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. The HVAC systems and equipment shall be designed in accordance with the following Ventilation
/ Pressurization / Cooling criteria:

1) Laboratories and support spaces

. Exhaust: 100% Exhaust.

I nt ro d u Ct on Air Circulation: As required by air conditioning load or equipment ventilation load. Min. 6
ACH/HR.

Pressure: Negative in relation to corridors and office spaces

P I’Oj ect Overview Electrical Loads: 10 w/sf power, 2 wisf lighting

e e Filtration Levels Toilets/Janitors Closets
Existing Systems - Winter °F Summer °F (£2°F) Exhaust: 100% Exhaust

Air Circulation: 10 ACH exhaust (min.), constant volume

* Existing Infrastructure (a) Supply air tunnel to have MERV-9 pre-filter and MERYV-14 after filter within AHU (serving Exterior Design Temp. 0 89°db /73°wb 2l et 5 Bleicint (e yibae
new and existing Vivarium). Interior Design Temp. Electrical Loads: 1.5 wisf lighting, convenience outlets
e \Water-side HVAC Laboratories / support spaces 72 72 S
e Air-side HVAC (b) Room side replaceable “Filter Grilles” to be utilized for holding room exhaust. Mechanical/Electrical Rooms 65 Vent Only e Y v
Animal Holding Rooms 68-85 68-85 (Selectable range) Qirr Circulation: minin:lpmtwAde. c:)nstant volume
. i iti c) Heat pipe energy recovery (within exhaust) to have MERV-9 pre-filters. Rabbits Holding Room 65 65 essure: . Negative fo adjacent spaces
Design Conditions (¢) Heat pipe energy v ) P Supply Air Temperature (at 48°F db 48°F db /47.5° wb el i L

* Design Objectives 2) Chilled Water Design: 42°F EWT, 58°F LWT discharge of chilled water coil) Wivarium Procedure Room

Humidity Exhaust: 100% Exhaust
50% {15%} Air Circulation: 15 ACH minimum, as required for equipment makeup ventilation
Load, constant volume

Proposal 3) Hot Water Design: 160°F EWT, 120° LWT Lab / Support spaces 35%:5
Vivarium 30-40%=5 50% [15%} Pressure: Negative to adjacent spaces
Electrical Loads: 15 w/sf power, 2 w/sf lighting

Depth: Cogeneration Plant Implementation 4) Steam System Design: 60 psig — process (Autoclaves + Cagewasher)
15 psig — (Humidification) reduced by new PRV i Oy S A e Operating Rooms
Exhaust: 100% Exhaust

Breadth 1: Power Interconnect and Black Start Image © BR+A Consulting Enginers A Ohkton  A8A0H ki BEreHRBO BIENG

1 Pressure: Positive
Ca p ad b | | |ty Electrical Load: 15 wisf power; 2 w/sf lighting

Breadth 2: Alternate Project Delivery System Exhoust: 100% Exhaust

Air Circulation: 10 ACH minimum, constant volume
Pressure: Negative to adjacent spaces

Final Recommendations Electrical Loads: 1.5 w/sf lighting

. Corridors
Conclusion/Acknowledgements Exhaust: 100% Exhaust
Air Circulation: Minimum 6 ACH or requirement for make-up due to labs being at
negative pressure.
Pressure: Positive to Laboratories
Electrical Loads: 1.5 w/sf lighting

Environmental Rooms

Exhaust: 100% Exhaust

Air Circulation: 20 CFM ventilation only
Pressure: Neutral
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Electric Demand by Month Electric Price by Year

Introduction Year
. : Kilowatt Hrs 823,121 ./._/\‘\’/‘“\._._.\.
Project Overview
Dollars $62,575.46
Existing Systems $/kwh $0.076

Proposal Ul peimaliuime 4 Thermal/Electric Demand Ratio By
Month

Depth: Cogeneration Plant Implementation

- . Year
e Utility Data Analysis
MCFE's 2,13901 FYO3 FYO04 FYO5 FYO6 FYO7 FYO8 FYO09 FY10 FY11l FY12 FY13 FY 14

