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Introduction

This Maxi-Audit Report is a detailed engineering analysis, of
the City Hall Building, to identify possible energy conservation
measures. These items are shown along with their costs, yearly
energy savings and payback times.




Summar

-The City Hall is an 18-year-old building that was remodeled and
to which space was added in 1970 and 1975. The structure is well
maintained and classifed in good condition. It is used for city
offices, police station and storage.

The energy saving possibitities are limited, regarding the building
shell. A1l mechanical equipment is run manually and and manually
readjusted daily. Automatic controls or computer monitors might be
considered for energy management. Further energy savings may or
may not be realized from a change in operating procedures, however,
it would be advantageous to have temperature monitors (recorders)
for seasonal comparison with energy billings.

Retfofittihg older equipment is more expensive than initial
installations. Consider automatic monitors, should replacement
equipment be installed in the future.

Tabulated below are potential energy saving ideas, along with their
costs, savings and payback time. More details of these items are
contained within this report.

Energy Saving Items

Item Cost Savings Payback Time
New garage doors $ 1965.00 $417.65 4.7 years
Replace fluorescent $'5244.00 $985.45/yr 5.32 years
1ights with watt-miser
units
Install storm sash $ 3720.00 $ 8.51/yr 21.13 years
Solar domestic water $ 4000.00 $ 76.04 52.6 years
Solar building heating $120,000.00 $175.74 102.2 ‘years
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MAXI-AUDIT REPORT
I\ BUILDING NAME NAME OF ORGANIZATION DATE
City Hall City of Bloomington 6~18-81
BUILDING ADDRESS ADDRESS
2215 West 01d Shakopee Road 2215 West 01d Shakopee Road
CiTY ZIP CODE CITY . ZiP CODE
g Bloomington, MN 55431 Bloomington, MN 55431
55 PERSON COMPLETING FORM TELEPHONE CONTACT PERSON TELEPHONE
88 P.R. Wilcox 612/935-6901 |Arthur W. Jensen H12/881-5811

Instructions: For blocks 1 and 2 check the box which best fits the building ownership conditions. For block 3 determine which of the four categories
describes the building type and then within the category check off the sub category befitting the building function.

1. OWNERSHIP TYPE 3a. SCHOOLS c. LOCAL GOVERNMENT
X Public (PUB) 0O Elementary (SCHL-ELM) X1 Office (LOCG-OFFC)
'] Non-Profit Association (NAP) (7 Secondary (SCHL-SECD) [} Storage (LOCG-STRG)
: {3 Coll. or Univ. (SCHL-POST) (] Service (LOCG-SERV)
2. ULTIMATE OWNER (1 Vocational (SCHL-VOCL) L] Library (LOCG-LBRY)
'] County (CNTY) U1 Education Agency (SCHL-ADMN) (] Police (LOCG-PLCE)
X City (CITY) ' O Administration (SCHL-ADMN) 03 Fire (LOCG-FIRE)
g (.} Township (TOWN) ] OTHER (SCHL-OTHR) J OTHER (LOCG-OTHR)
o ('] State (STAT)
© {1 Public School (PUSC) b. PUBLIC CARE d. HOSPITALS
ot {1 Private School (PRSC) 3 Nursing Home (PBCR-NURS) 0O General (HOSP-GENL)
za [’} Non-Profit Association (NPAP) 0O Long Term Care (PBCR-TERM) (1 Tuberculosis (HOSP-TUBR)
a®o L1 Indian Tribe {(INDN) OJ Rehab. Facility (PBCR-RHAB) 1 OTHER (HOSP-OTHR)
59 O Public Health Ctr. (PBCR-HCTR)
20 O Res. Child Care Ctr. (PBCR-RCCC)

O

ENERGY REPORT
CHECK-OFF

Check the type of reports which were completed prior {o this maxi-audit report form.
™ Energy Report .
(3 Elementary School Energy Report (form no. ED-00444-02)
(1 Secondary Schooi Energy Report (form no. ED-00445-02)
(X Existing Building Energy Report (form no. EN-00041-01)
% Mini-Audit Report {form no. EN-00065-01)

It no energy report was completed before this maxi-audit report, include one with this report. Elementary school administrators should use form no.
ED-00444-02. Secondary and vocational school administrators should use form no. ED-00445-02. All other building owners should use form no.
EN-00041-01. All building auditors are to use the mini-audit form EN-00065-01 after completion of one of the first three above.

O

MINI-AUDIT REPORT SUMMARY

ENERGY REPORT AND

Instructions: Complete this section with a summary of what was accomplished as a result of the energy report and the mini-audit report.

ENERGY REPORT:

Energy Report (form EN-00041-01) resulted in the Mini-Audit (Form EN-00065-01)
and showed good potentials for energy savings. Equipment adjustment between

the Energy Report and Mini-Audit have greatly reduced energy use. This reduction
would not show in report figures as format is presented. Gas consumption was
reduced to one-third the previous usage.

MiNI-AUDIT REPORT:

Maintenance items listed in audit are being accomplished with 25-30% additional
items that have been implemented. Large cost maintenance and capital expendi-
tures have not been addressed. A specific energy program on a continuing
basis would help promote some projects started and later dropped. Energy
recordkeeping is excellent under the new format.




Instructions: This section is to be completed and signed by a registered architect, a registered mechanical engineer, or a

registered electrical.engineer. This section should be completed after this maxi-audit report is completed. All blanks must be
filled in.

MAX-AUDITOR
STATEMENTS

| have reviewed the building energy report and/or the mini-audit report for this building. | found all information contained therqin
to be correct, to the best of my knowledge, or | have corrected any misinformation on the reports, which will be resubmitted with
the maxi-audit report to the Minnesota Energy Agency.

| am not directly responsible for the day-to-day operation of this building being audited.

| have fully disclosed my financial interests relating to this maxi-audit and any energy conservation measures considered
by this audit. )

Referring to section G, | have included an analysis that assumes all energy savings obtained from energy conservation operation
and maintenance procedures have been realized.

| have calculated the total energy cost savings, by fuel type, expected to result from the acquisition and installation of all
recommended energy conservation measures, taking into account the interaction among the various measures.

The energy prices used in the maxi-audit report are the current prices based on the institution's most recent purchase.

Included in the maxi-audit report is a solar analysis for: (check one or more)

X3 a domestic hot water heating system
X3 a space heating system

(O an electrical generation system

(J an attached solar greenhouse

(3 other: (specify)

recommend that this building should not undergo a solar installation.
. (should, should not)

Inciuded in the maxi-audit report is a list of local zoning ordinances or building codes that will restrict the utilization of solar
energy (J YES (X NO (A no answer indicates that there are no local zoning ordinances or building codes to my knowledge that
will restrict the use of solar energy systems.)

recommend that this building should not undergo a waste, wind, or wood installation.
) (should, should not) (circle which one(s))

| hereby certify that this audit was prepared by me or under my direct supervision and all information contained herein is correct
to the best of my knowledge. | am a duly registered mechanical engineer, electrical engineer, or architect under the laws of the
State of Minnesota. (only one signature is required)

Architect Er;gineer Paul Martinsen

Signature Signature QQMQ Muﬁ‘lmw

Registration no. Registrafion no. 9597

Firm FirmR1 i nc.
Address . Address P

Phone ; Phone .0612/935-6901

Date ' Date_6-18-81




Instructions: For determining the remaining useful life of the building, list each addition of the building.and describe the
addition, its condition, its age, and its gross square footage. Then for the building as a whole enter the remaining useful life in
years. Enter the gross floor area of the building. Some of this Infqrmation can be found in the energy report.

Building Unit Condition

REMAINING USEFUL
LIFE OF THE BUILDING

Age Sq. Ft.
1963 offices - remodeled 1970 18 years 32,892
1975 addition 6 23,688
1975 offices remodeled 6 32,892

79 ve |oimesiang

[9)

Instructions: Enter the energy consumption of the building by fuel type in MMBTU'slyear when the buiiding is at optimum
efficiency. Enter the. energy index in MBTU's/square foot/year.

Fuel 1 Fuel 2 Electricity Total
MMBTU/Year 1499.7 not recorded 10,739,3 12,239.0
MBTU/sq. ft./¥r. 26.51 not recorded 189.81 216.32

ENERGY INDEX

i

ESTIMATED

NOTE: For the conversion of fuel quantity to BTU’s, use the following conversion factors for this section only.

Electricity— 11,600 BTU per kilowatt-hour
Natural gas— 1,030 BTU per cubic foot

Distillate fuel oli— 138,690 BTU per gallon
Residual fuel oll— 149,680 BTU per galion

Coal—24.5 million BTU per standard short ton
_Liquefied petroleum gases including propane and butane—95,475 BTU per galion
Steam— 1,390 BTU per pound

The above conversion factors are stipulated in the federal requirements for the Institutional Buildings Grants Program. These
source conversion factors are to be used in this section only. Conversion factors may be taken from engineering reference

manuals for fuels not listed.
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Instructions: Read through the list of energy conservation opportunities provided in the Maxi-Audit Manual. Upon completion of a thorough
engineering and economic analysis enter all the energy conservation opportunities in this section. Enter the results of the engineering and
economic analysis for each energy conservation opportunity as indicated on the "Energy Conservation Measure Development Sheet' andlor
"Energy Conservation Operations and Mainenance Procedure Development Sheet' or other format in the appropriate boxes The classitication
numbers, major anc subclass, shouid be taken from the classification scheme for energy conservation opportunities. Use the fuel codes as
listed. The fuel codes indicate the type and the unit of measure. If the fuel comes under OTHER convert the units of measure to MBTU and
describe the fuel saved in the description. Enter yes or no in the box entitied "Funding Requested" to indicate whether funding is being applied
for through the Institutional Buildings Grants Program. The “Funding Requested™ and ""Implementation Date" boxes are the only boxes that are
not required to be filled upon completion ot the maxi-audit report. See page 14 for important detailed instructions.

£ Electricity. kwh . .............. 10 No.2tueloil, gallons . . ... .. 31 Streetsteam, MIbs . .......... 51
8& Natural gas, therms. . . .. .21 No. 4tueloil, galions .. .. ..32 Solar,hours . .. .. ... .52
W< Naturalgas, CCF.. .. . ... .. . 22 No.5fuel oil, gallons . 33 Wind, kwh .63
s Natural gas, MCF . .. ... .. . 23 No. 6 tuel oii, gallons .34 Wood, lons .. ... ... .54
32 Natufalgas,CF .- . ... .. . .. 24 Hard coal, lons 41 Other (specify), MBTU .55
wo LPG, gallons 25 Soft coal, tons 42
Fyel 1 Quantity of 1 Fuel 1 Cost Hem Classitication Desonption
Code Saved - Units 3 Savings  § No Maror Sub
24 1166,395FT 417.65 1 2 2
Fuel 2 Quantity of 2 Fuel 2 Cost Funding implem
Cuode Saved Unils Savings § Requested Date
Total Fuel Total Fuel Acquisition Instailation Design Tatal Modification Simple Payback
Savings MMBTU Cost Savings ' $ Cost Cost Cost  § Coslt Parod Yy
TOTAL .
FUEL 466.4 417.65 1440.00 525.00 - 1965.00 4.7
ELECT Quantily Elect Cost Increase In Salvage Useful Total Energy Alternate
CODE Saved- KWH Savings - § O &MCost § Vaiue § tite - Yrs Cost Savings  $ Payback Yrs
10 B - 50 417 * 65 ((;Jllun'al)
Fuei 1 Quantity of 1 Fuel 1 Cost item Classilication Descrption
Code Saved —Units Savings —§ No. Ma
o jor Sub . .
2 4 3 Replace 40 watt fluorescent Tights with
' 35 watt-miser fluorescent lights.
Fuel 2 Quantity of 2 Fuel 2.Cost Funding implem.
Code Saved— Units Savings—$ Requested Date
Jotat Fuel Total Fuel Acquisilion Installation Design Total Moditication Simple Payback
Savings -—-MMBTU Cost Savings $ Cost—$ Cost—$ Cost—$§ Cost--$§ - Period — Yrs
TOTA
FUEL 5244.00 - - 5244.00 5.32
ELECT. Quantity Elect. Cost increase In Salvage Useful Total Energy Alternate
CODE Saved —KWH Savings—$ O & M Cost—$ Value—$ Life—Yrs Cost Savings—$ Payback—Yrs
27,383.7 985.45 - - 7% 985.45 -
10 o (optional)
Fuel 1 Quantity of 1 Fuel 1 Cost item Classification Description
Code Sayed — Units Savings—$ No. Major Sub .
24 | 68,803CF 167.54 3 10 | Install storm sash on north facing
Fuel 2 Quantity of 2 Fuel 2 Cost Funding Implem. wi ndows *
Code Saved —Units Savings—$ Requested Date
no
Total Fuel Total Fuel Acquisition Instailation Design Total Modification Simple Payback
Savings—MMBTU Cost Savings $ Cost—§$ Cost—$ Cost—3§ Sost— Period — Yrs.
TOTAL
Fe- | 66.803 167.54 2743.00 977.00 - 3720.00 21.13
ELECT. Quantity Elect. Cost increase In Salvage Usetul Totai Energy Alternate
CODE Saved —KWH Savings—$ O & M Cost—$ Value—$§ Lite—Yrs. Cost Savings—$ Payback—Yrs.
10 ° . (optional)
Fuel 1 Quantity of 1 Fuel 1 Cost Item Classification Description:
Code Saved —Units Savings—$ No. WMajor Sub
Fuel 2 Quantity of 2 Fuel 2 Cost Funding implem.
Code Saved—Units Savings—$ Requested Date
Totat Fuel Total Fuel Acquisition Installation Design Total Modification Simple Payback
Savings—MMBTU Cost Savings § Cost—$ Cost—$ Cost—$ Cost—$§ Period—Yrs.
TOTAL
FUEL
ELECT. Quantity Elect. Cost Increase in Salvage Useful Total Energy Alternate
CODE Saved —KWH Savings—$ O & M Cost—$§ Value—$ Life—Yrs Cost Savings—$§ Payback—Yrs.
10 (optional)
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FUEL AND ELECTRIC CONSUMPTION REPORT NOYV 0 4
" instructions: Enter the organization name, date, bullding name. building address, city, and zip code as used on the prtor report, mini-audit report,
and/or maxi-audit report.

BUILDING NAME NAME OF ORGANIZATION DATE

City Hall City of Bloomington 6-18-81

BUILDING ADDRESS ADDRESS A

12215 West 0O1d Shakopee Road 2215 West 01d Shakopee Road

Ciry ZIP CODE city ZIP CODE
§ Bloomington, MN 55431 Bloomington, MN 55431
= PERSON COMPLETING FORM TELEPHONE CONTACT PERSON TELEPHONE
o8 P.R. Wilcox 612/935-6901 Arthur W. Jensen 612/881-5811

(s

Electricity, kwh

Natural gas, CCF
Natural gas, MCF
Natural gas, CF
LPG, gallons

No. 4 fuel oil, gallons
No. 5 tuel oil, gallons

make additional coples of this form.

Natural gas, therms ... . ..............
No.2fueloil,gallons.................

.................

Instructions: Complete this section of fuel consumption as accurately as possible. Indicate the fuel types used by the fuel code as listed. The fuel
code number describes the fuel type and the units of measurs.

No.6fueloil,gallons...............oovivin,
Hard coal, tons
Softcoal,tons . ........ ...
Street steam, Mibs
Solar, hours
Wind, kwh ...
WOoOod,toNS . ..o it

If the fuel used comes under the heading of OTHER, enter the code number 55 and specify the fuel type. For the units of measure convert the units as
stipulated from the supplier to MBTU using the conversion factors as listed in the Maxi-Audit Manual or other engineering reference text. Enter the
storage capacities of each fuel type for the building. Enter the year the data Is being completed for. Enter the monthly quantities used, if it is
measured, and the cost corresponding with the quality used. Otherwise enter the purchased quantities and costs. If more than two fuels are used

FUEL TYPE UNIT OF MEASURE FUEL TYPE UNIT OF MEASURE
natural gas CCF #2 fuel oil gallon
FUEL CODE STORAGE CAPACITY FUEL CODE STORAGE CAPACITY
23 = 31 -
| Month Year _Quantity Used Cost — Quantity Used _ Cost
July 1979 60 $ 39. 38 *0
August 1979 40 34 .64 ) 0
September 1979 30 31.40 0
October 1979 . 80 41.53 0
November 1979 1300 310 37 0
December 19 79 | 2160 99.28 0
January 1980 2770 649. 97 0
February 1980 2760 ) 678.82 0
March 1980 2790 683.54 0
April 19 80 1960 477.80 0
| ey 1980 490 157.37 0
o
& | June 1280 120 47.45 0
?
B2 | Year Tota 14,560 $3651.55 0

Minnesota Energy Agency
EN-00078-01 December 1979

*0i1 standby - none used.
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| C instructions: Complete this section on electrical consumption as accurately as possible. Enter the elactrical utility name supplying electrical
power to the building and the rate classification utilized. Enter the year that the data is being completed for. Use the same months and year for
this section as were used In the fuel consumption section. Enter the electrical energy consumed In kilowatt-hours. Enter the total electric bill tor
each month. If the building has a demand meter, enter the maximum kilowatt demand for each month. Enter the power factor aiso, if it is
included in the utility metering.
vty Name: ~ Northern States Power Company
Rate Classitication: C,ommerci al
Energy Maximum
M°_"": ) Year Kilowatt-Hours Demand Kilowatts Power Factor - ?03‘ ($)- B
ay |79 196,200 91.68 3745.48 |
August 1979 81,800 91.28 3973.19
September | 1979 91,800 | 92.61 3344.16
October 1979 68,200 95. 33 2245.62
November 1979 61,800 97.46 2180. 19
December | 1979 72,200  97.16 204286
January 1980 68.000 97.15 , 2408.81 -
February 19 80 67,600 - 9731 ' 2355.11
| Maren 1980 68,800 | omo9a | 2406.35
| April 1980 1 70,400 S 96.37 S 250599 ’
My 19 80 67,600 - | . | 9540 © 2527.62
- - - - -~ J— - e e et
g |, | 19 80 Cion : - ‘ - \ ' q
3| . 91,400 93.41 g 3389.32 |
v . ‘ ; : . .
w . . . "~ K
Eﬁg Year Total - 925,800 33,525.70

Upon conipletion of the Fue! and Electrical Consumption Report Form mall it to:

Minnesota Energy Agency
Conservation Research and Development
Conservation Division
980 American Center Building
150 East Kellogg Boulevard
St. Paul, Minnesota 55101

Minnesota Energy Agency
EN-00078-01 December 1979

17



RENEWABLE RESOURCES REPORT

The most practical renewable resource area for the City Hall is
solar. The building was analyzed for application of a solar
collector system for both the domestic hot water system and the
building heating system. The results are tabulated below.

Domestic Hot Water-50%  Building Heating-48%

Cost $4000. 00 ' $180,000. 00
Energy Savings $ 76.04/year $ 1,752.74/year
Payback Time 52.6 years 102.2 years

Based on the above data, the systems would not be practical to install,
because the payback time is excessive or will probably exceed the 1life
of the building. Also, the building has a steam heating system which

would require costly modifications to be .compatible with a solar collector

heating system.

19




SOLAR ASSISTANCE TO DOMESTIC WATER HEATING

(GIVEN DATA)
Month D0 Ny T, H,
Work days/mo. (Days per month) OF) (B{u/day ftz)
January 23 31 12.2 1124
February 21 28 15.8 1363
March 21 31 28.4 1433
April 22 30 44.6 1442
May 22 31 57.2 1475
June 21 30 66.2 1522
July 23 31 71.6 1588
August 21 31 69.8 1581
September 22 30 60.8 1519
October 23 31 50.0 1484
November 20 30 32.0 1004
December 23 31 19.4 897

T_ = monthly average ambient temperature (°F)

H

T=

daily average radiation in?)dent on the collector

surface (Btu/day ft

21




SOLAR ASSISTANCE TO DOMESTIC WATER HEATING
' (CALCULATED DATA)

€2

Month L, Ng X/A Y/A X ' Y f fxL,
(Btu/Month) | (Ft’/mo) e | e (Btu/Month)
January 3,300,138 5,340 .041 .006 4.1 0.6 .30 990,041.40.
February 3,013,169 4,876 .039 .007 3.9 0.7 .39 1,175,135.90
March 3,013,169 4,876 .038 .009 3.8 0.9 .53 1,749,073.10
April 3,156,654 5,108 .029 .008 2.9 0.8 .50 1,578,327.00
May 3,156,654 5,108 .026 .009 2.6 0.9 .60 1,893,992.40
June 3,013,169 4,876 .023 .009 2.3 0.9 .60 1,980,082.80
July 3,300,138 5,340 .021 .009 2.1 0.9 .61 2,013,084.20
August 3,013,169 4,876 .023 .010 2.3 1.0 .60 1,980,082.80
September 3,156,654 5,108 .024 .009 2.4 0.9 .66 2,083,391.60
October 3,300,138 5,340 .027 .008 2.7 0.8 .52 1,716,071.80
November 2,869,685 4,644 .037 .006 3.7 0.6 .33 946,996.05
December 3,300,138 5,340 .038 .005 3.3 0.5 .24 792,033.12
37,592,875 6,003 18,898,312.17
Ly = 833xNxZx D_ x (Tw-52) N = No. of bldg. occupants = 325
Ny = L, Z =  Daily water consump/occupant = 1 gal.
- HgxEq Do = No. of days per mo. bldg. is occupied
X/A =16.8 xN { X (212 - ‘I'a) X E + 0.006(60—’I'a):] T, = Water temperature (°F) = 105° ,
L, : H = Fuel heating value = 1030 BTU/ft
Y/A = 0.59 x Hy x d E g = Avg. heating efficiency = 60%
Lw A = Solar collector plate area = 8.0 Ft?
X = X/AxA
Y = Y/AxA

1.029Y-0.065X-0.245Y2,0.0018X2+0.0215Y>

h
1}




SOLAR ASSISTANCE TO DOMESTIC WATER HEATING
COLLECTOR SYSTEM CALCULATIONS

I.  System Contribution (F)

2 fxL

Ly

18,898,312
37,592,875

F

]

0.50 or 50%

2.  System Cost (Cs)

o $40.00/Ft? x Area

)

"

$40.00/Ft2 x 100 sq. ft.

