '/32-
10 . ~.s ~t) ~12- ~,<; "t:i.'/ ✓ '-132-
11 ?,,7 f,:t ! ½2- 3(9 1<l21 J L/'r:? 
12 713 t,b f,B 3, y 1 b1/0 • l L/10 

1 5",? 5/;t, C/ -? 31 ~ .-bl? I '-11/? 1·,,t:---

2 S",,? btP 3,' 3,~ too I t/3/-I 

3 If I l tL l 
3.-1 3;S- 157£. ,.1/2c/ 

4 1/ I g,· ft.3 3,.t_ 3,5' ,S/2- ~

,? r; 
,· .... ::> ..-,'-

5 L/,2 if y,o 3,6 I £//(0 , ~1,l 
6 o/1 ~ ½3 y,o 3rt / '-/~t) lf It 

I 
~ 7 

'o/1·~ :3,,f 3,s' t'-• 

t3 ( C/5 .2- ~ 37t P-

8 
fuf? ~r~ ~ t) 3,k ,~3:Z. r '/DO 

9 'I, 2. ..3 ,<3 .3, 'l_ 3£5' ,.f~1/' ~3gy 
10 ~' ½I 3 C 31s , 3t'I , c.;1 t , I 
11 Y15"~jl .3, 2 3,5' / 36?,_ -·· _ .. _____ , 'fOO __ 

12 3,7 3,3 ·3, f 3,5 133t I 37~ 
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Month 
~ . b. Oc fc) €',;; 

Thermal Thermal Electric Electric 
Weekday Weekend Weekday Weekend 
MMBTU's MMBTU's KWH X 1,000 KWH X 1,000 

12 
·---...------·--

1 1>5 &'/f__ &',? 71 l , 33{ , . .3ifi 
2 ~7 Z/3 9,7 7,? ,33& / 33 l, 
3 C/13 'l, t P,? 7/l 1 33l 131'1 
4 c; / t <l,5 f_, I g,;z_ r 33 t_-: ,· ?>3{. .. 
5 F,2' 7t L 1, 0 g, I ,3S2- ,_3 'Ii./ 
6 /6, 0 1,tJ l_1 2- <J,3 ; 'fOf '3? g ~ 

<r: 7 /~1 'I 1/f_ cl7 i,1 1 L-/y{; ,. lj-oO 
8 

1°1 7 o/16 CZ.1 1 '61 r ,f:2f . i/00 
• I i 

9 12, 1 ILJ~ r1P 8, ~ /;712- .- L(oO 
10 I/ 12. to' l l., 0 8i ,to? "3tg 
11 /,:2.,?J l~,(l 7, l- ZI ,, toz 1 3gf 
12 o/17 g,7 g:, 0 7,;2- ,5Sf ·r 3ZC/ 

1 g,g' 7, Z e,t:> Z7 ,~8'i I Lfl t 
2 g,5 7tZ f'~ 0 7,J- £§7(, , 'II 0 
3 ffrS- z,.z 7r3' 7t 0 ,57C:, li.(~O 

4 
'71 0 ?,{: 7,9 710 ,512- ,3ZC/ 

• I 5 Yt2- 7/j_: ?r I 7,3. ,. '-/~O t· 32-r 
6 g I g 7/l g-,, 7- 7, 'I- I' '/If[) 1 37l 

... J 7 g/5' 3 /.5 7,7 ,/-/St 137( __ ""° 7,2 p. 

8 %1,S" 717 f: .2- 7('f_ ,L/'fO ~. ?' 
::)b· 

I -

9 
g) ( 713 . 7,? 7,(} I t/S-t 1 3lO 

10 
21 i Z,'7 7✓ ? 70 / L/2.'I ,,320 

11 ?,2- Z,i zg 7,0 1 
foO ,. 3,2. g· 

... ----~- --·-~·-- ... - .,._,_,. ---·-- --· .. -··-

12 
7,v 1 7,/ 7, 7 1d I .3'-lf I 3;zo 
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Month 4 tf e r11 h..12 r 

Thermal· Thermal Electric Electric 
Weekday Weekend Weekday Weekend 
MMBTU's MMBTU's KWH X 1,000 KWH x 1,000 

12 
-

1 /3,~ I/ --1 !'11 tf i:3,0 ,3b'2 ?g<-/ 12) 

2 12 l r lL'2 /~ tf {3_r0 , 3bt ! 3.1,f 
3 13 i s- /~ I z J L/1 I L~•7 '3t,g i 37£, 
4 L~ ,s- (J.lJ,, /'f, z /3, :2- i t;~o~~ ~ I 3£,? , 
5 15('? /2., 'f I lf /./. i3, lJ 1 

c;oo i.3t F 
6 191 f_ /3,0 lf~Z trz c. l/t) J? i 'I I l ~ 

<l:! 7 I£& IC/ o JS, 0 /3,5' i '/3'2' ; 'fife) 

