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Appendices
Appendix A: Trane TRACE 700 Reports

SYSTEM SUMMARY

DESIGN AIRFLOW QUANTITIES
By ACADEMIC

RGE AHU-1
RGE AHUZ

RGE AHU-4

Mote: Alrflows on this report are not additive because they are each taken at the time of their respective peaks. To view the balanced system design
airflows, see the appropriate Checksums report (Alrflows section).

USE
ONLY

TRACE® 700 »6.23 calculaied al 0346 AM cn 100052014
Datazet Name: TECH Zire Design Alrfiow Cuanties Repon Paga 10l 1
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SYSTEM SUMMARY
DESIGN COOLING CAPACITIES

By ACADEMIC
Adternative 1
Building Airside Systems and Plant Capacities
Paak Plant Loads Bleck Plant Loads
Stg1  Eig2 Tireee Sig1  Stg2
Main  Aux  OptVent  Misc  Desic Desic  Baso Peak Of  Main  Aux  OptWent Misc  Desic Desic Base  Block
coll Codl  Codl Load Cond Cond  Utlity  Totsl | Peak  Codl Codl Codl Load Cond Cond  Utlity  Total
Flant  System o tan ton ton oo ton ton | mohe  ton tan tan on ton  fom ton tan
Cooling plant = 001 19588 00 ] oo 0.0 0o 0.0 186589 | TME 17480 00 oo L] 1] oo 1] 1.748.0
RIGE AHLL1 386.6 fili] oa L] i) 0o oo 3BES TME 3538 oo oo an [11:] o oo 353.8
RIGE AHUZ 14868 00 04 oo 00 0o oo 14863 | THE 13124 00 oo 00 oo ob oo 13124
RIGE aHU3 545 L] K] on L] oo oo B THE 531 o oo [T an oo 1] 531
RIGE AR 308 o.a oa o o.a (1] oo 0.8 THE T oa (K] an an o ao 7
Buiiding intals 19589 00 an op oo oo on  asees 1480  on 6o on 68 on 6o 17as0
Eullding peak load Is 1.950.9 fons. Euilding maximum bleck lead of 1,748.0 tons eccwrs in July at hour 16
based on sysiom simulation.

Froject Name: Heomed Research and Gracuate Education TRAGE® 700 v6.3 calculated at D346 AM on 10052014
Dataset Mame: TECH Zire Design Capacity

‘Cuanities repor Fage 1af 1
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SYSTEM SUMMARY

DESIGN HEATING CAPACITIES
By ACADEMIC
Alternative 1
System Coil Capacities
Stg1 EH Stg1 Stg2
Main A Optional  Desie Desic Frost Frost Haating
‘System  Systes  Preheat  Reheat  Humid Ve Regen  Regen Prevention Prevention Totals
System Description System Type Biuh Bl Biuih Bhh Eiufh Biulh B Biuh Bhsh Ehuh Btulh
RIGE AHL1 Variable Volume Reheat (30% Min Flow Defaull]  <3,278,402 0 -3508,387 576530 [ o [ [ a 0 45,783,783
RGE AHL-2 Varible Volume Reheat (30% Min Flow Defaull]  -4,752,308 014,572,320 1,561,715 1] ] o ] ] 0 +19,364,628
RGE AHL3 Variable Volume Reheat (30% Min Flow Detaul] 1,271,538 0 STO00E 141833 1] ] o o ] 0 441542
RGE AL Bypass Mulizone: <BE, 281 [] 1] [ 1] o 0 1] 2] i 56,281
Totaks 8,408,526 0 18,246,715 2,670,078 [] (] o ] ] 0 -ZTESEI40
Building Plant Capacities
Paak Loads
Sig1  Sigz  Sig1  Sig:
Main Proheat  Reheat  Humdd. Bux Opt Vet Misc Desic.  Desic.  Frost  Frost Base  Absorption
Codl Cail cail Codl Caill Codl Liad Rogen. Rogen.  Prev.  Prev. ity Load
Plant  Sysiem MEh MEh MEh MER MEh MER MEh MER  MER  MBR MEh MEh MER
Hisating plant = 002 2410 18247 o L] o [:] [:] L] L] L] ] o o
RIGE AHL-1 3zra s o L] o [:} [:} L] L] L] 0 o o
RIGE AHL-Z 4,732 14,572 o L] o [:} [:} L] L] L] 0 o o
RIGE AHL-2 1272 170 o [ o [:} [ L] L] L] o ] ]
RIGE AHL-4 & [ o [] ] [ [ [ [ [ [ o o
Building peak lead is 27.556.2 MBN.

Project Name: Heomed Research and Graduale Education

TRACES 700 vE.3 calculated at 03:4E AM on 10VD&3014
Datxset Mame:  TECH 2o

Design Capacity Cuantities report Fage 1 af 1
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| Economic Summary

Project Information

Location FRootsiown, Ohio

h Study Life: Iﬂ:nn.
Project Mame Mpomed Fesearch and Graduale Education Costof Capiial: 10
Lisar Samual T Bridwol Afpmatve 1:

Company Tha F W State Liniversity

E ic G X £ Allernati

First Gost el Present
Yearty Savings Difierenoe Cumulative Gash Simphe Valug Life Gyl Internal Raie of Lile Cyole
I£) % Flow Diference ($] | Payback fyrs.} 5 Payhack (yrs.| Returm |} Cost

I I I I
Annual Operating Costs

“Yeary Tatal Operating Caost earty Lhiliby Cost Tearty Maintenanoe Cost Otihars

TRALCE TOOE.2
calculaied al 0346 AM on 1NOS014
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ENERGY CONSUMPTION SUMMARY
By ACADEMIC
Elect Gas Waber ‘%% of Tolal Total Buiding Total Scurce
Cons. Cons. ‘Gons. Building Enengy Energy”
(kih) (kBtu) (1000 gals) Enargy Bk {k2aubyr}
Alternative 1
Primary heating
Frimary heating 19,913,802 579 % 16,913,922 20,962 024
Other Hig Anoessaries 43,022 s % 146,838 440,586
Heating Subtotal 43007 13,913,922 583 % 20,060, 756 21,402 570
Primary cooling
Conlng Compressor SR0,519 a4 % 3244121 9,733,337
TowenCond Fans -] TA13 T s o23,562 2,TER 966
Condenser Pump o0 s o L]
Other Clg Accessories AET4 ol s 35908 10,736
Cooling Subtotal.... 1,733,682 7413 122 % 4.210,552 12633038
Auxiliary
Supply Fans 1,512,810 150 % E1EE 15431213
Fumps 50,001 08 % :}TAT4 21,613
Swand-alone Base Utiities. 00 % o a
Au Subioial.... 160281 159 % 5470335 15412826
Lighting
Lighang 1,388,949 135 % 45627 855 13,884 954
Receptacie
Roceplades EO78 a1 % 20,743 62,235
Cogeneration
Cogeneration o0 s o L]
Totals
Totals* 4,241 553 18,913,822 TA13 1000 % 34,380,341 64,305 620
" Nobe: Rescurce Utlization faciors are included in the Total Source Enengy value.
** Note: This repart can display a maximam of 7 usiSes. If addrional utifties. are ussd, they will be included in e total.
Project Narme: Heomed Research and Graduate Education TRACES 700 vE.3 caloulated at 0348 AM on 100872014
Dataset Namez  TECH 2o Altematve « 1 Ensrgy Consumption Summary report page 1
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Energy Cost Budget / PRM Summary
By ACADEMIC

Project Nama: Meomed Ressarch and Graduate Education

| Date: October 06, 2014

City: Rootsiman, Chio

Picte: The pencentage displayed for the “Froposed! Base %° *ana
cokimn of e base case ks actually the peroentage of the
Intal Enengy consUTEton. Proposed
* Denctes the base akemative for the ECE study. ::l'li#' ‘:" :‘
Lighting - Canditionad Electricity 4EZTD 13 528
Space Heating Electricity 1468 o 35
Gas 18,5139 ] 5994

Space Cooling Eleciricity 3,2810 o 1,566
Pumps Electricity aorz 1 11
Huat Rejection Electricity SP9E a 24
Fand « Conditioned Eleciricity B1EZ ] 1520
Ruceptachs - Conditionsd Eleciricity T o 2
Total Buikding Consumption 34,380.3

* A1
Total Mumber of howrs heating load not mat a

Musmber of howrs cooling losd net mat [
* Altd
Enargy Costiyr
106 Btulyr Siyr

Ekeciricity 124764 122,229
Gas 19,8128 9,570
Total 34,390 1,799

TRACESD 700 vE.3 caloulated at 0346 AM on 10062014
Energy Cost Budget Report Page 1 of 1

Project Name: Meomed Ressarch and Graduate Education
Dataset Mame: TECH 2.1
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MONTHLY ENERGY CONSUMPTION

By ACADEMIC
- Monthly Energy Consumption -
Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total

'."* 5425 241512 235466
Off-Pk Demand (ki) %0 s 412 474 735 1,008 1,108 988 818 465 4z 286 1,103
Mid-Pk Demand (kW) 404 408 a2 475 T 1122 1,174 1072 818 455 azr 408 1174
Gas
OnPkCons. (therms) 41,507 40,567 31,006 11,945 1924 g6 18 581 1298 13422 18810 37,209 192,139
On-Pk Demand (hermaihr) =3 1) 57 ar 9 3 1 E) 5 40 a5 &0 70
Water
Cons. (1000ga) 57 5 59 802 120 &7 se 7413
__ EnergyConsumption
Building 349,706 Buy(*2eyear)
Source 654,819 Bu(*2-year)
Floor Area 98,341 n2
Project Name: TRACE® 700 v6.3 cakulated at 03:46 AM on 100052014
Dataset Name: TECH 2xc

Aternative - 1 Monthly Energy Consumpion report Page 1of 1
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Appendix B: Designer Elite CHVAC 7 Reports