$4,000.00

3.  System Energy Savings (S S)

S, = FxZfoCf

C

£ fuel cost per unit

= 0.50 x 60,832 Ft>/yr x $0.0025/Ft3
= $76.04/year

4. System Payback Time (t)

t = C
—_—

S
s

%4,000.00
76.04

52.6 years

25




SOLAR ASSISTANCE TO BUILDING HEATING

Ta = monthly average ambient temperature (°F)

Hyp = daily average radiation in
surface (Btu/day ft

N¢ = number of fuel units consumed per month (ft3/ month)

%i)dent on the collector

27

(GIVEN DATA)
: Month N, T, H, N;
(Days per month) OF) (Btu/day ftz) (ft3/ month)
January 31 12.2 1124 277,000
February 28 15.8 1363 276,000
March 31 28.4 1433 279,000
April 30 44,6 1442 196,000
May 31 57.2 1475 49,000
June 30 66.2 1522 12,000
July 31 71.6 1588 6,000
August 31 69.8 1581 4,000
- September 30 60.8 1519 3,000
October 31 50.0 1484 8,000
November 30 32.0 1004 130,000
Decembe’r 31 19.4 397 216,000
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SOLAR ASSISTANCE TO BUILDING HEATING
(CALCULATED DATA)

fxL

Month LT X/A Y/A X T
(Btu/Month) 1/1t2 1/5t% (Btu/Month)
January 171,186,000 00.61 x 10 g 00.12 x 107 002.75 00.540 0.32 54,779.52
February 170,568,000 00.54 x 10~ 3 00.13 x 10—3 002.43 00.590 0.39 66,521.52
March 172,422,000 00.56 x 10~ _3 00.15 x 107 002.52 00.680 0.48 82,762.56
April 121,128,000 00.70 x 10~ 3 00.22 x 10° 003.15 00.990 0.60 72,676.80
May 30,282,000 02.66 x 10° 3 00.89 x 10° 011.97 04.010 1.00 30,282.00
June 7,416,000 09.91 x 10” 3 03.63 x 107 044.60 16.335 1.00 7,416.00
July 3,708,000 19.72 x 10° 3 07.93 x 10° 088.74 35.240 1.00 3,708.00
August 2,472,000 29.96 x 10~ 3 11.70 x 107 134.82 52.650 1.00 2,472.00
September 1,854,000 41.10 x 107 3 14.50 x 10” 184.95 65.250 1.00 1,854.00
October 4,944,000 17.07 x 1075 05.49 x 10 076.82 24,710 1.00 4,944.00
November 80,340,000 01.13x 10 3 00.22 x 10_ 005.09 00.990 0.61 49,007.40
December 13324881000 00.75 x 10” 00.12 x 10 003.48 00.540 0.40 53,395.20
899,808,000 429,819.00

= Nf X H X E

H, = fuel heating value = 140,000 BTU/ft
E ¢ = average furnace efficiency = 60%
= 16.8 x Ny x (212 - Ta)

= 0.59 x H. x N
L

d
T

A = solar collector plate area = 4500 Ft

X =
Y =

X/A x A
Y/A x A
f = 1.029Y-0.065X-0.245Y"+0.0018X"+0.0215Y

3



SOLAR ASSISTANCE TO BUILDING HEATING
COLLECTOR SYSTEM CALCULATIONS

System Contribution (F)

F = ) fxLg

429,819
899,808

In

0.48 or 48%

System Cost (Cs)

$40.00/ th x Area

$40.001=t2 x 4,500.00

C
s

$180,000.00

System Energy Savings (S s)

SS

FxZfoCf

oF fuel cost per unit

0.48 x 1,456,000F>/yr x $0.0025/Ft3

$1,752.74/year

System Payback Time (t)

t =
Ss

S
s

%1802000.00
1,752.74

102.7 years
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ENERGY CONSERYATION MEASURE
DEVELOPMENT SHEET

Building:. ~ City Hall 6-18-81
N9 3215 West 01d Shakopee Road Date :
Bloomington, MN 55431 :fﬁlNgi >

ajor Class
Sub. Class 2

Energy Conservation Measure
_ Description of existing equipment:

The existing 3 garage doors (old ones) on the south side
of the building are wood panel and have no insulation and
have an overall "U" value of 0.87 and an infiltration rate
of 3.20 CFM per foot of crack. The doors are 120"x108".

Description of energy conservation measure:

Replace the 3 garage doors with insulated ones having
a "U" value of 0.16 and an infiltration rate of 1.00 seful life 50

CFM per foot of crack. This will reduce the buﬂdiné‘J e _ years
heat loss.

(Per 1976 ASHRAE

. Systems Handbook)
Engineeririg Analysis:

HL =Design Heat Loss (Btu/hr)

Annual heating degree days ___8159 U =Heat Transfer Coeff.
Annual cooling degree days ___ 523 (Btu/hrxFt“xOF)

Fuel1 _gas _ units of Measure MCF A =Area (Ft2) '

Fuel 2 units of Measure At =Inside-Outside Temp (°F)

D =Degree Days
n =Equipment Efficiency

. . 3
, e V =Fuel Heating Value (Btu/Ft>)
*Energy Consumption = E ﬁLXDX24_ X CDxCF CD =Correction Factor
AtXNXV

CF =l oad Correction Factor

Since Energy Savings = AE&HL = (UxAxat)+(1.09xCFMxat) i.e. Transmission Loss +
Infiltration Loss

Then Energy Savings = AFE = (AUxAxat)+(1.09xCFMxat) xDx24 x C.xC

AtXnxV D™"F
AE = (0.71x270x70-(=12))+(1.09x2. 20x204x70- (~12)) x8159x24 x0.64x1.56
70-(=12) X0, 80x 1000
AE = 166,395 FT3/year

electrical savings _0 - kwhlyear
fuel 1 savings ___ 165,395 FT° lyear
fuel 2 savings 0 lyear

Total Fuel Savings 166.4 MMBTU/Year
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Economic Analysis
{1) Design cost:

$_0
(2) Acquisition cost: $ 1440.00
*(3) 108"x120" insulated metal doors @ $480.00 each '
(3) Installation cost: $ 525.00

(3) 108"x120" doors - 2 persons, 5 hrs @ $17.50/hr = $175.00 each

Total Modification Cost = (1) + (2) + (3): g 1965.00
Increased operation and maintenance costs: $ 0
Salvage or disposal costs: $ 0

Energy Cost Savings
Electrical and/or fuel cost savings:

Gas = 166,395 Ft3 . $2.51
year © 1000 s

=$417.65/year

Electrical $ _ 0 /year
fuel 1$ _417.65 /year
fuel 2% _0 {year

Total Fuel (1 +2)$ 417.65 /year

Payback Period
Simple and alternate payback period:

$1465.00
$ 417.65 = 4.7 years

*Costs from 1980 Means Building Construction
Cost Data-including overhead and profit.

Simple 4.7 years

Alternate ___years
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ENERGY CONSERVATION MEASURE
DEVELOPMENT SHEET

Building: City Hall

2215 West 01d Shakopee Road ﬁa‘eN 5'.18_‘8%
Bloomington, MN 55431 em No. 7
Major Class
Sub. Class 3

Energy Conservation Measure
Description of existing equipment:
ATl fluorescent lights show age on the bulbs and lens. Many

areas are overlit. Average of 70 Tumes per sq ft should be
sufficient.

Description of energy conservation measure:

Replace all 40 watt old fluorescent bulbs
(2622) with new watt-miser fluorescent units.

+ Clean lens and reflectors. Watt-miser bulbs
are rated at 35 watts.

. 1
Useful life _.Z_/i_.__ years

Engineering Analysis:

Annual heating degree days _ 8159
Annual cooling degree days 523
Fuel1_____ units of Measure
Fuel2 ______  units of Measure

2622 bulbs (4') at 40 watts

104,880 watts

2622 watt-miser at 35 watts = 91,770 watts
13,110 watt/hr savings

13,110 w/h x 8 hrs x 261 days _
1000 watts/kw 27,373.7 KW/year

electrical savingé 27,373.7

kwhlyear
fuel 1 savings lyear
fuel 2 savings lyear
Total Fuel Savings MMBTU/Year
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Economic Analysis )
(1) Design cost: ) $

0
{2) Acquisition cost: : $ 5244.00
400-four ft watt-miser fluorescent tubes @ $2.00 ea
(1980 Tocal cost)
(3) Installation cost: $ -
Total Modification Cost = (1) + (2) + (3): 5244.00
Increased operation and maintenance costs: $
Decreased maintenance costs as entire building is relamped
rather than individual replacement.
Salvage or disposal costs: 3
Energy Cost Savings
Electrical and/or fuel cost savings:
27,373.7 KW/year x $.036/KW = $985.45/year
Electrical $ 985.45 /year
fuel 1 8§ /year
fuel 2 $§ /year
Total Fuel (1+ 2} $ /year
Payback. Period
Simple and alternate payback period:
$5244.00 cost _
§ 085.45/year | °r5¢ years
Simplz 5.32 _ years
Alternate years
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ENERGY CONSERVATION MEASURE
DEVELOPMENT SHEET

Building: City Hall 6-18-81
% 2215 West 01d Shakopee Road SaHEN et
Bloomington, MN 55431 Nfﬁ; gi >
ajor Lilass
Sub.Class _____*7 .

Energy Conservation Measure

Description of existing equipment: . .
Most of the windows are single pane, fixed units. Me@a]
framing appears to be compatible for storm sash mounting.

Descn'iption of energy conservation measure:

Install single glaze storm sash on existing

windows for the north side of the building. Useful life 20 years

Engineering Analysis:

Annual heating degree days _____8159

Annual cooling degree days ____5_?_3_,__
Fuel 1 __985  units of Measure __E_F_____
Fuel2 __elec. __ units of Measure KH

" Single glaze windows - 575 Ft
575x187,362 BTU/Ft2/yr = 107,733,150 BTU
" With storm sash

575x94,419BTU/Ft%/yr = 54,290,925 BTU
Heating savings= 53,442,225 B1U/yr.

x36,579 BTU/th/yr 21,032,925 BTU
x33,089 BTU/Ft“/yr =_19,026,175 BTU
Cooling savings 2,006,750 BTU

53,422,225
0.8x1000 = 66,803 cu ft gas

2

575FT2

575FT

2,006,750
2.5 x 3415 = 235.05 KW

A1l figures for BTU/FtZ/yr are listed in DOE/CS-0132
Energv Eonservation for Existing Buildings

electrical savings 235.05 kwhlyear
fuel 1 savings __ 66,803 CF lyear
fuel 2 savings lyear

Total Fuel Savings h5.5 MMBTU/Year
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Economic Analysis

(1) Design cost: $ 0
(2) Acquisition cost: $ 2743.00
* 16 windows 2'-6 x 10 - @ $136.00 ea = $2176.00
7 windows 2'-6 x 2'-6 @ $ 81.00 ea = $ 567.00
(3) Installation cost: | $ 977.00
* 16 windows 2'-6 x 10' @ $44.00 ea = $ 704.00
7 windows 2'-6 x 2'6 @ $39.00 ea = $ 273.00
Total Modification Cost = (1) + (2) + (3): $ 3720.00
Increased operation and maintenance costs: $ 0
Salvage or disposal costs: $ 0
Energy Cost Savings | -~
"~ Electrical and/or fuel cost savings:
66,803 - ¢
1000 X $2.51/MCF = $167.54/year
235.05 x $.0362/KW = $8.51/yr
Electrical $ 8.51 /year
fuel 1 $ _ 167.54 /year
fuel 2 $ /year
Total Fuel (1+2)$ _176.05 /year
Payback Period
Simple and alternate payback period:
$ 3720.00
$ 176.05/year = 21.13 years
* 1980 Means Cost Data Simple 21.13 years
Alternate years
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Building Characteristics

A.  Description

The City Hall was built in 1963, was remodeled in 1970 and
remodeled with an addition in 1975.- The building is used for
City offices, police station, and meeting rooms. The building
is concrete block, with 4" brick face, insulated windows, flat
roof pitch and gravel with insulation on steel corrugated
decking and drop ceilings.

B. Envelope Characteristics

=

1. Walls

|

Outside Air Film
4" Brick

Cement Mortar
Concrete Block
Air Space
Plaster Board
Inside Air Film

coorRrOoOOO
OV O =W
O N OO~

w
(0]
(o8

U=1/3.83 =0.26
2. Roof

Outside Air Film
Builtup Roof

Roof Insulation 17
Metal Deck
Air Space 23

3/4" Ceiling Tile
Inside Air Film

NoOoO O RO PO O
o
o

U=1/7.00 = 0.14
C. Building Heat Loss

Walls 0.26x13,498FT2x82°At = 287,77 BTUH
Roof | 0.14x29,050FT2x82%at = 333,494 BTUH
Glass 0.58x3095F T2x82%t = 147,198 BTUH
Infil. 0.15x16,593FT2x82%t = 204,093 BTUH
Edge Loss 45%694F t = 31,222 BTUH
Total =1,003,784 BTUH

45




Building Energy Using Systems

Heating System

The building is heated with interruptable gas-o0il fired
boilers (2) producing low pressure steam. Air handlers
with steam coils and A/C coils distribute to office space.
Hot water baseboard handles outside wall Tosses. Unit
heaters and cabinet unit heaters handle some areas.

Ventilation System
Centra]ized_exhaust duct systems handle required ventilation.
Lighting

Low wattage fluorescent tubes with high efficiency ballasts
are used throughout the building.

Building Equipment

Boiler Room

1.

Boilers

two-Kewanee boilers - 15 P.S.I. steam
gross output - 3060 MBH
gas/oil combination

Pumps

2-H.W. circulators - B & G - 3 HP
1-condenser water pump - 5 HP
2-condensate pumps - 1/3 HP

- 1-H.W. baseboard pump - 1% HP

1-condensate pump - Demming - 1} HP
dual condensat pumps 3/4 HP

Air Handlers
2-McQuay Air Handlers
15,800 CFM-7% HP

Chillers
Trane Chiller - model 2EB048
60 HP - 147 rated amps

Trane Chiller - model 2F-5C-88
50 HP - 126 rated amps

Air Compressor
1 HP air compressor with 12 gallon storage tank and controls

Emergency Generator
Stewart & Stevenson 150 KW
208 volts-120 volts
oil-diesel fuel
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Building Equipment (continued)

7. kExhaust Fan

2 HP unit

Penthouse

1.

Air Handlers :
1-Trane-5 HP blower-11,620 CFM
1-Trane-5 HP blower-7379 CFM

Condensing Unit
60 HP-171-Full load amp
6 fans-1% HP each

Water Cooling Tower
5 HP - closed tower

1.

Computer Room

Air Condenser
Carrier Unit - 1% HP comp. - 40.2 F.L.A.

Air Handler
Carrier Unit-1% HP fan

Police Area

1.

~Air Conditioner

Trane - 2 compressors - 29.6 F.L.A. ea
2 fans - % HP each

Trane - 3 HP air handler - type 6

Exhausters

'1-3/4 HP exhauster

8-fractional HP exhausters

Water Heater

State Vulcraft - gas fired

75,000 BTUH input

60,000 BTUH output

100 gallon capacity - 63 G.P.H. recovery

Lighting

2622-40 watt fluorescent 1ights
61 - 150 watt incandescent
16 - 45 watt incandescent
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Development Sheet Supplement A

Yearly heat loss of single and

North

single - 187,362

double - 94,419 BTUH -

East & West

single 161,707
double - 84,936 BTUH

South
single - 140,428
double - 74,865 BTUH

double glaze windows

- BTU/Ft%/year

Yearly - Act. Reduction

50%

47%

47%

Yearly heat gain/sq ft of single and double glaze

North

single - 36,579
double - 33,089 BTUH

East & West

single - 98,158

double - 88,200 BTUH
South

single - 82,597
‘double - 70,729 BTUH

North'E]eVation

10%

10%

14%

Present single glaze windows (heating)
575 th x 187,362 BTU/FtZ/yr = 107,733,150 BTU

Proposed double glaze windows (heétihg)

575 Ft2 x 94,419 BTU/Ft%/yr

54,290,925 BTU

reduction-92,943 BTUH

reduction-76,771 BTUH

reduction-65,563 BTUH

reduction-3,490 BTUH

reduction-9,958 BTUH

reduction-11,868 BTUH

53,442,225 BTU savings
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Development Sheet Supplement A

Present single glaze windows (cooling)

2

575 Ft2 x 36,579 BTU/FtZ/yr = 21,032,925 BTU

Proposed double glaze windows (cooling)

2

575 Ft? x 33,089 BTU/Ft%/yr = 19,026,175 BIU

~?2,006,750 BTU savings

53,442,225 _
.(T-S;(W 66,803 cu ft gas

|
|

To%0— X $2.51/MCF = $167.54/year

235.05 x $.0362/KW = § 8.51/year
$176.05/year
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Introduction

This Maxi-Audit Report is a detailed engineering analysis, of

the Community Ice Garden Building, to identify possible energy
conservation measures. These items are shown along with their
costs, yearly energy savings and payback times.




SUMMARY

The Community Ice Garden was buiit in 1970 with a second ice rink
added in 1976 on the east side of the structure. The west ice rink
is used eleven months per year and the east ice rink is used six
months per year for ice activities. The east rink is used for dry
floor activities during the summer months. The energy saving
proposals are calculated accordingly. Summer cooling loads for the
east rink are not considered because of their variability.

Due to the specialized use of this building, it is difficult to
analyze its energy use without separate electrical metering for
compressors, lighting, air conditioning, etc. Industry average
for ice rink operations were applied, as most ice facilities are
of a standard size. The coefficijent of performance (COP) for a
direct refrigeration system (3.4) was applied to these calcu-
lations for determining simple payback.

Meters and monitoring for the two ice rinks can produce many energy
reduction procedures which may change the operating methods for
managing energy usage. Examples of energy reduction, if monitoring
were instituteed, are as follows:

1. Establishing best night time shut-down of
compressors and morning start-up.

2. Highest optimum compressor suction temperature,

day and night.

Lowest temperature of resurfacing water.

Lowest 1ighting level for each activity.

Maximum outside air usage during winter months.

(8200 = &V ]

Energy saving possibilities on the above items cannot be
calculated without continuous monitoring equipment. The following
energy savings are based on industry standards and should be
tempered with other in-house conditions.

ENERGY SAVING ITEMS

Item Cost Savings Payback Time
Use Tow-emissivity paint $ 16,348.00 $ 8,807.95 1.85 yrs
on ceiling, west rink

Use condenser heat $ 24,000.00 $ 6,668.03 3.60 yrs
for space

Use low-emissivity paint $ 16,348.00 $ 4,407.05 3.71 yrs
for east rink

Solar domestic water $ 4,400.00 $ 89.59 49.11 yrs
system

Solar building heat $ 540,000.00 $ 8,080.77 66.80 yrs
system




L | NOV 04 1981
D MAXI-AUDIT REPORT -
A BUILDING NI;ME NAME OF ORGANIZATION DATE
Community Ice Garden City of Bloomington 6-16-81
BUILDING ADDRESS ADDRESS
3600 West 98th Street 2215 West 01d Shakopee Road
CITY ZIP CODE CITY ZiP CODE
§ Bloomington, MN 55431 Bloomington, MN 55431
;g PERSON COMPLETING FORM TELEPHONE CONTACT PERSON TELEPHONE
38 P. R. Wilcox 935-6901 Arthur W. Jensen 881-5811

(o 1)

Instructions: For blocks 1 and 2 check the box which best fits the building ownership conditions. For block 3 determine which of the four categories
describes the building type and then within the category check off the sub category befitting the building function.

1. OWNERSHIP TYPE 3a. SCHOOLS c. LOCAL GOVERNMENT
(¥ Public (PUB) (3 Elementary (SCHL-ELM) (] Office (LOCG-OFFC)
(1 Non-Profit Association (NAP) [0 Secondary (SCHL-SECD) (] Storage (LOCG-STRG)
(3 Coll. or Univ. (SCHL-POST) X Service (LOCG-SERV)
2. ULTIMATE OWNER [J Vocational (SCHL-VOCL) [} Library (LOCG-LBRY)
{ 1 County (CNTY) {3 Education Agency (SCHL-ADMN) {1 Police (LOCG-PLCE)
X City (CITY) O Administration (SCHL-ADMN) 01 Fire (LOCG-FIRE)
w (1 Township (TOWN) (] OTHER (SCHL-OTHR) {J OTHER (LOCG-OTHR)
o | ] State (STAT)
O () Pubtic School (PUSC) b. PUBLIC CARE d. HOSPITALS
o;‘_‘. { I Private School (PRSC) {J Nursing Home (PBCR-NURS) [J General (HOSP-GENL)
z2d 1 Non-Profit Association (NPAP) O Long Term Care (PBCR-TERM) [0 Tuberculosis (HOSP-TUBR)
ao 11 Indian Tribe . (INDN). ] Rehab. Facility (PBCR-RHAB) [ OTHER (HOSP-OTHR)
=0 ) O Public Health Ctr. (PBCR-HCTR)
2 {J Res. Child Care Ctr. (PBCR-RCCC)

@

ENERGY REPORT
CHECK-OFF

Check the type of reports which were completed prior to this maxi-audit report form.
{X Energy Report
] Elementary School Energy Report (form no. ED-00444-02)
{J Secondary School Energy Report (form no. ED-00445-02)
¥ Existing Building Energy Report (form no. EN-00041-01)
X Mini-Audit Report (form no. EN-00065-01)

If no energy report was completed before this maxi-audit report, include one with this report. Elementary school administrators should use form no.
ED-00444-02. Secondary and vocational school administrators should use form no. ED-00445-02. All other building owners should use form no.
EN-00041-01. All building auditors are to use the mini-audit form EN-00065-01 after completion of one of the first three above.

o

ENERGY REPORT AND

MINI-AUDIT REPORT SUMMARY

Instructions: Complete this section with a summary of what was accomplished as a result of the energy report and the mini-audit report.

ENERGY REPORT:

The Energy Report (form #EN-00041-01) resulted in the Mini-Audit Report

(form #EN-00065-01). Some equipment adjustments completed between
energy report and Mini-Audit.

MINI-AUDIT REPORT:

Approximately 25-30% of 40 energy opportunities are completed. Most

maintenance items completed. Budget for capital improvements and
equipment changes pending Maxi-Audit.




MAX-AUDITOR
STATEMENTS

Instructions: This section is to be completed and signed by a registered architect, a registered mechanical engineer, or a

registered electrical engineer. This section should be completed after this maxi-audit report is completed. All blanks must be
filled in. :

I have reviewed the building energy report and/or the mini-audit report for this building. | found all information con‘taingd there'in
to be correct, to the best of my knowledge, or | have corrected any misinformation on the reports, which will be resubmitted with
the maxi-audit report to the Minnesota Energy Agency.

I am not directly responsible for the day-to-day operation of this building being audited.

| have fully disclosed my financial interests relating to this maxi-audit and any energy conservation measures considered
by this audit.

Referring to section G, | have included an analysis that assumes all energy savings obtained from energy conservation operation
and maintenance procedures have been realized.

| have calculated the total energy cost savings, by fuel type, expected to result from the acquisition and instaliation of all
recommended energy conservation measures, taking into account the interaction among the various measures.

The energy prices used in the maxi-audit report are the current prices based on the institution's most recent purchase.

included in the maxi-audit report is a'solar analysis for: (check one or more)

X a domestic hot water heating system
 a space heating system

(J an electrical generation system

[J an attached solar greenhouse

(3 other: (specify)

recommend that this building should not undergo a solar installation.
(should, should not)

Included in the maxi-audit report is a list of local zoning ordinances or building codes that will restrict the utilization of solar
energy (] YESKNO (A no answer indicates that there are no iocal zoning ordinances or building codes to my knowledge that
will restrict the use of solar energy systems.)

| recommend that this building should not undergof& waste, wind, or wood InsStallalion>

(should, should not) (circle which one(s})

| hereby certify that this audit was prepared by me or under my direct supervision and all information contained herein is correct

to the best of my knowiedge. | am a duly registered mechanical engineer, electrical engineer, or architect under the laws of the
State of Minnesota. (only one signature is required)

Architect Engineer Paul Martinsen

Signature | Signature gﬁfo QJM&L-V

Registration no. Registration no. 9597

Firm riem_Rieke Carroll Muller Associates, Inc.
Address Address _ 1011 1st Street South, Hopkins, MN
Phone phone ___012/935-6901

Date Date. 23 September 1981




instructions: For determining the remaining useful life of the building, list each addition of the building and describ§ the
addition, its condition, its age, and its gross square footage. Then for the building as a whole enter the remaining useful life in
years. Enter the gross floor area of the building. Some of this information can be found in the energy report.

REMAINING USEFUL
LIFE OF THE BUILDING

Building Unit Age Sq. Ft.
1970 - Ice Skating Rink 11 34,088
1976 - Addition 5 28,574

R ining Usetul Lif G Floor A

of the Building 97 of the Building 62,662 sq.Ft.

[9)

Instructions: Enter the energy consumption of the building by fuel type in MMBTU's/year when the building is at optimum
efficiency. Enter the energy index in MBTU's/square foot/year.