8 IS:. :i. /3, <t ) 'f,. c; (_3, 0 ~· 0 ~o , '!Si 
9 /t,6 /~0 /5;0 ld',3 I cf 

I b:Zc. ''i_ s-t 
10 I 715' IS, .<t L3', Z- It, o/ iz2g , ~72---
11 171 f 1~7 I</, 'f L31. t> lb2'l ,· 1/3 7-
12 I.?', 0 lb,2 f3rS- {2,2- rbO<g . ,L/?O 
1 I 6 , L I~ ;i I½ I./ /~t> .. /;,<-/0 r' L/3,2-
2 

I 71 i I £2 1-2. t. 1 Ll1.b , b61/ 11/YO 
3 /£0 /3l 5 /31 2-, LI, 1.. /tst:, , l/_s (;. 
4 IS-, L L~3 121 ~ LL 3. ~S-7t ~ l/b '-I 
5 

/~,z:- /~ r) ) 3r ;L LD 1 r f b. '/ Y' -~ '? 
/ - ~ 

6 131.S- L2,t, 13,5" !2.1 J,, 1 Y:?0 , 1/t y· 
.._., 

7 
r f 61/ 

,._.. 
lr/1 I [2,7. /3, .7. !L't / '-/3 2.. P-

8 / 'l, 'I (.3, O /3,5' l2i 7' r '/7 /- 7 L/~ij 
9 / 'f, i_ 13,0. /.,2, 7 LI. t " ?'3.2- I L/0? 

10 13 1 ? I ,g,.'f I;!., 1 !_I. fu. I 7'/0 I 3?~?-
; 

11 It/, 'f /3, 1J. /7,, 7.. !./_r b , 3gy_ ·----- -----.. ---. 3.8 y __ 
12 I'/, I Jg,1 /~,? /1,3 r3?ff ,.3tZ 

-···· 
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Month 77ecembe;--

Therrrial Therrrial Electric Electric 
Weekday Weekend Weekday Weekend 
MMBTU's MMBTU's KWH x 1 t.2QQ_ KWH X 1,000 

12 
-

1 I? I z_ L'f, b I?, L /bl 2. 1370> ~' 3£~z 
2 L'7 ,S- l~l '1 I ?✓ S- L21. t i37b r3gf 
3 L6,? i5, l 1y, L 16,3 (.3bJ < 3t~-
4 /t,S-· l':l2 l?,3 /0,5 :3b? I l.fOO 

5 /b, S- l't z_ lg', I /b,3 r 3bZ • t.;-o 8' 
6 Jt, Y lf;_l /9,3 rtlS r l/l_b I lf i J' ~ 

~ 7 17, 7 IS/l lf_,5 i7,_ 6 l ,5"/..2- ,SOY 
8 I '1, 0 16.,L IZ t t?tb l t,'ftJ j <-/2'? 
9 ,,ZO, L ll, L ll_ 1 ~ IZ b l /:,5b ,~s-6 

10 
)Ft. 1. {7' o I?, 3 16i{ ~.73h r L/ g't) 

11 ,,22,S- 20(5_ I~ 7 /S',1 ,/:,7~ I 1/??J 
12 /7, 2- (7,3_ 1?>3 1615" I b g J7 -, VlJf 
1 2 I, ,--:; t:l. 2--- I J7, cJ I 6,:? ,t~t ,· tf £, '-I 
2 i7, 7 IS:7 !6, O /1,j__' r bff ff' t C/£!:? 
3 l'-1 1 i 13, tJ I 6'~S- Ii~ 1 ,~og I c.;y·y 
4 17 1/ IS:1 16,? i£L i~;ig I '7h '-/ 
5 IF', L ,zo 16,8 /§,/ /Sl:1- '1";]'0 

( 

6 I f_, ff' i7✓ ~ I 7t t/ 15",7 ~ l/rl 'S/2-
.._., 

7 
I f;?t} t L/r, t'-• -~ ... ..,,,__ 

It.~ 2- l?r3 /7, 7 is,_ 1-P-

8 /g>, 'j 17,_ 0 17 t_ 15,7 ( 7/..~b ,1/35 
9 1?,6 L~lz It,, q 15,/ I 'I 32- r r~r 

10 If_,, 2. 173 /61 7 1.5,_ [J , '-fo tJ {. y3;z_ 
11 18,7 Ll,~ /7, ~- is£ , L/ oO __ . ____ .. ____ , __ 'jCJO 
12 ;p,7 Lkl1 17,2- /~~---' '/-00 ---- I C/CJO 

- 123 -




