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Renovation to Father O’Connell Hall Building Overview

= [ntroduction General Building Data Site Analysis
= Building Overview Location: Washington, DC
= Existing Mechanical Size: 54,000 GSF
= Combined Heat and Power Analysis Height: 4 Stories above grade, 1 below
= Electrical Breath Construction Dates: July 2013-May 2014
- Cost: 15 million
RECOITMIENCEMTNE Occupancy Administrative/Office

= Acknowledgments

. East Wi
= Questions Bk

Project Team

Owner: Catholic University of America o s Bk

Architect: SmithGroupJJR Joool =502

MEP/FP Engineer: SmithGroupJJR éj West Wing
Structural Engineer: McMullan & Associates, Inc. ﬂ@/\%\\ m“?ﬁﬁf’f—&;

Civil Engineer: ADTEK

Project Management: Mark G Anderson Consultants, Inc.



Renovation to Father O'Connell Hall

Introduction

= Building Overview

= Existing Mechanical
Combined Heat and Power Analysis
Electrical Breath

Recommendations
Acknowledgments
Questions

Existing Mechanical Systems

Basement Floor / 1st Floor

2nd Floor

M OAHU-1
M (E)AHU-3

-{E]AHU-Z -AHU—E
-{E]AHu-a -DAHU-l

. AHU-4 (E)'EXISting

VIN
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Air-Side

3 Existing AHU'’s
= East wing not in scope
AHU-4 and AHU-6
= Use VAV and Fan powered
boxes with hot water reheat
In basement and first floors
AHU-5
= Displacement ventilation on
first floor for two story
banquet hall
OAHU-1
= Dedicated Outdoor AHU
= Ventilates floors 2-4 and
uses 4 pipe Fan Coil Units

"‘@@- The Catholic University Of America



Renovation to Father O'Connell Hall

Introduction

= Building Overview

= Existing Mechanical
Combined Heat and Power Analysis
Electrical Breath

Recommendations
Acknowledgments
Questions

Existing Mechanical Systems

1st Floor

2nd Floor

M OAHU-1
B (E)AH

-{E]AHU-Z -AHU—E
-{E]AHu-a -DAHU-l

. AHU-4 (E)'EXISting
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Water-Side

Cooling
One 97.7 ton electric air-cooled chiller
« Two chilled water pumps with
VFD’s

Heating
Two 500 MBH Condensing Boilers
= 84% Efficient
= Low Pressure (2psi) 2 inch
gas pipe provided by
Washington Gas Company
= Three hot water pumps with
VFD’s

"‘E@I- The Catholic University Of America



VIN

Renovation to Father O’'Connell Hall CHP Introduction "‘@I@I- The Catholic University Of America
= Introduction Introduction CHP Goals Absorption Cooling Goals
= Combined Heat and Power Analysis " _ _ _ . _
. ducti AnvaRoa NG » Simultaneous production of heat = Utilize waste heat in summer
CHP Introduction : AT g el and power with on-site generation ~ months
: Building Derréands Profiles PA—— Combuston Tune = Reliable power during grid = Reduce existing chiller size
CHP DT BTl e .. 98 Units Fuel T = . blackout or brownout = Reduce power demand in
" Primary Fuel Utilization Efficiency Power Plant o E_ = Higher overall efficiencies summer months

= Cost Analysis

EFFICIENCY Lower emissions
= Emissions m e —
. ) & Power

= Electrical Breath EFREICY (CHP)
. ConCI usion 56 Units Fuel L Boiler 45

= Acknowledgments Boller Fuel neat | (swam ] poar | ,
= Questions

OVERALL 0/ OVERALL
49°/o EEFEICIENCY 75 O EFFICIENCY
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Renovation to Father O’'Connell Hall Building Demand Profiles "@I@l The Catholic University Of America
Introduction Spark Gap Demands
Combined Heat and Power Analysis 24 Hour Building Demands per Month _ _ _
= CHP Introduction —Cooling —Heating —Power = Difference between price of = Thermal to power ratio
= Building Demands Profiles 1,400,000 200 natural gas and electricity Ao = QQ
- 180 Qe
1,200,000 0 o
* CHP Demands . ] - 160 = Driving factor
= Primary Fuel Utilization Efficiency = 1000000 140
u COSt AnaIySIS é 800,000 120 ;
c . 100
= Emissions é; 600,000 - I g0 = Demand
EI@Ctrlcal Breath é 400,000 - - 60 Pric,E. Max Heating 83@,4[]3 Btu
. 5 40 spark G Max Cooling 114 Ton
Conclusion “ 200,000 - 20 ($/MMBtu) park Sap Max Power 179.95 KW
Acknowledgments 0 U R o0 Electricity | $ 3800 . ..
Questions g £ § % g § £ © 8 g g ¢ Natural Gas | $ 11.17 ] Average Heating 64,065 Btu
2 3 & < 2 T ¥ £ 9o £ E :
s © 9 8 © 9 Average Cooling 17 Ton
§ 2 & Average Power 47.33 KW




