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Calculation Appendix 

A. Cooling Panel Head 

Radiant panel 
pressure drop 

GPM  Head 
0  0.000 

0.2  0.040 
0.4  0.113 
0.6  0.220 
0.8  0.360 

0.82  0.376 
1  0.533 

1.2  0.739 
1.4  0.978 
1.6  1.251 
1.8  1.557 
2  1.896 

2.2  2.268 
2.4  2.674 
2.6  3.113 
2.8  3.584 
3  4.090 

 

B. Diffuser and FTU Calculations 

FTU’S  Current SF  FTU's  SF/FTU Total SF Total FTU Cost/FTU Total Cost  Savings
Original  31160  33  944 46215 49 $1,071.63 $52,449.79   
Redesign  31160  33  944 46215 49 $150.00 $7,341.60  $45,108.19

 
DIFFUSER  Current SF  Count  SF/FTU Total SF Total FTU Cost/FTU Total Cost  Savings
Original  15580  44  354 46215 131 $45.00 $5,873.28   
Redesign  15580  44  354 46215 131 $58.00 $7,570.01  ($1,696.73)
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Appendix a  Original Annual Energy Use 
 

    
 
 
 
 
 
 
 
 
 

 

    

    Table A Electric and gas consumption 

  

=(Therms x10) 

Figure A. Electric consumption, gas 
consumption, and electricity breakdown 



Appendix B Ductwork Sizing and Costs 
 
Original 

  DUCTWORK  ELBOWS  CONNECTORS  TEES 

Size  Length (ft)  Cost/ft  Price Count Cost ea. Price Count Cost ea.  Price Count Cost ea. Price
36  15  $29.50  $442.50                 1 $160.00 $160.00
26  48  $14.00  $672.00         2 $14.00  $28.00      
22  96.5  $11.50  $1,109.75 7 $115.00 $805.00 2 $11.90  $23.80      
20  49.5  $10.50  $519.75 4 $74.00 $296.00 2 $10.90  $21.80      
18  22  $9.50  $209.00 1 $55.50 $55.50 1 $10.05  $10.05 1 $78.00 $78.00
16  18.5  $6.95  $128.58 2 $42.50 $85.00 2 $9.00  $18.00      
12  134  $5.20  $696.80 9 $14.35 $129.15 2 $6.90  $13.80 3 $21.00 $63.00
10  513  $4.30  $2,205.90 38 $10.85 $412.30         6 $16.45 $98.70
8  131  $2.66  $348.46 18 $7.60 $136.80         1 $11.55 $11.55

         $6,332.74       $1,919.75       $115.45       $411.25

                      TOTAL $8,779.19
                      per SF $0.56
                    BUILDING TOTAL $26,041.72
 
Redesign 

  DUCTWORK  ELBOWS  CONNECTORS  TEES 

Size  Length (ft)  Cost/ft  Price Count Cost ea. Price Count Cost ea. Price Count Cost ea. Price
18  15  $9.50  $142.50             1 $78.00 $78.00
14  48  $6.05  $290.40       2 $8.00 $16.00      
12  110  $5.20  $572.00 9 $14.35 $129.15 2 $6.90 $13.80      
10  12  $4.30  $51.60 1 $10.85 $10.85 1 $5.70 $5.70      
9  24  $3.50  $84.00 2 $9.00 $18.00 1 $4.20 $4.20      
8  86  $2.66  $228.76 6 $7.60 $45.60       2 $11.55 $23.10
7  175  $2.40  $420.00 12 $6.55 $78.60       1 $10.20 $10.20
6  219  $2.02  $442.38 20 $6.20 $124.00 1 $2.81 $2.81 1 $8.85 $8.85
5  139  $1.77  $246.03 10 $5.40 $54.00 1 $2.61 $2.61 1 $8.20 $8.20
4  199.5  $1.39  $277.31 19 $4.71 $89.49       6 $6.15 $36.90

      $2,754.98     $549.69     $45.12     $165.25

                      TOTAL $3,515.04
                      per SF $0.23
                    BUILDING TOTAL $10,426.66



Appendix C Pipe Sizing and Costs 

Table C.1. Original Piping Costs, Hot Water ONLY 
  PIPE  ELBOWS  TEES 

Size  Length (ft)  Cost/ft  Price Count Cost ea.  Price Count Cost ea.  Price
2  125  $25.00  $3,125.00 2 $29.00  $58.00 5 $44.50  $222.50

1.5  31  $16.10  $499.10 3 $16.10  $48.30 0 $31.50  $0.00
1.25  70  $12.50  $875.00 1 $10.25  $10.25 5 $29.50  $147.50

1  59  $9.05  $533.95 1 $6.80  $6.80 4 $15.75  $63.00
0.75  165  $6.00  $990.00 11 $2.76  $30.36 1 $7.00  $7.00
0.5  34  $3.83  $130.22 3 $1.23  $3.69 0 $10.85  $0.00

      $6,153.27     $157.40     $440.00

                TOTAL  $6,750.67
              with Return  $13,501.34
                per SF  $0.87
              BUILDING TOTAL  $40,049.06
 
Table C.2. Redesign Piping Costs, Hot Water ONLY 
  PIPE  ELBOWS  TEES 

Size  Length (ft)  Cost/ft  Price Count Cost ea.  Price Count Cost ea.  Price
2  125  $25.00  $3,125.00 2 $29.00  $58.00 5 $44.50  $222.50

