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NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT FINAL REPORT

Executive Summary

This report is the culmination of a comprehensive analysis of the Research and Graduate Education
building and Comparative Medical Unit expansion project. The goal of this analysis was to evaluate the
merits and goals of the existing project and its systems, and then execute a proposal of alternatives
intended to provide tangible benefits to the operators and occupants.

As a high-technology, medical research project the RGE and CMU proved to be a very interesting and
technically challenging project to analyze. A high degree of system complexity resulted from the wide
range of services needed and strict environmental requirements. The existing system showed itself to
be well-designed with regard to programming requirements and in many ways the most appropriate
solutions to the design challenges at hand. The goal of the project was very clear: provide the highest
quality research and education facility possible to foster the growth and development of health care
education within the university and the surrounding community.

Keeping in mind the project goals of quality, availability, independence, and flexibility, a modification to
the existing building utilities was proposed in the form of a cogeneration plant to go alongside the
existing plant in the RGE basement. Adding on-site generation capability would make the project
completely independent of outside utility structures, and the myriad of thermal loads for both space
conditioning and lab processes were potential uses for excess generation heat. A configuration was
chosen that provided the ability to handle the full campus electrical load, with reasonable turndown for
part load operation due to its modular nature. Excess heat was taken advantage of to cover both the
low-pressure and high-pressure steam loads present throughout the year. Due to the low cost of
electricity at the project location, electric on-site generation did not prove as big of a savings generator
as is usually expected from cogeneration projects. However, the cogeneration plant still had a
reasonable payback of roughly a decade due to very low gas prices and high equipment efficiencies. A
number of the non-quantifiable benefits of cogeneration are directly applicable to this facility, including
power reliability, conduciveness to facility expansion, and off-hour operation. In addition, the plant will
decrease the campus energy use and environmental impact.

In conjunction with the proposed cogeneration or CHP plant, an interconnection scheme was devised so
that the plant could operate in parallel with the electric grid safely and effectively. The ability to start up
from a dead state without outside assistance, known as black start capability, was also designed into the
cogeneration plant.

Another auxiliary component of the proposal was the implementation of a Design-Build project delivery
method in place of the then-mandatory Multiple-Prime contract structure. Based on outside research
findings and documented project management challenges, it is quite plausible that an alternative
delivery method could have made project administration significantly smoother and quite possibly have
saved schedule time and change order money.
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Project Overview

The NEOMED Research and Graduate Education building and Comparative Medical Unit expansion
project is the first phase of a multi-phase campus expansion plan at the Northeast Ohio Medical
University. The project consists of the RGE, a four-story 63,000 SF biomedical research building. The
first three floors are fully built out with laboratory and support spaces, offices, and small group
instruction rooms. The fourth floor is shelled in and will be built out in the future as the research
program grows. There is a half-basement of roughly 6,000 SF housing a stand-alone utility plant.

The CMU expansion (noted as V on the map below) consists of a 14,500 SF addition to an existing facility
housing a multispecies vivarium and research spaces for animal models of human disease. This facility
provides all animal care services for research and instruction at the university. Areas for behavioral
analysis, cage washes, multispecies holding and processing, and storage for feed and bedding are all
contained in the new addition.

As a minor component of the project, several existing wet laboratories in the existing Building D were
renovated. These labs now constitute the REDI-Zone, an area dedicated to public-private partnership
research and development with early-stage biomedical companies.

Several other projects have been constructed within the last five years at the NEOMED campus.
NEOMED’s first on-campus housing, named The Village, opened August 2013 along with the Phase 1
addition studied in this report. Phase 2 of expansion consisted of the NEOMED Education and Wellness
Center, or NEW Building. Constructed in conjunction with Signet Development, this multi-use facility
opened September 2014 and contains an auditorium, event spaces, a high school Bio-Med science
academy, a wellness center, the Signet executive boardroom, and several amenities. Phase 3 was
planned as a new office and teaching building; this project was dropped earlier during campus planning,
but is now under development again.