Renovation to Father O'Connell Hall

Prime Movers
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Table |lI: Summary of CHP Technologies . i . .
7 CHP =ystem Advantages Dizsadvantages Available
Introduction Microturbine Capstone C30 Microturbine
0 0 Gas turbine High reliability. Require high pressure gas or in- S00 kW to -
CO m b N ed H eat an d Power A n al yS 1S h?m&mizsiins.t . Ill{:usz?ﬁa; {:sztrel,ssulr. ; 250 MW
igh grade heat available. oor efficiency af low loading. Electrical Power Output 30kW
' g requi ' - (15- ) i
[ CH P |ntrOdUCtI0n Mo cooling required. tc;;t;:’cmfa:ﬂf:ﬁs.::bmnt PI’Odulce |OW€IS'[ fﬁ:)ower 15 250KW Voltage 400480 VAC
= 2 c Microturbine Small number of moving parts. | High costs. 30 KW to 250 L LOW e ectnca E IClenc Electrical Service 3-Phase, 4 wire
u B U I I d I n g De m a.n d S P r 0 fl | eS Compact size and light weight. Relatively low mechanical kW L M . t C 'ty Frequency 50/60 Hz, grid connect operation
Low Em_issi{:ns__ Efﬁ':_ien':'-‘"" u OW al n enan Ce OS 10-60 Hz, stand alone operation
u C H P De m andS No k‘.ﬂnllng required. I{;;r;:igrfﬁf::;;ﬁ?;g:;um o LOW em ISSIOI’]S Maximum Output Current 46A, grid connect operation
5 Mo . a1 — - - - . - ' - 46A, stand alone operation®
Spark ignition | High power efficiency with part- | High maintenance costs. <5 MW in
u P rl m ary F U e I Utl I IZatI O n Eﬂ:l Cle n Cy (50) load operational flexibility. Limited to lower temperature DG Electrical Efficiency LHV 26%
5 reciprocating Fast start-up. cogeneration applications. applications
u COSt An aIyS|S engineg Relatively low investment cost. | Relatively high air emizsions.
. . _Cnr_r_lpressinn Can be used in island rnnd_e Must_h-e cooled even if recovered High speed
u E m ISSIO nS ignition (CI) and have good load following heat iz not used. (1,200 RPM)
reciprocating capability. High levels of low frequency noise. | <4MW Natural Gas HHV 30.7-47.5 MJ/m?
. engine (dual Can be overhauled on site with 825-1,275 BTU/!
EIeCtrlcal B reath fuel pilot normal operators. L$$ZSSP1E;d Inlet Pressure (379—414 kPa aT.ICfL (55-60 psig)
. ignition Operate on low-pressure gas. (102- 9aug psig
CO n CI usion :&M] 4-75 Fuel Flow HHV 457 MJ/hr (433,000 BTU/hr)
Steam turbine | High overall eficiency. Siow start up. 50 kW to 250 Net Heat Rate LHV 13.8 MI/kWh (13,100 BTU/kWh)
AC kn OWI e d g m e ntS Any type of fuel may be used. Low power to heat ratio. MW
: Ability to meet more than one
site heat grade requirement.
Questions
Ir:'E{:ft:Ir“g-heat ratio can be NOx Emissions @ 15% O, < 9 ppmvd (18 mg/m?)
varied. NOx / Electrical Output® 0.22 g/bhp-hr (0.64 Ib/MWhe)
Fuel Cells Low emiszions and low noise. High costs. SEWio 2 Exhaust Gas Flow 0.31 kg/s (0.68 Ibm/s)
Table from EPA High efficiency over load range. | Low durability and power density. | MW Exhaust Gas Temperature 275°C (530°F)
Modular design. Fuels reguiring processing unless
pure hydrogen is used.
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= |ntroduction Microturbine Capstone C30 Microturbine
= Combined Heat and Power Analysis L FlectrcalPeriomine e
= CHP Introduction e = Produce Iqwest p.oyver(15-250KW) e ower Qutput T o Ac
— B U I Id I n g Dem a.n d S PrOfI | eS 60 Hz AC ’ t ; Exhaust Eiele . LOW eIeCtrlcaI EﬁICIenCy ::Z:E:::L;ewice z;):;(?s:'z,dgv:ic;econnect operation
Electricity Heat 44— Rl o - LOW Mal ntenance COSt 10-60 Hz, stand alone operation
u CH P Demands Recovery erator - LOW em|SS|OnS Maximum Output Current 46A, grid connect operation
- e . 0« < , stand alone operation®
u Prlmary Fuel Utlllzatl()n EﬁICIenCy ? ? ? |_’ Electrical Efficiency LHV ;zi:ﬁ Pere
- CostAnalysis B L combusor (Ja— et
- Em ISSIOnS / Natural Gas HHV 30.7-47.5 MJ/m?
- EIeCtrlcaI Brea’th High Frequency Inlet Pressure ;i‘;S—_laiTEPiTU:ZCfL (55-60 psig)
= Conclusion Generator Compressor il ae Fuel Flow HHV 457 Mithr (43:003 BTU/hr) i
Net Heat Rate LHV 13.8 MJ/kWh (13,100 BTU/kWh)