Fuel 1 Fuel 2 Electricity Total
MMBTU/Year 5,397.11 16,474.02 21,871.13
MBTU/sq. ft./¥r. 86.13 262.90 349.03

ESTIMATED
ENERGY INDEX

NOTE: For the conversion of fuel quantity to BTU's, use the following conversion factors for this section only.

Electricity— 11,600 BTU per kilowatt-hour
Natural gas— 1,030 BTU per cubic foot
Distillate fuel oil— 138,690 BTU per galion
Residual fuel oil— 149,680 BTU per gallon
Coal—24.5 million BTU per standard short ton

Liquefied petroleum gases including propane and butane—95,475 BTU per galion
Steam— 1,390 BTU per pound

The above conversion factors are stipulated in the federal requirements for the Institutional Buildings Grants Program. These
source conversion factors are to be used in this section only. Conversion factors may be taken from engineering reference

manuals for fuels not listed.




Instructions: Read through the list of energy conservation opportunities provided in the Maxi-Audit Manual. Upon completion of a thorough
engineering and economic analysis enter ail the energy conservation opportunities in this section. Enter the results of the engineering and
economic analysis for each energy conservation opportunity as indicated on the "Energy Conservation Measure Development Sheet" and/or
"Energy Conservation Operations and Mainenance Procedure Development Sheet" or other format in the appropriate boxes The classification
numbers, major and subclass, should be taken from the classification scheme for energy conservation opportunities. Use the fuel codes as
listed. The fuel codes indicate the type and the unit of measure. If the fuel comes under OTHER convert the units of measure to MBTU and
describe the fuel saved in the description. Enter yes or no in the box entitled "Funding Requested' to indicate whether funding is being applied
for through the Institutional Buildings Grants Program. The "Funding Requested" and "'Implementation Date” boxes are the only boxes that are
not required to be filled upon completion of the maxi-audit report. See page 14 for important detailed instructions.

e Electncity. kwh ... .o 10 No.2tueloil, gallons . . . 31 Street steam, Mibs . . .51
8; Natural gas, therms . ...21 No. 4 tueloil, gallons 32 Solar, hours . A 52
W Natural gas, CCF . ... 22 No 5fuel oil, gallons 33 Wind, kwh . 53
s Natural gas, MCF . .. 23 No.6lueloll, gallons . 34 Wood, tons . . 54
8% Naturalgas,CF . ... ... .. .. 24 Hardcoal, tons .. . . 41 Other (specity), MBTU 55
w e LPG, gallons 25 Soft coal, tons 42
Fuel \ Quantity of Fuel 1 Cost Htem Ciassihication Descnphon
Code Saved Units Savings  $ No Major Sob . e . . . ..
on |1.547.000 | 4139.80 1 > 5 Paint ceiling with Tow-emissivity
e ) aluminum paint on west rink.
Fuet 2 Quantity of 2 Fuei 2 Cost Funding Implem
Cuode Saved Unis Savings  § Requested Date
Total Fuel Totai Fuel Acquisition Instailation Oesign Total Moditication Simple Payback
Savings MMBTU Cost Savings § Cost § Cost - § Cost § Cost § Penod  Yrs
TOTAL
ruer | 1,547.0 4139.80 5362 10,986 --- 16,348 1.86
ELECT Quantity Elect Cost Increase In Salvage Usetul Total Energy Alternate
CODE Saved- KWH Savings  § O&MCost § Value § Life - Yis Cus! Savings  $ Payback  Yrs
10 172,894.44| 4668.15 - —- 20 8807.95 i
Fuel ¥ Quantity ot Fuel 1 Cost Item Classthication Description
Code Saved — Units Savings—$ No Major Sub
24 P.4x10° Ft™| 6668.03 2 6 4 Utilize condenser heat to heat space
Fuel 2 Quantity of 2 Fuel 2 Cost Funding implem. in east rink.
Code Saved — Units Savings—$ Requested Date
Total Fuel Total Fuel Acquisition tnstallation Design Total Modification Simple Payback
Savings --MMBTU Cost Savings $ C'ﬁl—s C(N\—S Cost—$ Cost—§ Period - Yrs
TOTAL 0 0
Ve 2488.0 6668.03 breakdown | breakdown 24,000 3.6
ELECT Quantity Elect. Cost increase in Salvage Usetul Total Energy Alternate
COODE _Saved—KWH Savings—$ O & MCost—$§ Value—$ Life—Yrs Cost Savings—$ Payback—Yrs
10 i (optional)
Fuel 1 Quantity of 1 Fuel 1 Cost item Classification Description
Code Saved —Units Savings—$ No. Major Sub
24 773,500 Ft~| 2072.98 3 2 6 Paint ceiling with Tow-emissivity
Fuel 2 Quantity of 2 Fuel 2 Cost Funding implem. i A rink.
Code Saved—Units Savings—$ Requested Date a] uminum p 1 nt on eaSt
Total Fuel Total Fuel Acquisition Instaliation Design Total Modification Simple Payback
Savings—MMBTU . Cost Savings § Cost—$ Cost—$ Cost—§ Cost—$§ Period—Yrs.
o | |
L .
773.5 2072.98 5362 10,986 -—= 16,348 3.71
ELECT. Quantity” Elect. Cost increase In Saivage Useful Total Energy Alternate
CODE Saved —KWH Savings—$ O & M Cost—$ Value—$ Life—Yrs Cost Savings—$ Payback—Yrs.
10 [86,447.22 | 2334.07 --- --- 20 4407.05 S
Fuel 1 Quantity of 1 Fuel 1 Cost ltem Classification Description:
Code Saved—Units Savings—$ No. Major Sub
Fuel 2 Quantity of 2 Fuel 2 Cost Funding Implem.
Code Saved—Units Savings—$ Requested Date
Total Fuel Total Fue! Acquisition installation Design . Total Modification Simple Payback
Savings—MMBTU Cost Savings $ Cost—$§ Cost—$§ Cost—$ Cost—$ Period—Yrs
TOTAL .
FUEL
ELECT. Quantity Elect. Cost Increase in Salvage Useful Total Energy Altarnate
CODE Saved—KWH Savings—$ O & M Cost—$ Value—3$ Life—Yrs. Cost Savings—$§ Payback—Yrs.
10 (optional)

13




LUGGED

FUEL AND ELECTRIC CONSUMPTION REPORT 1981
A _&“n#s.t'rucligﬁs: Enter the organization name, date, bulldiaé name:l;ailding address, city,}and zip code as used on the prior ;éporl, mini-audit report, }
and/or maxi-audit report.
BUILDING NAME 77 7 777 TTNAME OF ORGANIZATION Toare T
Community Ice Garden City of Bloomington 6-16-81
BUILDING ADDRESS ADDRESS St .
3600 West 98th Street 2215 West 01d Shakopee Road
oy ZIP CODE cITY o ZIP CODE
§ Bloomington, MN 55431 Bloomington, MN 55431
2| PERSON COMPLETING FORM TELEPHONE CONTACT PERSON TELEPHONE
88| P. R. Wilcox 935-6901 Arthur W. Jensen 881-5811

(oo}

Natural gas, CCF
Natural gas, MCF

LPG, galions

make additional copies of this form.

Electricity, kwh ...... ...t
Naturalgas,therms............. ... couns

Natural gas, CF «. ... .. cvoevnrnninensnn:
No. 2 fuel oil, gallons . ... ... ..............
No. 4 fueloil,gallons ...............coou
No.5fueloil,gallons ................. ..o

........... 10 No.6fueloil,gallons....................
........... 21 Hardcoal,tons ................ .. ... ..
........... 22 Softcoal,tons ............. ... i
........... 23 Streetsteam,Mlbs .................. ...
........... 24 Solar hours .. ... vivie i
........... 25 Wind,kwh ........ ... .. . oo
........... 31 Wood,tons.......ooe i
........... 32 Other (specify), MBTU ................ ...

instructions: Complete this section of fuel consumption as accurately as possible. Indicate the fue! types used by the fuel code as listed. The fual
code number describes the fuel type and the units of measure.

If the fuel used comes under the heading of OTHER, enter the code number 55 and specify the fuel type. For the units of measure convert the units as
stipulated from the supplier to MBTU using the conversion factors as listed in the Maxi-Audit Manual or other engineering reference text. Enter the
storage capacities of each fuel type for the buiiding. Enter the year the data is being completed for. Enter the monthly quantities used, if it is
measured, and the cost corresponding with the quality used. Otherwise enter the purchased quantities and costs. |f more than two fuels are used

- FUELTYPE UNIT OF MEASURE rFUEL TYPE UNIT OF MEASURE
: Nat. Gas CCF
FUEL CODE STORAGE CAPACITY FUEL CODE STORAGE CAPACITY

' Month Year Quastiz_ly Used Cost Quantity Used Cost 7
sy 1979 1348 349.68
s 1979 2624 702.64 -
soptombor | 1679 3166 832.09 T *
October 1979 3484 915.27 . R
November 1979 5556 1457.22 -
December 1979 5779 1515.55
January 1980 13,766 3661.93 N o
February 198 0 4075 1120.75 -
March 1980 7785 2131.31
 Api 1980 7495 2036. 49

o 1980 1578 431.52

% June 1980 1546 420.51

B8 | Yoo Tota 58,202 15,574.96

Minnesota Energy Agency
EN-00078-01 December 1979
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nnesota Energy Agency
1:00078-01 December 1979

C “Instructions: bc}&%{bi—ete this section on electrical consumption as accurately as possible. Enter the electrical \iiility naﬁwe suppl}fnb slectrical
power to the building and the rate classification utilized. Enter the year that the data is being completed for. Use the same months and year for
this section as were used in the fuel consumption section. Enter the electrical energy consumed In kilowatt-hours. Enter the total electric bill for
each month. If the building has a demand meter, enter the maximum kilowatt demand for each month. Enter the power factor also, if it is
_Included in the utility metering. —_— o o
Uity Name: —— Nort hern States Power Company -
Rate Classitication:
Month - Year Klloslg?{ﬂours Dem'::; i!rzrljo“‘;/atts Power Factor Cost )
- 1079 | 140320 Metered by N.S.P,| 4,210.45
August 1979 137920 3,991.46
September 1979 18,8640 5 ,528.74
October 1979 122,560 3,794.52
November 1979 112,480 3,365.01
December 1979 148,960 4,171.93
January 1980 159,520 4,572.71
February 1980 | 179,920 4,840.21
March 1980 118,720 3 : 3}?6 ég o
st 080 | 120,160 37710
sl | oo | s 2929
g June 1980 | 157,440 4,744.97
Ao L . R R . .
8 | voar Total 1,672,560 45,195.12

Upon compiletion of the Fuel and Electrical Consumption Report Form mail it to:

Minnesota Energy Agency
Conservation Research and
Conservation Division
980 American Center Building
150 East Kellogg Boulevard
St. Paul, Minnesota 55101

17
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RENEWABLE RESOURCES REPORT

The most practical renewable resource area for the Community Ice
Garden is solar. The building was analyzed for application of a
solar collector system for both the domestic hot water system and
the building heating system. The results are tabulated below.

Domestic Hot Water-51% Building Heating-52%

Cost $4,400.00 $540,000.00
Energy Savings $89.59/year $8,080.77/year
Payback Time 49.11 years 66.8 years

Based on the above data, the systems would not be practical to

install, because the payback time is excessive or will probably
exceed thelife of the building.
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SOLAR ASSISTANCE TO DOMESTIC WATER HEATING
(GIVEN DATA)

a” monthly average ambient temperature (°F)

HT = daily average radiation incident on the collector

surface (Btu/day ft

21
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Month Do N d Ta H,
Work days/mo. (Days per month) Or) (Btu/day ftz)
January 26 31 12.2 1124
February 25 28 15.8 1363
March 26 31 28.4 1433
April 26 30 44.6 1442
May 26 31 57.2 1475
June 25 30 66.2 1522
July 26 31 71.6 1588
August 26 31 69.8 1581
September 25 30 60.8 1519
October 27 31 50.0 1484
November 23 30 32.0 1004
December 26 31 19.4 897




€2

SOLAR ASSISTANCE TO DOMESTIC WATER HEATING
(CALCULATED DATA)

Month L N X/A Y/A Y f fxL
w 3 f 2 2 W
(Btu/Month) Ft”/mo. 1/t 1/ft (Btu/Month)
January 3,443,622 5,572.20 0.039 0.006 4.29 0.66 0.36 1,239,703.90
February 3,311,175 5,357.89 0.035 0.007 3.85 0.77 0.44 1,456,917.00
March 3,443,622 5,572.20 0.033 0.008 3.63 0.88 0.52 1,790,683.40
April 3,443,622 5,572.20 0.027 0.008 2.97 0.88 0.57 1,962,864.50
May 3,443,622 5,572.20 0.024 0.008 2.64 0.88 0.58 1,997,300.80
June 3,311,175 5,357.89 0.021 0.008 2.31 0.88 0.59 1,195,593.30
July 3,443,622 5,572.20 0.020 0.008 2.20 0.88 0.60 2,066,173.20
August 3,433,622 5,572.20 0.020 0.008 2.20 0.88 0.60 2,066,173.20
September 3,311,175 5,357.89 0.023 0.008 2.53 0.88 0.58 1,920,481.50
October 3,576,069 5,786.52 0.025 0.008 2.75 0.88 0.57 2,038,359.30
November 3,046,281 4,929.26 0.035 0.006 3.85 0.66 0.36 1,096,661.20
December 3,443,622 5,572.20 0.036 0.005 3.96 0.55 0.29 998,650.38
40,661,229 65,794.65 20,587,562
L, 833xNxZxD.x (Tw-52) No. of bldg. occupants = 300
Nf Lw Daily water consumption/occupant = 1
HexE; No. of days per mo. bldg. is occupied
X/A =16.8 x Nyx (212- T) x 1+ 0.006(60-T ) Water temperature (°F) 105
T Fuel heating value = 1030BTU /Ft°
Y/A = 0.59 x Hy x N Avg. heating efficiency = 60%
| Solar collector plate area = 110 th
X = X/AxA
Y = Y/AxA

f = 1.029Y-0.065X-0.245Y2.0,0018X2, 0,02} 573




SOLAR ASSISTANCE TO DOMESTIC WATER HEATING
COLLECTOR SYSTEM CALCULATIONS

1.  System Contribution (F)

= fxL,
= Ly

F

1]

20,587,562
40,661,229

n i

"

0.51 or 51%

2.  System Cost (Cs)

C $40.00/Ft% x Area

S

$40.00Ft2 x 110 sq. t.

1

$4,400.00

3. System Energy Savings (S)

S; = Fngffo

C

n

£ fuel cost per unit

0.51 x 65,794.65 Ft>/yr x $0.00267/Ft>

$89.59/year

4.  System Payback Time (t)
t = C

4,400.00
89.59

49.11 years
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SOLAR ASSISTANCE TO BJILDING HEATING
(GIVEN DATA)

Month Ny T, H, Ng
(Days per month) OF) (Btu/day £12) (£t3/ month)
January 31 12.2 - 1124 1,376,600
February 28 15.8 1363 407,500 -
March 31 28.4 1433 778,500
April 30 446 1442 749,500
May 31 57.2 1475 157,800
June 30 66.2 1522 154,600
July 31 71.6 1588 134,800
August 31 69.8 1581 262,400
September 30 60.8 1519 316,600
October 31 50.0 1484 348,400
November 30 32.0 1004 555,600
December 31 19.4 897 577,900

Ta = monthly average ambient temperature (OF)

Hy = daily average radiation ingident on the collector
surface (Btu/day £t“)

N = number of fuel units consumed per month (ft3/ month)
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Month

SOLAR ASSISTANCE TO BUILDING HEATING

X/A

Y/A

(CALOJLATED DATA)

fxL

Lt T
A 2
(Btu/Month) 1/ft 1/ft (Btu/Month)
January 350,738,800 0.122 x 10'; 0.024 x 10'; 01.65 0.32 0.22 187,162,540
February 251,835,000 0.366 x 10'3. 0.089 x 10'3 04.94% 1.20 0.65 163,692,750
March 481,113,000 0.199 x 10'3. 0.055 x 10'3. 02.69 0.74 0.48 230,934,240
April 463,191,000 0.182 x 10-3 0.057 x 10'3 02.46 0.77 0.05 231,595,500
May 97,520,400 0.827 x 10°3. 0.277 x 10"3. 11.16 3.74 1.00 97,520,400
June 95,542,800 0.769 x 10“'3 0.282 x 10'3, 10.38 3.81 1.00 95,542,800
July 83,306,400 0.878 x 10'3 0.349 x 10'3 11.85 4.71 1.00 83,306,400
August 162,163,200 0.457 x 10"3 0.178 x 10'3. 06.17 2.40 1.00 162,163,200
September 195,658,800 0.390 x 10:3 0.137 x 10'3 05.27 1.85 0.92 180,006,100
October 215,311,200 0.392x 10 3 0.126 x 10:3 05.29 1.70 0.86 185,167,630
November 343,360,800 0.264 x 10'3 0.520 x 10 3 03.56 0.70 0.40 137,344,320
December 357,142,200 0.281 x 107 0.460 x 10° 03.79 0.62 0.33 117,856,930
3,596,883,600 1,872,292,800
H; = fuel heating value = 1,000 BTU /£t
E ¢ = average furnace efficiency = 60%
X/A = 168xNyx(212-T) A = solar collector plate area = 13500 Ft°
Lt X = X/Ax A
Y/A = Y = Y/AxA

0.59 x H’I’ de

Lt

f = 1.029Y-0.065X-0.245Y240.0018X2+0.021 5y >




SOLAR ASSISTANCE TO BUILDING HEATING
COLLECTOR SYSTEM CALCU LATIONS

System Contribution (F)

F =2fXLT
3 Ly

1,872,292,800
3,596,883,600

0.52 or 52%

System Cost (Cs)

c $40.00/Ft2 x Area

)

il

1}

$40.00Ft2 x 13500 sq. ft.

$540,000.00

System Energy Savings (S)

Sg = Fngffo

C

f fuel cost per unit

0.52 x 5,820,200 Ft>/yr x $0.00267

$8,0808.77 /year

System Payback Time (t)

t = C

$540,000.00

$3,080.77

66.8 years
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ENERGY CONSERVATION MEASURE

L O@GED  DEVELOPMENT SHEET

Building:  Community Ice Gardens Date 6-16-81
3600 West 18th Item No. 1
Bloomington, MN 55431 Major Class __ 2

Sub. Class

Energy Conservation Measure
Description of existing equipment:

Ceiling is current1y'painted a neutral color. The beams, equipment,
and ductwork are various colors..

West rink is used year around (365 days).

Description of energy conservation measure:

Paint the ceiling, beams and ducts with low
emissivity aluminum-base paint. This will Useful life 20

years
decrease the infrared radiation from the ceiling
and reduce water vapor forming on the ceiling. The ceiling
temperature will stay above the wet bulb temperature of the air.
Engineering Analysis:

Annual hea[ti'ng degree days _ 8159

Annual cooling degree days ____ 523

Fuel 1 _Nat. Gas__ units of Measure ___CF

Fuel 2 —_ units of Measure
Area = L x W
A = 250 x 120 = 30,000 Ft°
Radiant heat load reduction = 1,547 x 106 BTU/year*

6
1,547 x 10~ _
1000 BTU/CF 1,547,000 CF Gas/year
Cost of refrigeration = $5,473/year*
2.0 COP _
$5,473 X m = $4,668.15/year
$4,668.15/year _
$0.027/kw 172,894.44 kw
o electrical savings 172,894.44 kwhlyear
fuel 1 savings 1,547,000 CF___ jyear
i fuel 2 savings lyear

*U.S. DOE Energy Conservation  roa Fyel Savings 2224/ - 00 MMBTU/Year

in Ice Skating Rinks.
DOE/TIC 10289

33



Economic Analysis
{1) Design cost:

(2) Acquisition cost:

Paint - $.06/Ft® x 30,000 Ft°

Scaffold $12.54/100 th x 30,000 Ft2 = 3,762

(3) installation cost:

Painting - $.11/Ft® x 30,000 Ft

Scaffold $25.62/100 Ft2 x 30,000 Ft2 = 7,686

Total Modification Cost = (1) + (2) + (3):

Increased operation and maintenance costs:

Salvage or disposal costs:

Energy Cost Savings
Electrical and/or fuel cost savings:

Electrical cost = $4,669.15/year

1,547,000 CF Gas x $2.58/1000 CF = $4,139.80/year

Payback Period
Simplev and alternate payback period:

—————————3126;48'509 = 1.86 years

$ —
$ 5,362
1,600
5,362
$ 10,986
2= 3,300
10,986
$ 16,348
$ —— -
$ ———
Electrical $ _ 4.0668.15 /year
fuel 1$ 4,139.80 /year
fuel 2 $ /year
Total Fuel (1 +2) $ _8,807.95 /year
Simple 1.86 _ years
Alternate ’ years
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ENERGAY CONSERVATION MEASURE
DEVELOPMENT SHEET

Building: Community Ice Garden Date 6-16-81
3600 West 98th Street ltem No 2
Bloomington, MN 55431 MajorCl.ass 6

' Sub. Class 4

Energy Consewation Measure
_ Description of existing equipment:
Ice making condenser is presently heating west ice rink. Additional

capacity is available as the cooling tower is running during heating
season.

Description of energy conservation measure:
‘Utilize the excess heat for a similar system for the east rink.

Usefullife ___25  years

Engineering Analysis:

Annual heating degree days __ 8159
Annual cooling degree days

Fuel 1 ___Gas units of Measure CF
Fuel 2 ' __ units of Measure

1) Actual electrical use for winter months (Oct. thru March) is 842,150 kwh.

842,160 x §%g-= 4,614.58 kwh/24 hr. day

Direct Freon C.0.P. = 3.2; Compressor C.0.P. = 3.4
Compressor use percentage of buildinguse = 92%

- 2) BTU/day'= kwh/Day x .92 x 3412 (BTU/kwh) x 3.2 (1 + §lﬁ)
BTU/day = 4614.58 x 0.92 x 3412 x 3.2 (1 +~§¥E)== 13,633,272 BTU/D

13,633,272 BTU/D _
55 hr. = 568,053 BTUH.

' 568’033 BTUH x 4,380 Hr. = 2,488.072 Ft°> Nat. Gas
1000 BTU/Ft> x 0.8 (EFF.)

1) See suppliment #1 for details

2) Energy Conservation in Ice Skating Rinks - 1980 - Dietrick & McQuoy

electrical savings 2 kwhlyear
fuel 1 savings 2,488,072 Ft~ ey
fuel 2 savings lyear
Total Fuel Savings _2,488.072 MMBTU/Year
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Economic Analysis ,
{1) Design cost: $

(2) Acquisition cost: $

No breakdown of materials and labor available

(3) Instaliation cost: $

Total Modification Cost = (1) + (2) + (3): $ 24,000

$21,000 quoted from page 17 - DOE/TIC 10289
. 3,000 increased cost for labor & material
$24,000 "Energy Conservation in Ice Skating Rinks"

Increased operation and maintenance costs: $

Salvage or disposal costs: $ -

Energy Cost Savings
Electrical and/or fuel cost savings:
2,488,072 Ft3 Gas x 2.68/1000 Ft3 = $6,668.03 (6 month winter only)
Additional cost savings will be realized but a complexity of building heating
and use has too many variables. Approximately an additional $3,000-$,300 may
be realized per Energy Conservation manual for the other 6 months.