* Screening Month
* Configuration Analyses Dollars $16,962.35

* System Operation $/MMBTU $7.93
* Further Expansion Temperature 74

Thermal Demand by Month Gas Price by Year

Breadth 1: Power Interconnect and Black Start
Capability $/kwh $0.077
$/MMBTU $7.85

Spark Gap $14.60
kW 1084 $/MMBTU

MBH 6010

AD 1.63
Temperature

Breadth 2: Alternate Project Delivery System

Yearly
Average
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Month




Site Data Collection

Introduction

. How many hours per year does the facility operate? (hours) Or, ask about operating schedule - day/week, hours/day 8,760
. What is your average power demand during operation? (kW), or 1,084

PrOJeCt Overview . How much electricity do you use in a year, kWh? 9,369,859

. What is your facility's primary thermal load (i.e., DHW, steam/HW space heating, process steam, cooling, etc.) Space Heating
. What is your average thermal demand? (MMBtu/hr), or 6.01
6. How much fuel (gas/oil/etc) do you use in a year? (MMBtu/yr, Therms/yr, etc.) 51,922
7. What is your current fuel price? (5/MMBtu) $7.850
8. How much do you pay for fuel annually? (Dollars/yr) $405,770
9. What are the CHP Fuel Costs? ($/MMBtu) $7.850
10. What is your average electricity price? (S/kWh) $0.077
11. How much do you pay for electricity annually? (Dollars/yr) $712,509
12. What is the efficiency of your existing boiler(s)/thermal equipment? (decimal) 0.90 RGE HW Boiler
13. What is the efficiency of your existing chillers? (kWh/ton) 0.60 RGE Chiller

Existing Systems

Proposal

Depth: Cogeneration Plant Implementation
* Utility Data Analysis
* Screening
* Configuration Analyses
* System Operation
* Further Expansion

Based on Recip Engines Based on Gas Turbines
Thermal Output, MMBtu/hr 0.34 2.64 3.85 10.67] 24.47 52.62 76.42 141.33
Net Capacity, kW 50 600 1,000 3,300 5,000 10,000 20,000 45,000
System A B C D E F G H
Heat Rate, Btu/kWh 12,637 9,896 9,264 8,454 11,807 12,482 10,265 9,488|
Net Electrical Efficiency, % 27.0% 345% 36.8% 40.4% 28.9% 273% 33.2% 36.0%
Thermal Output, Btu/kWh 6,700 4,392 3,854 3,233 4,893 5,262 3,821 3,141
Thermal Output, MMBtu/hr 0.34 2.64 3.85 10.67| 24.47 52.62 76.42 141.33

CHP System
Net CHP Power, kW
CHP Electric Efficiency, % (HHV)
CHP Thermal Output, Btu/kWh
CHP Thermal Output, MMBtu/hr

Breadth 1: Power Interconnect and Black Start
Capability

CHP System Specs

CHP system specs

CHP system specs

Breadth 2: Alternate Project Delivery System
CHP system specs C
Calculated based on CHP power

Final Recommendations

Conclusion/Acknowledgements

CHP Power to Heat Ratio
CHP Availability, %
Incremental O&M Costs, $/kWh

Thermal Utilization, %

Total Installed Costs, S/kW

output and thermal output
90 to 98%

CHP system specs C
Amount of available thermal captured
and used - typically 80 to 100%

CHP system specs C

Thermal Output for Cooling (single effect)
Thermal Output for Cooling (double effect)
Total Efficiency, %

Incremental O&M, $/kWh

Total Installed Costs, $/kW

80% 85% 85%
50% 50% 50%
80% 78%
$0.0240 $0.0210 $0.0190

$2,900 $2,737 $2,335

85%|
50%|
79%
$0.0126

$1,917

100% 100% 100% 100%
90% 90% 90% 90%
70% 69% 70% 69%

$0.0123 $0.0120 $0.0093 $0.0092

$2,080 $1,976 $1,518 $1,248

Image © <http://site.ge-energy.com/prod_serv/products/recip_engines/en/type3.htm>
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FY 14

Yearly
Average

$/kwh $0.069

$/MMBTU $4.51

Spark Gap = $15.69

kW 1565

MBH 8418

AD 1.58

Temperature 0

Electric Demand for Sizing

‘\/<Se’pt\embe; 1637 |

December, 1435

.\._-/._./\-/'\-\_\._.