Exhaust
= Acknowledgments j’\

" Questions

NOx Emissions @ 15% O, < 9 ppmvd (18 mg/m?)
NOx / Electrical Output® 0.22 g/bhp-hr (0.64 Ib/MWhe)
Exhaust Gas Flow 0.31 kg/s (0.68 Ibm/s)

Exhaust Gas Temperature 275°C (530°F)



Renovation to Father O'Connell Hall

Net Heat Rate
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Introduction

Combined Heat and Power Analysis
= CHP Introduction

= Building Demands Profiles

= CHP Demands

= Primary Fuel Utilization Efficiency
= Cost Analysis

= Emissions

Electrical Breath

Conclusion

Acknowledgments

Questions

Fuel Input and Useful Exhaust vs KW Produced

450,000
400,000
350,000
300,000
i
E 250,000
m 200,000
150,000
100,000

50,000

0

—Useful Exhaust ——Fuel Input

-
e
e
- _—
-
-
_—

Microturbine

* Produce lowest power(15-250KW)
= Low electrical Efficiency

= Low Maintenance Cost

= Low emissions

Capstone C30 Microturbine

Electrical Performance® i

Electrical Power Output
Voltage

Electrical Service
Frequency

Maximum Output Current

Electrical Efficiency LHV

30kwW

400-480 VAC

3-Phase, 4 wire

50/60 Hz, grid connect operation
10-60 Hz, stand alone operation

46A, grid connect operation
46A, stand alone operation®

26%

Fuel/Engine Characteristics® )

Natural Gas HHV

Inlet Pressure
Fuel Flow HHV
Net Heat Rate LHV

30.7-47.5 MJ/im?

(825-1,275 BTU/scf)

379-414 kPa gauge (55- 60 psig)
457 MJ/hr (433,000 BTU/hr)

13.8 MJ/kWh (13,100 BTU/kWh)

Exhaust Characteristics® )

NOx Emissions @ 15% O,

NOx / Electrical Output®
Exhaust Gas Flow
Exhaust Gas Temperature

< 9 ppmvd (18 mg/m?)

0.22 g/bhp-hr (0.64 Ib/MWhe)
0.31 kg/s (0.68 Ibm/s)

275°C (530°F)
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= |ntroduction Microturbine Capstone C30 Microturbine
= Combined Heat and Power Analysis Load Duration Clirve
- C H P | ntro d uc tl on o -—=Thermal Load -—Cooling Load -——Power Load . = Produce |OW9 st pIO\_Ner( 15-250 KW) 5:::;? Power Output ngﬁso -
c . . ’ ’ : [ ] Electrical Service 3-Phase, 4 wire
— B U I I d I n g Dem a.n d S PrOfI | eS - 180.00 LOW eIeCtrICaI EﬁICIenCy Frequency 50/60 Hz, grid connect operation
1,200,000 - u LOW Mal ntenance COSt 10-60 Hz, stand alone operation
u CH P Demands [ 160.00 o LOW em ISSIOI’]S Maximum Output Current 46A, grid connect operation
. .y . . . : . 4 i 46A, stand alone operation®
= Primary Fuel Utilization Efficiency T 14000 clectrical Efciency LHV o ’
= Cost Analysis @ 800000 [0 E
I 1 -C?S 600,000 \\‘ Bt g
. Em ISSIONS S ’ \ \R - LY 5 Natural Gas HHV 30.7-47.5 MJ/m?
- EIeCtrlcal B rea'th ORI I jzzz Inlet Pressure (387::)5—_;;?175;1-::?;}& (55-60 psig)
I ' Fuel Flow HHV 457 MJ/hr (433,000 BTU/hr)
. ConCI usion 200,000 1 20.00 Net Heat Rate LHV 13.8 MJ/kWh (13,100 BTU/kWh)
= Acknowledgments 0 | | | , , .
5 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
- QuEsitens Percentage
NOx Emissions @ 15% O, < 9 ppmvd (18 mg/m?)
NOx / Electrical Output® 0.22p;'bhp-hr (0.64 Ib/MWhe)
Exhaust Gas Flow 0.31 kg/s (0.68 Ibm/s)

Exhaust Gas Temperature 275°C (530°F)
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= |ntroduction January Sample Calculations CHP INPUT

: : 24 Hour Heating Demands fie 026
= Combined Heat and Power Analysis Turbine KW prouced | 30 ko

® CHP Heating m Boiler Heating Net Heat Rate 13100 btu/kw

= CHP Introduction 900.000 s
| Na 0.84

= Building Demands Profiles 800,000 fom
| CH P Dem an d S 700’000 Absorption Chiller COP 0.7