Electrical $ /year
fuel 1$ _6,668.03 /year
fuel 2 $ /year
Total Fuel (1+2)¢$ 6,668.03 /year
Payback Period ‘
Simple and alternate payback period:
$24,000 _
5.,668.03 3.6 years
Simple 3.6 years
Alternate years
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ENERGY CONSERVATION MEASURE
DEVELOPMENT SHEET

Building: Community Ice Gardens Date 6-16-81
3600 West 18th lten No. 3
Bloomington, MN 55431 Major Class 2

Sub. Class 6

Energy Conservation Measure
Description of existing equipment:

Ceiling is currently painted a neutral color. The beams, equipment,
and ductwork are various colors.

East rink is used 168 days/year.

Description of energy conservation measure:
Paint the ceiling, beams and ducts with Tow
emissivity aluminum-base paint. This will
decrease the infrared radiation from the ceiling
and reduce water vapor forming on the ceiling.
The ceiling temperature will stay above the wet
bulb temperature of the air.

Useful life ___29_________ years

Engineering Analysis:

Annual heating degree days __8159
Annual cooling degree days 523
Fuel 1 _Nat. Gas __ units of Measure __CF
Fuel 2 : units of Measure
Area = L x W 2
A = 250 x 120 = 30,000 Ft
Radiant heat load reduction = 1,547 x 10

6
773.5 x 107 _

6 BTU/year x 0.5 = 773.5 x 10%*

Cost of refrigeration = $2,736.50/year*
$2,736.50 x %4%—%4%4§;-= $2,334.07/year

ggfggg}ﬁ;/year = 86,447.22 kw

electrical savings __86.447.22 kwhlyear
fuel 1 savings __/73,500 CF Iyear
. fuel 2 savings _ lyear
*U.S. DOE Energy Conservation .
in Ice SkatingyRinks. Total Fuel Savmgs‘ 773.5 MMBTU/Year

DOE/TIC 10289
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Economic Analysis
{1) Design cost:

5 -
(2) ‘Acquisition cost: $ 5,362
Paint - $.06/Ft% x 30,000 Ft° = 1,600 |
Scaffold $12.54/100 Ft2 x 30,000 Ft? = 3,762
5,362
(3) Installation cost: 2 $ 10,986
Painting - $. 11/Ft x 30,000 Ft 3,300
Scaffold $25.62/100 Ft° - 39m999 th - 7,686
10,986
Total Modification Cost = (1) + (2) + (3): $ 16,348
Increased operation and maintenance costs: $ -
Salvage or disposal costs: $ "_
Energy Cost Savings
Electrical and/or fuel cost savings:
Electrical Cost = $2,334.07/year
773,500 CF Gas x $2.68/1000 CF = $2,072.98/yéar‘
Electrical $ 2,334.07 [year
fuel 1 $ 2,072-. 98 /year
fuel 2 $ /year
Total Fuel (1+2)¢$ 4,407.05 Jyear
Payback Period
Simple and alternate payback period:
$16,348.00 _
1.407.05 = 3.71 years
Simple 3.71 years
Alternate years
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BUILDING CHARACTERISTICS

Description

The Community Ice Garden was built in 1970 with a second rink
addition in 1976. It is used for hockey, general skating,
shows, and commercial rental use. The west rink has insulated
upper walls and ceiling, while the east rink has insulated
ceiling only. The west rink normally has June through April
use, and the east rink is used October through April for ice
activities and non-ice occasional use from April to October.
This accounts for uneven energy loads and energy use timing.

Envelope Characteristics

1. West Rink Walls (upper) "R
OQutside Air Film 0.17
3/4" Stucco 0.32
Metal Studs and Air Space 0.97
3/4" Rigid Insulation 3.00
Inside Air Film 0.68

5.14
"U" = 1/5.14 = 0.19

2. West Rink Lower Walls
Qutside Ajr Film 0.17
4" Face Brick 0.44
8" Concrete Block 1.11
Inside Air Film 0.68

2.40
" o= 1/2.40 = 0.42

3. FEast Rink Upper Walls
Outside Air Film 0.17
7/8" Stucco on Metal Lath 0.34
2" Air Space 0.97
1" Rigid Insulation 4.00
Inside Air Film 0.68

6.16

"U" = 1/6.16 = 0.16
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4. East Rink Lower Walls

Qutside Air Film
4" Face Brick

8" Concrete Block
4" Plaster

Inside Air Surface

"U" = 1/2.49 = 0.40
5. Roof

Outside Air Film

Built Up Roofing

Insulation - 2"

Metal Decking

Inside Air Film

"U" = 1/6.74 = 0.15

. Building Heat Loss

Upper West Walls  0.19 x 3,200 Ft5 x 600 at =
Lower West Walls 0.42 x 4,800 Ft2 X 600 At =
Upper East Walls 0.16 x 2,832 th X 60O At =
Lower East Walls 0.40 x 4,249 Ft2 X 60O At =
Windows 1.13 x 1,329 Ft2‘x 60O At =
Doors 1.09 x 524 Ft™ x 600 At =
Walls Below Grade 0.1 BTUH x 5560 Ft2x600 At =
Edge Loss 0.81 x 1,112 th x 60, st =
Floors 0.10 x 28,262 Ft2 X 607 At =
Ice Rinks 0.88 x 34,400 Ft =
TOTAL
Building Energy Using Systems
Heating Building #1
Unit #1 ' S.W. Corner 535,
, Natural Gas 428,
Unit #2 | N.W. Corner 535,
Natural Gas 410,
Unit #3 S.E. Corner 512,
Natural Gas 4728,
Unit #4 N.E. Corner 512,
Natural Gas 410,

47

0.17

0.44

1.11

0.09

0.68

2.49

0.17

0.33

5.56

0.00

0.68

6.74

36,480 BTUH
120,960 BTUH
27,187 BTUH
101,976 BTUH
90,106 BTUH
34,270 BTUH
33,360 BTUH
54,043 BTUH
169,572 BTUH
30,272 BTUH
698,226 BTUH
000  Input
000 Output
000 Input
000  OQutput
000  Input
000  OQutput
000 Input
000 Qutput




Lobby heat Tow pressure boiler - Natural Gas

Zamboni Room Rink #1 Unit Heater - Natural Gas

Locker Room Rink #1 Unit Heater - Natural Gas

Pumper Room Rink #1 Unit Heater - Natural Gas

Water Heater west end Rink #1

Water Heater east end Rink #1 - Natural Gas

625,000
500,000

50,000
40,000

150,000
112,000

50,000
40,000

199,000

312,000
250,000

4 - 130,000 BTUH Air Conditioners - Rink #1 - Main Arena

89,000 BTUH Lobby Air Conditioner - Rink #1
3 Ton Air Condition - Office - Rink #1

Rink #2 heat
Unit #5 east end - Natural gas
Unit #6 west end - Natural gas

Locker Room Rink #2
Natural gas

Office heat Rink #2
Natural gas

Zamboni Room Unit Heater Rink #2 - Natural Gas

6 - Electric Unit Heaters - 10 KW

869,000
869,000

160,000
128,000

160,000
128,000

175,000
140,000

2 - 25 Ton Air Conditioner Units in Main Arena Rink #2

100 Tons refrigeration for ice rinks
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SUPPLEMENT #1

Electric Use for Winter Months

October 122,560 kwh
November 112,480 kwh
December 148,960 kwh

January 159,520 kwh
February 179,920 kwh
March 118,720 kwh

842,160 kwh

842,160 x 555 = 4,614.58 kwh/24 hour day
BTU/day = kwh/day x .92 x 3,412 (BTU/kwh)

x overall C.0.P. (1 + EGEB“%TGTET
Direct Freon C.0.P. = 3.20
Comp. C.0.P. = 3.40

Comp. use of total = .092

BTU/day = 4,614.58 x 0.92 x 3,412 x 3.2 (1 + 311
BTU/day = 13,633,272
13,633,272

5E e 568,053 BTUH average
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Introduction

This Maxi-Audit Report is a detailed engineering analysis,

of the Ryan Building, to identify possible energy conserva-
tion measures. These items are shown along with their costs,
yearly energy savings and payback times.




SUMMARY

The Ryan Building was purchased by the City of Bloomington in
1980 and is approximately 12 years old. The building serves
three basic functions. The office area, which has been
partially remodeled, will serve as a city engineering office
space. The second area is a storage area for records and
equipment and is kept at reduced temperature. The third and
largest area . is for vehicle storage and maintenance.

The energy saving possibilities are in the storage and maintenance
area rather than in the office or record storage area. Excessive
infiltration losses exist in the maintenance garage, along with
outer shell Tosses, offer the best opportunity for savings.

The high air change rate of the heating and ventilation systems
necessitates frequent cleaning of 1light fixtures. Lighting

might be improved by more frequent cleaning but, to avoid

crane operation, these fixtures are at a height which makes this
possibility an expensive one.

Below are tabulated potential energy saving ideas, along with
their costs, savings and payback time. More details of these
items are contained within this report.

Energy Saving Items

Item Cost Savings Payback Time
Waste Heat Recovery $ 7,500 $2,616.94 .2.87 yrs
Add Gas Radiant $ 22,000 $3,604.45 6.10 yrs

Heaters-Garage Area

Solar Domestic Hot § 2,000 $ 42.04 47.50 yrs
Water Heating

Install Insulated $ 141,050 $1,888.64 66.20 yrs
There may be additional energy savings on items listed in the mini-

audit that could not be instituted previously, due to building
modifications and the change in use of some spaces.

Note the unusually high BTU per square foot consumption of this ubilding,
Tisted elsewhere in this report.




LOGGED

A BUILDING NAME NAME OF ORGANIZATION DATE
Ryan Building City of Bloomington 6-18-81
BUILDING ADDRESS ADDRESS
9750 James Avenue South 2215 West 01d Shakopee Road
CITY ZIP CODE CiTyY ZIP CODE
g Bloomington, MN 55431 Bloomington, MN 55431
Eg PERSON COMPLETING FORM TELEPHONE CONTACT PERSON TELEPHONE
83 P.R. Wilcox 612/935-6901 | Arthur W. Jensen 612/421-8064

Instructions: For blocks 1 and 2 check the box which best fits the building ownership conditions. For block 3 determine which ot the four categories
describes the building type and then within the category check off the sub category befitting the building function.

1. OWNERSHIP TYPE 3a. SCHOOLS [ LOCAL GOVERNMENT
X Public ' (PUB) O Eiementary (SCHL-ELM) [X Office (LOCG-OFFQ)
{'} Non-Profit Association (NAP) (1 Secondary (SCHL-SECD) '] Storage (LOCG-STRG)
(] Coll. or Univ. (SCHL-POST) [} Service (LOCG-SERV)
2. ULTIMATE OWNER (1 Vocational (SCHL-VOCL) (1 Library (LOCG-LBRY)
11 County (CNTY) {3 Education Agency (SCHL-ADMN) '} Police (LOCG-PLCE)
o City (CITY) L} Administration (SCHL-ADMN) [} Fire (LOCG-FIRE)
g '] Township (TOWN) [J OTHER (SCHL-OTHR) {1 OTHER (LOCG-OTHR)
o L] State (STAT)
o [ ] Public School © (PUSQC) b. PUBLIC CARE d. HOSPITALS
GE {] Private School (PRSC) {7 Nursing Home {PBCR-NURS) {1 General (HOSP-GENL)
2d ('} Non-Profit Association (NPAP) 1 Long Term Care (PBCR-TERM) (] Tuberculosis (HOSP-TUBR)
a8 {1 indian Tribe (INDN). {J Rehab. Facility (PBCR-RHAB) [] OTHER (HOSP-OTHR)
=29 O Public Health Ctr. (PBCR-HCTR)
2w O Res. ChildCare Ctr.  (PBCR-RCCC)

O

ENERGY REPORT
CHECK-OFF

Check the type of reports which were completed prior to this maxi-audit report form.
(X Energy Report
[J Elementary School Energy Report (form no. ED-00444-02)
{11 Secondary School Energy Report (form no. ED-00445-02)
4 Existing Building Energy Report (form no. EN-00041-01)
D Mini-Audit Report (form no. EN-00065-01)

If no energy report was completed before this maxi-audit report, include one with this report. Elementary school administrators should use form no.
ED-00444-02. Secondary and vocational school administrators should use form no. ED-00445-02. All other buiiding owners should use form no.
EN-00041-01. Ali building auditors are to use the mini-audit form EN-00065-01 after completion of one of the first three above.

ol

MINI-AUDIT REPORT SUMMARY

ENERGY REPORT AND

Instructions: Complete this section with a summary of what was accomplished as a result of the energy report and the mini-audit report.

ENERGY REPORT:

Energy report complete, analysis justified Mini-Audit. Maintenance Supervisor
used report to implement energy savings.

MINi-AUDIT REPORT:

Mini—Agdjt completed and used as guide for remodel. Insulation added to walls
and ceiling of remodeled areas. Fresh air to horizontal furnace in shop and

rooftop A/Cunit reduced. Heat temp. reduced in office areas. Dampers reset.
Furnace in paint shop left off.




MAX-AUDITOR
STATEMENTS

Instructions: This section is to be completed and signed by a registered architect, a registered mechanical engineer, or 8

registered electrical engineer. This section should be completed after this maxi-audit report is completed. All blanks must be
filled in.

1 have reviewed the building energy report and/or the mini-audit report for this building. | found all information containgd mefaiﬂ
to be correct, to the best of my knowledge, or | have corrected any misinformation on the reports, which will be resubmitted with
the maxi-audit report to the Minnesota Energy Agency.

| am not directly responsible for the day-to-day operation of this building being audited.

| have fully disclosed my financial interests relating to this maxi-audit and any energy conservation measures considered
by this audit.

Referring to section G, | have included an analysis that assumes all energy savings obtained from energy conservation operation
and maintenance procedures have been realized.

| have calculated the total energy cost savings, by fuel type, expected 1o result from the acquisition and installation of all
recommended energy conservation measures, taking into account the interaction among the various measures.

The energy prices used in the maxi-audit report are the current prices based on the institution's most recent purchase.

included in the maxi-audit report is a solar analysis for: (check one or more)

(R a domestic hot water heating system
(] a space heating system

[0 an electrical generation system

O an attached solar greenhouse

O other: (specify)

recommend that this building should not undergo a solar installation.
(should, should not)

Included in the maxi-audit report is a list of local zoning ordinances or building codes that will restrict the utilization of solar
energy [J YES ¥ NO (A no answer indicates that there are no local zoning ordinances or building codes to my knowledge that
-will restrict the use of solar energy systems.)

recommend that this building should not undergo afwaste, wind, or wood instaljationy

(should, should not) (circle which one(s))

| hereby certify that this audit was prepared by me or under my direct supervision and all information contained herein is correct
to the best of my knowledge. | am a duly registered mechanical engineer, electrical engineer, or architect under the laws of the
State of Minnesota. (only one signature is required)

Architect Engineer Paul Martinsen

Signature Signature th w ajtu,

Registration no. ‘ Registration no. __ 9997

Firm , Fim_Rieke Carroll Muller Associates, Inc.
Address Address 1011 1st St. S., Hopkins, MN

Phone phone _012/935-3421

Date bate___ 14 September 1981




Instructions: For determining the remaining useful life of the building, list each addition of the building and describ; ti’}e
addition, its condition, its age, and its gross square footage. Then for the building as a whole enter the remaining useful lifein
years. Enter the gross floor area of the building. Some of this information can be found in the energy report.

Building Unit Condition Age Sqg. Ft.
1967 Warehouse 14 9,000
1967 Garage 14 9,228
o 1967 Office 14 10,323
22 :
§§ 1967 Paint Shop 14 2,220
28
gE
5‘6 Remaining Usetul Life Gross Floor Area
§§ of the Building 81 Yrs of the Building 30 s771 Sq. Ft.

[9)

Instructions: Enter the energy consumption of the building by fuel type in MMBTU'slyear when the building is at optimum

efficiency. Enter the energy index in MBTU's/square foot/year.

Fuel 1 Fuel 2 Electricity Total
MMBTU/Year 8,141.9 2,666.07 10,807.97
MBTUI/sq. ft./Yr. 264.6 86.64 351.24

ENERGY INDEX

ESTIMATED

NOTE: For the conversion of fuel quantity to BTU's, use the following conversion factors for this section only.

Electricity— 11,800 BTU per kilowatt-hour
Natural gas— 1,030 BTU per cubic foot

Distillate fuel oil— 138,680 BTU per gallon
Residual fuel oil— 149,680 BTU per galion

Coal—24.5 million BTU per standard short ton

Liqueftied petroleum gases including propane and butane—95,475 BTU per gallon
Steam— 1,380 BTU per pound

The above conversion factors are stipulated in the federal requirements for the institutional Buildings Grants Program. These
source conversion factors are to be used in this section only. Conversion factors may be taken from engineering reference

manuals for fuels not listed.
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Instructions: Read through the list of energy conservation opportunities provided in the Maxi-Audit Manual. Upon completion of a thorough
engineering and economic analysis enter all the energy conservation opportunities in this section. Enter the results of the engineering and
aeconomic analysis for each energy conservation opportunity as indicated on the “Energy Conservation Measure Development Sheat’ andlor
"Energy Conservation Operations and Mainenance Procedure Development Sheet" or other format in the appropriate boxes The classification
numbers, major and subclass, should be taken from the classification scheme for energy conservation opportunities. Use the tuel codes as
listed. The fuel codes indicate the type and the unil of measure. If the fuel comes under OTHER convert the units of measure to MBTU and
describe the fuel saved in the description. Enter yes or no in the box entitled *Funding Requested" to indicate whether funding is being applied
for through the Institutional Buildings Grants Program. The "Funding Requested" and "'Implemantation Date" boxes are the only boxes that are
not required to be filled upon completion of the maxi-audit report. See page 14 for important detailed instructions.

P Electricity, kwh . e 10 No 2fueloil,gallons . ... 31 Street steam, Mibs .51
8& Natural gas.therms. . . . 21 No. 4 tuel oil, gallons 32 Solar, hours . . .52
W Natural gas, CCF ....22 No 5tueloil, gallons 33 Wind, kwh .53
T3 Natural gas, MCF .. . . 23 No.6tuetoil, gallons . . . 34 Wood, tons . 54
8% Naturaigas,CF .. .. . .....24 MHardcoal,tons . . 41 Other (specify), MBTU 55
won LPG, gallons 25 Softcoal, tons 42
Fuel 1 Ouanmvum 1 Fuel 1 Cost ltem Classthcation Descnption
Code Saved - Unils Savings § No Y
™M . .
: sor | sw 1 Add waste heat recovery air-to-air
24 911,825 2616.94 1 6 4 heat exchanger. Use heat to preheat
Fuel 2 Quantity of 2 Fuel 2 Cost Funding Implem i 1
Code Saved Unds Savings $§ Requested Date CombUSt1 on air.
No
Total Fuel Totai Fusel Acquisition Installation Design Total Modification Simple Payback
Savings MMBTU Cost Savings § Cost § Cost § Cost  § Cost Penod  Yrs
TOTAL
FUEL 911.825 2616.94 3,000 4,500 - 7,500 2.87
ELECT Quantity Elect Cost Increase in Salvage Useful Tolal Energy Alternate
CODE Saved - KWH Savings § O&8MCost § Value $ Lite - Yis Gust Savings  § Payback Yo
10 -—- - 18 2616.94 e
Fuel 1 Quanmy of 1 Fuel t Cosl iem Classihication Descrption
Code Saved - Units Savings—$ No Major Sub
24 1,255.906 | 3604.45 2 7 7 Add gas radiant heaters to high bay
Fuel 2 Quantity ot 2 Fuel 2 Cost Funding implem ShOp area.
Code Saved —Units Savings—$ Requested Date
No
Total Fuel Total Fuel Acquisition instatlation Design Total Modification Simple Payback
Savings —MMBTU Cost Savings $ Cost—$ Cost—$ Cost—§% Cost--§ Period - Yrs
TOTAL .
FUEL 1,255.906 | 3604.45 12,000 10,000 - 22,000 6.10
ELECT Quantity Elect. Cost Increase In Salvage Useful Total Energy Alternate
CODE Saved—KWH Savings—$ O & M Cost—$ Vailue—$ Life—Yrs Cost Savings—$ Payback —Yrs
10 20 3,604.45 {optional)
Fuel 1 Quantity of 1 Fuel 1 Cost . item Classification Description
) Code Saved—Units Savings—$ No. Maror 5ub
24 658.052 1888.64 3 2 2 Replace 8 steel roll up doors with
Fuel 2 Quantity of 2 Fuel 2 Cost Funding Implem. 8 insulated roll up doors.
Code Saved—Units Savings—$ Requested Date
No
Total Fuel Total Fuel Acquisition Installation Design Total Moditication Simple Payback
Savings—MMBTU Cost Savings $ Cost—$% Cost—$ Cost—$§ Cost—$ Period— Yrs.
e | 658.052 1888.64 47,050 94,000 ——— 141,050 66.21
ELECT. Quantity Elect. Cost Increase In Salvage Useful Total Energy Alternate
CODE Saved--KWH Savings—$ O & M Cost—$§ - Value—$ Life—Yrs Cost Savings—$ Payback —Yrs.
16,000 71 1888,64
10 (optional)
Fuel 1 Quantity of 1 Fuel 1 Cost Item Ciassification Description:
Code Saved—Units Savings—$ No. Major Sub
Fuel 2 Quantity of 2 Fuel 2 Cost Funding implem.
Code Saved—Units Savings—$ Requested Date
Total Fuel Total Fuel Acquisition Installation Design ~ Total Modification Simple Payback
Savings—MMBTU Cost Savings $ Cost—$ Cost—$§ Cost—$§ Cost—$§ Period—Yrs.
TOTAL
FUEL
ELECT. Quantity Elect. Cost increase In Salvage Useful Total Energy Alternate
CODE Saved —KWH Savings—$ O & M Cost—$§ Value—$ Life—Yrs Cost Savings—$ Payback—Yrs.
10 {optional)

13




Vi 0/
FUEL AND ELECTRIC CONSUMPTION REPORT NOV Vo

A " Instructions: Enter the organization name, date, building name, building address, city, and zip code as used on the prior report, mini-audit report, )
and/or maxi-audit report.

BUILDING NAME ' NAME OF ORGANIZATION B DATE
Ryan Building City of Bloomington 6-18-81
BUILDING ADDRESS ADDRESS
9750 James Avenue South 2215 West 01d Shakopee Road
- CITY ZIP CODE cITY . ZIP CODE
Q Bloomington, MN 55431 Bloomington, MN 55431
E,‘E PERSON COMPLETING FORM TELEPHONE CONTACT PERSON TELEPHONE
8% P.R. Weber 612/935-6901| Arthur W. Jensen 612/881-5811

Instructions: Complete this section of fuel consumption as accurately as possible. Indicate the fuel types used by the fuel code as listed. The fuel
code number describes the fusl type and the units of measure.

Electricity, kwh ... ..o 10 No.6fueloil,gallons. ... 34
Naturalgas,therms. ..........coviv i, 21 Hardcoal,tons .......... .. ..o 41
Naturalgas, CCF. ... ...ttt 22 Softcoalbltons ... ... . 42
Naturalgas, MCF ........... . . .o 23 Streetsteam,Mlbs ......... .. ... . 51
Naturalgas,CF ... 24 S0lan, NOUIS . ittt 52
LPG,galons .......covviiniiii i 25 Wind, KWh ... 53
No.2fueloll,gallons. ...... ... it 31 WO, 10N . o ittt e e 54
No. 4 fuel oil,gallons ... ... e e 32 Other (specify), MBTU .. ... ottt 55

No.5fueloil,gallons ........ ... oot 33

If the fuel used comes under the heading of OTHER, enter the code number 55 and specify the fuel typs. For the units of measure convert the units as
stipulated from the supplier to MBTU using the conversion factors as listed in the Maxi-Audit Manual or other engineering reference text. Enter the
storage capacities of each fuel type for the building. Enter the year the data is being completed for. Enter the monthly quantities used, if it is
measured, and the cost corresponding with the quality used. Otherwise enter the purchased quantities and costs. If more than two fuels are used
make additional coples of this form.