Chvac - Full Commercial HVAG Loads Calculation Program [ Elite Software Development, Inc.
SEM, Ine. & Meoueam RGE Ofices
Building Summary Loads |
Building paaks in August at 1pm.
Bidg Load Area Sen % Tot Lat Sen Met Wl
CQuan Lozs Loss Gain Gain Gain n
Roof 5,638 23,257 9.69 ] 11,900 11,900 2.29
Wall B.,148 67 219 28.00 ] 11,747 11,747 226
Glass 6,252 149,585 62.31 0 166,211 166,211 &7
Floor Slab i o 0.00 ] 0 i 0.00
Skin Loads 240,081 100.00 ] 185 858 1858 858 36.52
Lighting 20,043 o 0.00 ] 75,229 75,2289 14.47
Equipmeant 30,283 o 0.00 ] 113,661 113,661 21.88
Peopla 246 o 0.00 67650 67,650 135,300 26.03
Partition i o 0.00 ] 0 i 0.00
Cool. Pret. i} o 0.00 ] 0 i} 0.00
Heat. Prat. i o 0.00 ] 0 i 0.00
Coal. Vent. i} o 0.00 ] 0 i} 0.00
Heal. Vant. i o 0.00 o 0 i 0.00
Coal. Infil. i} o 0.00 ] 0 i} 0.00
Heat. Imfil. i o 0.00 o 0 i 0.00
Draw-Thru Fan ] 1] 0.00 0 5793 5,793 1.11
Blow-Thru Fan i o 0.00 ] 0 i 0.00
Resarva Cap. ] 1] 0.00 0 a ] 0.00
Rehaat Cap. i o 0.00 ] 0 i 0.00
Supply Duct 0 o 0.00 o 0 0 0.00
Return Duct i o 0.00 ] 0 i 0.00
Misc. Supply i o 0.00 ] 0 i 0.00
Misc. Retum i o 0.00 ] 0 0.00
Building Totals 240,081 100.00 B7 650 452 191 518,841 10000
Building Sen % Tot Lat Sen Met YaMet
Loss Loss Gain Gain Gain Gan
Ventilation 0 0.00 0 a a 0.00
Infiltration o 0.00 lu] 0 L1} 0.00
Pratreated Air ] 0.00 ] a a 0.00
Zone Loads 240,061 100,00 &7 650 445,358 514,048 88.89
Plenum Loads o 0.00 lu] 0 a 0.00
Fan & Duct Loads o 0.00 lu] 5,793 5,783 1.11
Building Totals 240,061 100.00 &7 650 452 181 515,841 100.00
Fi |
Tolal Building Supply Air (based ona 17° TD): 25,265 CFM
Total Building Vent. Air (0.00% of Supply): 0 CFM
Tolal Conditioned Air Space: 20,043 Sgit
Supply Air Per Unit Area: 12605 CFMISqft
Araa Per Cooling Capacity: 4627 SgfuTon
Couoling Capacity Per Araa: 0.0022 Tons/Sq.ft
Heating Capacity Per Area: 11.88 Btuh/Sq.ft
Total Heating Required With Outside Air: 240,061 Btuh
Toetal Cooling Required With Outside Air: 43.32 Tons
QADIZDENDesigr HVACIDS206-cab-sadeale-RGE Offices-08-29-11.CHY Mentay, February DB, 2012, 11:30 AM
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Chvac - Full Commercial HVAC Loads Calculation Program ga Elite Software Development, Inc. |
SEM, Inc. Meowsom RGE Labs|
] Fage 3|
Building Summary Loads |
Building peaks in August at 3pm.
Bldg Load Area Sen % Tot Lat Sen Net %Net
Roof [u] o 0.00 o a [u] 0.00
Wall 9,558 75,268 35.29 0 14,191 14,191 1.06
Glass 5,787 132,181 B3.71 o 121,290 121,290 B8.05
Floor Slab 0 0 0.00 0 0 0 0.00
Skin Loads 207 430 100.00 o 135,480 135,480 10.11
Lighting 58,835 o 0.00 o 214 374 214,374 16.00
Equipmant 212,480 o 0.00 o 781,262 TE1,262 56.80
People 411 o 0.00 107,888 107,888 215,775 16.10
Partition 1] o 0.00 o a 1] 0.00
Cool. Prat. [u] o 0.00 o a [i] 0.00
Heal. Prat. 1] o 0.00 o a 1] 0.00
Cool. Vant. [u] o 0.00 o a [u] 0.00
Heal. Venl 4] o 0.00 o a 4] 0.00
Coal. Infil. [u] o 0.00 o a [u] 0.00
Heat. Infil. 4] o 0.00 o a 4] 0.00
Draw-Thru Fan [u] o 0.00 o a i} 0.00
Blow-Thru Fan 0 0 0.00 0 13,275 13,275 0.99
Resarve Cap. [u] o 0.00 o a i} 0.00
Reheaat Cap. 0 0 0.00 o 0 0 0.0
Supply Duct ] 1] 0.00 0 Q ] 0.00
Returmn Duct o] o 0.00 o a 0 0.00
Misc. Supply [i] o 0.00 o a i} 0.00
Misc. Retum o] o 0.00 o a 0.00
Building Totals 207 430 100.00 107,888 1,232,278 1,340,167 100.00
Building Sen % Tot Lat Sen Net %MNet
Loss Loss Gain Gain Gain in
Ventilation o 0.00 i} a a 0.00
Infiltration o 0.00 0 0 0 0.00
Pratreated Air o 0.00 i} a a 0.00
Zone Loads 207 430 100.00 107,888 1,215,004 1,326,891 99.01
Planum Loads o 0.00 i} a a 0.00
Fam & Duct Loads o 0.00 a 13,275 13,275 0.99
Building Totals 207 430 100.00 107,888 1,232,278 1,340,186 100.00
Fi |
Total Building Supply Air (based on a 20° TD) 57,892 CFM
Total Building Vent. Air (0.00% of Supply): 0 CFM
Total Conditioned Air Space: 33,050 Sqft
Supply Air Per Unit Area: 1.7516 CFMISq.ft
Area Per Cooling Capacity: 2859 SgftTon
Conling Capacity Per Araa: 0.0034 Tons/Sq.f
Heating Capacity Per Area: 6.28 Btuh/Sq.ft
Total Heating Required With Outside Air: 207,430 Btuh
Total Cooling Required With Outside Air: 111.68 Tons

CADI20ENDesigrHWVACWE20E-cah-loadeale-RGE Labs-08-30-11.CHY

Sam Bridwell | Mechanical | Dr. James Freihaut | NEOMED RGE and CMU Expansion

Monday, February 0B, 2012, 11:29 AM
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Chvac - Full Commercial HVAC Loads Calculation Program ga Elite Software Development, Inc. |
SEM, Inc. MNEOMED CMU
] Fage 3|
Building Summary Loads |
Building peaks in Juna at 4pm.
Bidg Load Area Sen % Tot Lat Sen Net %Net
Roof 14,704 68,145 T.B3 o 52,478 52478 563
Wall BA14 34,199 3983 0 8,255 8,255 0.8%
Glass 280 8487 0948 o 15,496 15,486 1.66
Floor Slab 0 o 0.00 0 0 0 0.00
Skin Loads 110,832 12.73 o 76,229 76,229 BAT
Lighting 22,056 o 0.00 o B2, 784 82,784 B.88
Equipmant 21,584 o 0.00 9,680 81,011 20,691 a73
Peopla Ta o 0.00 21,513 21,513 43,027 461
Partition 1] o 0.00 o a 1] 0.00
Cool. Prat. [i] o 0.00 o a [i] 0.00
Heal. Prat. 1] o 0.00 o a 1] 0.00
Cool. Vant. 14,781 o 0.00 372,252 264 1686 636,418 68.25
Heal. Vent 9,948 759,475 Br.27 o a 4] 0.00
Cool. Infil. [u] o 0.00 o a [u] 0.00
Heat. Infil. 4] o 0.00 o a 4] 0.00
Draw-Thru Fan i} o 0.00 o 3,389 3,389 0.36
Blow-Thru Fan 0 o 0.00 0 0 0 0.00
Resarve Cap. i} o 0.00 o a i} 0.00
Reheaat Cap. 0 o 0.00 o 0 0 0.0
Supply Duct ] o 0.00 0 Q ] 0.00
Returm Duct 0 o 0.00 o a 0 0.00
Misc. Supply i} o 0.00 o a i} 0.00
Misc. Retum 0 o 0.00 o a 0 0.00
Building Totals 870,307 100.00 403,445 529,093 932,538 100.00
Building Sen % Tot Lat Sen Net %MNet
in Gain i in
Ventilation T8 4TS B7.27 ara2,252 264,166 636,418 68.25
Infiltration o 0.00 0 0 0 0.00
Pratreated Air o 0.00 i} a a 0.00
Zone Loads 110,832 1273 31,183 261,537 292 730 31.39
Planum Loads o 0.00 i} a a 0.00
Fan & Duct Loads o 0.00 a 33849 3,389 0.36
Building Totals BT0. 307 100.00 403,445 528,083 532,538 100.00
Fi |
Total Building Supply Air (based on a 17* TD)k 14,781 CFM
Total Building Vent. Air (100.00% of Supply): 14,781 CFM
Total Conditioned Air Space: 14,704 Sq.ft
Supply Air Per Unit Area: 1.0052 CFM/Sq.ft
Area Per Coocling Capacity: 188.2 Sg.fuTon
Conling Capacilty Per Area: 0.0053 Tons/Sq.f
Heating Capacity Par Area: 5819 Btuh/Sqg.ft
Total Heating Required With Outside Air: 870,307 Btuh
Total Cooling Required With Outside Air: Tr.71 Tons

CADA2DE\Desigri HWACUIE208-CMLLCHY

Maonday, February 0B, 2012, 11:38 AM
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Utility Data and Trends

Appendix C
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

CHP Analysis
FY 03 FYO4 FYO5 FYO06 FYO07 FYO08 FYO09
$/kwh $0.070 $0.075 $0.072 $0.076 $0.105 $0.079  $0.086
$/MMBTU $5.56 $7.11 $7.11 $7.93 $8.54 $7.96 $14.31
Spark Gap $14.95 $14.90 $13.84 $14.34 $22.10 $15.25 $10.81
July kW 1515 1242 1340 1143 763 1116 1113
MBH 3480 3691 3676 2971 2781 2719 2796
AD 0.67 0.87 0.80 0.76 1.07 0.71 0.74
Temperature 0 0 0 74° 74° 69° 69°
$/kwh $0.070 $0.069 $0.074 $0.074 $0.095 $0.079  $0.089
$/MMBTU $5.29 $7.11 $7.11 $7.17 $8.51 $7.43 $10.64
Spark Gap $15.36 $13.17  $1457 $14.42 $19.45 $15.82  $15.50
August kW 1443 1348 1289 1276 862 1231 1122
MBH 4630 3680 4247 2575 3214 2518 3059
AD 0.94 0.80 0.97 0.59 1.09 0.60 0.80
Temperature 0 0 0 73° 72° 73° 71°
$/kwh $0.070 $0.070 $0.073  $0.075 $0.088 $0.081  $0.086
$/MMBTU $5.29 $7.11 $7.11 $9.86 $8.44 $7.26 $10.53
Spark Gap $15.22 $13.53 $14.14 $12.23 $17.36 $16.54 $14.76
September kW 1355 1452 1283 1102 830 1178 1060
MBH 3567 4042 4145 2882 2888 3128 3433
AD 0.77 0.82 0.95 0.77 1.02 0.78 0.95
Temperature 0 0 0 68° 62° 67° 68°
$/kwh $0.069 $0.075 $0.075 $0.074 $0.096 $0.076  $0.081
$/MMBTU $5.29 $7.11 $7.11 $9.42 $7.46 $7.51 $10.54
Spark Gap $14.89 $14.94  $14.82 $12.24  $20.54 $14.84  $13.28
October kW 1308 1205 1154 1053 725 1244 1101
MBH 4110 5878 5189 3976 4632 2853 4836
AD 0.92 1.43 1.32 1.11 1.87 0.67 1.29
Temperature 0 0 0 54° 50° 59° 60°
$/kwh $0.069 $0.073  $0.069 $0.072  $0.097 $0.075  $0.083
$/MMBTU $5.29 $7.11 $7.11 $11.32 $9.42 $8.44 $11.31
Spark Gap $14.86 $14.15 $13.21 $9.70 $18.99  $13.53  $12.96
November kW 1113 1131 1100 1037 785 1089 999
MBH 8705 6888 6182 5466 6751 6387 8427
AD 2.29 1.78 1.65 1.54 2.52 1.72 2.47
Temperature 0 0 44° 44° 45° 41° 46°
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