~{
{ fimig

Figure 1: NEOMED Campus Map (Source: www.neomed.edu/map)
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Existing Mechanical System

Design Criteria

Objectives and Requirements

The new Research and Graduate Education Building was built to help the university address the
biomedical research and education needs of the region. It provides a working space for 30+ scientists
focused on research involving better diagnosis and treatment of arthritis, cardiovascular disease,
Alzheimer's disease, and innovative ways to design and deliver new medicines. The facility provides full
support for teams with offices for faculty, write-up areas for researchers, small group teaching rooms,
and open lab and support spaces. The top floor is shelled out for future program expansion.

The existing Comparative Medical Unit provides animal care services for research and teaching
programs at the university. It is staffed by 8 personnel under a qualified vet specializing in lab animal
medicine. The addition to the existing building was meant to expand animal care capabilities by adding
to the vivarium and providing additional mechanical space.

Due to the sensitive nature of the activities in the lab and vivarium spaces, 100% outdoor air is required
for these areas. As a result of this requirement, serious thought was given to the different energy
recovery measures that could be taken to minimize the energy use of airside systems. HVAC System
design was intended to have following characteristics: modular approach, energy responsiveness,
flexibility for future changes, durability and ease of maintenance, reliability, and redundancy of critical
components.

Code requirements that were followed include:

e Ohio State Building and Mechanical Codes.
e NEOUCOM Design and Engineering Guidelines
e Recommendations of the National Fire Protection Association (NFPA), in general, and, in
particular:
o HVAC: NFPA 90A, 90B, 96
o HVAC: NFPA 45
e Recommendations of ASHRAE including ASHRAE 62-1999, Indoor Air Quality and ASHRAE/ANSI
15, Chiller Mechanical Rooms.
e National Electrical Code (NEC)
e Energy Conservation Act 222
e ANSIZ9.5
o USGBC LEED Criteria
e NIH Design Requirements Manual
e Recommendations of AAALAC (animal areas)

Design Influences
Available utilities greatly affect building systems design. Existing campus utilities include electric,
natural gas, cold water and sanitary/storm sewer. Electrical service consists of a high voltage loop
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stepped down to 480/277 and 208/120 at each building. Site natural gas piping is a mix of low pressure
and medium pressure.

With regards to heating, roughly 6 or 8 boiler plants are located at various points on the existing
campus. Typically one “heating” location is present for a heating water loop for each building project.
The largest of these is the existing boiler and chiller plant in the M building, just to the east of existing
CMU. This main plant feeds all of the original 1974 part of campus. The chillers at M Building feed
nearly all of the entire campus as well. There are some smaller DX cooling units scattered throughout
the campus, but they are not a significant percentage of the campus cooling capacity.

In addition to chillers and boilers, Building M also contains a high pressure steam boiler plant that makes
80 psig steam. Originally a coal fired plant in 1974 with two large coal boilers, it was switched to four
natural-gas fired Ohio-Special steam boilers in 1991. The steam plant once served heat exchangers in
the M building boiler room, AHU heating coils throughout campus, the DHW tank in the M building,
numerous humidifiers throughout campus, and many lab steam outlets, plus steam sterilizers. The
NEOMED campus has since downsized their use of steam, and now only hi-pressure steam is distributed
to the CMU vivarium equipment, humidifiers in the CMU, and steam sterilizers.

Operability was a major influence in initial design, and is one of the factors that drove the decision to
provide stand-alone utilities for the RGE Building. The RGE is intended to be available 24/7 to the
scientists and their teams, and also the CMU must be able to provide 24/7 HVAC for the animals in the
vivarium.