~~
c ono o o ¢ =
= Prim Fuel Utilization Eff &
rfimar ue lnZzation IClencC @ 600,000
= Cost Analysis & 500,000 1 S - S i ——— °
o z : 2w 158 M5 0 263 263 0 0oEM5 0 3 0 0 0 00m 100 0800 1000 8155 0 000 0250
c c -l 1 879 w0 519 1519 0 0 oweEE 0 8 0 0 00000 1000 0000 1000 8379 0 000 1433
[ EmISSIOn S a0 400,000 + am 7328 2807 0 1354 1284 0 0 e 0 3 0 0 0 000 1000 000 10m 7328 0 000 2243
c 5 am 7328 mme 0 2053 2053 0 om0 3 0 0 0 00w 100 0800 1000 7328 0 000 230
. = 5 A 7439 w0 23 2% 0 0 oMEm 0 3 0 0 0 00w 100 0800 1000 739 0 000 2482
m Ele CtrIC al Bre ath « 300,000 T e 14414 WEE 0 1093 1033 0 0 ouwE 0 7 0 0 0 00w 100 0800 1000 14434 0 000 243
o CR T 0542 S0 0 534 534 2B G0 GMER 0 % 0 0 0 0B Of 024 O7H f05.42 0 000 5345
. I Y #1232 T 247 24 2mEN 200 006 w0 | 0 0 0 osm 03 043 05 5139 0 000 20
- I 200,000 | 0 e 139214 im0 152 192 W0 200 MEM N B 0 0 0 082 03 05 043 4324 0 000 1764
onciusion © | 1 B 14165 B30 133 133 2BE0 2000 EEEM 30 | 34 0 0 0 0gM 03 0819 013 33 0 000 0555
| 5 | 2 e 142105 2@ 0 101 101 235,800 2 0w 0 0 MO 0S8 0403 1000 0400 21105 0 000 0000
100,000 c | ® e 13402 mae 0 3 038 235,400 sz 0 w3 0 0 %S 0505 0435 1000 0000 44402 0 000 0000
| ACknOWIed ”lentS @ | * e 134225 143512 i (F7) (K] 235400 wEEz 0 A a 0 0 8288 0422 05T 1000 0000 44225 0 000 0,000
: = | 5 e 133677 w0 063 068 235800 w0 w0 ® 0 0 &3 0412 053 1000 0000 43877 0 000 0.000
c 0 | 1 o 1 | T % e 133302 w0 07 07 235800 I 0 0 oG8 0459 050 1000 0000 4302 0 000 0000
[ ] ue Stlons > > - — > (5 > - P P P P 17 £4.03 11443 197,343 0 041 041 235300 wsE 0 oo 0 0 aae 05N 0470 1000 0.000 Bl443 0 0.00 0000
© & 3] = © c S g Q o (0] ()] B 40 §7247 B0 167 167 /AL 20 BEH %0 M 0 0 0 03 0032 053 003 7287 0 0.0 0150
= © = S = S = 0 flo] flo] o flo] B am 43097 535 0 008 008 0 0o 0 2 0 0 0 0000 1000 0000 1000 45097 0 000 0070
c 9 g « = S E 8 e e a kb 3643 w0 020 02 0 oowm o0 6 0 0 U000 00 0000 100 ded 0 oat 018
© ) = < ) |3} ) ) T 24320 15,163 0 03 038 0 o wE 0 0 0 0 00w 100 0800 1000 320 0 000 082
- L 5 O > o 2 o8 196,57 i 0 050 030 0 0 ouMe 0 8 0 0 0 00m 100 0800 1000 195,57 0 000 0241
) (®) () BB 14171 B%E 0 27 27 0 I A 0 0 0 0000 100 0000 1000 AT 0 000 0610
N b () B 643 14193 7398 0 337 337 i 0 7H®BE 0 64 i i 0 oo Wm0 1 14133 i 000 07339838
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= |ntroduction January Sample Calculations CHP INPUT

: : 24 Hour Cooling Demands fie 026
= Combined Heat and Power Analysis Turbine KW prouced | 30 ko