CHP Analysis
FY 03 FY0O4 FYO5 FYO06 FYO7 FYO08 FYO09
$/kwh $0.066 $0.069  $0.067 $0.080 $0.071  $0.074  $0.079
$/MMBTU $5.29 $7.11 $7.11 $11.41  $10.46 $6.89 $11.54
Spark Gap $14.10 $13.01 $12.46  $11.99 $10.33 $14.71  $11.52
December kW 1097 1101 1143 1047 1062 1071 965
MBH 9492 8158 8685 9853 6845 8607 9079
AD 2.54 2.17 2.23 2.76 1.89 2.35 2.76
Temperature 0 0 31° 28° 38° 32° 31°
$/kwh $0.063 $0.066  $0.070 $0.112  $0.074 $0.075  $0.077
$/MMBTU $5.29 $7.11 $7.11 $8.03 $7.04 $7.72 $11.33
Spark Gap $13.11 $12.30 $13.26 $24.71 $14.75 $14.39 $11.10
January kW 1168 1132 1054 657 946 976 1015
MBH 9647 11177 2166 6636 7092 7992 12374
AD 2.42 2.89 0.60 2.96 2.20 2.40 3.57
Temperature 0 0 27° 37° 32° 30° 28°
$/kwh $0.068 $0.066  $0.070 $0.090 $0.068 $0.074  $0.075
$/MMBTU $5.70 $7.11 $7.11 $6.66 $7.17 $8.08 $10.37
Spark Gap $14.17 $12.34  $13.29 $19.58 $12.84 $13.52 $11.73
February kW 1098 1125 1048 942 1080 1021 1017
MBH 12770 12079 9432 9349 11986 12667 10676
AD 3.41 3.15 2.64 291 3.25 3.64 3.08
Temperature 0 0 31° 30° 20° 26° 20°
$/kwh $0.068 $0.069  $0.068 $0.093 $0.073 $0.075  $0.078
$/MMBTU $5.29 $7.11 $7.11 $9.74 $8.41 $9.88 $10.76
Spark Gap $14.76 $13.02 $12.83 $17.52 $12.95 $12.19 $12.20
March kW 1103 1079 1091 929 980 996 1000
MBH 8393 8217 8535 7783 2394 9664 8613
AD 2.23 2.23 2.29 2.45 0.72 2.84 2.52
Temperature 0 0 34° 36° 42° 34° 32°
$/kwh $0.071 $0.066  $0.074  $0.092 $0.073  $0.075  $0.075
$/MMBTU $5.29 $7.11 $7.11 $9.46 $8.91 $9.62 $9.29
Spark Gap $15.62 $12.11  $14.65 $17.50 $12.52 $12.36 $12.81
April kW 1245 1163 1052 940 976 1045 1113
MBH 6757 6945 5824 6019 11889 5923 6542
AD 1.59 1.75 1.62 1.88 3.57 1.66 1.72
Temperature 0 0 52° 53° 47° 53° 42°
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

CHP Analysis
FY 03 FY0O4 FYO5 FYO06 FYO7 FYO08 FYO09
$/kwh $0.070 $0.082  $0.072  $0.093 $0.073  $0.082  $0.084
$/MMBTU $5.29 $7.11 $7.11 $9.03 $9.15 $10.36 $9.28
Spark Gap $15.31 $16.78  $13.88 $18.28 $12.28 $13.59  $15.23
May kw 1155 1068 1088 893 1044 1015 1029
MBH 4151 4847 5716 4022 3361 5156 4307
AD 1.05 1.33 154 1.32 0.94 1.49 1.23
Temperature 0 0 57° 59° 64° 56° 55°
$/kwh $0.068 $0.072  $0.078  $0.092 $0.081 $0.086  $0.085
$/MMBTU $5.29 $7.11 $7.11 $8.25 $9.21 $11.30 $9.63
Spark Gap $14.61 $14.11  $15.67 $18.86 $14.44 $13.95 $15.34
June kw 1338 1289 1165 869 1069 1091 1082
MBH 4519 4394 3522 3577 3708 3977 3674
AD 0.99 1.00 0.89 121 1.02 1.07 1.00
Temperature 0 0 73° 67° 70° 69° 63°
$/kwh $0.069 $0.071  $0.072  $0.085 $0.083 $0.078  $0.082
$/MMBTU $5.35 $7.11 $7.11 $9.02 $8.56 $8.54 $10.80
Yearly Spark Gap $14.75 $13.70 $13.89 $15.95 $15.71 $14.22  $13.10
Average kW 1245 1195 1151 991 927 1089 1051
MBH 6685 6666 5610 5426 5628 5966 6485
AD 1.57 1.63 1.43 1.60 1.78 1.60 1.81
Temperature 0 0 0 52 51 51 49
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

CHP Analysis
Monthly
FY10 FY11 FY12 FY13 FY 14 Average
$/kwh $0.090 $0.076  $0.075 $0.074  $0.074 $0.080
$/MMBTU $8.69 $8.16 $6.62 $5.76 $4.75 $7.98
Spark Gap $17.75 $14.01 $1543 $1591  $16.83 $15.39
July kW 1114 1214 1031 1179 1689 1161
MBH 3250 3066 2728 3297 5697 3132
AD 0.85 0.74 0.78 0.82 0.99 0.80
Temperature 68° 73° 70° 75 72
$/kwh $0.092  $0.074  $0.077 $0.076  $0.074 $0.079
$/MMBTU $8.35 $8.32 $7.39 $6.41 $4.35 $7.61
Spark Gap $18.48 $13.42 $15.25 $15.73  $17.30 $15.56
August kw 1098 1225 1207 1295 1627 1218
MBH 3250 3503 2329 2882 5266 3262
AD 0.87 0.84 0.57 0.65 0.95 0.79
Temperature 71° 72° 77° 76 71
$/kwh $0.078  $0.075 $0.078 $0.076  $0.075 $0.077
$/MMBTU $8.54 $8.19 $7.74 $6.74 $4.72 $7.89
Spark Gap | $14.42  $13.77 $15.05 $15.43 $17.18 $14.77
September kW 1148 1141 1079 1201 1697 1166
MBH 4020 3915 2754 3127 4815 3446
AD 1.03 1.01 0.75 0.76 0.83 0.87
Temperature 64° 63° 70° 70 70
$/kwh $0.079  $0.078 $0.076  $0.076  $0.069 $0.078
$/MMBTU $8.00 $8.82 $8.05 $6.90 $4.89 $7.84
Spark Gap $15.18 $13.94 $14.17 $15.41  $15.26 $14.93
October kW 1041 983 1018 1077 1487 1083
MBH 5754 4515 3481 4795 5364 4547
AD 1.62 1.35 1.00 1.30 1.06 1.26
Temperature 49° 52° 60° 56 61
$/kwh $0.077  $0.076  $0.074  $0.076  $0.067 $0.076
$/MMBTU $8.99 $8.81 $8.10 $7.74 $4.61 $8.51
Spark Gap $13.52  $13.37 $13.45 $14.51  $14.95 $13.84
November kW 1141 986 1069 1046 1537 1045
MBH 6137 6185 5882 5567 7992 6598
AD 1.58 1.84 1.61 1.56 1.52 1.87
Temperature 45° 41° 51° 48 49
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CHP Analysis
Monthly
FY 10 FY 11 FY 12 FY 13 FY 14 Average
$/kwh $0.077  $0.076  $0.073  $0.076  $0.066 $0.073
$/MMBTU $7.67 $6.62 $7.46 $7.35 $4.01 $8.08
Spark Gap | $14.96 $15.56 $14.05 $15.03  $15.29 $13.43
December kW 1025 1017 1049 1047 1435 1057
MBH 9033 10784 7337 7016 11906 8626
AD 2.58 3.11 2.05 1.96 2.43 2.40
Temperature 29° 24° 39° 40 34
$/kwh $0.077  $0.076  $0.074  $0.073  $0.066 $0.076
$/MMBTU $7.34 $6.60 $6.79 $6.80 $3.91 $7.38
Spark Gap | $15.30 $15.58 $15.03 $14.61 $15.39 $14.92
January kW 984 914 903 1161 1560 992
MBH 10446 11050 8741 8962 13258 8753
AD 3.11 3.54 2.83 2.26 2.49 2.62
Temperature 24° 22° 34° 33 28
$/kwh $0.078  $0.075 $0.072  $0.073  $0.067 $0.074
$/MMBTU $7.38 $6.83 $6.93 $6.72 $4.85 $7.28
Spark Gap | $15.33 $15.15 $14.29 $14.70 $14.70 $14.27
February kW 946 938 973 1061 1479 1023
MBH 11363 9322 7879 12598 13045 10920
AD 3.52 291 2.37 3.48 2.58 3.12
Temperature 25° 23° 33° 27 19
$/kwh $0.078 $0.076  $0.072  $0.072  $0.067 $0.075
$/MMBTU $7.73 $7.43 $7.19 $8.11 $8.07
Spark Gap | $14.99 $14.81 $13.98  $13.09 $13.85
March kW 950 900 978 1039 1596 1004
MBH 8501 6937 6252 10598 7808
AD 2.62 2.26 1.87 2.99 2.28
Temperature 41° 34° 35° 31 26
$/kwh $0.078  $0.076  $0.073  $0.073  $0.066 $0.075
$/MMBTU $7.93 $7.30 $7.59 $7.34 $7.90
Spark Gap | $14.80 $14.84 $13.68 $14.07 $14.09
April kW 1083 948 1150 1146 1540 1078
MBH 5369 4976 5299 7966 6683
AD 1.45 1.54 1.35 2.04 1.83
Temperature 53° 42° 53° 39 42
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CHP Analysis
Monthly
FY10 FY1ll1l FY12 FY13 FY14 Average
$/kwh $0.078  $0.076  $0.077  $0.073 $0.078
$/MMBTU $7.92 $7.35 $6.97 $7.15 $7.88
Spark Gap | $14.97 $14.85 $1552 $14.22 $14.99
May kW 1002 1072 1032 1141 1049
MBH 4975 2955 4249 4895 4421
AD 1.45 0.81 1.21 1.26 1.24
Temperature 60° 55° 55° 56
$/kwh $0.078  $0.073  $0.071  $0.075 $0.078
$/MMBTU $7.89 $7.07 $5.76 $6.68 $7.75
Spark Gap  $14.94 $14.30 $14.97 $15.23 $15.13
June kW 1058 1028 1213 1314 1138
MBH 3536 3331 3479 5373 3917
AD 0.98 0.95 0.84 1.20 1.01
Temperature | 69° 68° 66° 65
$/kwh $0.080  $0.075  $0.074  $0.074  $0.069 $0.077
$/MMBTU $8.04 $7.62 $7.22 $6.97 $4.51 $7.85
Yearly Spark Gap  $15.39  $14.47 $1457 $14.83  $15.69 $14.60
Average kW 1049 1030 1059 1142 1565 1084
MBH 6303 5878 5034 6423 8418 6010
AD 1.76 1.67 1.39 1.65 1.58 1.63
Temperature 50 47 54 51 0
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Appendix D: Initial DOE CHP Screening
Note: used 10-year average utility data for screening

Facility Information
Facility Name
Location (City, State)
Application

Loads
Annual Hours of Operation
Average Power Demand, kW
Annual Electricity Consumption, kWh
Average Thermal Demand, MMBtu/hr
Annual Thermal Demand, MMBtu

Energy Costs
Boiler/Thermal Fuel Costs, $/MMBtu
CHP Fuel Costs, SMM/Btu
Average Electricity Costs, $/kWh

Standby Rate, $/kwW

Existing System
Displaced Thermal Efficiency, %

CHP System
Net CHP Power, kW
CHP Electric Efficiency, % (HHV)
CHP Thermal Output, Btu/kWh
CHP Thermal Output, MMBtu/hr
CHP Power to Heat Ratio
CHP Availability, %
Incremental O&M Costs, $/kWh
Thermal Utilization, %
Total Installed Costs, $/kW

DOE TAP CHP Qualification Screen

NEOMED Campus

Rootstown, Ohio

Laboratory/Higher Ed.