Coolin

Months

July

August

September

Thermal Demand for Sizing

September, 4815

August, 2882
X

total kW

cooling power (kW)
cooling load (MBH)
cooling load (Ton)

1,689
254
5087
424

1,627
193
3858
322

1,697
262
5240
437

avy. (non-cooling) kW

aw. (cooling) kW

Awvg. Cooling MBH

Avg. Cooling Tons

80
70
60
50
Degrees F 40
30
20
10

Temperature
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Emissions

Cnnfiguratinn

Equipment Setup

Payback Period

Vehicles

Houses

A

1 GE lenbacher 1420 with process steam load

8.4

2,201

1,439

2 GE Jenbacher]316 with process steam load

10.5

2,630

1,720

3 GE Jenbacher)312 with process steam load

14.4

2,945

1,926

1 GE Jenbacher 420 with trigeneration, absorption cooling sized to thermal output

11.1

2,076

1,358

2 GE Jenbacher)316 with trigeneration, absorption cooling sized to thermal output

11.4

2,461

1,610

3 GE Jenbacher 312 with trigeneration, absorption cooling sized to thermal output

14.5

2,756

1,802

1 GE Jenbacher 420 with trigeneration, full load absorption cooling with boiler makeup

11.4

2,076

1,358

2 GE Jenbacher]316 with trigeneration, full load absorption cooling with boilermakeup

11.5

2,461

1,610

=T |@|m|m|Q|n|m

3 GE Jenbacher 312 with trigeneration, full load absorption cooling with boiler makeup

14.5

2,756

1,802

Sensitivity of Payback period to Utility Changes- Option A
12.0

10.0

8.0

Payback Period

6.0 =@ clectric increase/gas decrease
(years)

40 === Electric increase only

=@ (Gas Decrease only
2.0

0.0
0 5% 10% 15% 20% 25% 30% 35% 40%

electric increase/gas decrease

Sensitivity of Payback period to Utility Changes-Option B

12.0
10.0

8.0

Payback Period

6.0 =@ clectric increase/gas decrease
(years)

40 === Electric increase only

=@ (Gas Decrease only
2.0

0.0
0 5% 10% 15% 20% 25% 30% 35% 40%

electric increase/gas decrease



1772 ‘MBH 35441\/|BH Hi-pressure (60 PSI)
Exhaust i Steam Load

Introduction

Condensate From

Project Overview Load

N Once-Through HRSG Wi
Existing Systems o et steam =

1747 MBH
Proposal 1969 MBH | 4 206 gom

Pressure Valve

Depth: Cogeneration Plant Implementation Generator |  Engine [:] 10 psig Maximum Relief

* Utility Data Analysis

Low Water Flow

* Screening E e Pressure Control
« Configuration Analyses Vel 3145 MBH » Lo-|ressure (10 PSI)

Steam Load

e System Operation
Excess Steam |

* Further Expansion Steam Separator - Conclensale 1o steam lrap
'_|| CondIansate From Load Z s Image © <http://www.davegreenwald.com>

Breadth 1: Power Interconnect and Black Start Exhaust | Water Lovel Contral

Ca pPa blllty > Existing Cooling
1772 MBH Load Balancing Tower

Breadth 2: Alternate Project Delivery System R Condensor

Final Recommendations Once-Through HRSG Low Water Level

< Shutdown i Elimi
N 1747 MBH Air Eliminator

Conclusion/Acknowledgements 1969 MBH |4 206 gom @

Circulating Py

Low Water Flow ( 9» E 9_1
Shutdown :

Condensate Pump

Generator Engine
Condensate Tank

Image © <http://inproheat.com/sites/files/imagecache/product_nodeview/products/pic-onceThrough-zz_0.jpg>
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Figure 5.4.2: States with Net Metering Rules