®m Absporption Cooling  m Electric Cooling Net Heat Rate 13100 btu/kw

= CHP Introduction 120 .
Na 0.84

= Building Demands Profiles feo

I Ab i i
100 sorption Chiller COP 0.7
= CHP Demands M
= Primary Fuel Utilization Effici S
rmary rFue tilization ICIENCY = 80 ' '
©
[ I = T FER 0 0 0 10 T 0 0 0 0
ost Ana YSIS © | '
€ 60 | 2w 153 25,045 0 263 258 0 0oEMs 0 3 0 0 0 0000 1000 0000 1000 §153 0 000 0250
. 5 o 1 879 waTE 0 1519 519 0 0w 0 3 0 0 0 0000 1000 0000 1000 879 0 000 1438
[ ] EmISSIOn S a 4 332 7228 224,807 0 1954 19,84 0 0 24807 0 3 0 0 0 0000 1000 0000 1000 7328 0 0.00 2248
5 3w 7328 2331 0 2053 2058 0 o oazEm 03 0 0 0 0000 1000 0000 1000 7328 0 000 23
. ‘o0 83 7439 e 0 Ik 12 0 0ousE 0 3 0 0 0 0000 1000 0000 1000 739 0 000 2482
m Ele CtrIC al Bre ath £ 40 T em 14414 M6 0 1033 1083 0 0 amE 0 7 0 0 0 0000 1000 0000 1000 14414 0 000 243
e 85 100542 om0 534 534 235300 W00 BMGIE W 0 0 0 038 Of 0284 07 10542 0 100 5345
. o T 1#13.23 B9 0 247 24 235500 2mO00 0% W 0 0 0 0% 08 0438 0562 B39 0 000 30
- I o | | | 0 e {3324 #2154 0 192 192 235300 T S T 0 0 0 062 038 0512 0428 49214 0 000 1764
OnC USIOn 20 | | @ | 1 e 1416.85 M3 0 133 133 235500 ame00 BEEM a0 o4 0 0 0 063 0370 0303 089 1686 0 000 0555
5 | & e 142105 221791 0 101 10 235500 e 0 W M 0 0 003 05N 0409 1000 0000 52105 0 000 0000
c | B wm {34402 a2 0 058 036 235300 ez 0 W o 0 0 BGE0R 0505 0435 1000 0000 #4402 0 000 0000
| ACknOWIed ”lentS @ | * e 134225 143512 i (F7) (K] 235400 wEEz 0 A a 0 0 8288 0422 05T 1000 0000 44225 0 000 0,000
= | 5 | @ 136,77 148331 0 063 (7] 235300 waEn o0 W ® 0 0 a748 | 0412 (0888 1000 0000 49677 0 200 a0
5 0 | | | T | | % e 133302 w0 078 078 235,800 wE 0 W@ 0 0 BEBf2 0453 0541 1000 000D 19302 0 000 0.000
[ ] ue Stlons > > e —_— > () > - P — P P 17 £4.03 11443 197,343 0 041 041 235300 wsE 0 oo 0 0 aae 05N 0470 1000 0.000 Bl443 0 0.00 0000
@© P 3] = © c S g [ Q () ) 440 s7287 P 167 167 23550 S 0 0 0 A 008 087 006 7247 0 200 0160
= © = o s S = 0 flo] o] o] o] B am 43097 535 0 008 008 0 0o 0 2 0 0 0 0000 1000 0000 1000 45097 0 000 0070
c o 3 < = S e S & e a kb 3643 w0 020 02 0 oowm o0 6 0 0 U000 00 0000 100 ded 0 oat 018
© O = b4 ) O ) [T} T 320 16,58 0 039 039 0 T T | 0 0 0 0000 1000 0000 1000 920 0 000 02
- L =4 (@) > o T 19657 2448 0 050 030 0 0 oM 0 9 0 0 0 0000 1000 0000 1000 19557 0 100 D24
o (®) () AT # 50,365 0 278 278 0 0 G 0 6 0 0 0 0000 1000 0000 1000 7 0 000 0610
& P (o) 2 643 14193 90 337 337 0 D 73993 0 643 0 0 0 Lo 10w 0 1 14193 0 100 07339938
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= |ntroduction January Sample Calculations CHP INPUT

: : 24 Hour Power Distribution fcre 0.26
= Combined Heat and Power Analysis Turbine KW prouced | 30 ko

—Purchased Power —CHP Power Net Heat Rate 13100 btu/kw

= CHP Introduction 160 .
Na 0.84

= Building Demands Profiles 140
- C d P Absorption Chiller COP 0.7
HP Demands S 100
<
= Primary Fuel Utilization Efficiency 2 100
] C t A I I 0 i 93 0 0 0 00 T 0 0 0 0
OS na' ySIS g 80 2 279 £158 2545 0 263 283 0 0 M5 0 3 0 0 0 o0 1000 0000 1000 §153 0 00 0250
. . a 3 289 £279 AT 0 %19 1 0 0owEE 0 3 0 0 0 o0 1000 0000 1000 £379 0 000 1433
[ ] EmISSIOn S —- 4 332 7228 224,807 0 1954 19,84 0 0 24807 0 3 0 0 0 0000 1000 0000 1000 7328 0 0.00 2248
© 60 5 e 7228 23113 0 2058 2053 0 0 zEem 0 3 0 0 0 Qo0 1000 0000 1000 7328 0 000 2331
. o § a7 7439 24513 0 232 2 0 T R 0 0 0 o0 1000 0000 1000 29 0 00 2452
m Ele CtrIC al Bre ath E A 7 £53 i 243605 0 1093 103 0 0 M5 0 7 0 0 0 o0 1000 0000 1000 o 0 000 24%
o 8 4555 1005:42 0403 0 B34 R 236500 B0 SMEN 0 B 0 0 0 088 0H2 0284 076 10542 0 000 F34
. T 40 3 B403 W2 53339 0 247 247 2365500 ZEA00 30% w0 0 0 0 0§32 0368 0438 0562 5333 0 000 2031
n CO”CIUSlOn ] | 0 e gt 412184 0 192 1% 236500 ZEN0 EME WM B 0 0 0 0642 088 0572 0428 4214 0 00 1764
@ | 6418 626 291334 0 132 13 236500 00 S 30 0 0 0 0§30 0370 0803 0191 516,36 0 000 01555
20 - 5 | v o3 #2105 21781 0 0 0 2365500 2 0 0o 0 0 W0 05N 0409 1000 0000 5211058 0 000 0000
P I 1402 179,282 0 036 086 235,300 e 0 | 0 0 BEEI 0505 0435 1000 0000 44402 0 000 0,000
| ACknOWIedgmentS @ | #  soa 14225 Hast 0 072 072 226300 WER 0 n A 0 0 %28 042 059 1000 0000 44225 0 000 0,000
0 ! = | & ez 6T a3t 0 058 063 236,800 wa 0 woom 0 0 7463 0402 05% 1000 0000 43677 0 000 2,000
. U U U U J J 3 g 19302 165,95 0 078 07 2365500 ®3%8 0 n m 0 0 BES42 0453 054 1000 0000 43302 0 000 0000
| Que Stlons > P < = > () > 0 E E E B o B0 M43 17,948 0 a3t a4t 235800 wae 0 0w 0 0 a6 0500470 1000 0000 §i4.43 0 00 0.000
© S (o oY © (= S S o o o o B 4408 g7287 261764 0 167 167 236,500 B0 WaE A M 0 0 0 03 0082 0337 0083 7247 0 w00 0160
S S © < > E‘ - T c o) c c W 43087 £.395 0 009 003 0 0oe9E 0 2 0 0 0 Q000 1000 0000 1000 43097 0 000 0070
c o) s = = N BB 648 077 0 020 020 0 oW 0 % 0 0 0 o 1000 0000 1000 648 0 000 0103
@© (<) < B o () ) 21 28 24320 6158 0 039 039 0 0 wE o0 0 0 0 Qo0 1000 0000 1000 24320 0 000 0152
= L oY o S 8 2 8% 19657 24148 0 030 080 0 0ouMz 0 9 0 0 0 o0 1000 0000 1000 19657 0 000 0241
o > a B ER W 0,365 0 278 27 0 0 E0%5 0 6 0 0 0 o0 1000 0000 1000 W 0 000 gm0
o % B3 33 7398 0 337 337 0 0 739938 0 B43 0 0 0 om0 1000 0 1 133 0 000 17333938
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= |ntroduction January Sample Calculations CHP INPUT