Annual operating hours with loads conducive to CHP

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas

Average power demand during operating hours

Percent Average per kWh Electric Cost Avoided

8,760
1,084
9,495,840
6.01
52,648
Base Case CHP Case
| $7.85) $7.85
$7.85
| $0.077,
0%
$0.05
| 90.0%|

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an investment ¢

Annual electricity costs (demand :

Option 1- Percent of average elec
Option 2 - Monthly $/kW standby

Displaced onsite thermal (boiler, heater, etc) efficiency

1,084

36.8%

3,854

4.2

0.89

98%

$0.019

90%

$2,335

CHP System Specs
CHP system specs
CHP system specs
CHP system specs

O o o0

C

Calculated based on CHP power o

90 to 98%
CHP system specs

C

Amount of available thermal capt

CHP system specs

Sam Bridwell | Mechanical | Dr. James Freihaut | NEOMED RGE and CMU Expansion

C

20
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DOE TAP CHP Qualification Screen

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an investment grade ana

Facility Information
Facility Name NEOMED Campus
Location (City, State) Rootstown, Ohio
Application Laboratory/Higher Ed.

Annual Energy Consumption Base Case CHP Case
Purchased Electricity, kWh 9,495,840 189,917
Generated Electricity, kWh 0 9,305,923
On-site Boiler/Heater Thermal, MMBtu 52,648 20,372
CHP Thermal, MMBtu 0) 32,276
Boiler/Heater Fuel, MMBtu 58,497 22,635
CHP Fuel, MMBtu 0) 86,210

Total Fuel, MMBtu 58,497 108,845

Annual Operating Costs
Purchased Electricity, $ $731,180] $14,624
Standby Charges (Option 2), $ S0 $650]
On-site Boiler/Heater Fuel, $ $459,204 $177,685)
CHP Fuel, $ S0 $676,749
Incremental O&M, $ $0) $176,813

Total Operating Costs, $ 51,190,384 $1,046,521

Simple Payback
Annual Operating Savings $143,863|
Total Installed Costs $2,531,140,
Incentives $200,000

Simple Payback, Years 16.2

Operating Costs to Generate
Fuel Costs, $/kWh $0.073,
Thermal Credit, $/kWh ($0.030)
Incremental O&M, $/kWh $0.019

Total Operating Costs to Generate, $/kWh $0.061
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Appendix E: CHP Configurations Screening

Option A: 1 GE Jenbacher J420 with process steam load

Facility Information
Facility Name
Location (City, State)
Application

Loads
Annual Hours of Operation
Average Power Demand, kW
Annual Electricity Consumption, kWh
Average Thermal Demand, MMBtu/hr
Annual Thermal Demand, MMBtu

Energy Costs
Boiler/Thermal Fuel Costs, S/MMBtu
CHP Fuel Costs, SMM/Btu
Average Electricity Costs, S/kWh
Percent Average per kWh Electric Cost Avoided
Standby Rate, S/kW

Existing System
Displaced Thermal Efficiency, %

CHP System
Net CHP Power, kW
CHP Electric Efficiency, % (HHV)
CHP Thermal Output, Btu/kWh
CHP Thermal Output, MMBtu/hr
CHP Power to Heat Ratio
CHP Availability, %
Incremental O&M Costs, $/kWh
Thermal Utilization, %
Total Installed Costs, $/kW

DOE TAP CHP Qualification Screen

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an

NEOMED Campus

Rootstown, Ohio

Laboratory/Higher Ed.

8,760
1,565
13,709,400
4.82
42,179

Base Case
| $4.51]

| $0.069)|

| 85.0%)|

Annual operating hours wi
Average power demand du

CHP Case

$4.51

$4.51

0%

$0.05

Displaced onsite thermal (I

1,426

40.8%

3,852

5.5

0.89

98%

$0.019

90%

$2,335
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Facility Information
Facility Name
Location (City, State)
Application

Annual Energy Consumption

Purchased Electricity, kWh
Generated Electricity, kWh
On-site Boiler/Heater Thermal, MMBtu
CHP Thermal, MMBtu
Boiler/Heater Fuel, MMBtu
CHP Fuel, MMBtu
Total Fuel, MMBtu

Annual Operating Costs

Purchased Electricity, $
Standby Charges (Option 2), $
On-site Boiler/Heater Fuel, $
CHP Fuel, S
Incremental O&M, $

Total Operating Costs, $

Simple Payback

Annual Operating Savings
Total Installed Costs
Incentives

Simple Payback, Years

Operating Costs to Generate

Fuel Costs, $/kWh
Thermal Credit, $/kWh
Incremental O&M, $/kWh

Total Operating Costs to Generate, $/kWh

DOE TAP CHP Qualification Screen

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an

NEOMED Campus

Rootstown, Ohio

Laboratory/Higher Ed.

Base Case CHP Case

13,709,400| 1,467,475
0| 12,241,925

42,179| 0

0 42,441

49,623 0

0 102,326

49,623 102,326
$945,949| $101,256
$o| $856
$223,799) 30
$o| $461,490

$o| $232,597
$1,169,748 $796,198
$373,550]
$3,329,710|

$200,000

8.4

$0.038

($0.018)

$0.019
| $0.038]

Sam Bridwell | Mechanical | Dr. James Freihaut | NEOMED RGE and CMU Expansion

23



NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

Option B: 2 GE Jenbacher J316 with process steam load

DOE TAP CHP Qualification Screen
Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas
Note: The results of this screening analysis use average values and assumptions and should not be utilized as an

Facility Information

Facility Name NEOMED Campus
Location (City, State) Rootstown, Ohio
Application Laboratory/Higher Ed.
Loads
Annual Hours of Operation 8,760 Annual operating hours wi'
Average Power Demand, kW 1,565 Average power demand du
Annual Electricity Consumption, kWh 13,709,400
Average Thermal Demand, MMBtu/hr 4.82
Annual Thermal Demand, MMBtu 42,179
Energy Costs Base Case CHP Case
Boiler/Thermal Fuel Costs, $/MMBtu | $4.51| $4.51
CHP Fuel Costs, SMM/Btu $4.51
Average Electricity Costs, S/kWh || S0.069||
Percent Average per kWh Electric Cost Avoided 0%
Standby Rate, $/kW $0.05

Existing System

Displaced Thermal Efficiency, % || 85.0%" Displaced onsite thermal (I
CHP System
Net CHP Power, kW 1,696
CHP Electric Efficiency, % (HHV) 38.3%
CHP Thermal Output, Btu/kWh 4,382
CHP Thermal Output, MMBtu/hr 7.4
CHP Power to Heat Ratio 0.78
CHP Availability, % 98%
Incremental O&M Costs, $/kWh $0.019
Thermal Utilization, % 90%
Total Installed Costs, $/kW $2,335
24
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Annual Energy Consumption

Purchased Electricity, kWh

Generated Electricity, kWh

On-site Boiler/Heater Thermal, MMBtu
CHP Thermal, MMBtu

Boiler/Heater Fuel, MMBtu

CHP Fuel, MMBtu
Total Fuel, MMBtu

Annual Operating Costs

Purchased Electricity, $
Standby Charges (Option 2), S
On-site Boiler/Heater Fuel, $
CHP Fuel, $
Incremental O&M, $

Total Operating Costs, $

Simple Payback

Annual Operating Savings
Total Installed Costs
Incentives

Simple Payback, Years

Operating Costs to Generate

Fuel Costs, S/kWh
Thermal Credit, $/kWh
Incremental O&M, $/kWh

Total Operating Costs to Generate, $/kWh

DOE TAP CHP Qualification Screen

Base Case

13,709,400

q

42,179

0

49,623

0

49,623

$945,949)

|

$223,799)

so)

$0)

51,169,748

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas

CHP Case

q

13,709,400|

0

54,068

0

122,228

122,228

S0

$1,018

S0

$551,246

$260,479

812,742

$357,005

$3,960,160

$200,000

10.5

$0.040
($0.016)

0.019

| $0.043]

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an
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Option C: 3 GE Jenbacher J312 with process steam load

DOE TAP CHP Qualification Screen
Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas
Note: The results of this screening analysis use average values and assumptions and should not be utilized as an

Facility Information

Facility Name NEOMED Campus
Location (City, State) Rootstown, Ohio
Application Laboratory/Higher Ed.
Loads
Annual Hours of Operation 8,760 Annual operating hours wi'
Average Power Demand, kW 1,565 Average power demand du
Annual Electricity Consumption, kWh 13,709,400
Average Thermal Demand, MMBtu/hr 4.82
Annual Thermal Demand, MMBtu 42,179
Energy Costs Base Case CHP Case
Boiler/Thermal Fuel Costs, $/MMBtu | $4.51| $4.51
CHP Fuel Costs, SMM/Btu $4.51
Average Electricity Costs, S/kWh || S0.069||
Percent Average per kWh Electric Cost Avoided 0%
Standby Rate, $/kW $0.05

Existing System

Displaced Thermal Efficiency, % || 85.0%" Displaced onsite thermal (I
CHP System
Net CHP Power, kW 1,899
CHP Electric Efficiency, % (HHV) 38.1%
CHP Thermal Output, Btu/kWh 4,387
CHP Thermal Output, MMBtu/hr 8.3
CHP Power to Heat Ratio 0.78
CHP Availability, % 98%
Incremental O&M Costs, $/kWh $0.021
Thermal Utilization, % 90%
Total Installed Costs, $/kW $2,737
26
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DOE TAP CHP Qualification Screen
Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas
Note: The results of this screening analysis use average values and assumptions and should not be utilized as an
Annual Energy Consumption Base Case CHP Case
Purchased Electricity, kWh 13,709,400 -2,593,135
Generated Electricity, kWh 0| 16,302,535
On-site Boiler/Heater Thermal, MMBtu 42,179" 0
CHP Thermal, MMBtu 0 64,368
Boiler/Heater Fuel, MMBtu 49,623 0
CHP Fuel, MMBtu 0 145,957
Total Fuel, MMBtu 49,623 145,957
Annual Operating Costs
Purchased Electricity, $ $945,949) -$178,926
Standby Charges (Option 2), S SO" $1,139
On-site Boiler/Heater Fuel, $ $223,799|| S0
CHP Fuel, $ so| $658,267
Incremental O&M, $ 0| $342,353
Total Operating Costs, $ S1,169,748 5822 833
Simple Payback
Annual Operating Savings $346,915
Total Installed Costs $5,197,563
Incentives $200,000
Simple Payback, Years 14.4
Operating Costs to Generate
Fuel Costs, S/kWh $0.040
Thermal Credit, $/kWh ($0.014)
Incremental O&M, $/kWh $0.021
Total Operating Costs to Generate, $/kWh | $0.048|
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Option B: 1 GE Jenbacher J420 with trigeneration, absorption cooling sized to thermal output

Facility Information
Facility Name
Location (City, State)
Application

Loads
Annual Hours of Operation
Average Power Demand, kW
Annual Hours of Cooling Demand
Annual Hours of Heating Demand
Annual Electricity Consumption, kWh
Average Heating Demand, MMBtu/hr
Annual Heating Demand, MMBtu
Average Cooling Demand, Tons

Average Power Demand without Cooling, kW

Annual Cooling Demand, Tons

Energy Costs
Boiler/Thermal Fuel Costs, $/MMBtu
CHP Fuel Costs, SMM/Btu
Average Electricity Costs, $/kWh
Cooling Electricity Costs, S/kWh
Percent Average per kWh Electric Cost Avoided
Standby Rate, $/kW

Existing System
Displaced Thermal Efficiency, %
Existing Chiller Power Requirements, kWh/Ton

Average Thermal Requirements for Cooling, MMBtu/hr
Average Thermal Requirements for Cooling, MMBtu/hr

DOE TAP CHP Qualification Screen

NEOMED Campus

Rootstown, Ohio

Laboratory/Higher Ed.