Introduction
Figure 5.4.1: States with DG Interconnection

Standards

Project Overview

Existing Systems g L f §;L\

.Sﬂtl-uﬂdt net metening for all utility types

Proposal
|E statewnide net metering for certain utility types (e.g.. 10US only]

D Net metering offered by one or more individual utilities

Depth: Cogeneration Plant Implementation
t_ Net Metaring System Sizs Limit (kW)

{in some cases limits are different for residential
and commercial as shown)

Breadth 1: Power Interconnect and Black Start

250100

Capability [l states with imerconnection nies 10

O seates with propased nidas
(o =1 INRNCONSCTIoN 1‘mu

* Interconnect Laws and Standards Notes.
’ Under development

= Mew Jersey also has interconnection standards for net metered 00

* Utility Interconnect Design Mew Jorsey alo has i
e +  New H hire has i i dards f red 100/25 10
o Black Sta rt Capab|||ty ew Hampshire has interconnection standards for net mete

renewable DG =25 kW, Vani
aries

. . . . . Varies 10/400
Breadth 2: Alternate Project Delivery System i67i00 NoTmt
50 100

cT 25 MW NJ 7MW !
DE 1MW NM 10 kW Varies 25

Final Recommendations
i 25/100 Varies

None Mone
40 25

10 50
15 25

MA Naone 2 MW

Conclusion/Acknowledgements - oms 0 VW

MN 10 MW 15 MW
NC= 100 kW

= Systam size is limited to 20 kW for residential customers,

Source: Navigant 2005

Image © EPA Clean Energy-Environment Guide to Action




Introduction { % IEI__LI Ground Overvoltage E‘ % IEI__LI Ground Overvoltage Relay

. . Relay
Project Overview T-1C

T-1R
L 1000 kVA Overcurrent LAJ\AJ 2000 kVA Overcurrent
(Y\

Existing Systems ™M 12.47KV Primary to Relay M 12.47KV Primary to Relay  Voltage Voltage
480/277V, 3p, 4W Secondary 480/277V, 3p, 4W Secondary Regulator .. Regulator _ ~ ~

Q Q o)
Proposal |
. R A Automatic L N ah e

| Synchronizer Synchronizer

Depth: Cogeneration Plant Implementation - BE - S o , - o | Undervoltage/ | Under-Frequency Undervoltage/ |Under-Frequency
|
: ————m;—T -—-m; pr Automatic mj;—T m‘L Automatic Relay Relay
Breadth 1: Power Interconnect and Black Start T r [———— == -

| | ] Synchronizer S IR
Capabilit  Uindznelies) LU e HaTsy | Undervoltage/ | Under-Frequency | Y Overcurrent Relay Overcurrent Relay
P Y I Overvoltage Relay : Relay

| ! Overvoltage Relay ! Relay

. . - - - = I
e Interconnect Laws and Standards ) Current Unbalance 42(')?).A “Current Unbalance

Relay Lockout-Trip Relay Reverse Power Relay Reverse Power Relay
Directional Overcurrent

il Directional Overcurrent o L
* Black Start Capability - Relay - e Lockout-Trip ! Govenor Lockout-Trip !

) ) Overcurrent Overcurrent -- Loss of Excitation Relay k- Loss of Excitation Relay
Breadth 2: Alternate Project Delivery System Relay Relay

Current Unbalance Relay Current Unbalance Relay

* Utility Interconnect Design
Govenor

Final Recommendations J

Conclusion/Acknowledgements
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* 50% CMR and DB delivered on-time or early
 50% DBB more than 4% late
« CMR,DB Quality > DBB Quality
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Activity
Description

RO - instat Main & Panthouse Roafs (RGE)
G - Instat Wood Biocking in Wals (8-4) [RGE]
|ALL - Buking Oryin / Temp Enclosurs [RGE)
'ov-mlmm(u)m

GLASS - Instak interior Giass [8-4) (RGE]
"GLASS - instal Exterior Glazing [RGE]

'HVAC - Instal MVAC Duct & Pipe R (RAP) [RGE)
'ELECT - Pormanent Eleciric Power Avaisble [RGE]
ELEV - Instaf Blovators [ROE]