FUEL TYPE UNIT OF MEASURE JFUEL TYPE UNIT OF MEASURE
Nat. Gas CCF
FUEL CODE STORAGE CAPACITY FUEL CODE STORAGE CAPACITY
Month Year 220uantity Used -;o;t Quantity Used Cost
July 1979 204 62.67
August 19 79 389 167.30
September 19 79 244 74.67
Ootober 19 79 686 194.91 v
Novemoer | 1979 6288 1718.77
December 1979 7017 1915.72
January 19 80 14792 4080.87
February 19 80 15099 4311.70
March 1980 11401 3249.46
April 19 80 7817 2212.91
| may 10 80 2007 573.92
§ June 1980 90 30.60
g‘% Vost Toal 66034 18593.50

Minnesota Energy Agency
EN-00078-01 December 1979

15



[

e 2

ré “fn;mctio'ﬁws:ﬁoh‘wplete this section on electrical consumption as accurately as possible. Enter the electrical utility name supplying electrical
powaer to the buiiding and the rate classification utilized. Enter the year that the data Is being completed for. Use the same months and year for
this section as were used In the fuel consumption section. Enter the electrical energy consumed in kilowatt-hours. Enter the total electric bill for
each month. If the bullding has a demand meter, enter the maximum kilowatt demand for each month. Enter the power factor also, if it is
included in the utility metering.
Utility Name: Northern States Power Company
Rate Classification: Commercial
i
Month Year Energy Maximum Power Factor Cost (§)
Kllowatt-Hours Demand Kilowatts
July 1979 16000 899.568
August 1979 16400 1162.58
| September 1979 17800 947.67
October 1979 | 14600 685.84
, November 1979 18200 784 .22
December 1979 25200 995.30
l January 19 80 28600 1125.45
February 19 80 28200 " 1069.11
March 1980 | 24800 985.63
| April 19 80 22400 943.72
z|May 1980 | 15200 733.20
i >
|§§ June 19 80 1660 906.72
]
i3
48| Year Total 229060 11241.02

" Minnesota Energy Agency
EN-00078-01 December 1979

Upon completion of the Fuel and Electrical Consumption Report Form mail it to:

Minnesota Energy Agency

Conservation Research and Development

Conservation Division
980 American Center Build

ing

150 East Kellogg Boulevard

St. Paul, Minnesota 5510

1

-17-




RENEWABLE RESOURCES REPORT

The most practical renewable resource area for the Ryan Garage
is solar. The building's domestic hot water requirements are
small, and this water is heated by the building gas water heater.

" An analysis of a solar collector system, which would handie 50%
of the building heating loads, shows the following:

Cost $2,000.00
Energy Savings $  42.09
Payback Time 47.52 years

Based on this data, the system would not be practical to install,
because the payback tiem will exceed the 1ife of the building.

-19-




SOLAR ASSISTANCE TO DOMESTIC WATER HEATING

(GIVEN DATA)

Ta = monthly average ambient temperature (OF)

Hp = daily average radiation ingjdent on the collector
surface (Btu/day ft“)

-21-

Month D0 . Ny T, H,
Work days/mo. (Days per month) OF) (Btu/day £t2)
January 23 31 12.2 1124
" February 21 28 15.8 1363
March 21 31 28.4 1433
April 22 30 44,6 1442
May 22 31 57.2 1475
June 21 30 66.2 1522
July - 23 31 71.6 1588
August 21 31 69.8 1581
Sebtember 22 30 60.8 1519
October 23 31 50.0 1484
November 20 30 32.0 1004
December 23 31 19.4 897




SOLAR ASSISTANCE TO DOMESTIC WATER HEATING
(CALQJLATED DATA)

..82_

‘Month Lw Nf X/A Y/A X Y f fx LW
(Btu/Month) | (Ft>/mo) wed | i (Btu/Month)
January 1,624,683.2 2,628.94 0.082 0.0127 4.10 0.64 0.35 568,639.12
February 1,483,406.4 2,400.33 - 0.079 0.0152 3.95 0.76 0.41 623,030.69
March 1,483,406.4 2,400.33 0.077 0.0177 3.85 0.39 0.52 771,371.33
April 1,554,044.8 2,514.64 0.059 0.0170 2.95 0.85 0.55 854,724.64
May 1,554,044.8 2,514.64 0.053 0.0173 2.65 0.87 0.58 901,345.98
June 1,483,406.4 2,400.33 0.048 0.0182 2.40 0.91 0.60 890,043.84
July 1,624,683.2 2,628.94 0.042 0.0179 2.10 0.90 0.61 991,056.75
August 1,483,406.4 2,400.33 0.047 0.0195 2.35 0.98 0.66 979,048.22
September 1,554,044.8 2,514.64 0.049 0.0173 2.45 0.87 0.57 885,805.54
October 1,624,683.2 2,628.94 0.055 0.0167 2.75 0.8z 0.53 861,082.10
November 1,412,768.0 2,400.33 0.075 0.0126 3.75 0.63 0.34 480,341.12
December 1,624,683.2 2,628.94 0.077 0.0101 3.85 0.51 0.25 406,170.80

18,507,261.8 30,061.33 9,212,660.10

L, = 8.33xNxZx D, x (T _-52) N = No. of bldg. occupants = 80
Ny = Lw y4 = Daily water consump/occupant = 2gal.
He x Eg D0 = No. of days per mo. bldg. is occupied
X/A =16.8x Nyx (212- T ) x 1+ 0.006(60-T,) T, =  Water temperature °F) = 105°
L, Hy =  Fuel heating value = 1030 BTU /ft>
Y/A = 0.59 x Hp x Ny E, = Avg. heating efficiency = 60%
T, A =  Solar collector plate area = 50 Ft°
X = X/AxA
Y = Y/AxA

f = 1.029Y—0.065X—0.245Y2+0.001 8X2+0.02 15y3




SOLAR ASSISTANCE TO DOMESTIC WATER HEATING
COLLECTOR SYSTEM CALCULATIONS

1.  System Contribution (F)

foLw
z bw

F

9,212,600.1
18,507,261

0.50 or 50%

2.  System Cost (Cs)

C $40.00/FtZ x Area

S

$40.00/Ft2 x 0.50/Ft?

1}

$2,000.00

3.  System Energy Savings (Ss)

SS

1}

F xZNf X Cf

Cf fuel cost per unit

i

0.50 x 30,061.33 Ft3/yr x$ .0028/Ft3

1

$42.09/year

4.  System Payback Time (t)

t = Cs

S
s

$2,000.00

$42.09

47.52 years
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LO@GED ENERGY CONSERVATION MEASURE

DEVELOPMENT SHEET

Building: Date 6-18-81
Ryan Building temNo.____ 1
9750 James Avenue South Major Class _b6
Bloomington, MN 55431 Sub. Class 4

Energy Conservation Measure
Description of existing equipment:

Overhead horizontal furnace - 8,000,000 BTUH input rising combustion air
and draft divester air from heated space. Creates negative space pressure.

Description of energy conservation measure:

Add waste heat recovery air-to-air heat

exchanger on roof tied to power flue. Duct Useful life _ 18 years
preheated combustion air and draft divester

air direct to furnace.

Engineering Analysis: 0 ;
' ‘ Assume: 29 F=average winter temp.-

Annual heating degree days __ 8159 q ASHRAE

Annual cooling degree days 22/’Fh?afn§§§¢anger efficiency
Fuel 1 Gas units of Measure CF 29°F - outdoor average

Fuel 2 units of Measure %%'At

8’00?’888 §¥H7F%§p“t x ID (cu. ft. air for combustion) = 80,000 cu. ft.

(combustion air)

80,000 cu. ft. air
80,000 cu. ft. draft diverter
160,000 cu. ft. 160,000 x 0.53 x 0.33 (cycle) = 279,840 BTU

xE = H, xDx24> 279,840 x 8159 x 24
c) (c > (.64) x (1.56) = 911,825
(txnxv () () 75 x .8 X 1,000 o Pt gas

2% heating combustionefficiency outlined in ASHRAE guide not included in above

calculations.
o ' electrical savings kwhiyear
fuel 1 savings __ 911,825 lyear
fuel 2 savings lyear
Total Fuel Savings ___911-825 MMBTU/Year

*see explanation elsewhere in report
~27-




Economic Analysis
{1) Design cost:

(2) Acquisition cost: 3.000
Rodftop air-to-air heat exchanger 1,600,000 BTU
input - 0.53 efficient - Supplier quote.
(3) Instaliation cost: 4,500
Mount on roof and duct to burner and draft diverter -
Supplier quote.
Total Modification Cost = (1) + (2) + (3): 7,500
Increased operation and maintenance costs: -
Salvage or disposal costs: _
Energy Cost Savings
Electrical and/or fuel cost savings: '
- 911825 cu. ft. x $2.87/1,000 Ft3 = $3,626.94
Electrical $ /year
fuel 1$ _2,616.94 /year
fuel 2 $ /year
Total Fuel (1+2) $ /year
Payback Period
Simple and alternate payback period:
$7500  _
7616 .94 2.87 years
Simple 2.87 years
Alternate years

Local supplier quote on material & Tlabor.
-29-




*See Pride Development Sheet for formula.

ENERGY CONSERVATION MEASURE
DEVELOPMENT SHEET

Building: Ryan Building Date 6-18-81
_ 9750 James Avenue South 2
Bloomington, MN 55431 &Z'j';:’gl'ass —

Sub. Class

Energy Conservation Measure
Description of existing equipment:

Present horizontal furnace in shop area is 8,000,000 Btuh input,
6,4000,000 Btuh output. Heat Toss for this area is 770,878 Btuh.
Excessive infiltration and high ceilings.

Description of energy conservation measure:
Change over to gas fired radiant heating

in garage high bay area. Keep horizontal Useful life 20 years
furnace for summer ventilation and supplimentary
heating.
Engineering Analysls:
Annual heating degree days __ 8159
Annual cooling degree days
Fuel 1 Gas units of Measure __CF
Fuel 2 —_units of Measure
_ {770,878 x 8159 x 24 _
.5 x 2,511,812 = 1,255,906 CF
Vendor quotes reduction of 50% over furnace method.
electrical savings kwhlyear
fuel 1 savings __1,255,906 lyear
fuel 2 savings lyear
Total Fuel Savings __ 1,255,906 MMBTU/Year

-31-




Economic Analysis
{1) Design cost:

(2) Acquisition cost:

Mfg. quote on equipment from building inspection

(3) Installation cost:
‘Mfg. quote on labor, overhead, and profit from
building inspection

Total Modification Cost = (1) + (2) + (3):

Vendor quote

Increased operation and maintenance costs:

Salvage or disposal costs:

Energy Cost Savings
Electrical and/or fuel cost savings:

$2.87/MCF = Gas rate

$2.87 . _
a,255,906 CF x 1000 Ft Ft3 $3,604.45/Year

Electrical $
fuel 1 $
fuel 2 $

Total Fuel (1 +2)$

Payback Period v
Simple and alternate payback period:

$22,000

3.604.45/Vr = 6.10 Years

$ —
$ 12,000
$ 10,000
$ 22,000
$ — -
$ _——
/year
3,604.45 /year
[year
[year
Simple 6.10 years
Alternate years
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ENERGY CONSERVATION MEASURE
DEVELOPMENT SHEET

Building:  Ryan Building Date 6-18-81
9750 James Avenue South ltem No. 3
Bloomington, MN 55431 Major Class ____2

Sub. Class 2

Energy Conservation Measure
Description of existing equipment:

Existing steel roll up doors are loos fitting and cannot be insulated or
weatherstripped. These are in garage area in daily use, door heat loss
accounts for 36% of building heat loss. "U" value of 1.28.

Description of energy conservation measure:

Replace 8 roll up doors with thermal
insulated roll up doors. "U" value of 0.20 Useful life ____71 years

Engineering Analysis:

Annual heating degree days _8159 Per A.S.H.R.A.E. -
Annual cooling degree days H, x D x 24
Fuel 1 gas units of Measure ___CF E = *—E‘-X—“;(T (Cy) (Cp)
Fuel 2 units of Measure
‘ ' o where
Garage Doors - % i} ?g: X ig: f‘23?g Etz . E = fuel or energy consumption
- X = §Q7E'Ft2 H, = design heat Toss, including
3 t infiltration, Btu per hour
1.28 x 2376 x 75°F At,= 228,096 Btuh . D = number of 65 F degree dayg
~Inf. 2376 x 6-Btuh/Ft™ = 14,256 Btuh o Ay = design temp. difference (°F)
242,352 Btuh - Existing n = pated full load efficiency
0 _ V = heating value of fuel
0.20 x 2376 ¥ 75°F At = _ 35,640 Btuh C, = interim correction factor for
Inf. 2376 Ft° x 2-Btuh/Ft® = 4,752 Btuh D" feating effect vs. degree days
40,392 Btuh —Dggys Cpr=interim part-load correction

factor

242,352 Btuh - 40,392 Btuh

_ (201,960 x 8159 x 24) _
*E ( 75 % 80 x 1000 (.64) (1.56) = 658,062 cu. ft. gas

201,960 Btuh - Savings

electrical savings kwhlyear
fuel 1 savings __658,062 cu. ftyyear
fuel 2 savings lyear

Total Fuel Savings 658,062 MMBTU/Year

*See prior sheet




Economic Analysis
{1) Design cost:

(2) Acquisition cost:

1 - 20H x 18W thermal door - $6,800
7 - 16H x 18W thermal doors - $5,750 ea - $40,250
$6,800 + $80,500 = $47,050
(3) Instaliation cost:
1 -20x 18 - $13,500
7 - 16 x 18 - $11,500 ea. - $80,500
$13,500 + $80,500 = $94,000

Total Modification Cost = (1) + (2) + (3):

Increased operation and maintenance costs:

Salvage or dlisposal costs:

Energy Cost Savings
Electrical and/or fuel cost savings:

$2.87/MCF - Nat. Gas

§%§6gg§-x 2.87 = $1,888.64

¢ 47,050

§ 94,000

$ 141,050

$ ~ 16,000

$ 125,050 Net

Electrical $ /year
fuel 1$ 1,888.64 /year
fuel 2 $ /year

Total Fuel (1 +2)$ /year
Payback Period
Simple and alternate payback period:
125,050 _
1,888.64 - 06-21
Simple 66.21
Alternate

(2) & (3) - Local Door Supplier =37~

years
years




BUILDING CHARACTERISTICS

Description

The Ryan Building was acquired by the City of Bloomington 1in
1980. Estimated to be about 12 years old, the building is 1in
good condition. It was remodeled in 1981 with insulation, dry
ceiling and some space rearrangement. Overall use is similar
as designed. Basic construction is concrete block on grade;
flat roof, pitch and gravel, rigid insulation, corrugated steel
deck over trusses. There are numerous large corrugated steel
roll-up service doors.

Envelope Characteristics

1. Office Walls

llR\l

Outside Air Film 0.17
4" Face Brick 0.43
8" Concrete Block 1.11
2" Insulation 5.00
1/4" Plywood 0.59
Inside Air Film 0.61

7.91

"u" = 1/7.91 = 0.13
2. Garage Walls

OQutside Air Film

0.17
8" Concrete Block 1.11
Inside Air Film 0.61
1.95

"U" = 1/1.95 = 0.51

3. Office Ceiling

Outside Air Film 0.17
Built Up Roof 0.33
Insulation 4,17
Steel Deck 0.00
Air Space 1.23
3/4" Ins. Ceiling Tile 1.68
Inside Air Space 0.68
8.26

"U" = 1/8.26 = 0.12
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Building Heat Loss

Office Walls 0.13 x
Garage Walls 0.51 x
Office Glass 0.55 x
Garage Glass 1.13 x
Office Doors 1.40 x
Garage Doors 1.28 x
Office Ceiling 0.12 x
Garage Ceiling 0.21 x
Office Infiltration 0.55 x

- Garage Infiltration 0.70 x
Door Infiltration 6 Btuh
Edge Loss 4

2
3,552 th

14,054 Ft,
1,308 Ft,
514 Ft,

24 Ft,
3,764 Ft,
8,508 Ft,
18,340 Ft,
4,884 th
18,332 Ft

X 3,764 Ftl

Building Energy Using Systems

1. Heating Systems

X X X X X X X X

82°F
75°F
82°F
75°F
8ng
75%F
82°r
75°F

5 Btuh/Ft. x 916 Ft.

At
At
At
At
At
At
At
At

37,865
54,700
58,990
43,562
2,755
361,344
83,719
288,855
2,686
12,832
22,584
41,220

TR | U VN (N T AN | N [N | O { B 1}

Btuh
Btuh
Btuh
Btuh
Btuh
Btuh
Btuh
Btuh
Btuh
Btuh
Btuh
Btuh

1,011,112

Btuh

The three sections of the building are heated separately
with three different systems as follows:

A.

Office Area - roof top combination gas fired air
handler and air conditioning unit with ducted air
diffusers to each area.

Storage Area - overhead separate gas fired unit

heaters, five units

total.

Garage Repair Area - single gas fired horizontal
furnace with ducted overhead distribution system.

2. Ventilation Systems

A.

Office Area - as needed exhaust systems for toilet
areas; manual switching and time clock operation.

gas 'fired unit heaters depend op infiltration for

combustion air, creating negative pressure in area.

. Storage Area - no ventilation system in storage area;

Garage Repair Area - timed high and low power exhaust
system ducted throughout area; manual switching

optional.
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3. Lighting

A.
B.

Office Area - fluorescent Tlighting throughout

Storage Area - fluorescent lighting in entire
area as well as dock lighting

Garage Repair Area - H.I.D. lighting in high bay
area fluorescent in a few side repair and storage
areas.

4. Compressed Air Systems

A.

High pressure shop air system piped throughout

‘garage area only for equipment operation.

Control air system operating heat - A/C control
valves and thermostats.

E. Building Components

1. Office Area

A.

Heat-Cool Rooftop Air Handler

Mammoth Industries Unit

Model CEHB-251-6-415 M25

520,000 input natural gas max.

260,000 input natural gas min.

415,000 output Btuh modulating burner with
1/3 H.P. burner blower, 1/4 H.P. induced draft

7-1/2 H.P. blower - 208/60/3

30 H.P. compressor - 208/60/3

3 H.P. condenser - 208/60/1

Low ambient lock out on compressor

2. Storage Area

5 - Bryant gas fired unit heaters
120,000 Btuh input

3. Garage Area

A.

Mammoth Industires Horizontal Gas-Fired Furnace
8,000,000 Btu input
30 H.P. blower

_Adjustable fresh air intake

Air Compressors

1. Westinghouse - 100# air, 10 H.P. - 208/60/3

2. Buckeye Boiler Co. - Air Compressor for
control air - 3/4 H.P., 115/60/1
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Paint Shop - not previously listed - unused. Ambient
Storage only at present

A. Mammoth Nu Air Direct Fired Make Up Furnace
Mode T-3680
10,400,000 BTUH 1input
80,000 CFM - 40 H.P. blower, 208/6/3

B. Malsbory Steam Jenny
1,000,000 BTU input, natural gas

C. Air Compressor - shop air
Est. 40 H.P. compressor

D. Explosion-proof fluorescent lighting.

Above equipment 1ist for reference only. Not included
in audit report.

-4 5~
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Introduction

This Maxi-Audit Report is a detailed engineering analysis, of
the Water Treatment Plant, to identify possible energy conserva-
tion measures. These items are shown along with their costs,
yearly energy savings and payback times.




Summary

The Water Treatment Plant is a 7-year-old building, used for
softening, purifying, clarifying and adding chemicals to the water
~ system for the City of Bloomington.

This facility uses the largest amount of energy of all of
Bloomington's public properties. Therefore, it might stand to
reason that, because of the number of processes, methods, equipment,
structural features and operating procedures, there might be

an opportunity for extensive savings. This does not appear to be
the case; most energy demands are consistent with this type of
industrial operation.

The potential for additional energy savings exists, but would require

a study of the processes, equipment, pumping and tank design that is
beyond the scope of this report. In this type of plant, a high energy .
use exists that is directly related to gallons per minute pumped

and is independent of the total building design criteria.

A cursory examination of power factors listed elsewhere in this report
showed them to be satisfactory, after which we examined the heating,
building shell, and efficient heat usage. These last three areas

offer the best immediate energy saving opportunities, as follows:

Energy Saving Items

Item Cost Savings Payback Timé
Snow Melt Controls $ 600.00 $10,122.67 .06 years
New Boiler Controls $1,218.00 $ 3,309.54 0.37 years
Add Capacitors See

Appendix II
Domestic Solar Water $1,400.00 $ 25.15 55.60 years
Heating ‘
Bui]djng Solar Heating $290,000.00 $ 3,603.21 80.50 years

There are several additional items to consider which were outlined in the
mini-audit and fall under the classification of maintenance and operatijon.
These may be expense items with no immediate energy savings, but a long-
term operating savings may be realized. The corrosion of unit heaters,
thermostats, valves, registers, piping, heat exchangers, air conditioning
“equipment, etc. reduces useful Tife and operating eéfficiency, due to
chemical oxidation. This corrosion can be impeded by adding ventilation
which will reduce humidity, dust and chemical fumes, perhaps better than
an expensive dehumidification process. A1l air conditioning equipment

is reaching its saturation point of moisture removal (approximately 25%
of coil capacity).




MAXI-AUDIT REPORT

BUILDING NAME

CONTACT
DATA

NAME OF ORGANIZATION DATE

Water Treatment Plant City of Bloomington 6-4-81
BUILDING ADDRESS ADDRESS

9304 Poplar Bridge Road 2215 West 01d Shakopee Road
CITY ZIP CODE CITY ZIP CODE
Bloomington, MN 55437 Bloomington, MN 55431
PERSON COMPLETING FORM TELEPHONE CONTACT PERSON TELEPHONE

P.R. Wilcox 612/935-6901 |Arthur W. Jensen 612/881-5811

@

Instructions: For blocks 1 and 2 check the box which best fits the building ownership conditions. For block 3 determine which of the four categories
describes the building type and then within the category check off the sub category befitting the building function.

1. OWNERSHIP TYPE 3a. SCHOOLS c. LOCAL GOVERNMENT
% Public (PUB) 0 Elementary (SCHL-ELM) [ 1 Office (LOCG-OFFC)
{ } Non-Profit Association (NAP) () Secondary {SCHL-SECD) [ ] Storage (LOCG-STRG)
{J Coll. or Univ. (SCHL-POST) X1 Service (LOCG-SERV)
2. ULTIMATE OWNER 0 Vocational (SCHL-VOCL} ) Library (LOCG-LBRY)
{1 County (CNTY) 0J Education Agency (SCHL-ADMN) (] Police (LOCG-PLCE)
¥ City (CITY) U Administration (SCHL-ADMN) O Fire (LOCG-FIRE)
g [.] Township (TOWN) ] OTHER (SCHL-OTHR) [} OTHER (LOCG-OTHR)
o) [ ] State (STAD)
o { 1 Public School (PUSC) b. PUBLIC CARE d. HOSPITALS
Ot [ ] Private School (PRSC) [J Nursing Home (PBCR-NURS) (] General (HOSP-GENL)
>3 '] Non-Profit Association (NPAP) O Long Term Care (PBCR-TERM) L) Tuberculosis (HOSP-TUBR)
a% {1 Indian Tribe (INDN). {1 Rehab. Facility (PBCR-RHAB) [} OTHER (HOSP-OTHR)
e {3 Public Health Ctr. (PBCR-HCTR)
@ [ Res. Child Care Ctr. (PBCR-RCCC)

)

ENERGY REPORT
CHECK-OFF

Check the type of reports which were completed prior to this maxi-audit report form.
(X Energy Report
(1 Elementary School Energy Report (form no. ED-00444-02)
(.1 Secondary School Energy Report (form no. ED-00445-02)
[ X Existing Building Energy Report {form no. EN-00041-01)
(X Mini-Audit Report (form no. EN-00065-01)

If no energy report was completed before this maxi-audit report, inciude one with this report. Elementary school administrators should use form no.
ED-00444-02. Secondary and vocational school administrators should use form no. ED-00445-02. Al other building owners should use form no.
EN-00041-01. All building auditors are to use the mini-audit form EN-00065-01 after completion of one of the first three above.

o

MINI-AUDIT REPORT SUMMARY

ENERGY REPORT AND

instructions: Complete this section with a summary of what was accomplished as a result of the energy report and the mini-audit report. -

ENERGY REPORT:

The City administration authorized the mini-audit as a result of the energy report.
The report indicates high energy usage, but a review shows most use for process
application.