8,760

1,565
2,520
6,240
13,709,400
8.42
52,541

394

1,329
6.75)

H#REF!
992,880,

Base Case
| $4.51]

0.069)]
$0.069)

90.0%
0.60

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin;

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inv

Average power demand

input

determined by annual

CHP sytem sized to heat

2014 cooling

CHP system sized not to

Thermal requirements fi

Thermal requirements fi

CHP Case

$4.51

$4.51

0%

$0.05
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DOE TAP CHP Qualification Screen
Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin;
Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inve
Facility Information
Facility Name NEOMED Campus
Location (City, State) Rootstown, Ohio
Application Laboratory/Higher Ed.
CHP System CHP Cooling
Single Effect
Net CHP Power, kW 1,426
CHP Electric Efficiency, % (HHV) 40.8%
CHP Thermal Output, Btu/kWh (Available Heating) 3,852
CHP Thermal Output, MMBtu/hr (Available Heating) 5.49
CHP Thermal Output, Btu/kWh (Available Cooling) 3,274
CHP Thermal Output, MMBtu/hr (Available Cooling) 4.67
CHP Power to Heat Ratio 0.89
CHP Availability, % 98%
Incremental O&M Costs for CHP, $/kWh $0.019
Incremental O&M Costs for chiller, $/Ton-Year $30.00
CHP Installed Costs, S/kW (without chillers) $2,335
Thermal Utilization, % 90%
CHP Cooling
Absorption Chiller COP 0.7
Absorption Chiller Capacity, Tons 245
Absorption Installed Costs, $/Ton $1,720
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Annual Energy Consumption

Purchased Electricity, kWh
Generated Electricity, kWh
Annual Cooling Demand, Tons
Electric Cooling, Tons
Cooling Electricity, kWh
CHP Cooling, Tons
On-site Boiler/Heater Thermal Demand, MMBtu
Boiler/Heater Fuel, MMBtu
CHP Heating, MMBtu
CHP Fuel, MMBtu

Total Fuel, MMBtu

Annual Operating Costs

Purchased Electricity, S
Standby Charges (Option 2), $
On-site Boiler/Heater Fuel, $
CHP Fuel, $
Incremental O&M, $

Total Operating Costs, $

Simple Payback

Annual Operating Savings, $
Chiller Installed Costs, S/kW
Total CHP System Costs, $/kW (including chiller)
Total Installed Costs
Incentives
Simple Payback, Years

Operating Costs to Generate, $/kWh

Fuel Costs, $/kWh
Cooling Credit, $/kWh
Heating Credit, $/kWh
Incremental O&M, S/kWh

Total Operating Costs to Generate, $/kWh

DOE TAP CHP Qualification Screen

Base Case

13,709,400

0

992,880

992,880,

595,728

0

52,541

58,379

0

0

58,379

$945,949

S0

$263,288

S0

0

51,209,236

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin,

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inve

CHP Cooling
Single Effect

1,104,259

12,241,925

992,880

387,519

232,511

605,361

22,309

24,788

30,232

102,326

127,114

$76,194

$856

$111,793

$461,490

$239,950)

5890,283

$318,953

$296)

$2,631

$3,751,325

$200,000

11.1

$0.038

$0.000

(50.012)

$0.020

$0.045]
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Option E: 2 GE Jenbacher J316 with trigeneration, absorption cooling sized to thermal output

Facility Information
Facility Name
Location (City, State)
Application

Loads
Annual Hours of Operation
Average Power Demand, kW
Annual Hours of Cooling Demand
Annual Hours of Heating Demand
Annual Electricity Consumption, kWh
Average Heating Demand, MMBtu/hr
Annual Heating Demand, MMBtu
Average Cooling Demand, Tons

Average Power Demand without Cooling, kW

Average Thermal Requirements for Cooling, MMBtu/hr
Average Thermal Requirements for Cooling, MMBtu/hr
Annual Cooling Demand, Tons

Energy Costs
Boiler/Thermal Fuel Costs, $/MMBtu
CHP Fuel Costs, SMM/Btu
Average Electricity Costs, $/kWh
Cooling Electricity Costs, S/kWh
Percent Average per kWh Electric Cost Avoided
Standby Rate, $/kW

Existing System
Displaced Thermal Efficiency, %
Existing Chiller Power Requirements, kWh/Ton

DOE TAP CHP Qualification Screen

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin;

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inv

NEOMED Campus

Rootstown, Ohio

Laboratory/Higher Ed.

8,760

1,565

2,520

6,240

13,709,400

8.42

52,541

394

1,329
6.75)

H#REF!
992,880,

Base Case
| $4.51]

0.069)]
$0.069)

90.0%
0.60

Average power demand
input
determined by annual

CHP sytem sized to heat

CHP system sized not to
Thermal requirements fi
Thermal requirements fi

CHP Case

$4.51

$4.51

0%

$0.05
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

DOE TAP CHP Qualification Screen
Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin;
Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inve
Facility Information
Facility Name NEOMED Campus
Location (City, State) Rootstown, Ohio
Application Laboratory/Higher Ed.
CHP System CHP Cooling
Single Effect
Net CHP Power, kW 1,696
CHP Electric Efficiency, % (HHV) 38.3%
CHP Thermal Output, Btu/kWh (Available Heating) 4,382
CHP Thermal Output, MMBtu/hr (Available Heating) 7.43
CHP Thermal Output, Btu/kWh (Available Cooling) 3,725
CHP Thermal Output, MMBtu/hr (Available Cooling) 6.32
CHP Power to Heat Ratio 0.78
CHP Availability, % 98%
Incremental O&M Costs for CHP, $/kWh $0.019
Incremental O&M Costs for chiller, $/Ton-Year $30.00
CHP Installed Costs, S/kW (without chillers) $2,335
Thermal Utilization, % 90%
CHP Cooling
Absorption Chiller COP 0.7
Absorption Chiller Capacity, Tons 332
Absorption Installed Costs, $/Ton $1,350

32
Sam Bridwell | Mechanical | Dr. James Freihaut | NEOMED RGE and CMU Expansion



NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

DOE TAP CHP Qualification Screen

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin,

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inve

Annual Energy Consumption CHP Cooling

Base Case Single Effect
Purchased Electricity, kWh 13,709,400 -1,341,851
Generated Electricity, kWh 0 14,559,821
Annual Cooling Demand, Tons 992,880 992,880
Electric Cooling, Tons 992,880 173,830
Cooling Electricity, kWh 595,728 104,298,
CHP Cooling, Tons 0 819,050
On-site Boiler/Heater Thermal Demand, MMBtu 52,541 11,637
Boiler/Heater Fuel, MMBtu 58,379 12,931
CHP Heating, MMBtu 0 40,903
CHP Fuel, MMBtu 0 129,810
Total Fuel, MMBtu 58,379 142,740

Annual Operating Costs

Purchased Electricity, $ $945,949 -$92,588
Standby Charges (Option 2), $ S0 $1,018
On-site Boiler/Heater Fuel, $ $263,288 $58,317
CHP Fuel, $ SO, $585,441
Incremental O&M, $ $0 $286,586!
Total Operating Costs, $ 51,209,236 5838774

Simple Payback

Annual Operating Savings, $ $370,463
Chiller Installed Costs, S/kW $264
Total CHP System Costs, $/kW (including chiller) $2,599
Total Installed Costs $4,407,892
Incentives $200,000
Simple Payback, Years 114

Operating Costs to Generate, $/kWh

Fuel Costs, $/kWh $0.040
Cooling Credit, S/kWh $0.000
Heating Credit, $/kWh (50.014)
Incremental O&M, S/kWh $0.020
Total Operating Costs to Generate, $/kWh || $0.046||
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

Option F: 3 GE Jenbacher J312 with trigeneration, absorption cooling sized to thermal output

Facility Information
Facility Name
Location (City, State)
Application

Loads
Annual Hours of Operation
Average Power Demand, kW
Annual Hours of Cooling Demand
Annual Hours of Heating Demand
Annual Electricity Consumption, kWh
Average Heating Demand, MMBtu/hr
Annual Heating Demand, MMBtu
Average Cooling Demand, Tons

Average Power Demand without Cooling, kW

Average Thermal Requirements for Cooling, MMBtu/hr
Average Thermal Requirements for Cooling, MMBtu/hr
Annual Cooling Demand, Tons

Energy Costs
Boiler/Thermal Fuel Costs, $/MMBtu
CHP Fuel Costs, SMM/Btu
Average Electricity Costs, $/kWh
Cooling Electricity Costs, S/kWh
Percent Average per kWh Electric Cost Avoided
Standby Rate, $/kW

Existing System
Displaced Thermal Efficiency, %
Existing Chiller Power Requirements, kWh/Ton

DOE TAP CHP Qualification Screen

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin;

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inv

NEOMED Campus

Rootstown, Ohio

Laboratory/Higher Ed.