: : 24 Hour Waste Heat Usage fie 026
= Combined Heat and Power Analysis Turbine KW prouced | 30 ko

. m Heating ™ Cooling [1Wasted Exhaust Net Heat Rate 13100 btu/kw
= CHP Introduction ™
250000 i 0.8

= Building Demands Profiles feo

Absorption Chiller COP 0.7

= CHP Demands 200000 -
=}
= Primary Fuel Utilization Effici e
rmary rFue tilization ICIENCY - } | ‘
4+ | |
. » 150000
] O St na SIS =S 1 2693 0 0 0 00 0 1 0 0 0 ] 0
© z 274 §i52 25,045 0 283 283 0 0 M5 0 3 0 0 0 0000 1000 000D 1000 B158 0 000 0,250
c o ->=< 3 284 £379 13,776 0 {E] 51 0 0w 0 3 0 0 0 0000 1000 000D 1000 £2.79 0 000 1488
[ ] EmISSIOn S ) mm | | 4 332 7228 224,807 0 1954 19,84 0 0 24807 0 3 0 0 0 0000 1000 0000 1000 7328 0 0.00 2248
- 100000 . 5 3R 7328 23313 0 2058 2058 0 0/ z33m3 0 3 0 0 0 0000 1000 0000 1000 7328 0 0.00 233
. = £ 37 74389 45183 0 Pk a3 0 0oHEE 0 3 0 0 0 0000 1000 000D 1000 7439 0 000 2452
Y= 7 B5d 1414 2350 0 {IEx] IS 0 005 0 7 0 0 0 0000 1000 D000 1000 1414 0 00 2436
| I Ty
0 8 4555 100542 Ba0403 0 5.3 5.3 235,500 00 BMED 30 0 0 0 035 02 0284 07 10542 0 000 5346
. 1 g I Wi3ae 538,508 0 247 4 235,500 00 mmE W W 0 0 0 063 0369 04 0562 B3 0 000 203
m I 50000 - & | oo £207 1 412134 0 182 192 235,500 00 eI W M 0 0 0 etz 0368 05T 0428 49214 0 00 1764
OnC USIOn @ i B419 WiEEE 281,334 i 133 133 238,800 a0 BEEM a0 o i i i 0830 0370 0A0A 049 ik 86 i ] 1585
5 i B4.38 #2105 221791 0 1 10 235,500 2t o WM 0 0 WO09 0B 0409 1000 0000 52105 0 000 0,000
c i B8 14402 79,282 0 086 0.3 235,500 e 0 @ 0 0 BES0E | OB0E 0495 1000 0000 iz 0 000 0,000
| ACknOWIed ”lentS @ | * e 134225 143512 i (F7) (K] 235400 wEEz 0 A a 0 0 8288 0422 05T 1000 0000 44225 0 000 0,000
- (i £328 19677 a3l 0 0E8 058 235,500 W0 I I 0 0 87483 0402 059 1000 000 48677 0 ] o0
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CHP vs SHP
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G
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PEUF g =

PEUF = 1+ A
Ne + Newh b chp= Mechpl D)
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(MchpNefenreto + NetoNefenichp + MetpNCHP 2 0D, B

CHP INPUT
r'lc,_,P 0.26
KW Produced 30kw
Net Heat Rate 13100btu/kw
ﬁHRU 0.6
Ng 0.84
r'lGTD 0.33

Absorption Chiller COP 0.7
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SHP

Hybrid —PFESR

FED,CHP —Fed,GTD
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4.0
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Primary Fuel Utilization Efficiency (PUEF)