PLUMS - instat Prambing R (RAP) (RGE)
'ELECT - instat Electrical Rl (R4P) (RGE]
PAINT - Paint Watls, Door, etc. (B4) [RGE]
SPRINK - Instal Sprinkler R (R&P) [RGE]
G- instal Caiing Grid (84) (RGE]

"G - Install Cabinets & Miwork (8-4) (RGE)
ELECT - iasiad Uight Ftores (8-4) IRGE)

SIGN - nstat Inserior Signage (B-4) RGE)
HVAC « Install HVAC Dftusers [8-4) [RGE]

| SPRINK - Instal Sprinklor Heads [B-4) [RGE]
G - instat Colig Pads (8-4) (RGE]

FLOOR - instal Floor Coverings [B-4) [ROE)
ELEV - Test & Inspoct Elovators (RGE]

'PLUMB - instal Pluming Flxtures (8-4) [RGE)
|GT - Instat Doors & Hardware [B-4) [RGE)

CC-AA-100 G - Start Construction Arimal Ares [CMU-AA]
CCAA110 GT - Instal Temp Walis & Closures [CMU-AA]
CC-AA-180 SITE - Comglete Sk Utity Relocatin [CMU-AA]
CCAA100 SITE - Prepere Buikding Pad [CMU-AA]

CC-AA-140 G - Shore Exist Root [CMU-AA]

| CC-AN-120 GT - Domo Sicrage Room a Exist Dog Run [CUU-AA]

‘ CC-AA-130 GT - Demo Interior Area Al New Cart Wash{CMU-AA]

| CCAN200 T - FIRIP Concrote Foundation (Buld) [CMUAAA)

|| CCAM150 OT - Consruct Tamp Access 1o Dog Run [CMU-AK]
| CC-AA-160 GT - Remove Porton of Existing Roof [CMU-AA]

I CC-AA-1TO GT - Remove Exisfing Exterior CNA Wall ICMU-AA]
| CC-AA210 G - F/RUP Concrete Foundation (FWt) [CMU-AA]
| CC-AA-230 T - Prep Exist Warls for Steel Connect (CMU-AA]
COAN240 MASON - instal CMU Firowar (ExstSNow(CHU-AA]
CC-AA-270 MASON - Instat It Bearing CMU Wall [CMU-AA]
| CC-AA-220 MASON - instal CMU Bearing Vil (Lock) [CMU-AA]
CC-AA250 PLUMB - instal UG Phambing R [CMUAA]

| CCAAAZ80 STEEL - Set & Dot Steet & Roof Dack [CMU-AA] 18]

CC-AA-200 ELECT - Install UG Electrical R [CMU-AA]
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JESSSSSGT - Hang & Finish Drywsil (1-4) [RGE)
{POLASS - Instal Interlor Glass (84) [RGE]
Ve DLARS: it Beiater Glssg PAOR)

- Install HVAC Duct & Pipe R4 (R&P) [RGE]
CT - Permanent Electric Power Avallable (RGE)

yeLE

S L EV - \nstall Elevators [RGE]

« Instsll Plumbing R4 (R&9) [RGE)

Fucr-mwmmnos)

- Demo Storage Room at Exist Dog Run [CHU-AA]
= A Can AN
f‘rwcml Foundation (Bulld) [CMU-AA]
- Construct Temp Access 1o Dog Run [CMU-AA]
{7 - Remove Portion of Existing Roof [CMU-AA)
o1 Existing Exterior CMU Wall [CMU-AA]

= Install CMU Firewall

ISP AINT - Paint Walls, Doors, etc. (8-4) [ROE]
SPRINK - Install Sprinkler R4 (RAP) RGE)
JRSSG T inatall Celling Grid (B-4) (RGE)
wr-wmuwmm
CT - Install Light Fitures [(B-4) [RGE]
« Install Interior Signage (B-4) [RGE)
JIRVAC - Install HVAC Diffusars (84 (RGE)

« FIRP Concrete Foundation (FWall) [CMU-AA]
JRGT - Prop Exist Walls for Stasl Connect [CMU-AA]

~ Install Int Bearing CMU Wall [CMU-AA)