8,760

1,565

2,520

6,240

13,709,400

8.42

52,541

394

1,329
6.75)

H#REF!
992,880,

Base Case
| $4.51]

0.069)]
$0.069)

90.0%
0.60

Average power demand
input
determined by annual

CHP sytem sized to heat

CHP system sized not to
Thermal requirements fi
Thermal requirements fi

CHP Case

$4.51

$4.51

0%

$0.05
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

DOE TAP CHP Qualification Screen
Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin;
Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inve
Facility Information
Facility Name NEOMED Campus
Location (City, State) Rootstown, Ohio
Application Laboratory/Higher Ed.
CHP System CHP Cooling
Single Effect
Net CHP Power, kW 1,899
CHP Electric Efficiency, % (HHV) 38.1%
CHP Thermal Output, Btu/kWh (Available Heating) 4,387
CHP Thermal Output, MMBtu/hr (Available Heating) 8.33
CHP Thermal Output, Btu/kWh (Available Cooling) 3,729
CHP Thermal Output, MMBtu/hr (Available Cooling) 7.08
CHP Power to Heat Ratio 0.78
CHP Availability, % 98%
Incremental O&M Costs for CHP, $/kWh $0.021
Incremental O&M Costs for chiller, $/Ton-Year $30.00
CHP Installed Costs, S/kW (without chillers) $2,737
Thermal Utilization, % 90%
CHP Cooling
Absorption Chiller COP 0.7
Absorption Chiller Capacity, Tons 372
Absorption Installed Costs, $/Ton $1,350
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

DOE TAP CHP Qualification Screen

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin,

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inve

Annual Energy Consumption CHP Cooling

Base Case Single Effect
Purchased Electricity, kWh 13,709,400 -3,144,010
Generated Electricity, kWh 0 16,302,535
Annual Cooling Demand, Tons 992,880 992,880
Electric Cooling, Tons 992,880 74,755
Cooling Electricity, kWh 595,728 44,853
CHP Cooling, Tons 0 918,125
On-site Boiler/Heater Thermal Demand, MMBtu 52,541 6,690
Boiler/Heater Fuel, MMBtu 58,379 7,433
CHP Heating, MMBtu 0 45,851
CHP Fuel, MMBtu 0 145,957,
Total Fuel, MMBtu 58,379 153,390

Annual Operating Costs

Purchased Electricity, $ $945,949 -$216,937
Standby Charges (Option 2), $ S0 $1,139
On-site Boiler/Heater Fuel, $ $263,288 $33,523
CHP Fuel, $ SO, $658,267,
Incremental O&M, $ $0 $353,506!
Total Operating Costs, $ 51,209,236 5829,498

Simple Payback

Annual Operating Savings, $ $379,738
Chiller Installed Costs, S/kW $264
Total CHP System Costs, $/kW (including chiller) $3,001
Total Installed Costs $5,699,454
Incentives $200,000
Simple Payback, Years 14.5

Operating Costs to Generate, $/kWh

Fuel Costs, $/kWh $0.040
Cooling Credit, S/kWh $0.000
Heating Credit, $/kWh (50.014)
Incremental O&M, S/kWh $0.022
Total Operating Costs to Generate, $/kWh || $0.048||
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

Option G: 1 GE Jenbacher J420 with trigeneration, full load absorption cooling with boiler makeup

Facility Information
Facility Name
Location (City, State)
Application

Loads
Annual Hours of Operation
Average Power Demand, kW
Annual Hours of Cooling Demand
Annual Hours of Heating Demand
Annual Electricity Consumption, kWh
Average Heating Demand, MMBtu/hr
Annual Heating Demand, MMBtu
Average Cooling Demand, Tons

Average Power Demand without Cooling, kW

Annual Cooling Demand, Tons

Energy Costs
Boiler/Thermal Fuel Costs, $/MMBtu
CHP Fuel Costs, SMM/Btu
Average Electricity Costs, $/kWh
Cooling Electricity Costs, S/kWh
Percent Average per kWh Electric Cost Avoided
Standby Rate, $/kW

Existing System
Displaced Thermal Efficiency, %
Existing Chiller Power Requirements, kWh/Ton

Average Thermal Requirements for Cooling, MMBtu/hr
Average Thermal Requirements for Cooling, MMBtu/hr

DOE TAP CHP Qualification Screen

NEOMED Campus

Rootstown, Ohio

Laboratory/Higher Ed.

8,760

1,565
2,520
6,240
13,709,400
8.42
52,541

394

1,329
6.75)

H#REF!
992,880,

Base Case
| $4.51]

0.069)]
$0.069)

90.0%
0.60

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin;

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inv

Average power demand

input

determined by annual

CHP sytem sized to heat

2014 cooling

CHP system sized not to

Thermal requirements fi

Thermal requirements fi

CHP Case

$4.51

$4.51

0%

$0.05
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

DOE TAP CHP Qualification Screen
Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin,
Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inve
Facility Information
Facility Name NEOMED Campus
Location (City, State) Rootstown, Ohio
Application Laboratory/Higher Ed.
CHP System CHP Cooling
Single Effect
Net CHP Power, kW 1,426
CHP Electric Efficiency, % (HHV) 40.8%
CHP Thermal Output, Btu/kWh (Available Heating) 3,852
CHP Thermal Output, MMBtu/hr (Available Heating) 5.49
CHP Thermal Output, Btu/kWh (Available Cooling) 3,274
CHP Thermal Output, MMBtu/hr (Available Cooling) 4.67
CHP Power to Heat Ratio 0.89
CHP Availability, % 98%
Incremental O&M Costs for CHP, S/kWh $0.019
Incremental O&M Costs for chiller, $/Ton-Year $30.00
CHP Installed Costs, $/kW (without chillers) $2,335
Thermal Utilization, % 90%
CHP Cooling
Absorption Chiller COP 0.7
Absorption Chiller Capacity, Tons 245
Absorption Installed Costs, $/Ton $1,720
tons made up by boiler 154
MMBTU/hr 1.85
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

Annual Energy Consumption

Purchased Electricity, kWh
Generated Electricity, kWh
Annual Cooling Demand, Tons
Electric Cooling, Tons
Cooling Electricity, kWh
CHP Cooling, Tons
On-site Boiler/Heater Thermal Demand, MMBtu
Boiler/Heater Fuel, MMBtu
CHP Heating, MMBtu
CHP Fuel, MMBtu

Total Fuel, MMBtu

Annual Operating Costs

Purchased Electricity, $
Standby Charges (Option 2), $
On-site Boiler/Heater Fuel, $
CHP Fuel, $
Incremental O&M, $

Total Operating Costs, $

Simple Payback

Annual Operating Savings, $

Chiller Installed Costs, S/kW

Total CHP System Costs, $/kW (including chiller)
Total Installed Costs

Incentives

Simple Payback, Years

Operating Costs to Generate, $/kWh

Fuel Costs, $/kWh
Cooling Credit, S/kWh
Heating Credit, $/kWh
Incremental O&M, S/kWh

Total Operating Costs to Generate, $/kWh

DOE TAP CHP Qualification Screen

Base Case

13,709,400

0

992,880,

992,880,

595,728

0

52,541

58,379

0

0

58,379

$945,949

S0

$263,288

S0

50

$1,209,236

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin,
Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inve

CHP Cooling
Single Effect

871,747

12,241,925

992,880

q

q

992,880

26,959

29,955

30,232

102,326

132,281

$60,151

$856

$135,096

$461,490

$239,950)

5897,543

$311,694

$296

$2,631

$3,751,325

$200,000

11.4

$0.038,

$0.000

(50.010)

$0.020

$0.047|
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

Option H: 2 GE Jenbacher J316 with trigeneration, full load absorption cooling with boiler makeup

Facility Information
Facility Name
Location (City, State)
Application

Loads
Annual Hours of Operation
Average Power Demand, kW
Annual Hours of Cooling Demand
Annual Hours of Heating Demand
Annual Electricity Consumption, kWh
Average Heating Demand, MMBtu/hr
Annual Heating Demand, MMBtu
Average Cooling Demand, Tons

Average Power Demand without Cooling, kW

Annual Cooling Demand, Tons

Energy Costs
Boiler/Thermal Fuel Costs, $/MMBtu
CHP Fuel Costs, SMM/Btu
Average Electricity Costs, $/kWh
Cooling Electricity Costs, S/kWh
Percent Average per kWh Electric Cost Avoided
Standby Rate, $/kW

Existing System
Displaced Thermal Efficiency, %
Existing Chiller Power Requirements, kWh/Ton

Average Thermal Requirements for Cooling, MMBtu/hr
Average Thermal Requirements for Cooling, MMBtu/hr

DOE TAP CHP Qualification Screen

NEOMED Campus
Rootstown, Ohio
Laboratory/Higher Ed.
8,760
1,565 Average power demand
2,520 input
6,240 determined by annual
13,709,400
8.42 CHP sytem sized to heat
52,541
394
1,329 CHP system sized not to
6.75 Thermal requirements fi
HREF! Thermal requirements fi
992,880
Base Case CHP Case
|| $4.51) $4.51
$4.51
0.069)]
$0.069)
0%
$0.05
90.0%
0.60

Sam Bridwell | Mechanical | Dr. James Freihaut | NEOMED RGE and CMU Expansion

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin;

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inv
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

DOE TAP CHP Qualification Screen
Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin,
Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inve
Facility Information
Facility Name NEOMED Campus
Location (City, State) Rootstown, Ohio
Application Laboratory/Higher Ed.
CHP System CHP Cooling
Single Effect
Net CHP Power, kW 1,696
CHP Electric Efficiency, % (HHV) 38.3%
CHP Thermal Output, Btu/kWh (Available Heating) 4,382
CHP Thermal Output, MMBtu/hr (Available Heating) 7.43
CHP Thermal Output, Btu/kWh (Available Cooling) 3,725
CHP Thermal Output, MMBtu/hr (Available Cooling) 6.32
CHP Power to Heat Ratio 0.78
CHP Availability, % 98%
Incremental O&M Costs for CHP, S/kWh $0.019
Incremental O&M Costs for chiller, $/Ton-Year $30.00
CHP Installed Costs, $/kW (without chillers) $2,335
Thermal Utilization, % 90%
CHP Cooling
Absorption Chiller COP 0.7
Absorption Chiller Capacity, Tons 332
Absorption Installed Costs, $/Ton $1,350
tons made up by boiler 69
MMBTU/hr 0.83
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

Annual Energy Consumption

Purchased Electricity, kWh
Generated Electricity, kWh
Annual Cooling Demand, Tons
Electric Cooling, Tons
Cooling Electricity, kWh
CHP Cooling, Tons
On-site Boiler/Heater Thermal Demand, MMBtu
Boiler/Heater Fuel, MMBtu
CHP Heating, MMBtu
CHP Fuel, MMBtu

Total Fuel, MMBtu

Annual Operating Costs

Purchased Electricity, $
Standby Charges (Option 2), $
On-site Boiler/Heater Fuel, $
CHP Fuel, $
Incremental O&M, $

Total Operating Costs, $

Simple Payback

Annual Operating Savings, $

Chiller Installed Costs, S/kW

Total CHP System Costs, $/kW (including chiller)
Total Installed Costs

Incentives

Simple Payback, Years

Operating Costs to Generate, $/kWh

Fuel Costs, $/kWh
Cooling Credit, S/kWh
Heating Credit, $/kWh
Incremental O&M, S/kWh

Total Operating Costs to Generate, $/kWh

DOE TAP CHP Qualification Screen

Base Case

13,709,400

0

992,880,

992,880,

595,728

0

52,541

58,379

0

0

58,379

$945,949

S0

$263,288

S0

50

$1,209,236

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin,
Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inve

CHP Cooling
Single Effect

-1,446,149

14,559,821

992,880

q

q

992,880

13,723

15,248

40,903

129,810

145,058

-$99,784

$1,018

$68,770

$585,441

$286,586

5842,030

$367,206

$264

$2,599

$4,407,892

$200,000

11.5

$0.040

$0.000

(50.013)

$0.020

$0.047|
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

Option I: 3 GE Jenbacher J312 with trigeneration, full load absorption cooling with boiler makeup

Facility Information
Facility Name
Location (City, State)
Application

Loads
Annual Hours of Operation
Average Power Demand, kW
Annual Hours of Cooling Demand
Annual Hours of Heating Demand
Annual Electricity Consumption, kWh
Average Heating Demand, MMBtu/hr
Annual Heating Demand, MMBtu
Average Cooling Demand, Tons

Average Power Demand without Cooling, kW

Average Thermal Requirements for Cooling, MMBtu/hr
Average Thermal Requirements for Cooling, MMBtu/hr
Annual Cooling Demand, Tons

Energy Costs
Boiler/Thermal Fuel Costs, $/MMBtu
CHP Fuel Costs, SMM/Btu
Average Electricity Costs, $/kWh
Cooling Electricity Costs, S/kWh
Percent Average per kWh Electric Cost Avoided
Standby Rate, $/kW

Existing System
Displaced Thermal Efficiency, %
Existing Chiller Power Requirements, kWh/Ton

DOE TAP CHP Qualification Screen

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin;

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inv

NEOMED Campus

Rootstown, Ohio

Laboratory/Higher Ed.