Distance to existing utilities also drove the decision to include stand-alone utilities. Originally, the design
team considered extending the hi-pressure steam from the existing M building boiler room to the new
RGE building, but that was cut due to budgetary concerns. Space was reserved in the RGE lab AHUs for
humidifiers to be installed later, along with space for a medium pressure steam boiler in RGE basement.
Also, the design team looked at extending piping from the central M building boiler and chiller plant;
however, there was still going to be a need for additional chilled water and heating capacity so the cost
to just include a new plant was very similar. Direct burial was considered as well as an indoor route, but
that was complicated by the fact that the bridge connectors were alternate bids. The CMU addition is
however connected to the M building boiler and chiller plant as well as the steam plant, seeing as the
existing utilities were already located in the original building.

A variable air volume was deemed the safest and most obvious choice for airside systems. Due to the
very stringent air change per hour requirements and variety of unique spaces, plus the need for 100%
outdoor air, custom air handling units were created for the RGE labs and Vivarium expansion. The office
side of the RGE does include a custom 30% outdoor air unit with a mixing plenum and economizer for
some energy recovery.

Heat and energy recovery was a critical design point due to the large air turnover rate; a number of
options were weighed. Desiccant dehumidification was ruled out, primarily due to the chemicals and
contaminants that would be present. The design team did not know how those would have reacted
with the desiccants, so they erred on the safer side. Also, the additional efficiency would primarily occur
during cooling season and in a cool wet climate it was not “where the money was” with savings. Air-to-
air, wheel, and heat-pipe systems were all eliminated as energy recovery systems due to their potential
cross-over for contamination. A heat-pipe recovery was briefly considered, but would have needed to be
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a two coil design which is a more complex and expensive variety. The only options left were either
simple run-around glycol coils or a heat pump between the outside air and exhaust air streams. The
design team elected to use glycol coils in the end.

With concern to controls, the team did not consider CO2 monitoring since most spaces were going to
have occupancy sensors; some of the sensors unfortunately did get value-engineered out. The new
addition has an automatic temperature control system consisting of an independent direct digital
control circuit. This circuit is connected and interfaced with the existing campus front ends to allow the
campus-wide system to trend recording of the major equipment operation and alarms. This data is used
to develop a point schedule for the RGE, as well as to trend recording of environmental conditions and
lighting in the CMU to maintain AAALAC accreditation.

A RO/DI water system was provided for the labs and vivarium spaces, sized to supply the feed for the
animal watering equipment. A separate laboratory waste collection system was provided to drain all
laboratory fixtures. The waste is piped through a duplex limestone chip tank neutralization system.

With regards to fire protection, the new RGE includes a combination wet sprinkler and standpipe system
with sprinkler drain risers extended to spill to the exterior. It was important to specify non-ferrous
piping and components to be used in areas subject to magnetic fields or equipment. In addition, a new
fire pump room was provided in the RGE basement. The existing CMU building was non fire suppressed,
so the new addition was designed to remain non fire suppressed with the inclusion of fire separation
walls between the existing building and new addition.

Design Conditions

The RGE Building has a variety of laboratory and office spaces, many of which had stringent space
thermostat set points. All Occupied spaces were set according to the temperature and humidity settings
in Figure 2, taken from Division 23 Section 3 of the BR+A Schematic Narrative.

Winter °F Summer °F (#2°F)  1he project mechanical system
Exterior Design Temp. i B9°db T3k was designed with a winter
Intenar Dasikn Tamp. : R
Laboralories | Support spaces - - exterior design temperature of
Mechanical/Electrical Rooms B5 Vent Only 0 degrees F and a summer
Supply Air Temperature (a 52°F db 51*F db /515°wb  exterior design temperature of
g;ﬁurgs of chiled welar 89 degrees dry bulb/73 degrees
Hurnigdity wet bulb +- 2 degrees. Indoor
Lab / Support spaces 35%+5 50% (+5%)

design temperature and
Figure 2: Design Temperatures and Humidity (Source: BR+A Schematic Design humidity varies based on space
Narrative) type. Labs and support spaces
are set to 72 degrees F year-
round. Mechanical and electrical rooms are conditioned to 65 degrees during the winter and ventilated
with no conditioning in the summer. Animal holding rooms in the CMU have a selectable range from 68-
85 degrees to provide species-appropriate conditioning, with the exception of rabbit holding areas set to
exactly 65 degrees.