MINI-AUDIT REPORT:

The mini-audit outlined 32 separate considerations, some that oculd be done on an
immediate basis, and others requiring budget expenditures. Additional details
were supplies on several listings. The City classified most for maxi-audit,
which this report will cover. Capital expenditures for some improvements are
being determined for upcoming budgets. Example - lighting replacements.




Instructions: This section is to be completed and signed by a registered architect, a registered mechanical engineer, or a

registered electrical engineer. This section should be completed after this maxi-audit report is completed. All blanks must be
filled in.

MAX-AUDITOR
STATEMENTS

| have reviewed the buliding energy report and/or the mini-audit report for this building. | found all information contained therein

to be correct, to the best of my knowledge, or | have corrected any misinformation on the reports, which will be resubmitted with
the manxi-audit report to the Minnesota Energy Agency.

| am not directly responsible for the day-to-day operation of this building being audited.

I have fully disclosed my financial interests relating to this maxi-audit and any energy conservation measures considered
by this audit.

Referring to section G, | have included an analysis that assumes all energy savings obtained from energy conservation operation
and maintenance procedures have been realized.

| have calculated the total energy cost savings, by fuel type, expected to result from the acquisition and installation of all
recommended energy conservation measures, taking into account the interaction among the various measures.

The energy prices used in the maxi-audit report are the current prices based on the institution's most recent purchase.

Included in the maxi-audit report is a solar analysis for: (check one or more)

¥ a domestic hot water heating system
X] a space heating system

(O an electrical generation system

[J an attached solar greenhouse

[J other: (specity)

recommend that this building should not undergo a solar installation.

(should, should not)

Included in the maxi-audit report is a list of local zoning ordinances or building codes that will restrict the utilization of solar
energy (J YES X1 NO (A no answer indicates that there are no local zoning ordinances or building codes to my knowledge that
will restrict the use of solar energy systems.)

recommend that this building should not undergo eﬁgste, wind, or wood installation.j
{should, should not) {Circle which oneis))

| hereby certify that this audit was prepared by me or under my direct supervision and all information contained herein is correct

to the best of my knowledge. | am a duly registered mechanical engineer, electrical engineer, or architect under the laws of the
State of Minnesota. (only one signature is required) :

Architect Engineer PAUT Martinsen

Signature i Signature‘ \QJ&Maj;W

Registration no. Registration no. 9597

Eirm rirm_Rieke Carroll Muller Associates, Inc.
Address Address _P-0. Box 130, Hopkins, MN 55343
Phone Phone 012/935-6901

Date Date 6-4-81




Instructions: For determining the remaining useful life of the building, list each addition of the building and describg the
addition, its condition, its age, and its gross square footage. Then for the building as a whole enter the remaining useful lite in
years. Enter the gross floor area of the building. Some of this information can be found in the energy report.

REMAINING USEFUL

Building Unit Condition Age Sq. Ft.
1974 Water Treatment Plant 7 years 32,696
©
£
8
2
=2
@
w
T
=
L
O Remaining Useful Life Gross Floor Area
‘4‘ of the Building 88 Yrs of the Building 32,696 Sq. Ft.
-t

[9)

ENERGY INDEX

Instructions: Enter the energy consumption of the building by fuel type in MMBTU's/year when the building is at optimum
efficiency. Enter the energy index in MBTU's/square foot/year.

Fuel 1 Fuel 2 Electricity Total
MMBTU/Year 2615.2 693.45 40,330.24 43,638.89
MBTU/sq. ft./Yr. 79.9 21.21 1,233.49 1,334.69

ESTIMATED

NOTE: For the conversion of fuel quantity to BTU’s, use the following conversion factors for this section only.

Electricity— 11,600 BTU per kilowatt-hour
Natural gas— 1,030 BTU per cubic foot

Distiliate fuel oil— 138,690 BTU per gallon
Residual fuel oil— 149,680 BTU per galion

Coal—24.5 million BTU per standard short ton

Liquefied petroleum gases including propane and butane—95,475 BTU per gallon
Steam— 1,390 BTU per pound

The above conversion factors are stipulated in the federal requirements for the Institutional Buildings Grants Program. These
source conversion factors are to be used in this section only. Conversion factors may be taken from engineering reference

manuals for fuels not listed.
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Instructions: Read through the list of energy conservation opportunities provided in the Maxi-Audit Manual. Upon completion of a thorough
engineering and economic analysis enter all the energy conservation opportunities in this section. Enter the resuits of the engineering and
economic analysis for each energy conservation opportunity as indicated on the “Energy Conservation Measure Development Sheet" and/or
"Energy Conservation Operations and Mainenance Procedure Development Sheet" or other format in the appropriate boxes The classification
numbers, major and subclass, should be taken from the classification scheme for energy conservation opportunities. Use the fuel codes as
listed. The fuel codes indicate the type and the unit of measure. If the fuel comes under OTHER convert the units of measure to MBTU and
describe the fuel saved in the description. Enter yes or no in the box entitled “Funding Requested” to indicate whether funding is being applied
for through the Institutional Buildings Grants Program. The "Funding Requested” and "Implementation Date" boxes are the only boxes that are
not required to be filled upon completion of the maxi-audit report. See page 14 for important detailed instructions.

o Electricity, kwh .. ......10 No.2lueloil.gallons . . . .31 Streetsteam, Mibs 51
EE Natural gas, therms . .21 No 4 tuel oil, gallons .32 Solar, hours . . . .52
w < Natural gas, CCF . 22 No. 5fuel oil, gallons 33 Wind, kwh 53
T Naturalgas, MCF .. ... .. .. 23 No.6lueloil, gallons 34 Wood, tons . .. . 54
8% Natural gas. CF . . .....24 Hardcoal,tons . 41 Other (specity), MBTU .55
wo LPG, gallons 25 Softcoal. tons 4?2
Fgmt 1 guanhlv of 1 Euel 1 Cost Item Classiication Deseeephion
pode Seved  Units Savings 8 No mao | sw | Install snow sensor or under concrete
24 3,917,061 | 9870.99 1 6 3 |snow melt system.
Fuel 2 Quantity ot 2 Fuel 2 Cost Funding Impiem Regl” ate temperature fOY\ use per-l Ods On])
Cade Saved Unils Savings § Requested Date
no
Total Fuel Total Fuel Acquistlion Instaliation Design Total Modification Simple Payback
Savings MMBTU Cost Savings § Cost § Cost - § Cost  § Cost § Perod  Yrs
TOTAL
FUEL13,197.06 9870.99 200.00 400.00 - 600.00 .06
ELECT Quantity Elect Cost increase In Satvage Usetul fotal Energy Alternate
CODE Saved- KWH Savings § O &MCost § Value § Lile - Yis Cost Savings  § Payback  Yrs
10 9253 251.68 - - 18 103122'67 {optional)
Fuel t Quantity ot 1 Fuel 1 Cost tem Classitication Description
Code Saved ~Units Savings— $ No .
Major | Sub Add automatic controls to modulate
24 897,151 2260.82 2 7 4 boiler temperature with outdoor sensor.
Fuel 2 Quantity of 2 Fuel 2 Cost . Funding implem. i i .
Code Saved — Units Savings—$§ Requested Date Use on ] y one ci Y'CU] at] ng pump
no
Total Fuel Total Fuel Acquisition Instalfation Design Total Modification Simple Payback
Savings--MMBTU Cosl! Savings § Cost—$§ Cost—$ Cost—$§ Cost- § Peniod - Yrs
TOTAL
FueL | 897.15 2260.82 865.00 253.00 100.00 1218.00 0.37
ELECT Quantity Elect. Cost Increase In Salvage Uselul Total Energy Alternate
CODE Saved —KWH Savings—$ O & M Cost—$ Value—$ Life—Yrs Cost Savings—$ Payback — Yrs,
10 i ) : (optional)
Fuel 1 Quantity of 1 Fuel 1 Cost item Classitication Description
Code Saved —Units Savings—$ No. Major Sub Ca . .
Utilize capacitors where needed on motor
3 1 3 | to raise power factor to 0.90.
Fuel 2 Quantity of 2 Fuel 2 Cost Funding Implem. 3
Code Saved—Units Savings—$ Requested Date (See Append1 X I I )
no
Total Fuel Total Fuel Acquisition instaliation Design Total Modification Simple Payback
Savings—MMBTU Cost Savings $ Cost—$§ Cost—$ Cost—3§ Cost—$§ Period—Yrs.
TOTAL . . .
FUEL Appendix I1 Appendix II |Appendix II
ELECT. Quantity Elect. Cost increase In Salvage Useful Total Energy Alternate
CODE Saved—KWH Savings—$ O & M Cost—$ Value—$ Lite—Yrs Cost Savings—$ Payback—Yrs.
i - - Appendix II
10 AppendixII pp (optonal)
Fuel 1 Quantity of 1 Fuel 1 Cost tem Classification Description:
Code Saved —Units Savings—$ No. Major Sub
Fuel 2 Quantity of 2 Fuel 2 Cost Funding Implem.
Code Saved—Units Savings—$ © Requested Date
Total Fuel Total Fuel Acquisition Instaliation Design Total Modification Simpie Payback
Savings—MMBTU Cost Savings $ Cost—$ Cost—$§ Cost—$§ Cost—$ Period—Yrs.
TOTAL
FUEL
ELECT. Quantitly Elect. Cost Increase In Salvage Uselul Total Energy Alternate
CcoDE Saved—KWH Savings—$ O & M Cost—$§ Value—$ Life—Yrs. Cost Savings—$ Payback—Yrs.
10 (optional)
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FUEL AND ELECTRIC CONSUMPTION REPORT N@g fj 3

A Instructions: Enter the organization name, date, building name, building address, city, and zip code as used on the prior report, mini-audit report,
and/or maxi-audit report.

'BUILDING NAME NAME OF ORGANIZATION " loate
Water Treatment Plant City of Bloomington j6-4-8t
BUILDING ADDRESS ADDRESS
9304 Ponlar Bridge Road 2215 West 01d Shakopee Roa
ey " e ZIP CODE cITY " Jaip copE
& | Bloomington, MN 55437 Bloomington, MN 55431
£ & | PERSON COMPLETING FORM TELEPHONE CONTACT PERSON [ TELEPHONE |
88| P.E. Wilcox 612/935-6901 | Arthur W. Jensen $612/881-5811

Instructions: Complete this section of fuel consumption as accurately as possible. Indicate the fuel types used by the tuel code as listed. The fuel
code number describes the fuel type and the units of measure.

(o)

Electricity,kwh .. ... oo 10 No.6fueloil,gallons . ........ ..o i 34
Naturalgas,therms. ...t iiiieninnnnes 21 Hardcoal,tons ... ... ...t 41
Naturalgas,COF .. ... i ittt i e 22 Softcoal, tons ... i e 42
Naturalgas, MCF . ... ... ... . i i 23 Streetsteam,MIbs . ....... ... ... i 51
Naturalgas,CF .......oiiii i i 24 SOl hOUIS .« . e 52
LPG,gallons ....oovvri i e 25 Wind, KWh ... 53
No.2fueloll,gallons. ............ooii i, 3 WOOd, tONS . . v e s 54
No.4fueloil,gallons ........... ... ... i, 32 Other (specify), MBTU . ... 55
No. 5 fueloil, galions . ... .. PN 33

If the tuel used comes under the heading of OTHER, enter the code number 55 and specify the fuel type. For the units of measure convert the units as
stipulated from the supplier to MBTU using the conversion factors as listed in the Maxi-Audit Manual or other engineering reference text. Enter the
storage capacities of each fuel type for the building. Enter the year the data is being completed for. Enter the monthly quantities used, if it is

measured, and the cost corresponding with the quality used. Otherwise enter the purchased quantities and costs. If more than two fuels are used
make additional copies of this form.

‘ FUEL TYPE UNIT OF MEASURE JFueLTyee UNIT OF MEASURE
Natural Gas CCF #2 Fuel 011 Gallons
FUEL CODE STORAGE CAPACITY {FUEL CODE STORAGE CAPACITY
Month Year Quantity Used Cost 3éuantity Used ) Cost 1
duly 1979 810 231.71 0!
August 1979 860 252.58 0 N
Septomser 1979 810 235.86 0 ]
October 1979 1300 342.23 0 B
oo | W79 | 2360 543.21 0 o
'December 1979 3270 756.11 0 -
January 1980 4670 1097.77 0 o -
.Febma‘rvh 1980 4510 1113.65 0 -
March 1980 4380 1080.52 0
s w80 | 3750 919.82 0 |
o | May 1980 1400 351.33 0
§ June 1980 600 162.63 0
B2 | sear Tt 28,720 7087.42 0

Minnesota Energy Agency T o T
EN-00078-01 December 1979
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C vt Somn ot sascHsutcn i, xar hoes e o s Cole comete s i S mam rdyar
- this section as were used in the fuel consumption section. Enter the electrical energy consumed in kilowatt-hours. Enter the total electric bili for
each month. If the building has a demand meter, enter the maximum kilowatt demand for each month. Enter the power lactor also, if it is
included in the utility metering. .
utiity Name: ~ Northern States Power Company
Rate Classification: Commercial-Water & Sewer Pumping Rate
Month Year Kiloir;?tr?l-{ours Dem'::g i?i;guans Power Factor Cost ()
July 1979 364,183 9383.24
August 1879 348,560 9031.74
september | 1979 370,829 9963.68
October 1979 328,271 7617 .58
November 1979 313,197 7023.34
December 1979 266 ,057 6137.91
January 19.80 235,095 5683.93
February 19 80 194,157 4552.01
March 19.80 207,291 4925.57
Aot 19 80 222,160 5593.93
| 80 | 199,39 M
gé June 1980 337,452 9244..20
b4 - ——— et e e ]
S8 vear Toa 3,386,601 84,064.54

Upon completion of the Fuel and Electrical Consumption Report Form mail it to:

Minnesota Energy Agency
Conservation Research and Development
Conservation Division
980 American Center Building
150 East Kellogg Boulevard
St. Paul, Minnesota 55101

iAinnesota Energy Agency
&N-00078-01 December. 1979

17




RENEWABLE RESOURCES REPORT

The most practical renewabel resource area for the Water Treat-
ment Plant is solar. The building was analyzed for application
of a solar collector system for both the domestic hot water system
and the building heating system. The results are tabulated below.

" Domestic Hot Water-49% Building Heating-51%

Cost $1400.00 $290,000.00
Energy Savings $. 25.15 $ 3,603.21
Payback Time 55.6 years 80.5 years

Based on the above data, the systems would not be practical to install,
 because the payback time is excessive or will probably exceed the 1ife
of the building. Also, the building has a hot water heating system

which would require costly modifications to be compatible with a solar
collector heating system.

19




SOLAR ASSISTANCE TO DOMESTIC WATER HEATING
(GIVEN DATA)

Month D, Ny T, H,
| Work days/mo. (Days per month) Or) (Btu/day £t%)
January 31 31 12.2 1124
February 28 | 28 15.8 1363
March 31 31 28.4 1433
April 30 30 44.6 1442
"~ May 31 31 57.2 1475
June 30 30 66.2 1522
July 31 31 71.6 1588
‘August 31 31 69.8 1581
September 30 30 60.8 1519
October 31 31 50.0 1484
November 30 30 32.0 1004
December 31 31 19.4 397

Ta = monthly average ambient temperature °F)

HT = daily average radiation ingident on the collector
surface (Btu/day £t“)
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SOLAR ASSISTANCE TO DOMESTIC WATER HEATING
(CALQU LATED DATA)

Month L, N; X/A Y/A X Y £ fxLy
(Btu/Month) (Ft3/ mo) (1 /ftz) (1'/ft2) ) (Btu/Month)
January 1,094,895 1,772 0.122 0.019 4.27 0.67 0.32 350,366
February 988,938 1,600 0.118 0.023 4.13 0.81 0.45 445,022
March 1,094,895 1,772 0.104 0.024 3.64 0.84 0.50 547,447
April 1,059,576 1,715 0.087 0.025 3.05 0.88 0.54 572,171
May 1,094,895 1,772 0.075 0.025 2.63 0.88 0.56 613,141
June 1,059,576 1,715 0.067 0.025 2.35 0.88 0.58 614,554
July 1,094,895 1,772 0.062 0.027 2.17 0.95 0.62 678,834
August 1,094,895 1,772 0.064 0.026 2.24 0.91 0.61 667,885
September 1,059,576 1,715 0.072 0.025 2.52 0.88 0.58 614,554
October 1,094,895 1,772 0.082 0.025 2.87 0.88 0.57 624,090
November 1,059,576 : 1,715 0.100 0.017 3.50 0.56 0.30 317,872
December 1,094,895 1,772 0.114 0.015 3.99 0.53 0.26 284,672
602,950 974 286,525
Lw = 833 xNxZx DO X (’I’W—52) N = No. of bldg. occupants = &
Ny = L, zZ = Daily water consump/occupant = 20 gal.
H; x E f D o ° No. of days per mo. bldg. is occupied
X/A =16.8x Nyx(212-T_) x 1+ 0.006(60-T,) T, =  Water temperature (°F) = 105°
Lo Hy = Fuel heating value = 1030 BTU / Ft
Y/A = 0.59 x Hp x Ny E, = Avg. heating efficiency = 60%
Lw A = Solar collector plate area = 35 th
X = X/AxA
Y = Y/A x A ‘ .
f = 1.029Y-0.065X-0.245Y2+0.0018X%+0.0215Y>




SOLAR ASSISTANCE TO DOMESTIC WATER HEATING
COLLECTOR SYSTEM CALCU LATIONS

1.  System Contribution (F)

F =§' foW

= L,

6,330,608
12,891,507

[

A9 or 49%

2.  System Cost (Cs)

C $40.00/Ft2 x Area

S

$4:0.00/Ft? x 35 sq. ft.

$1,400.00

3.  System Energy Savings (S S

S

C

F ngf X Cf

£ fuel cost per unit

0.49 x 20,864 Ft2/yr x $0.00246 /Ft3

$25.15 per year

4,  System Payback Time (t)

t = CS

S
s

il

$1,400.00

§55.05

55.6 years
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SOLAR ASSISTANCE TO BUILDING HEATING
(GIVEN DATA)

Month N d T a f Ht Nf
(Days per month) OF) (Btu/day £t2) (£t3/month)
January 31 12.2 1124 4,670
February 28 15.8 1363 4,510
March 31 28.4 1433 4,330
April 30  uue 1442 3,750
May 31 57.2 1475 1,400
June 30 66.2 1522 600
July 31 71.6 1588 810
August 31 69.8 1581 860
September 30 60.8 1519 810
October 31 50.0 1484 1,300
November 30 32.0 1004 2,360
December 31 19.4 897 3,270

T, = monthly average ambient temperature °F)

HT = daily average radiation ingident on the collector
surface (Btu/day £t“)

N; = number of fuel units consumed per month (ft3/ month)
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SOLAR ASSISTANCE TO BUILDING HEATING
(CALQU LATED DATA)

Month LT X/A . Y/A X Y f fx LT
(Btu/Month) 1/f1:2 llft2 _ (Btu/Month)
January 288,606,000 0.36 x 10_2 0.07 x 10 g 02.61 0.51 0.30 86,581,800
February 278,718,000 0.33 x 10_3 0.08 x 10~ 3 02.39 0.58 0.36 100,338,480
March 270,684,000 0.35x 105 0.10 x 1073 02.54 0.73 0.47 127,221,480
April 231,750,000 0.36 x 10 3 0.11 x 107 3 02.61 0.80 0.51 118,192,500
May 86,520,000 0.93x 10 3 0.31 x 10 3 06.74 2.25 0.93 80,463,600
June 37,080,000 1.98 x 10:3 0.73 x 10'3 14.36 5.29 1.00 37,080,000
July 50,058,000 1.46 x 10 3 0.58 x 10” 3 10.59 4.21 1.00 50,058,000
August 53,148,000 1.39 x 10:3 0.54 x 107 3 10.08 3.92 1.00 53,148,000
September 50,058,000 1.52 x 10_3. 0.54 x 107 3 11.02 3.92 1.00 50,058,000
October 80,340,000 1.05 x 10__3 0.34 x 10_3, 07.61 2.47 0.95 76,323,000
November 145,848,000 0.62 x 10 3 0.12 x 10_3 04.50 0.87 0.47 68,548,560
December 20220862000 0.50 x 10~ 0.08 x 10 03.63 0.58 0.30 L 60,625,800
1,774,895,600 908,639,220
LT = N £ X Hf xE f

H; = fuel heating value = 1,000 BTU /ft3

E; = average furnace efficiency = 60%

X/A = 168xNyx(@212-T) A = solar collector plate area = 7250 Ft°
LT X = ‘X/A xA
Y/A = 0.59 x Hy x Ny Y = Y/AxA

- = 1.029Y-0.065X-0.245Y2,0.0018X2,0.021 5v>




SOLAR ASSISTANCE TO BUILDING HEATING
COLLECTOR SYSTEM CALCU LATIONS

System Contribution (F)

2 foT
> Lr

F

i

908,639,220
1,774,896,000

0.51 or 51%

System Cost (Cs)

$40.00/Ft2 x Area
2

Cs

$40.00Ft“ x 7,250 sq. ft.

$290,000.00

1}

System Energy Savings (S s)

SS

1}

FxSfoCf
Cs

fuel cost per unit

0.51 x 28,720 Ft2/yr x $0.00246 /Ft3

$3,603.21/year

System Payback Time (t)
t = C

$290,000.00

S 3,603.21

80.5 years
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ENERGY CONSERVATION MEASURE
DEVELOPMENT SHEET

Building: Water Treatment Plant Date 6-4-81
9310 Poplar Bridge Road It

Bloomington, MN 55437 Vaior s :

Sub. Class 8

Energy Conservation Measure
Description of existing equipment:

Present mechanical system is using a snow melting system to

keep approach apron to the garage area free of snow. This
system is connected to a heat exchanger from the plant boiler.
Manual switch with temp. requlating valve. A1l winter operation
manual.