8,760

1,565

2,520

6,240

13,709,400

8.42

52,541

394

1,329
6.75)

H#REF!
992,880,

Base Case
| $4.51]

0.069)]
$0.069)

90.0%
0.60

Average power demand
input
determined by annual

CHP sytem sized to heat

CHP system sized not to
Thermal requirements fi
Thermal requirements fi

CHP Case

$4.51

$4.51

0%

$0.05
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

DOE TAP CHP Qualification Screen
Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin,
Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inve
Facility Information
Facility Name NEOMED Campus
Location (City, State) Rootstown, Ohio
Application Laboratory/Higher Ed.
CHP System CHP Cooling
Single Effect
Net CHP Power, kW 1,899
CHP Electric Efficiency, % (HHV) 38.1%
CHP Thermal Output, Btu/kWh (Available Heating) 4,387
CHP Thermal Output, MMBtu/hr (Available Heating) 8.33
CHP Thermal Output, Btu/kWh (Available Cooling) 3,729
CHP Thermal Output, MMBtu/hr (Available Cooling) 7.08
CHP Power to Heat Ratio 0.78
CHP Availability, % 98%
Incremental O&M Costs for CHP, S/kWh $0.021
Incremental O&M Costs for chiller, $/Ton-Year $30.00
CHP Installed Costs, $/kW (without chillers) $2,737
Thermal Utilization, % 90%
CHP Cooling
Absorption Chiller COP 0.7
Absorption Chiller Capacity, Tons 372
Absorption Installed Costs, $/Ton $1,350
tons made up by boiler 30
MMBTU/hr 0.36
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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT APPENDICES

DOE TAP CHP Qualification Screen

Gas Fueled CHP - Recip Engine, Microturbine, Fuel Cell or Gas Turbine Systems / natural gas, LFG, biogas with Heatin,

Note: The results of this screening analysis use average values and assumptions and should not be utilized as an inve

Annual Energy Consumption CHP Cooling
Base Case Single Effect
Purchased Electricity, kWh 13,709,400 -3,188,863
Generated Electricity, kWh 0 16,302,535
Annual Cooling Demand, Tons 992,880 992,880
Electric Cooling, Tons 992,880 0||
Cooling Electricity, kWh 595,728 O||
CHP Cooling, Tons 0 992,880
On-site Boiler/Heater Thermal Demand, MMBtu 52,541 7,587
Boiler/Heater Fuel, MMBtu 58,379 8,430
CHP Heating, MMBtu 0 45,851
CHP Fuel, MMBtu 0 145,957,
Total Fuel, MMBtu 58,379 154,387

Annual Operating Costs

Purchased Electricity, $ $945,949 -$220,032
Standby Charges (Option 2), $ S0 $1,139
On-site Boiler/Heater Fuel, $ $263,288 $38,018
CHP Fuel, $ SO, $658,267,
Incremental O&M, $ $0 $353,506!
Total Operating Costs, $ 51,209,236 5830,899

Simple Payback

Annual Operating Savings, $ $378,338
Chiller Installed Costs, S/kW $264
Total CHP System Costs, $/kW (including chiller) $3,001
Total Installed Costs $5,699,454
Incentives $200,000
Simple Payback, Years 14.5

Operating Costs to Generate, $/kWh

Fuel Costs, $/kWh $0.040
Cooling Credit, S/kWh $0.000
Heating Credit, $/kWh (50.014)
Incremental O&M, S/kWh $0.022
Total Operating Costs to Generate, $/kWh || $0.048||
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Cooling Load Calculation
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Appendix F: Sensitivity Study

Option A Electric Price Payback Period
Current .069S/kWH 8.4

$0.074 7.3

$0.077 6.6

$0.081 6.1

$0.084 5.6

$0.088 5.2

$0.091 4.9

$0.095 4.6

$0.098 4.3

Gas Price Payback Period
Current $4.51/MMBtu 8.4

$4.28 8.1

$4.05 7.9
$3.83 7.6
$3.60 7.4

$3.38 7.2
$3.15 7.0

$2.93 6.9
$2.70 6.7

electricincrease/gas decrease |Electric Price Gas Price Payback Period
0|Current .0695/kWH  |Current $4.51/MMBtu 8.4
5% $0.074 $4.28 7.0
10% $0.077 $4.05 6.3
15% $0.081 $3.83 5.6
20% $0.084 $3.60 5.2
25% $0.088 $3.38 4.7
30% $0.091 $3.15 4.4
35% $0.095 $2.93 4.0
40% $0.098 $2.70 3.8
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Option B Electric Price Payback Period
Current .069S/kWH 10.5

$0.074 8.6

$0.077 7.8

$0.081 7.0

$0.084 6.4

$0.088 5.9

$0.091 5.5

$0.095 5.1
$0.098 4.8

Gas Price Payback Period

Current $4.51/MMBtu 10.5
$4.28 9.8

$4.05 9.3
$3.83 9.0
$3.60 8.6
$3.38 8.2
$3.15 7.9
$2.93 7.6
$2.70 7.4

electricincrease/gas decrease |Electric Price Gas Price Payback Period
0|Current .0695/kWH  |Current $4.51/MMBtu 10.5
5% $0.074 $4.28 8.2
10% $0.077 $4.05 7.2
15% $0.081 $3.83 6.3
20% $0.084 $3.60 5.7
25% $0.088 $3.38 5.1
30% $0.091 $3.15 4.7
35% $0.095 $2.93 4.3
40% $0.098 $2.70 4.0
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Appendix G: Emissions Calculations
Option A

S’CHP
< & 5
© = S5 T
iE ?ﬁiggxg;;' PARNER LD @N B \ Documentation
1. CHP: Type of System | Recip Engine - Lean Burn E] Submltl

2. CHP: Electricity Generating Capacity (per unit)
Normal size range for this technology is 500 to 5,000 kW
| 1,4261 kw

Submit

3. CHP: How Many Identical Units (i.e., engines) Does This System Have?
| 11 Submit

il

4. CHP: How Many Hours per Year Does the CHP System Operate?

7 days per week, 24 hours per day, 8,760 hours E]

i

Submit

As a number of hours per year 8760

0%

OR As a percentage

5. CHP: Does the System Provide Heating or Cooling or Both?
Heating Only E]

If Heating and Cooling: How many of the 8,760 hours are in cooling mode?
As a number of hours per year

as a percentage of the 8,760 hours? 0%
If Heating and Cooling: Does the System Provide Simultaneous Heating and Cooling? Submitl
| MNa
6. CHP: Fuel
Fuel Type| Matural Gas E] View Biomass and Coal

Submitl

Fuel Characteristics

7. CHP: If Diesel, Distillate, Coal or Other: What is the Sulfur Content?

If WHP, what is the sulfur content of the stack? T\ ST Gl B0y ©F ezl | -
u m|t|

| will enter a value inone | OF Low sulfur oil: 0.05% or 500 |
of the following blocks

Ultra low sulfur diesel: 15 ppm |

Enter Sulfur Content of Fuel as a percent 0.000%
OR ppm - ppm
8. CHP: What is the CO, Emission Rate for this Fuel? (default completed for fuel in Item 6) Submitl
Enter alternative \alue:| 116.91Ib CO2/MMBtu
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1,028

OR

OR

10. CHP: Boiler Steam To Process (Steam Turbine CHP Only)

Boiler Steam to Process as |b Steam/hr

Boiler Steam to Process as MMBtu Steam/hr

I will enter an efficiency

9. CHP: What is the Heat Content of this Fuel? (Enter a value in only ONE of the boxes)

Btu/cubic foot (HHV)
Btu/gallon (HHV)
Btu/lb (HHV)

11. CHP: Steam Turbine System Boiler Efficiency (Steam Turbine CHP Only)

Use default for this technology

Enter Boiler Efficiency as %|

0%‘|

12. CHP: Electric Efficiency

I will enter an efficiency in
one of the following blocks

Use default for this technology

Enter Generating Efficiency as %

41%

OR Enter Generating Efficiency as Btu/kWh HHV

IOR Enter Generating Efficiency as Btu/kWh LHV

(HHV)
Btu/kWh (HHV)
Btu/kWh (LHV)

Submitl

Submit

i

Submit

H

Submit

11

13. CHP: Base Power to Heat Ratio

| will enter a Power to Heat | Use default for this technology |

Power to Heat Ratio

0.89

If WHP: Useful Thermal Output (MMBtu/hr)

0

14. CHP: NOx Emission Rate

I will enter a NOx rate in gne
of the following blocks

Use default emissions for this technology.
Note: Default emissions are w ithout aftertreatment. Some areas may require add-
on controls and you w illneed to enter an emission rate based on your local

requirements. SCR can reduce emissions by up to 90%

The Power to Heat Ratio should reflect ONLY the thermal production of the generating unit (i.e., combustion turbine).
Thermal Output of the duct burners (if equipped) should not be included.

Submitl

Enter a NOx Rate as ppm (15% O,)

OR Enter a NOx Rate as gm/hp-hr

1.100

OR  Enter a NOx Rate as Ib/MMBtu

OR Enter a NOx Rate as Ib/MWh

ppm

gm/hp-hr

Ib NOx/MMBtu
Ib NOX/MWh

Sam Bridwell | Mechanical | Dr. James Freihaut | NEOMED RGE and CMU Expansion
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15. Duct Burners: Does the System Incorporate Duct Burners?

| o E] Submit

16. Duct Burners: What is the Total Fuel Input Capacity of the Burners for Each CHP Unit?
For reference, the Recip Engine - Lean Burn has a heat input of 11.9 MMBtu/hr Submit
- |MmBtumhr

17. Duct Burners: The CHP system operates 8,760 hours per year. How much do the duct burners operate?
As a number of hours per year - Submit

As a percentage of the 8,760 hours? 0%

ElE

18. Duct Burners: NOx Emission Rate for the Duct Burners

| will enter a NOx rate in one Use default for this
of the following blocks technology Submitl
- |lb/MMBtu
OR - |ppm NOx at 15% O2
19. Cooling: Does the CHP Provide Cooling? No Submit

You indicated No Cooling in ltem 5

20. Cooling: Type of Absorption Chiller Used?

Coefficient of Performance (COP) | - ‘l

£

21. Cooling: What is the Cooling Capacity of the System?
Based on your other entries, the maximum cooling capacity is . tons or . MMBtu/hr of cooling Submitl

(Enter a value in only ONE of the boxes) - |Cooling Tons
- |OR MMBtu per Hour of Cooling

22. Displaced Cooling: What is the Efficiency of the Cooling System that is Being Displaced? Submitl

| [~]

(Enter a value in only ONE of the boxes)
Electricity Demand (kW per ton) -
OR  Coefficient of Performance (COP) -
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w

Submit
| Existing Gas Boiler E] J

24. Displaced Thermal: If not a Natural Gas System: What is the Sulfur Content?

23. Displaced Thermal: Type of System:

Commercial coal: 1% sulfur

I will enter a |or High sulfur oil: 0.15% or 1,500 |

Low sulfur oil: 0.05% or 500 ppm

Submit

Enter Sulfur Content as a percent 0.00%

OR ppm - ppm

25. Displaced Thermal: What is the CO2 Emission Rate for this Fuel? (default completed for fuel in Item 23) Submit
Enter alternative value: 116.9‘|Ib CO2/MMBtu

26. Displaced Thermal: What is the Heat Content of this Fuel? (Enter a value in only ONE of the boxes)

1,028 |Btu/cubic foot (HHV) .
Submit
OR - |Btu/gallon (HHV)
OR - [Btu/lb (HHV)
27. Displaced Thermal: Efficiency (usually a boiler)
1 will enter an efficiency Use default for this thermal technology | M
Enter Generating Efficiency as % 85%‘|
28. Displaced Thermal Production: NOx Emission Rate
| will enter the NOXx rate Use default for NOx rate .
Submit
NOx Rate 0.100‘|Ib NOx/MMBtu
29. Displaced Electricity: Generation Profile
eGRID Fossil Fuel (2010 data) E[ Modify one of the Three
User-Defined Generating Submit
Link to EPA's Fuel and CO2 Emissions Savings Calculation Methodology for CHP Sources

30. Displaced Electricity: Select U.S. Average, eGRID Subregion, NERC region, or State

RFCW West E]

Submit

H

Link to eGRID Subregion Map

31. Displaced Electricity: Select Electric Grid Region for Transmission and Distribution (T&D) Losses

Submit

| Eastern Interconnect [E]

| 5.82%1

Link to NERC Interconnections Map
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CHP Results N PN
O S’CHP SR

SEPA COMBINED HEAT AND S N 2

POWER PARTNERSHIP @N /. \

The results generated by the CHP Emissions Calculator are intended for eductional and outreach purposes only;
it is not designed for use in developing emission inventories or preparing air permit applications.