Ap < 0.7 SHP has a higher PUEF

Ap > 0.7 CHP has a higher PUEF

Ap > 1.7 start over producing electricity and start to lose money

Ap = 2.3 maximum PUEF and percent fuel savings ratio

Ap < 2.3 start supplemental boiler and PFESR starts to decline but still
positive

CHP INPUT
r'lc,_,P 0.26
KW Produced 30kw
Net Heat Rate 13100btu/kw
r’]HRU 0.6
Ng 0.84
r'lGTD 0.33

Absorption Chiller COP 0.7
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= [ntroduction Hourly A, CHP Primary Fuel Utilization Efficiency (PUEF)
= Combined Heat and Power Analysis D ——23 ——07 ——17 Ap < 0.7 SHP has a higher PUEF
= CHP Introduction Ap > 0.7 CHP has a higher PUEF
= Building Demands Profiles 5 Ap > 1.7 start over producing electricity and start to lose money
= CHP Demands Ap = 2.3 maximum PUEF and percent fuel savings ratio
= Primary Fuel Utilization Efficiency _ Ao < _2.3 start supplemental boiler and PFESR starts to decline but still
= Cost Analysis Eﬂz.s positive
= Emissions
= Electrical Breath U U ‘ | : CHP INPUT e
= Conclusion TUTC - © O rllc\:/F\IIPProduced 3(-)kw
= Acknowledgments s = £ = = © = % % 5 3 85 Net Heat Rate 13100btu/kw
= Questions 2 2 g € = 3 S 8 £ § § ¢ e 0.6
B :%, ° 3 3 g 0.84
feto 0.33

Absorption Chiller COP 0.7
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* Introduction Cost Analysis Cost Analysis
= Combined Heat and Power Analysis

. —15 KW —30 KW —65 KW
= CHP Introduction

10000

10:00 AM - 6:

\
= Conclusion \
= Acknowledgments 17000 \\

\

-14000

= Building Demands Profiles 7000

= CHP Demands ) %&X\

= Primary Fuel Utilization Efficiency 1000 /;// e ————— . \ Total System Savings

' — 2000 € = , = . CHP Cost SHP Cost .
= Cost Analysis g *m\NT ot 2 f el B T I N e T M B
Er_nISSIOnS E’ -8000 ‘9'. o? ¢ ! c? c? “‘? c? c? c? cz SOKW 523,403.95 518,784,139 542 1BB.14 540,402.75 59,090.30 548 493.05 5?,3D4.ED|
* Electrical Breath z \z 273 % § % z % & : 3
-11000 \g/ S a § u'Si % S % 8 (-Si <
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Conclusion
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Cost Analysis
—15 KW —30 KW —65 KW

- :IO'1 g
-9:00 PM -
-'8:00 PM -

Noon - 6:00 P

3:00 AM
4:00 AM - 7:00
5:00 AM - 6:00 P
6:00 AM - 6:00 P
7:00 AM - 6:
8:00 AM - 6:(
9:00 AM - 6:00 PM
10:00 AM - 6:
11:00 AM - 6:00 P

/
CﬁAM 10
N 9

Hours of Operation

Payback Period

Equipment Installed Cost
Cost CHP SHP
500 MBH Condensing Boiler S 11,206.00 $0.00 $22,412.00
600 MBH Condensing Boiler S 14,483.00 514,483.00 $0.00
20 Ton Absorption Chiller 1250 5/Ton $25,000.00 $0.00
30 KW Microturbine 2790 5/KW $83,700.00 $0.00
Total $123,183.00 $22,412.00
Savings S 7,304.90
Payback Period 13.8 Years
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Building Demands Profiles
CHP Demands

Primary Fuel Utilization Efficiency

Cost Analysis
Emissions

Electrical Breath
Conclusion
Acknowledgments
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Emissions

)

Emissions

Annual Emissions Analysis

Displaced Displaced
Electricity Thermal Emissions/Fuel
CHP System | Production Froduction Feduction FPercent Reduction

MO, (tons/year) 0.03 0.29 0.00 0.26 89%
S0z (tonsfyear) 0.00 1.19 0.00 1.19 100%
CO; (tonsfyear) 84 159 0 fis 47%
CHy4 (tons/year) 0.00 0.007 0.00 0.005 7%
MNzO (tons/year) 0.00 0.001 0.00 0.001 88%
Total GHGs (COze tonsfyear) 54 160 0 s 47%
Carbon (metric tons/year) 21 39 0 14 47%
Fuel Consumption (MMBtu/year) 1437 1,961 1 525 27%
MNumber of Equivalent Cars Remaved 12
MNumber of Equivalent Homes Remaoved 4

Emissions Spreadsheet from EPA

@ - SCHP

COMBINED MEAT AND 3 3
SEPA POWER PARTHERSHIP \\‘:\

1. CHP: Type of System | Microturbine

3

2. CHP: Electricity Generating Capacity (per unit)

X

|
JE&d- The Catholic University Of America

pd

Introduction Documentation

Normal size range for this technology is 30 to 1,000 kW

3. CHP: How Many ldentical Units (i.e., engines) Does This System Have?

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

As a number of hours per year

| 1]
| 7 days per week, 24 hours per day, 8,760 hours E]

3,650

OR  As a percentage 0%
Heating and Cooling E]

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

If Heating and Cooling: How many of the 3,650 hours are in cooling mode?