Description of energy conservation measure:

Install snow sensor to activate system only when snow

is present. Nov. 1 to March 31, total of 3630 hours,ygefyl jife 18
ASHRAE guide shows an average of 203 hours per year -

of snow, or 5.6% of the total hours. Present temperature

regulator resets on fluid temperature all winter.

years

Engineering Analysis:

Annual heating degree days 8382
Annual cooling degree days 523

Fuel 1 gas — units of Measure CF
Fuel 2 _electricityynits of Measure W

System designed for Class III industrial use allowing 254 BTU/th/hr.
‘Actual ramp area is 3600 Ft,
3600 x 254 x 203 = 186 x 10° BTU/Year

6
195X 28 = 232,029 CF gas (snow time only)

gégoxxlgggix 3630 . 4,149,090 CF gas (all winter use)

4,149,090 - 232,029 = 3,917,061 CF gas

203 x 1.5 HP x 1.8 = 548 KW (snow use-circulator)

3630 x 1.5 HP x 1.8 = 9801 KW (all winter circulator)

9801 - 548 = 9253 KW savings

Minor efficiency Tosses not included in calculations and do not affect comparisons.

electrical savings 92453 kwhlyear
See Snowfall Data - Page 41 fuel 1 savings 3,917,061 CF ]year
fuel 2 savings year
Total Fuel Savings 3817.061 MMBTU/Year
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Economic Analysis
{1) Design cost:

0]
(2) Acquisition cost: 200.00
* 1 - snow sensor (several models available)
/
(3) Installation cost: 400.00
* Labor - 1 person - 2 days
Total Modification Cost = (1) + (2) + (3): 600.00
Increased operation and maintenance costs: 0
Salvage or disposal costs: 0
Energy Cost Savings
Electrical and/or fuel cost savings:
9253KWH x $.0272/KWH = $251.68
3,917,061 CF x$ .00252/FT3 = $9870.99
Electrical $ 251.68 /year
fuel 1 $ 9870.99 /year
fuel 2 $ /year
Total Fuel (1 +2) $ 10,122.67 /year
Payback Period
Simple and alternate payback period:
$600.00
$10,122.67/year = 0.06 years
*Honeywall Factory Quote Simple .06 vears
Alternate years
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Minneapolis Snowfall Data Sheet

856.68 hrs over 32°F - no snow 23.6%
2570.04 hrs below 32°F .- no snow 70.8%
203 hrs‘snonaTl : 5.6%

3630 total hours - Nov. 1 to March 31
254 BTU/sq ft - Design - Class III Industrial

98 x 36 + 70 =,3598.00 ft’

3600 x 254 = 914,400 BTU/hr
914,400 x 203 = 185,623,200 BTU/hr
186 x 10° = 232,029 t3 gas

0.8 x 1000

232,029 x .00252 = $584.71/year cost - gas

203 x 1.5HP x 1.8KW/HP = 548 KW

548 x .0272 = $14.91/year electricity

$584.71 + $14.91 = $599.62/year cost, $2.95/hr
$2.95 x 3630 hr = $10,722.24 cost/total winter use
-10,722.24 - 599.62 = $10,122.62 savings
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ENERGY CONSERVATION MEASURE
DEVELOPMENT SHEET

Building: Water Treatment Plant Date 6-4-81
9310 Poplar Bridge Road Item No. ;

. Major Class
Bloomington, MN 55437 Sub. Class 1

Energy Conservation Measure
Description of existing equipment: . 0
Boiler and pumps running when outside air temperature is above 65°F.

Description of energy conservation measure:

Connect boiler on outdoor anticipator.

Run only one 5 HP circulator. Useful life __17
Pump on low demand. Run second pump

on temperatures below 10°F.

years

'E'nglneerlng Analysis:

Annual heating degree days ____ 8382

Annual cooling degree days ______ 523
Fuel 1 __9das units of Measure cF
Fuel 2 . units of Measure

Assume: 6120 hours running time/year
$.0272/KW - electric rate
$2.52/MCF - gas rate

6120 x 5 HP x 1.4 = 42,840 KW/year

Actual gas usage: 2,872,000 CF
April through October degree days = 1739

739 X
8382 ~ 2,872,000
x = 595,849 \

Use: April through October = 1,493,000 (from plant records)
1,493,000 - 595,849 = 897,151 CF

electrical savings 42,840 kwhlyear
fuel 1 savings 897,151 CF__ /year
fuel 2 savings lyear

“Total Fuel Savings ___1043.36 MMBTU/Year
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Economic Analysis

(1) Design cost: $ 100.00
(2) Acquisition cost: $ 865.00
1 - outdoor ant. controller $385.00
1 - aquastat controller 280.00
wiring 200.00
$865.00
(3) Installation cost: $ 253.00
1 - outdoor controlier $129.00
1 - aquastat controller 124,00
$253.00
Total Modification Cost = (1) + (2) + {3): $ 1,218.00
Increased operation and maintenance costs: $
Salvage or disposal costs: T
Energy Cost Savings
Electrical and/or fuel cost savings:
Electricity rate = $0.0272/kW
Gas rate = $2.52/MCF
42,840 kWH x 0.0272 x .9 = $1,048.72 = Electricity
kWH
897,151 CF x 0.00252 = $2,260.82 = Gas
Electrical $ 1,048.72 /year
fuel 1 8 2,26082 /year
fuel 2 $ /year
Total Fuel (1+2) $ 3.309.54 /year
Payback Period
Simple and alternate payback period:
1,218 = 0.37/yr
3,310/yr
Simple 0.37 years
Alternate yeaars
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Buildin

Description

g Characteristics

The Water Treatment Plant was built in 1974 of concrete block

and face brick walls.
and gravel covering.

-the underside of ceiling in some areas.
identify the modern building.

Ceiling is concrete with insulated pitch
Additional insulation has been added to

below grade as this is a multi-level structure.

1.

Walls

Outside Air Film
4" Face Brick
Cement Mortar - %"
Concrete Block
Inside Air Film

U= 1/2.63 = 0.38

Roof

Outside Air Film-
Built-up Roofing
Insulation
Concrete Decking
Inside Air Film

U= 1/11.11 = 0.09
Building Heat Loss

Walls

Glass & Doors
Roof

Edge Loss
Infiltration

‘Enevelope Characteristics

0.17
0.44
0.10
1.24
0.68
2.63

0.38x19,838 FT2x75%t

0.55x2520 FT2x 75%t
0.09x19,445 FT2x75%t
45 BTU/FT x 1056 lin.ft.
3,72x456F T2x75%¢

43

Large glass areas
A portion of the wall areas are

565,383 BTUH
103,950 BTUH
131,254 BTUH
47,520 BTUH

127,216 BTUH

975,323 BTUH




Building Energy Using Systems

1.

Water Pumping Systems and Process

Appendix I Tists the major pump motors and their uses.
Numberous smaller fractional motors are used throughout

the plant, however they are not continous operation. For
this reason, it is not feasible to determine daily energy
use. A1l electric power is combined to total plant uses,

as this is the largest single electric energy use facility
in Bloomington. Programmed panel board operation is in use.

Heating System

The majority of the building is heated with a hot water boiler,
gas-0il combination. Unit heater and baseboard radiation are
the heating elements. Office areas and lab have hot water coils
in the combination heating/air conditioning units.

Air Conditioning Systems

Office areas use air conditioning units that dispells its heat
into adjacent room space.- Laboratory areas use a split system

- with a/c on the roof and a heating coil from the boiler hot

water system.
Dehumidification System

Dehumidification of select areas is accomplished with a water
cooled electric unit.

Exhaust Systems

Several small exhaust air systems throughout the plant. Manual
operation for most systems except chemical exhausts, which are
on automatic sensors.

Snow Melting System

Under the concrete system for snow melt; operates on glycol-
water from heat exchanger. Boiler heat and pump operation are
manual. '

Lighting

Most of the plant is fluorescent lighting. Outdoor lighting is

the only unit on automatic photocell switching. - Incandescent
lighting in some process areas.
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Building Energy Using Systems (continued)

8. Security System
Total plant operation is monitored from the master switch-
board system. Door security uses magnetic sensors for
indicating door position.

Building Equipment

1. Boiler
Gas-o0il hot water boiler unit
720,000 BTUH input
dua] - 5 HP circulating pumps - B & G

2. Heat-Cool Units

Singer Incremental heater in office.
Trane Split System in lab.

3. Process Equipment
See Appendix III
4., Water Heater

Gas fired water heater for summer use.
Circulator used continuous. 1/12 HP - B & G

5. Lights

Fluorescent and incandescent
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APPENDIX I

ELECTRIC MOTOR POWER FACTOR RATINGS

Water Treatment Plant
9310 Poplar Bridge Roa
Bloomington, MN 55437

d

49

Location ‘Equipment H.P. Phase Amps = Power Factor

High Service Pump Circ. Pump #1 100 460/3 100A 0.88

Room 4 ‘

High Service Pump Circ. Pump #2 200 460/3 200A 0.90

Room

High Service Pump Circ. Pump #3 200 460/3 200A 0.90

Room

High Service Pump Circ. Pump #4 100 460/3 95A 0.90
. Room

Pump Room Booster 20 475/2 25A -0.87

Vac. Pump Room Vac. Pump #50 50 475/3 51A 0.87

Vac. Pump Room. Vap. Pump #48 50 475/3  54A 0.87

Pump Station 82nd St. Pump #5 400 480/3 425A 0.87




APPENDIX II
Item 3 Major Class - 1, Sub - 3
Electric Motor Energy Savings Chart

(adding capacitators to existing equipment)

Capacitator Cost Capacitator Cost Est. Dollar Simple Payback

H.P. 240V (2) 480V (2) Savings/Yr (1) 240V 480V
5 ~ $135.00 $260.00 - - -
10 $265.00 $325.00 $55.20 4.8 5.89
20 $275.00 $350.00 $110.00 2.5 3.18
50 $350.00 $440.00 $276.00 1.27  1.59
100 $480.00 $780.00 $552.00 0.87 1.4
200 $780.00 $1500.00 $1104.00 0.71  1.36

(1) Based on demand charge of $5.00/KW/mo. and assuming we raise power
factor from 0.8 to 0.9.

(2) Furniéhed and installed prices estimated including overhead and profit.

(3) At the water plant, we observed power factors higher than the 0.8 assumed

in the appendix. As a result, the annual saving may be significantly
less.
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APPENDIX III

Nameplate
H.P. Current at  Current

_ 480V ~Observed
Pebble Lime Blower (Lincoln Motor) - 20 | 25" . 16.0/14.0/15.0
‘Filtrate Pumps* (G.E. Motor) 5 7.5 ~ 6.5A
D.A. 100 1.5 5.4 2.4/3.0/3.0
Screw. Conveyor (both sides the same) 2 3.0 2.8/3.0/3.0
Flash Mixer No. 1** (G.E.) 2 3.1 3.5/3.5/3.5
Flash Mixer No. 2** (G.E.) 2 3.1 4.4/4.0/4.4
Sludge Gate Hydraulic Pump (Lincoln) 10 13 7.8/8.1/8.1
Sludge Gate Hydraulic Pump (Lincoln) 10 13 7.0/7.0/6.8
Thickening Tower Scraper (Reliance) 2 | 3.2 2.1/2.1/2.3
Clarifier Rake Drive (G.E.) 3 2.9 4/.4/.4
Lime Slaker Torque Mtr. #1 %’ 2.0 less than .5
Silo Lime Blower (Louisalls) 100 120 54/58
Vacuum Pump #1* (U.s.) 50 59.5 50A
Vacuum Pump #2* (U.S.) 50 59.5 48A
Sludge Thickener * 2 3.2 2.6A
STudge Pump #1* (Reliance)- 10 13.1 7.5A
Sludge Pump #2* (Reliance) . 10 13.1 8A
Backwash Pump* " (Westinghouse) 100 120 80A
High Service Pump #1*(Westinghouse) 100 114 84A
High Service Pump #2*(Westinghouse) 200 220 186A
High Service Pump #3*(Westinghouse) 200 220 184A
High Service Pump #4* 100 114 88A
Booster Pump #1* (Reliance) 75 92 62A
Booster Pump #2* (Reliance) 75 92 60A
Booster Pump #4* (Reliance) - 30 37 37A
Well Pump #1 (out of service) - - ’
Well Pump #2 (U.S.) - 150 ' 180 150A
Well Pump #3 (Westinghouse) 125 142 128A

* Observed current from 1-23-79 report

** Overloaded motor - starter contains B6.90 thermal unit rated at 4.44 amps
‘minimum and 4.96 amps maximum. Unit 2 had a loose wire in terminal strip.
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Introduction

This Maxi-Audit Report is a detailed engineering analysis, of
the Public Works-Western Maintenance Building, to identify
possible energy conservation measures. These items are shown
along with their costs, yearly energy savings and payback times.




Summary.

The Public Works-Western Maintenance Garage is an 8 year old
building. Insulation in the built-up flat roof, and no insula-
tion in the walls, makes this structure a high energy use
facility during winter months. The high ventilation rate due

to its use for vehicle repair mandates close operating conditions
to conserve on fuel and electric usage.

Although this report outlines some energy saving opportunities,

the largest savings can be realized in the operation of the heating
equipment, lighting use and schedule hours. With only a few hours
occupancy per day, five days a week, or approximately 15 hours per
week, it is hard to identify the best capital improvements for
energy management. Other judgement factors not covered in this
report should be applied to the following energy saving items.

Energy Saving Items

Energy
Item Cost Savings/Year Payback Time
Add Wall Insulation $5558.08 $1032.30 5.38 years
Install Radiant Heat $7058.00 - $1236.00 5.71 years
Add Storm Windows $ 678.72 § 70.72 9.6 years
Solar Domestic Water Heat § 128.00 $ 7.35 17.4 years
Solar Building Heat $114,800.00 $1529.39 75.1 years




l 0 G G E D . MAXI-AUDIT REPORT

A BUILDING NAME NAME OF ORGANIZATION DATE
Public Works-Western Maintenance Garage | City of Bloomington 6-16-81
BUILDING ADDRESS ADDRESS
10500 Hampshire Avenue South 2215 West 01d Shakopee Road
ciTY ZIP CODE CITY ZIP GODE
S | Bloomington, MN 55431 Bloomington, MN 55431
;g_ PERSON COMPLETING FORM TELEPHONE CONTACT PERSON TELEPHONE
88| P.R. Wilcox 612/935-6901 | Arthur W. Jensen 612/881-5811

Instructions: For blocks 1 and 2 check the box which best fits the building ownership conditions. For biock 3 determine which of the four categories
describes the building type and then within the category check off the sub category befitting the building function.

1. OWNERSHIP TYPE 3a. SCHOOLS c. LOCAL GOVERNMENT
¥ Public . (PUB) J Elementary (SCHL-ELM) [1 Office (LOCG-OFFC)
{1'Non-Profit Association {NAP) (1 Secondary (SCHL-SECD) | | Storage (LOCG-STRG)
- {3 Coll. or Univ. (SCHL-POST) [X Service (LOCG-SERV)
2. ULTIMATE OWNER [J Vocational {SCHL-VOCL) [J Library (LOCG-LBRY)
{1 County (CNTY) (] Education Agency (SCHL-ADMN) {1 Police (LOCG-PLCE)
K City (CITY) ' ) Administration (SCHL-ADMN) (J Fire (LOCG-FIRE)
g 1 Township (TOWN) ] OTHER (SCHL-OTHR) {3 OTHER (LOCG-OTHR)
o 1) State (STAT)
o L.} Public School (PUSC) b. PUBLIC CARE d. HOSPITALS
GE { ] Private School {PRSC) [ Nursing Home (PBCR-NURS) (] General (HOSP-GENL)
Zzd {1 Non-Profit Association (NPAP) O Long Term Care (PBCR-TERM) (] Tuberculosis (HOSP-TUBR)
oB ') Indian Tribe (INDN), J Rehab. Facility (PBCR-RHAB) (1 OTHER (HOSP-OTHR)
3 [J Public Health Ctr. (PBCR-HCTR)
@ {1 Res. Child Care Ctr. (PBCR-RCCC)

O

Check the type of reports which were completed prior to this maxi-audit report form.
b Energy Report
['] Etementary School Energy Report (form no. ED-00444-02)
(U] Secondary School Energy Report (form no. ED-00445-02)

'&‘ 3¢ Existing Building Energy Report (form no. EN-00041-01)

2 0 Mini-Audit Report (form no. EN-00065-01)

Wil

o L.

GS It no energy report was completed before this maxi-audit report, include one with this report. Elementary school administrators should use form no.
ﬁg ED-00444-02. Secondary and vocational school administrators should use form no. ED-00445-02. All other building owners should use form no.
55 EN-00041-01. All building auditors are to use the mini-audit form EN-00065-01 after compietion of one of the first three above.

o

Instructions: Complete this section with a summary of what was accomplished as a result of the energy report and the mini-audit report.

ENERGY REPORT:

The Energy Report (Form EN-00041-01) indicated potential savings. The mini-audit
was instituted. Seven energy conservation actions taken after report, with one-
third reduction on natural gas use.

MINI-AUDIT REPORT:

Approximately 50-55% of the 30 listed energy opportunities are completed. The
new energy records will help identify and manage the use. Most items are

E maintenance and equipment adjustments. Capital expenditure items will be considergd
] after the Maxi-Audit.
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MAX-AUDITOR
STATEMENTS

Instructions: This section is to be completed and signed by a registered architect, a registered mechanical engineer, or a

registered electrical engineer. This section should be completed after this maxi-audit report is completed. Ali blanks must be
filled in.

| have reviewed the building energy report and/or the mini-audit report for this building. | found all information contained therein

to be correct, to the best of my knowledge, or | have corrected any misinformation on the reports, which will be resubmitted with
the maxi-audit report to the Minnesota Energy Agency. )

| am not directly responsiblie for the day-to-day operation of this building being audited.

| have fuily disclosed my financial interests relating to this maxi-audit and any energy conservation measures considered
by this audit.

Referring to section G, | have included an analysis that assumes all energy savings obtained from energy conservation operation
and maintenance procedures have been realized.

| have calculated the total energy cost savings, by fuel type, expected to resuit from the acquisition and installation of all
recommended energy conservation measures, taking into account the interaction among the various measures.

The energy prices used in the maxi-audit report are the current prices based on the institution’s most recent purchase.

Included in the maxi-audit report is a solar analysis for: (check one or more)

¥ a domestic hot water heating system
(X a space heating system

{J an electrical generation system

[0 an attached solar greenhouse

{1 other: (specify)

recommend that this building should not undergo a solar installation.
(should. should not)

Included in the maxi-audit report is a list of local zoning ordinances or building codes that will restrict the utilization of solar
energy O YES % NO (A no answer indicates that there are no locai zoning ordinances or building codes to my knowledge that
will restrict the use of solar energy systems.)

recommend that this building 'should not undergo dﬂégje, wifgd , or wood installation.)
(should, should not) (circle which one(s))

| hereby certify that this audit was prepared by me or under my direct supervision and all information contained herein is correct

to the best of my knowledge. | am a duly registered mechanical engineer, electrical engineer, or architect under the laws of the
State of Minnesota. (only one signature is required)

Architect Engineer Paul Marti nsen :

| sove _Qud Sl i

Registration no. Registration no. 9597

Firm rimRieke Carroll Muller Associates, Inc.
Address AddressP.0. Box 130, Hopkins, MN 55343
Phone Phone 612/935-6901

Date Date___6-16-81




instructions: For determining the remaining usetul life of the buiiding, list each addition of the building and describe the
addition, its condition, its age, and its gross square footage. Then for the building as a whole enter the remaining usetul life in
years. Enter the gross floor area of the building. Some of this information can be found in the energy report.

REMAINING USEFUL
LIFE OF THE BUILDING

Building Unit Condition Age Sq. Ft.
1973 Maintenance Garage Normal 8 years 6440
Remaining Useful Life Gross Floor Area
of the Building 87vrs | of the Building 6440 sq.Ft.

(9

Instructions: Enter the energy consumption of the building by fuel type in MMBTU's/year when the building is at optimum
efficiency. Enter the energy index in MBTU's/square foot/year.

Fuel 1 Fuel 2 Electricity Total
MMBTU/Year 1283.74 323.77 1607.51
MBTUIsq. ftYr. 199. 34 | 50.27 249.61

ENERGY INDEX

ESTIMATED

NOTE: For the conversion of fuel quantity to BTU's, use the following conversion factors for this section only.

Electricity— 11,600 BTU per kilowatt-hour

Natural gas—1,030 BTU per cubic foot

Distillate fuel oil— 138,680 BTU per gallon

Residual fuel oil— 149,690 BTU per galion

Coal—24.5 million BTU per standard short ton

Liquefied petroleum gases including propane and butane—95,475 BTU per gallon
Steam— 1,390 BTU per pound

The above conversion factors are stipulated in the federal requirements for the Institutional Buildings Grants Program. These
source conversion factors are to be used in this section only. Conversion factors may be taken from engineering reference
manuals for fuels not listed.
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Instructions: Read through the list Gt energy conservation opportunities provided in the Maxi-Audit Manual. Upon completion of a thorough
engineering and economic analysis enter all the energy conservation opportunities in this section. Enter the results of the engineering and
economic analysis for each energy conservation opportunity as indicated on the "Energy Conservation Measure Development Sheet" and/or
"Energy Conservation Operations and Mainenance Procedure Development Sheet’ or other format in the appropriate boxes The classification
numbers, major anc subciass, should be taken from the classification scheme for energy conservation opportunities. Use the fuel codes as
listed. The fuel codes indicate the type and the unit of measure. If the fuel comes under OTHER convert the units of measure to MBTU and
describe the fuel saved in the description. Enter yes or no in the box entitied “Funding Requested" to indicate whether funding is being applied
for through the Institutional Buildings Grants Program. The "Funding Requested"” and "Impiementation Date'" boxes are the only boxes that are
not required to be filled upon completion of the maxi-audit report. See page 14 tor important detailed instructions.

pes Electricity, kwh 10 No. 2tuel oil, galions 31 Street steam, Mibs 51
8&- Natural gas, therms 21 No. 4 tuel oil, gallons 32 Solar, hours 52
w g Natutal gas. CCF . 22 No. 5tueloil, gailons 33 Wind, kwh 53
xs Natural gas, MCF . .. . 23 No. 6 fuel 0il, galions 34 Wood, lons 54
8% Natural gas, CF .. ..24 Hardcoal, lons 41 Other (specify), MBTU 55
wo LPG, gatlons 25 Soft coal. tons 42
Fm‘li \ Quantity ot 1 Fuel 1 Cost ftem Classihcation Desconphion *
Code Saved. Units Savings § Nou S . .
Major sw 1Add styrofoam insluation to walls.
24 | 347,574CFM 1032.30 1 2 8
Fuel 2 Guantity ot 2 Fuel 2 Cost Funding impiem
Cade Saved Umits Savings § Hequested Date
Total Fuel Total Fuet Acquisition Installation Design Total Moditication Simple Payback
Savings MMBTU Cost Savings $ Cost Cost § Cost § Cost Perind Yy
TOTAL
FUEL 347.574 1032. 30 1934.56 3623.52 - 5558.08 5.38
ELECT Quantty Elect Cost increase in Salvage Uselul Total Energy Alternate
COOE Saved KWH Savings § O&MCost § Value $ Lite  Yrs Gost Savings  § Payback  Yis
10 * {aptional)
Fuel 1 guanmyuol 1 Fuel 1 Cost item Classihcation Descnption
Code aved —Units Savings —§ No Ma
o1 Sub .
Add radian heat.
24 | 520.200 1236.00 2 3 2
Fuel 2 Quantity of 2 Fuel 2 Cost Funding implem.
Code Saved --Units Savings—$ Requested DOate
Total Fuel Total Fuel Acquitsition Instailation Design Total Modification Simple Payback
Savings--MMBTU Cost Savings $ Cost—$ Cost—$ Cost—% Cos!—$§ Period--Yrs
TOTAL
FUEL 520.2 1236.00 5040.00 2016.00 0 7056.00 5.71
ELECT. Quantity Elect. Cost Increase In Salvage Usetul Total Energy Alternate
CODE Saved— KWH Savings—$ O & M Cost—$§ Value—$ Life—Yrs Cost Savings—$ Payback — Yrs
10 - - 20 1236.00 (optional
Fuel 1 Quantity of § Fuel 1 Cost item Classification Description
Code Saved—Units Savings—$ No. -
Major Sub .
3 > |10 Install plexiglass storms to overhead
24 | 23,812CF 70.72 doors
Fusel 2 Quantity of 2 Fuel 2 Cost Funding implem. -
Code Saved— Units Savings—$ Requested Date
Total Fuel Total Fuel Acquisition Instaltation Design Total Modification Simple Payback
Savings—MMBTU Cost Savings $ Cost—§ Cost—$ Cost—§ Cost—$§ Period—Yrs.
ot 23.812 70.72 384.72 294.00 - 678.72 9.6
ELECT Quantity Elect. Cost Increase In Salvage Useful Total Energy Alternate
CODE Saved—KWH Savings—$ O & M Cost—$ Value—$§ Life—Yrs, Cost Savings—$ Payback-—Yrs.
10 (optional)
Fuel 1 Quantity of 1 Fuel 1 Cost itern Classification Description:
Code Saved—Units Savings—$ No. Major Sub
Fuel 2 Quantity of 2 Fuel 2 Cost Funding implem.
Code Saved—Units Savings—$ Requested Date
Total Fuel Jotal Fuel Acquisition Iinstallation Design - Total Modification Simple Payback
Savings—MMBTU Cost Savings $ ost—$ Cost—§ Cost—$ ost—$ Period—Yrs.
TOTAL
FUEL
ELECT. Quantity Elect. Cost Increase in Salvage Useful Total Energy Alternate
CODE Saved — KWH Savings—$ O & MCost—$ Vaiue—$ Lite—Yrs. Cost Savings—$ Payback—Yrs.
10 {optional)
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l O G G E D FUEL AND ELECTRIC CONSUMPTION REPORT N@‘XF

U

and/or maxi-audit report.