- Instalt CMU Bearing Wall [Lock) (CMU-AA]
- Install UIG Plumbing R-1 (CHU-AA]

L - St & Detail Steel & Roof Deck [CHU-AA]
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Introduction B 7 | -

Project Overview | s

Existing Systems , . e | Planned vs Actual Man-Hours Expended per Week

Added Labor Cost | $384,580,00 |
Premium Time | $17,770.00
Supervision $91;?35.Dﬂl
~_General Conditions $33,501.00
Home Office Support $69,615.00
Less: 2nd Shift Premium in Bid | {$23,740.00)
Total 5573,461.00

Proposal 7 — ‘ ‘ | ——

mmm Weeldy Actead Regular and Premoun ManHowrs
= Curnalative Actusl Regoler snd Precszms Ve Hoars
= Carnuletive Phannted Man Hoers ?

Depth: Cogeneration Plant Implementation

[ Actual Man Hours I

Breadth 1: Power Interconnect and Black Start Earmed Percent Complets
Capability

Actual Man-hours Expenditures Base Contract Labor Dollars Earmed

R

Cumutative Mam Hours

Breadth 2: Alternate Project Delivery System

Original Contract Amount 53,486,140.00
Executed Change Orders $301,699.53

Agreed Upon Adjusted Contract 53,787,839.53
Amount Paid to Date as of May 21, 2014 53,508,163.70

Less

Less Field Temporary oved & Cumulati Curmudati
> BaCkground Supervision Power & Clean| “;:\dng Period Barmed w::a va.

Labor Dollars
e Research

Change Dollars Complete

Ordors

10 532825 | $32825 28%

284 §579.399 $612.224 51.6%
L1, - 1 02230 1 69.2%

L I e ] T T T ) 1 Agreed Upon Contract Balance $279,675.83

1147 592,89 1,144,412 96.4% '

1273 521,006 1.165,49% 98.2% 1l 1THH ‘ Pending Change Orders $7,975.59
1,429 21,087 1,186 55 100.0% |
1 | Total Contract Balance and Disputed Direct Costs $287,651.42

§ §

As-Planned Man Hours I

Man+ours by Waek (Colemns)
H

* Potential Benefits

Final Recommendations

SIBIBIR[ERB] ©

1,186 55

8

Conclusion/Acknowledgements
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SteamorHotWater — Cooling/Heating

m ’ Heat Recovery Design-Bid-Build
Unit

t Preliminary Detailed/Final
Hot Exhaust Designs Designs
Gases

Building

Engine Electricity/ Fa;lrity
or QU Construction Manager/General Cq
Turbine
Grid Detailed/Final
1 Preliminary Designs
Designs

Contr. -/
Constr.

Conventional Combined e
onstruction

Generation Heat & Power
5 MW Maturg] Gas

Combesiion Tuibing
Eower ey B Design-Build
Statlen Fugl Eane B | == :> a0 = |
— i — !
sumame ! Eml-gll;il?m j Preliminary Detailed/Final
Designs

EFFI:;:_‘I::JI;T: Combined . Designs
164 Linits Fugl Heat & I;nwtr 100 Uinkts Fusl
EFFICIENCY: CH
Al

56 Unils Fuel
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Chris Schoonover
Brian Ault

Blaine Wyckoff

Jim Rankin

Jim Freihaut
Rob Leicht
Tim Warren
Tom Leary
Ari Tinkoff
Scott Walthour
Chris Elgin
Diet Mt. Dew

Steam

Principal - Scheeser Buckley Mayfield, LLC

Mechanical Engineer - Scheeser Buckley Mayfield, LLC

Director of Campus Operations- Northeast Ohio Medical
University

Asst. Dir. of Campus Operations- Northeast Ohio Medical
University

Professor of Architectural Engineering — Penn State
Asst. Professor of Architectural Engineering — Penn State
President - JDB Engineering, Inc.

Executive VP/DOP - JDB Engineering, Inc.
Managing Director/Principal - BR+A Consulting Engineers
Managing Principal — Arium AE
Structural Engineer - GPD Group
Carbonated Soft Drink — PepsiCo Inc.

Internet-based gaming platform — Valve Corporation

STEAM”