As a number of hours per year

3.650

as a percentage of the 3,650 hours?

0%

30 kW

If Heating and Cooling: Does the System Provide Simultaneous Heating and Cooling?

| es

6. CHP: Fuel

Fuel Type| Natural Gas

=]

View Biomass and Coal
Fuel Characteristics

£

Submit

Submit

4

Submit

£

Submit

Submit

Submit
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= Introduction Power Connection Emergency Power
= Combined Heat and Power Analysis
= Electrical Breath Uty 2081207 o e enereto " Replace Switchgear with = 150 KW emergency generator
= Recommendations From Uity ¢ %E Wire Sizes (5 () Parallel Switchgear = Duel fuel microturbine to
= Acknowledgments T === — T T seeeeiee | — | — — feee w0 208/120V, 3PH-4W 3000A  replace emergency generator
= Questions —gg o, Sammenen Eme T = Syncs power from two = Reduce payback period
480V::208/120V Parallel Switchgear —<E00> sources
oon = Add 480V:208/120V
() @3—,35 | o [ | e pue pur izer me m transformer

- Capstone Natural Gas@cr@r‘o@ - % @—j%ﬂ Jﬁj@ L aEn — [ — —Dasementlevel - Slze eres and breakers
30KW, 480V, 3 PH-4W
To Building Loads ﬁi ATS

To Emergency Loads
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* [ntroduction Recommendations

= Combined Heat and Power Analysis

= Electrical Breath = Economically

» Recommendations * Do not recommend CHP System
= Acknowledgments = 14 year payback period

= Questions = Not enough heat load

= Environmentally
= Recommend CHP system
= Save 27% Fuel Consumption
= Reduce Carbon footprint by 47%
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* [ntroduction Thank You!
= Combined Heat and Power Analysis
» Flectrical Breath Dr. Laura Miller — AE Senior Thesis Advisor

= Recommendations
= Acknowledgments
= Questions

SmithGroupJJR
Dr. James Freihaut — Help with CHP systems
AE Faculty and Students

Friends and Family
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= [ntroduction

= Combined Heat and Power Analysis
= Electrical Breath

= Recommendations

= Acknowledgments

" uestons Questions?
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Apr 343| 5 1198 S410.35] JApr 1175.0 1221] 13011 1198 51,558.68 [ FEEET E171.52 51,124 5730308 14,33 .03 5073 55013 44 Ay g7o4| 15 78S 5307.79 S0 124 51 95739 52 265.18]
May 2% 5 1206 534.74) Imay 1173.0 3.2 11882 1.20% SLA33.00 wra| 17 YTy, 70 £.171 81, M12.712 4570 0o 42 M 1,175 iy 153 88| reess 5538 B3 £0. 13 £4 05 18 £3 430,79
Jun 275 L201 232.64] iun 1173.0 114 11904 1.201 s (N TR EnLE. 8] 50,132 53,04, 506 B .03 541 51,563.4] pur 195.19] 32952 5683.17 50,133 54,331 30 55,034.47
Jul 155 1143 S17.65] ul 1173.0 12.6) 11916 1143 SLI6LE [y 1500 7817 £54, B3 80,158 43, 7548 435 D033 B 60100 &4, 360 11 Bul 196.88| 37517 SGAD.08 50136 55, 102 34 55,791.42
Aug 1315 1011 513.38) |Aug 1179.0 B3] a7  lou 3L200.92  Jaug 1453 A0 SE.17 50,133 53,541,148 .00 0.03 50100 54.008.37 Aug 192.11] 35510 5672.38 5$0.139 $4.937.35 55,609.63
S 1B[ 5 1.054 S18.B6{ |5ep 1179.0 6.3 11853 1.054 51,243.26  leap 1133 13933 £AE, B 50,341 51,5 014 D00 (1 51,344 90 feg 160.28| 23 822 5560 98 50140 53 335.01 53,895.949
Ot 430) 5 1,080 $463.54) JOct 1173.0 52| 11842 1.080 51,278.53 Dt e 7am L1404 50,138 £2,003.8%3 17.10 0.3 2118 %1,71%.78 Oct §3 04 17,814 $323 0a £0.13% L2 584 54 52 BEE. 18
NoV Fi6l § 1106 5814.44] |Nov 1179.0 1685 1M47.5 1.106 $1,490.3  [mow a5  GsE G148, 67 50,131 SE75.321 D 0.3 &L §1,803.95 Now 7463| 1sszEz 5261.21 50.131 52172 23 52,433.43
Dec 1,704| 5 1.101 51,876.46] |Dec 1179.0 520.3| 1699.3 1.101 51,870.89 D My 397 130, B8 53,130 A LT o 0.1 00 908 4] O=r 68523 15 &7 S220 31 S0 131 52 0} 47 2 310.77
59,090.30 $18,784.19 53,340,184 £20,068.269 54,505 523,403.95 54, 948 860 $35,453. 888 540.402.75