The results of this analysis have not been reviewed or endorsed by the EPA CHP Partnership.

Table 1
Annual Emissions Analysis

Displaced Displaced

Electricity Thermal Emissions/Fuel

CHP System | Production Production Reduction Percent Reduction

NOy (tons/year) 20.30 10.82 2.82 (6.66) -49%
SO; (tons/year) 0.03 30.93 0.02 30.92 100%
CO; (tonsl/year) 6,105 14,337 3,293 11,525 65%
CH, (tons/year) 0.12 0.163 0.06 0.110 49%
N,O (tons/year) 0.01 0.231 0.01 0.225 95%
Total GHGs (COze tons/year) 6,111 14,412 3,296 11,597 65%
Fuel Consumption (MMBtu/year) 104,445 139,368 56,341 91,264 A7%
Equal to the annual GHG emissions from this many passenger vehicles: 2,201
Equal to the annual GHG emissions from the generation of electricity for this many homes: 1,439

This CHP project will avoid yearly emissions of greenhouse gases by 11,597 tons of carbon dioxide equivalent.

Equal to the annual greenhouse Equal to the annual greenhouse
gas emissions from gas emissions from the generation of

2,201 passenger vehicles. electricity used by 1,439 homes.
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Option B

@ SCHP

x

SEPA COMBINED HEAT AND

\
POWER PARTNERSHIP &\%’V 7 \ » Documentation

i

1. CHP: Type of System | Recip Engine - Lean Burn El Submit

2. CHP: Electricity Generating Capacity (per unit)
Normal size range for this technology is 500 to 5,000 kW

| 848 |kw

Submit

3. CHP: How Many Identical Units (i.e., engines) Does This System Have?
| 21 Submit

il

4. CHP: How Many Hours per Year Does the CHP System Operate?

7 days per week, 24 hours per day, 8,760 hours E]

Submit

i

As a number of hours per year 8.760

OR As a percentage 0%

5. CHP: Does the System Provide Heating or Cooling or Both?
Heating Only [E]

If Heating and Cooling: How many of the 8,760 hours are in cooling mode?
As a number of hours per year -

as a percentage of the 8,760 hours? 0%
If Heating and Cooling: Does the System Provide Simultaneous Heating and Cooling? Submitl
| No
6. CHP: Fuel
Fuel Type| Matural Gas E] View Biomass and Coal

Submitl

Fuel Characteristics

7. CHP: If Diesel, Distillate, Coal or Other: What is the Sulfur Content?

If WHP, what is the sulfur content of the stack? High sulfur oil: 0.15% or 1,500 |

Submitl

iillenter ahaluelintone MR Low sulfur oil: 0.05% or 500 |
of the following blocks

Ultra low sulfur diesel: 15 ppm |

Enter Sulfur Content of Fuel as a percent 0.000%
OR ppm - |ppm
8. CHP: What is the CO, Emission Rate for this Fuel? (default completed for fuel in Item 6) Submitl
Enter alternative value: | 116.9]Ib CO2/MMBtu
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1,028

OR

OR

10. CHP: Boiler Steam To Process (Steam Turbine CHP Only)

Boiler Steam to Process as |b Steam/hr

Boiler Steam to Process as MMBtu Steam/hr

I will enter an efficiency

9. CHP: What is the Heat Content of this Fuel? (Enter a value in only ONE of the boxes)

Btu/cubic foot (HHV)
Btu/gallon (HHV)
Btu/lb (HHV)

11. CHP: Steam Turbine System Boiler Efficiency (Steam Turbine CHP Only)

Use default for this technology

Enter Boiler Efficiency as %|

0%‘|

12. CHP: Electric Efficiency

I will enter an efficiency in
one of the following blocks

Use default for this technology

Enter Generating Efficiency as %

38%

OR Enter Generating Efficiency as Btu/kWh HHV

IOR Enter Generating Efficiency as Btu/kWh LHV

(HHV)
Btu/kWh (HHV)
Btu/kWh (LHV)

Submitl

Submit

i

Submit

H

Submit

11

13. CHP: Base Power to Heat Ratio

| will enter a Power to Heat | Use default for this technology |

Power to Heat Ratio

0.78

If WHP: Useful Thermal Output (MMBtu/hr)

0

14. CHP: NOx Emission Rate

I will enter a NOx rate in gne
of the following blocks

Use default emissions for this technology.
Note: Default emissions are w ithout aftertreatment. Some areas may require add-
on controls and you w illneed to enter an emission rate based on your local

requirements. SCR can reduce emissions by up to 90%

The Power to Heat Ratio should reflect ONLY the thermal production of the generating unit (i.e., combustion turbine).
Thermal Output of the duct burners (if equipped) should not be included.

Submitl

Enter a NOx Rate as ppm (15% O,)

OR Enter a NOx Rate as gm/hp-hr

1.100

OR Enter a NOx Rate as Ib/MMBtu

OR Enter a NOx Rate as Ib/MWh

ppm

gm/hp-hr

Ib NOX/MMBtu
Ib NOXx/MWh
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15. Duct Burners: Does the System Incorporate Duct Burners?

| o E] Submit

16. Duct Burners: What is the Total Fuel Input Capacity of the Burners for Each CHP Unit?
For reference, the Recip Engine - Lean Burn has a heat input of 7.6 MMBtu/hr Submit
- |MmBtumhr

17. Duct Burners: The CHP system operates 8,760 hours per year. How much do the duct burners operate?
As a number of hours per year - Submit

As a percentage of the 8,760 hours? 0%

ElE

18. Duct Burners: NOx Emission Rate for the Duct Burners

| will enter a NOx rate in one Use default for this
of the following blocks technology Submitl
- |lb/MMBtu
OR - |ppm NOx at 15% O2
19. Cooling: Does the CHP Provide Cooling? No Submit

You indicated No Cooling in ltem 5

20. Cooling: Type of Absorption Chiller Used?

Coefficient of Performance (COP) | - ‘l

£

21. Cooling: What is the Cooling Capacity of the System?
Based on your other entries, the maximum cooling capacity is . tons or . MMBtu/hr of cooling Submitl

(Enter a value in only ONE of the boxes) - |Cooling Tons
- |OR MMBtu per Hour of Cooling

22. Displaced Cooling: What is the Efficiency of the Cooling System that is Being Displaced? |

(Enter a value in only ONE of the boxes)
Electricity Demand (kW per ton) =
OR  Coefficient of Performance (COP) -
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w

23. Displaced Thermal: Type of System:

| Existing Gas Boiler E]

24. Displaced Thermal: If not a Natural Gas System: What is the Sulfur Content?

Commercial coal: 1% sulfur

I will enter a |or High sulfur oil: 0.15% or 1,500 |

Low sulfur oil: 0.05% or 500 ppm

Enter Sulfur Content as a percent 0.00%

OR ppm - ppm

25. Displaced Thermal: What is the CO2 Emission Rate for this Fuel? (default completed for fuel in Item 23)
Enter alternative value: 116.9‘|Ib CO2/MMBtu

26. Displaced Thermal: What is the Heat Content of this Fuel? (Enter a value in only ONE of the boxes)
1,028 |Btu/cubic foot (HHV)

OR - |Btu/gallon (HHV)

OR - |Btu/lb (HHV)

27. Displaced Thermal: Efficiency (usually a boiler)
1 will enter an efficiency Use default for this thermal technology |

Enter Generating Efficiency as % 85%‘|

28. Displaced Thermal Production: NOx Emission Rate

I will enter the NOx rate Use default for NOx rate

NOx Rate 0.100‘|Ib NOx/MMBtu

Submit

Submit

Submit

Submit

Submit

Submit

29. Displaced Electricity: Generation Profile

eGRID Fossil Fuel (2010 data) E[ Modify one of the Three
User-Defined Generating
Link to EPA's Fuel and CO2 Emissions Savings Calculation Methodology for CHP. Sources

30. Displaced Electricity: Select U.S. Average, eGRID Subregion, NERC region, or State

RFCW West E]

Link to eGRID Subregion Map

31. Displaced Electricity: Select Electric Grid Region for Transmission and Distribution (T&D) Losses

| Eastern Interconnect [E]

| 5.82%1

Link to NERC Interconnections Map

Submit

Submit

H

Submit
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CHP Results N PN
O S’ CHP SR

SEPA COMBINED HEAT AND 2

POWER PARTNERSHIP @N /. \

The results generated by the CHP Emissions Calculator are intended for eductional and outreach purposes only;
it is not designed for use in developing emission inventories or preparing air permit applications.

The results of this analysis have not been reviewed or endorsed by the EPA CHP Partnership.

Table 1
Annual Emissions Analysis

Displaced Displaced

Electricity Thermal Emissions/Fuel

CHP System | Production Production Reduction Percent Reduction

NOy (tons/year) 24.14 12.87 3.82 (7.45) -45%
SO; (tons/year) 0.04 36.79 0.02 36.77 100%
CO; (tonsl/year) 7,744 17,051 4,469 13,776 64%
CH, (tons/year) 0.15 0.194 0.08 0.132 48%
N,O (tons/year) 0.01 0.274 0.01 0.268 95%
Total GHGs (COze tons/year) 7,752 17,141 4,473 13,862 64%
Fuel Consumption (MMBtu/year) 132,498 165,756 76,458 109,717 45%
Equal to the annual GHG emissions from this many passenger vehicles: 2,630
Equal to the annual GHG emissions from the generation of electricity for this many homes: 1,720

This CHP project will avoid yearly emissions of greenhouse gases by 13,862 tons of carbon dioxide equivalent.

Equal to the annual greenhouse Equal to the annual greenhouse
gas emissions from gas emissions from the generation of

2,630 passenger vehicles. electricity used by 1,720 homes.
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Appendix H: Project Schedules

Original Schedule
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Revised Baseline Schedule
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