1.5  31  $16.10  $499.10 3 $16.10  $48.30 0 $31.50  $0.00
1.25  70  $12.50  $875.00 1 $10.25  $10.25 5 $29.50  $147.50
11  59  $1.26  74.34 1 $1.26  $1.26 4 $1.26  $5.04

0.751  165  $0.76  125.4 11 $0.76  $8.36 1 $0.76  $0.76
0.51  34  $0.62  21.08 3 $0.62  $1.86 0 $0.62  $0.00

      $4,719.92     $128.03     $375.80

                TOTAL  $5,223.75
              with Return  $10,447.50
                per SF  $0.67
              BUILDING TOTAL  $30,990.45
 
Table C.3. Redesign Piping Costs, Chilled Water ONLY 
  PIPE  ELBOWS  TEES 

Size  Length (ft)  Cost/ft  Price Count  Cost ea. Price Count  Cost ea.  Price 
3.52  88  $17.45  $1,535.60 2  $200.00 $400.00 4  $245.00  $980.00 
32  31  $15.55  $482.05 0  $78.00 $0.00 1  $133.00  $133.00 
2.5  32  $38.00  $1,216.00 3  $58.50 $175.50 0  $119.00  $0.00 
2  64  $25.00  $1,600.00 2  $25.00 $50.00 4  $44.50  $178.00 

1.5  14  $16.10  $225.40 1  $16.10 $16.10 0  $31.50  $0.00 
1.25  88  $12.50  $1,100.00 4  $12.50 $50.00 3  $29.50  $88.50 
11  122  $1.26  $153.72 9  $1.26 $11.34 0  $15.75  $0.00 

0.751  27  $0.76  $20.52 2  $0.76 $1.52 0  $7.00  $0.00 
0.51  18  $0.62  $11.16 1  $0.62 $0.62 1  $10.85  $10.85 

      $6,344.45     $705.08     $1,390.35 

                TOTAL  $8,439.88 
              With Return  $16,879.76 
                per SF  $1.08 
            BUILDING TOTAL  $50,070.48 
1PEX Piping 
2Steel Pipe



Appendix D Portland Design Conditions 
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Appendix E  Cooling Panel Sizing 
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Appendix F Heating Panel Sizing 

Table assumes 20F ΔT.  Redesign uses 40F ΔT.  Multiply all values 2x for actual output 
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Appendix G Mechanical Equipment 
 
PUMPS Well Water Supply 

(P-1, P-2 Alternate) 
Chilled Water  
(P-3, P-4 Alternate) 

Condenser Water  
(P-5, P-6 Alternate) 

Location Well Mechanical Room Mechanical Room 
GPM 200-300 140 130 
Total Head (ft) 128-153 81 90 
VFD Yes No No 
Motor HP 25 7.5 7.5 
Efficiency ASHRAE Table 10.8 ASHRAE Table 10.8 ASHRAE Table 10.8 
 
EXHAUST FANS EF-1 EF-2 EF-3 EF-4 
Location Toilet Room Data Room Locker Room Elevator Room 
Fan Type Centrifugal Centrifugal Centrifugal Centrifugal 
CFM 1200 400 1080 400 
HP .33 .125 .33 .125 
Efficiency Code minimum Code minimum Code minimum  Code minimum 

AIR HANDLING UNIT – AHU-1 
Location Rooftop 
Supply Fan Plug, Blow Through 
Supply CFM 35,800 
Supply BHP/HP 44.7/50 
Supply Motor Eff Premium 
Supply VAV Control VFD 
Minimum OA 5,500 CFM 
Exhaust CFM 35,800 
Exhaust BHP/HP 12.75/15 
Exhaust Motor Eff Premium 
Exhaust VAV 
Control 

VFD 

Cooling MBH 970 Sens/1065 Total 
Chilled Water 
EWT/LWT 

44/59.2 

Cooling Coil 
EAT/LAT 

79DB,62WB/ 52.3 

CW GPM 140 
Heating MBH 1122 
Heating Coil 
EWT/LWT 

120/100 

Heating Coil 
EAT/LAT 

69/98 

HW GPM 112 
Unit Size 16,000 lbs 

CHILLER – CH-1 
Multi-stage, water cooled 
Location Mechanical Room 
Operating Weight 4100 lbs 
Compressor Rotary Scroll 
HEATING  
kBTUh 1,303 
COP 4.1 
Power Input 94.3 kW 
CHW EWT/LWT 52/38 
CDW EWT/LWT 100/120 
COOLING  
kBTUh 1,722 
Capacity 123.5 tons 
EER 21 
Power Input 70.6 kW 
CHW EWT/LWT 69.2/48 
CDW EWT/LWT 60/86.8 



Appendix H Energy Sources and Rates 
 

Electricity is provided to the building by Portland General Electric (PGE).  The rate code is 

“PGE 83S 3P N-TOU Lrg N-Res Elec”.  Essentially this means it is large non-residential 

electric.  The following is a general formula for charges: 

Monthly Charge = [$25 + $.05298*(kWh usage) + $2.27*(kW demand)]/.8 

Where 0.8 is the Power Factor adjustment. Average cost comes to about $.08/kWh 

Natural Gas is provided by Northwest Natural.  The code is “NW Natural-OR 3-Comm 

Uniform”.  The following is a general formula for charges: 

Monthly Charge = $8 + $1.198/therm.  Average cost comes to about $1.23/therm 
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Appendix I System Costs Breakdown 

 
 


	Final Report.pdf