A Instructions: Enter the organization name, date, building name, building address, city, and zip code as used on the prior report, mini-audit report,

BUILDING NAME :

NAME OF ORGANIZATION DATE

Public Works-Western Maintenance Garage City of Bloomington 6-16-81

BUILDING ADDRESS ADDRESS

110500 Hampshire Avenue South 2215 West 01d Shakopee Road

cTY ZIP CODE CITY ZIP CODE
S |Bloomington, MN 55431 Bloomington, MN 55431
Eﬁ PERSON COMPLETING FORM TELEPHONE CONTACT PERSON TELEPHONE
88|p.R. Wilcox 612/935-6901 |Arthur W. Jensen 612/881-5811

make additional copies of this form.

Electricity, kwh .........cooviiiiiiiiin,
Naturalgas,therms............covevniinen
Naturalgas,CCF..................oevnn.
Naturalgas, MCF .........................
Naturalgas,CF .........c.coooiviiin i,
LPG,gallons ...,
No.2fueloil,gallons. ......................
No. 4fueloil,gallons ......................
No.5tueloil,gallons ......................

Instructions: Complete this section of fuel consumption as accurately as possible. Indicate the fuel types used by the fuel code as listed. The fuel
code number describes the fuel type and the units of measure.

.......... 10 No. 6 fuel oil, gallons

.......... 21 Hardcoal,tons ......... ... .. ... oot 1
.......... 22 Softcoal,tons .......... ... i 42
.......... 23 Streetsteam,Mibs ................... ... ... ......50
.......... 24 Solanhours . ... i ... B2
.......... 25 Wind,kwh ......... .. ... . . ... 53
.......... 31 WOOd, tONS . ..ottt D4
.......... gg Other (specify), MBTU . ...............................55

It the fuel used comes under the heading of OTHER, enter the code number 55 and specify the fuel type. For the units of measure convert the units as
stipulated from the supplier to MBTU using the conversion factors as listed in the Maxi-Audit Manual or other engineering reference text. Enter the
storage capacities of each fuel type for the building. Enter the year the data is being completed for. Enter the monthly quantities used, if it is
measured, and the cost corresponding with the quality used. Otherwise enter the purchased quantities and costs. If more than two fuels are used

o FUEL TYPE UNIT OF MEASURE FUEL TYPE UNIT OF MEASURE
natural gas CCF
FUEL CODE STORAGE CAPACITY FUEL CODE STORAGE CAPACITY
| Month Year 2(2:uanmy Used Cost Quantity Used ___Cost ___~
July 1979 571 154.32
;;;;» 19 79 0 0 _ N
gemembw_h 19 79 0 6.34 -
OMMm;n 1979 272 75.14 |
Nomn@; 19 79 1127 298.77
bocomver | 10 79 99 29.89 ]
JAa.n:;r; 19 80 1789 475.98
February 19 80 1956 540.03
March 19 80 2993 823.63
Apr 19 80 737 203.85 "
2 | May 19 80 688 190.51
g June 12 80 172 286.55
g% Year Tota 10,404 3085.01

Minnesota Energy Agency
EN-00078-01 December 1979
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C ’ instructions: Complete this section on electrical consumption as accurately as possible. Enter the elactrical utility name S\H{lymg electrical
power to the building and the rate classification utilized. Enter the year that thg data is being compieted for. Use the same months and year for
* this section as wer used in the fuel consumption section. Enter the electrical energy consumed in kilowatt-hours. Enter the total electric bill for
each month. If the building has a deimand meter, enter the maximum kilowatt demand for each month. Enter the power factor also, if it is
included in the utility metering.
utility Name: - Nopthern States Power Company
Rate Classification: Commercial
o I 1 ...... I -T e e e e - - _ - -
- Energy Maximum
Month. Yoar 'Kilowau-Hours Demand Kilowatts Power Factor Cost @)
Jut 1
o o79 1520 79.97
A t 19
o 7 1520 80.17
sepemter | 979 1240 64.22
; S T —
! Qctober 19 79 1600 73 86
November 1979 2800 101.99
i e ——
! December 19 79 1960 81 37
i
? Januar{“ - “—_“19 80 4360 160 . 67
February 1980 2040 73 22
March 1980 2080 74.86
April 1980 2560 98.25
May 19 80
LB 1400 1 71490
g
Un.
=5 |June 19
E;, e 1 80 1480 81.50
5 S U e - .. e
oz
=91 Year T
s ea»rwovt.a! . 24,560 1044 98

Upon completion of the Fuel and Electrical Consumption Report Form mail it to:

Ainnesota Energy Agency
IN-00078-01 December 1979

Minnesota Energy Agency

Conservation Research and Development

Conservation Division
980 American Center Building
150 East Kellogg Boulevard
St. Paul, Minnesota 55101

17




RENEWABLE RESOURCES REPORT

The most practical renewable resource are for the Public Works-
Western Maintenance Building is solar. The building was analyzed
for application of a solar collector system for both the domestic
hot water system and the building heating system. The results are
tabulated below.

Domestic Hot Water-51% Building Heating-49%
Cost $ 128.00 $ 114,800.00
Energy Savings $ 7.35/year $ 1,529.39
Payback Time 17.4 years 75.1 years

Based on the above data, the systems would not be practical to install,
bacuse the payback time is excessive or will probably exceed the 1ife
of the building.
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SOLAR ASSISTANCE TO DOMESTIC WATER HEATING
(GIVEN DATA)

Month D, Ny T, H,
Work days/mo. (Days per month) (OF) (Btu/day ftz)
January 23 31 12.2 1124
February 21 28 15.8 1363
March 21 31 28.4 1433
April 22 30 46 1442
May 22 31 57.2 1475
June 21 30 66.2 1522
July 23 31 71.6 1588
August 21 31 69.8 1581
September 22 30 60.8 1519
October 23 31 50.0 1484
November 20 30 32.0 1004
December 23 31 19.4 897

Ta = monthly average ambient temperature (°F)

HT = daily average radiation ingident on the collector
surface (Btu/day ft“)
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- SOLAR ASSISTANCE TO DOMESTIC WATER HEATING
(CALCU LATED DATA)

Month L, N, X/A Y/A X Y f fxL
(Btu/Month) (KHH/mo) (1/£t%) (1/£t%) | (Btu/Month)
January 101,542.7 29.75 1.319 0.203 4.22 0.65 0.33 33,509.09
February 92,712.9 27.16 1.259 0.243 4.03 0.78 0.42 38,939.42
March 92,712.9 27.16 1.227 0.283 3.93 0.91 0.54 50,064.97
April 97,127 .8 28.46 0.949 0.272 3.04 0.87 0.53 51,477.73
May , 97,127.8 28.46 0.844 0.278 2.70 0.89 0.57 55,362.85
June 92,712.9 27.16 0.763 0.291 2.44 0.93 0.62 57 ,482.00
July 101,542.7 29.75 0.670 0.286 2.14 0.92 0.64 64,987.33
August 92,712.9 27.16 0.752 0.312 2.41 1.00 0.66 61,190.50
September 97,127.8 28.46 0.781 0.279 2.50 0.89 0.59 57,305.40
October 101,542.7 29.75 0.881 0.267 2.82 0.85 0.55 55,848.49
November 88,298.0 25.87 1.200 0.201 3.84 0.64 0.35 30,904.30
December 101,542.7 29.75 1.228 0.162 3.93 0.52 0.27 27,416.53
1,156,703.8 338.89 584,488.61
L, = 833 xNxZxD_x (TW—52) N = No. of bldg..occupants = 5
N, = L. yA = Daily water consump/occupant = 2 gal
He x Eg D0 = No. of days per mo. bldg. is occupied
X/A =16.8x Nyx (212-T_) x 1+ 0.006(60-T,) Ty = Water temperature °F) = 105° v
f; H = Fuel heating value = 3413 BTU / KWH
Y/A = 0.59 x Hp x N E, = Avg. heating efficiency = 1.0 ,
L, A = Solar collector plate area = 3.2 Ft
X = X/A x A
Y = Y/AxA

£ = 1.029Y-0.065X-0.245Y2,0.0018X2+0.0215Y°>




SOLAR ASSISTANCE TO DOMESTIC WATER HEATING
COLLECTOR SYSTEM CALCU LATIONS

l.  System Contribution (F)

F == fxL
= Ly

384,588.61
1,156,703.8

0.51 or 51%

2.  System Cost (Cs)

C $40.00/ th x Area

S

$40.00/Ft x 3.2 sq. ft.

$128.00

3. System Energy Savings (S.)

Ss

F x‘2'.'Nf x C;

Cs fuel cost per unit

0.51 x 338.89KWH /yr x $0.0425 KWH

it

$7.35/year

4.  System Payback Time (t)
ot = cC

$128.00
S 7.35]year

17.4 years
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SOLAR ASSISTANCE TO BU ILDING HEATING
(GIVEN DATA)

Month Ny | T, H, | N¢
(Days per month) Or) (Btu/day £t?) (£t3/month)

- January 31 12.2 1124 178,900
February 28 15.8 1363 195,600
March’ 31 28.4 1433 299,300
April 30 44.6 1442 73,700
May 31 57.2 1475 68,300
June 30 66.2 1522 17,200
July 31 71.6 1588 57,100

August 31 ’ 69.8 1581 0

September 30 60.8 1519 0
October 31 50.0 1484 27,200
November 30 32.0 1004 112,700
December 31 19.4 897 9,900

T a“ monthly average ambient temperature °F)

Hyp = daily average radiation ingident on the collector
surface (Btu/day ft“)

N¢ = number of fuel units consumed per month (ft3/ month)
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SOLAR ASSISTANCE TO BUILDING HEATING

(CALQULATED DATA)

Month Lp X/A Y/A X Y f fx LT
- (Btu/Month) I/ft2 l/ft2 (Btu/Month)
January 110,560,200 00.94 x 10’3 0.19 x 10‘% 02.70 0.55 0.34 37,590,468
February 120,880,800 00.76 x 10-3 0.19 x 10:3. 02.18 0.55 0.37 44,725,896
March 184,967,400 - 00.52 x 10:3 0.14 x 10 3 01.49 0.40 0.30 55,490,220
April 45,546,600 01.85x 10 3 0.58 x 10"3 05.31 1.67 0.85 38,714,610
May 42,518,400 01.90 x 10:3 0.63 x 10:3 05.45 1.81 0.89 37,841,376
June 10,629,600 06.91 x 10__3 2.50 x 10_3 19.83 7.18 1.00 10,629,600
July 35,287,800 02.07 x 10_ 0.82 x 10_3 05.94 2.35 1.00 35,287,800
August 0 0 x1035 0 x 10_3 0 0 0 0
September 0 0 x10 3 0 x10 3 0 0 0 0
October 16,809,600 05.02 x 10:'3 1.61 x 10:3 14.41 4.62 1.00 16,809,600
November 69,648,600 01.30x 10 3 0.26 x 10_3‘ 03.73 0.75 0.44 30,645,384
December 6,118,200 16.39 x 107 2.68 x 10 47.04 7.69 1.00 6,118,200
642,967,200
LT = Nf X Hf X Ef ,
H £= fuel heating value = 1,000 BTU /ft
Ef = average furnace efficiency = 60%
X/A = 16.8 x Ny x(212-T,) A = solar collector plate area = 2870 Ft?
‘T.? X = X/A x A
Y/A = '0.59xHTde Y = Y/AxA

Lr

f = 1.029Y-0.065X-0.245Y2,0.0018X24+0.0215Y>




SOLAR ASSISTANCE TO BUILDING HEATING
COLLECTOR SYSTEM CALCULATIONS

System Contribution (F)

F =2 foT
< Ly

313,853,150
642,967,200

0.49 or 49%

System Cost (Cs)

CS

"

$40.00/Ft2 x Area

$40,00Ft2 x 2870 sq. ft.

$114,800.00

System Energy Savings (S s)

Ss

C¢

F xz'focf

fuel cost per unit

i

0.49 x 1,040,400 Ft2/yr x $0.0003/Ft3
$1,529.39/year

System Payback Time (t)
t = C

gl 14,800.00
1,529.39

75.1 years

it

i
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ENERGY CONSERVATION MEASURE
DEVELOPMENT SHEET

Building:  Public Works-Western Maintenance Garage Date 6-16-81
10500 Hampshire Avenue South item No. 1
Bloomington, MN 55431 Major Class 2

‘Sub. Class 8

Energy Conservation Measure
Description of existing equipment; ) )
Brick-concrete block walls have no insulation and
have an overall "R" value of 2.45 or a "U" value of 0.41.

4588 FT2 wall area

Description of energy conservation measure:

Add 14" of styrofoam insulation to the interior 50

surfaces of the wall to decrease the overall "U" Useful life .7~ years
value from 0.41 to 0.10. This includes furring

the walls, attaching the insulation and covering

with %" sheetrock. This will reduce the heat Toss

through the wall.

Engineering Analysis:

Annual heating degree days ___8159
Annual cooling degree days ___523

Fuel ¥ _gas units of Measure ___CF
Fuel?2 ____________units of Measure ____ _
. e (Per 1976 ASHRAE
Energy Consumption = E = ELxDx24) x CpxCr Systems Handbook)
AtxnxV

H, = Design Heat Loss (Btu/hr)
Since Energy Savings = AE&HL=UAAt

‘ U = Heat Transfer Coeff.
Then Energy Savings = AE =(AUxAxAtxDx24 X CpxCr (Btu/hrxgtzon)
: AtxnxV A = Area (Ft°) o
At = Inside-outside temp (°F)
A E =£0.31x4588x60-(-10)x8159x24 | x 0.64x1.56 D = Degree Days
60-(-0)x0.80x1000 n = Equipment Efficiency
Vv =

3 Fuel Hegting Value
A E = 347,574 FT"/year (Btu/FT?)

D= Correction Factor

(]
I

CF = Load Correction Factor

electrical savings _______ 0 —— kwhlyear
fuel 1 savings 347,574 FT~_/Iyear
fuel 2 savings 0 lyear

Total Fuel Savings 347.574 MMBTU/Year
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Economic Analysis
1) Design cost:

$ 0
(2) Acquisition cost: $ 1934.56
Furring 2963FT§$0.08/FT $237.00
Insulation 4588FT2x$O.20/FT2 917.60
Sheetrock 4588FT2x$0.17/FT2 = 779.96
$1934.56
(3) tnstallation cost: $ 3623.52
Furring 2963FT§$0.65/FT > = $1925.96
Insulation  4588FT x$0.20/FT2 = 917.60
Sheetrock  4588FT2x$0.17/FT¢ = _ 779.96,
: ’ $3632.52
Total Modification Cost = (1) + (2) + (3): $ 5558.08
Increased operation and maintenance costs: $ 0
Salvage or disposal costs: $ 0
Energy Cost Savings
Electrical and/or fuel cost savings:
3
Gas: 347,574FT° x $2.97 _
o 106053 = $1032.30/year
Electrical $ [year
fuel 1§ 1032.30 /year
fuel 2 $ /year
Total Fuel (1+2)$ 1032.30 /year
Payback Period
Simple and alternate payback period:
$5558.08
$1032.30/year = 5.38 years
Costs from 1980 Means Building Simple 5.38 years
Construction Cost Data : Alternate years
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ENERGY CONSERVATION MEASURE
DEVELOPMENT SHEET

Building: Public Works-Western Maintenance Garage Date 6-16-81
10500 Hampshire Avenue South ten N‘"‘”"‘_”’ I
Bloomington, MN 55431 m No. 3
Major Class
Sub. Class 2

Energy Conservation Measure
Description of existing equipment:

812,500 input horizontal furnace presently being used for
garage area heating. Heat loss of area is only 306,874 BTUH.
Suilding uses 1,040,400 cu.ft.of gas annually.

Description of energy conservation measure: .
Leave furnace for summer ventilation and install gas

fired radiant heat units.
! Usetul life __20 years

Engineering Analysis:

Annual heating degree days 8159
Annual cooling degree days 523 ’

Fuel ' _pnatural gas units of Measure __CF

Fuel2 ______ units of Measure ____

1,040,400 cu ft gas x 0.50 (efficiency reduction) = 520,200 CF gas

Calculated gas usage is slightly higher than actual usage.
Use of Tower figure gives slightly more conservative analysis.

*E =(383,593x8159D.Dx24hrY 0.64x1.56 = 1,249,891 CF per season average use
75%.8x1000

.5x1,249,891 = 624,945 CF (calculated savings)

0

electrical savings kwhlyear
fuel 1 savings520,200 lyear
*Per 1976 ASHRAE Systems Handbook fuel 2 savings _ lyear
See page 33 for symbol clarificatiop,,, Fuel Savings __520,2 MMBTU/Year
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Economic Analysis
{1) Design cost:

(2) Acquisition cost:

5040FT2x%1.00/FT2 = $5040.00
$1.00/FT4-manufacturers quoted estimate for materials

/
(3) Installation cost:

5040FT2x$0.40/FT2 = $2016.00
$0.40/FT<-based on local contractors labor market.

Total Modification Cost = (1) + (2) + (3):
Increased operation and maintenance costs:

Salvage or disposal costs:

Energy Cost Savings
Electrical and/or fuel cost savings:
520,200CF x $2.97 x 0.8 = $1236/year
1000CF
0.8 = % building area and per cost of actual gas consumption
listed under analysis. Other 20% of building has separate
heating system.

Electrical $§

5040.00

2016.00

7056.00

[year

fuel 1$ 1236

/year

fuel 2 %

/year

Total Fuel (1+2) 8 1236

/year

Payback Period
Simple and alternate payback period:

$7056.00 total cost
$1236.99 per year = 5.71 years

Simple

5.71 yvears

Local contractors cost quote Alternate

years

materials cost from manufacturer
39




ENERGY CONSERVATION MEASURE

DEVELOPMENT SHEET

Building: Public Works-Western Maintenance Garage
10500 Hampshire Avenue South
Bloomington, MN 55431

Energy Conservation Measure
Description of existing equipment; _
Maintenance garage doors have single glaze windows.

windowi have "U" value of 1.13.
168 FT¢ of glass for 6 doors.

Description of energy conservation measure:
Add plexiglass storm windows to the existing frames.
Double glaze windows have "U" value of 0.55.

Engineering Analysis:

Annual heating degree days __8159
Annual cooling degree days 523
Fuel 1 gas units of Measure _CE

Fuel 2 units of Measure

168FT2x1. 13x82 At =15,567 BTUH

168FT2x0. 5582 at

Energy Savings

7,577 BTUH
7,990 BTUH

E =_§L§DX24. X CDxCF
A txnxV

E =(7990x8159x24 \ x 0.64x1.56 = 23,812 CF
82,.8x1000

)

electrical savings
fuel 1 savings
fuel 2 savings
Total Fuel Savings

41

Date 6—16'81M
item No. 3
Major Class 2
Sub. Class 10
Usetul life _ 20

years

(Per 1976 ASHRAE
Systems Handbook)

HL=Design Heat Loss (Btu/hr)

U =Heat Transfer Coeff.
(Btu/hrxft2xOF)

A =Area (Ft2) o

At=Inside-outside temp (°F)

D =Degree Days

n =Equipment Efficiency

V =Fuel Heating Value (Btu/FT

CD=Correction Factor
CF=Load Correction Factor

kwhlyear
23,812 lyear

lyear
23.8  MMBTU/Year

3)




Economic Analysis
{1) Design cost:

{2) Acquisition cost:

*Plexiglass material = §$2.29/FT°
168FT2x$2.29 = #384.72

(3) Installation cost:
*Labor = §1.75/FT2

168x$1.75 = $294.00
Total Modification Cost = (1) + (2) + (3):

Increased operation and maintenance costs:

. Salvage or disposal costs:

Energy Cost Savings
Electrical and/or fuel cost savings:

23,812 CF x $2.97 = $70.72/year
T000CF

Electrical $

384.72

294.00

678.72

/year

fuel 1$ 70.72

/year

fuel 2 $

/year

Total Fuel (1 +2) %

/year

Payback Period
Simple and alternate payback period:

$678.72
$ 70.72 = 9.6 years

Simple
* Means Estimating Manual-1980 Alternate

43
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C.

Building Characteristics

Description

The Public Works-Western Maintenance building was built in
1973 and is used as a maintenance garage and office space.

The walls are concrete block and 4" face block.
built up pitch and gravel over 1%" rigid insulation on 1%"

corregated steel decking.

The roof 1is

Open bar joist in garage area and

upper mezzanine. Wood joist and gypsum board ceiling in Tower
mezzanine. Floor at grade on concrete slab.

Enevelope Characteristics

1. MWalls

Qutside Air Film

4" Blcok
3/4" Mortar

8" Concrete Block

Inside Air Film
U=1/2.45 = 0.41

2. Roof

Qutside Air Fllm
Built-up Roofing
1%" rigid insulation

Metal Decking
Inside Air Film

U=1/5.59 = 0.18
Building Heat Loss

Walls
Roof
Edge Loss
Inf.
Glass
Doors

IIR!I

0.17
0.39

1.11
0.68

2.45

OOPMOO
OO W
NON W

(3]
(&2}
el

0.41x5205FT2x82°
0. 18x6300F T2x82°
45x360 FT
0.15x267,980 BTU
1.13x36FT2x82° t
0.55x1239FT°x82° t
TOTAL

c
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174,992 BTUH
92,988 BTUH
16,200 BTUH
40,198 BTUH

3,336 BTUH

55,879 BTUH

383,593 BTUH




D. Building Energy Using Systems

1.

Heating System

The building has 2 furnaces, gas fired; one counterflow
and one horizontal unit. Ducted warm air systems with
fresh air intake.

Ventilation System

One system handles garage area to include fume exhaust.
Operated as needed. Second system handles toilet exhausts
on a continuous basis.

Lighting System

Fluorescent Tighting - minimum use

Water Heater

30 gallon H.R. electric

E. Building Equipment

1.

Furnaces
a. Repair Area - natural gas furnace
Rheem National
812,500 BTUH input
650,000 BTUH output
b. Office Area - natural gas counterflow furnace
Lennox Counterflow - single stage
165,000 BTUH input
132,000 BTUH output
Water Heater

High Recovery 30 gallon electric water heater; no recirculating
line. '

Lighting

Entire building has watt-miser fluorescent fixtures. .
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