Humidity in the lab and associated support spaces is set to 35%(+5) in the winter and 50% (£5%) in the
summer. Vivarium spaces in the CMU are set to 30-40%(+5) during winter and 50% (£5%) during
summer.
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The majority of the RGE building is configured on a 100% OA system to control contaminants; labs,
tissue culture rooms, operating rooms, etc. These rooms, however, have very stringent air circulation
requirements. These requirements, given in minimum air changes per hour, ensure that enough
uncontaminated fresh air is utilized and that delicate pressure relationships are maintained between
rooms so as to avoid contaminant travel. These requirements are outlined below in Figure 3, from
Division 23 Section 4a of the Schematic Narrative.

Very specific lighting and power loads are given by Figure 3 in addition to ventilation requirements.
Additional values for electric loads are given in Division 26 Section 4a, listed below in Figure 4.

1) Lzboratories and support spaces
Exhaust: 100% Exhaust.
Air Circulation: As reguired by zir conditioning load or equipment ventilation load. Min. &
ACH/HR.
Preszure: Negative in relation to corridors and office spaces
Electrical Loads: 10 wy'sf power, 2 w)/sf lighting
2] Toilets/lanitors Closets
Exhaust: 100% Exhaust
Air Circulation: 10 ACH exhaust (min.), constant volume
Pressure: Megstive to adjacent spaces
Electrical Loads: 1.5 w/sf lighting, convenience outlets
3) Procedurs Rooms
Exhaust: 100% Exhaust
Air Circulation: 15 ACH mimimum, as required for equipment makeup ventilation
Load, constant wolume
Preszure: Negative to adjacent spaces
Electrical Loads: 15 wy'sf power, 2 w/sf lighting
4] Tissuwe Culture Rooms
Exhaust: 100% Exhaust
Air Circulation: 1% ACH mimimum, as required for cooling
Pressure: Positive
Electrical Load: 15 w/sf power; 2 wsf lighting
&) Corridors
Exhaust: 100% Exhaust
Air Circulation: Minimum 6 ACH or requirement for make-up due to labs being at
nEEskive pressure.
Pressure: Positive to Laboratories
Electrical Loads: 1.5 wsf lighting
&) Environmental Rooms
Exhaust: 100% Exhaust

Air Circulation: 20 CFM ventilation only
Preszure: Neutral

Figure 3: Airflow requirements (Source: BR+A Schematic Design Narrative)

4. Normal Power
8. Jhe electrical system loads will be designed as follows:
1) 1.5 watts,zq.ft. figr lighting.
2) &to 10 watts5q.ft. figr Laboratories
3) 10 te 30 watts/zq. ft for Lab Support Spaces
4) 2.0 watts,zq.ft. fior power-All Other Arezs.
§) 10 to 15 watts/5g.ft. for Flumbing and HYAC air handling equipment.

Figure 4: Light and Power Design Loads (Source: BR+A Schematic Design Narrative)
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System Breakdown

The project has utilities independent of the campus infrastructure. Contained within the RGE basement
are four 3AMMBTU natural gas-powered condensing boilers for heating, two 300-ton electric centrifugal
chillers for cooling, and three 1000lb/hr. medium pressure vertical steam boilers for humidifiers and
laboratory process equipment.

Most air handling units on the project were custom made by Air Enterprises. Two 100% Outdoor Air
AHU's, sized at 37,500 CFM each, serve the lab areas to the west in the RGE. Serving the offices on the
east is a smaller AHU at 25,000 CFM and 30% outdoor air. A small constant-volume 4,500 CFM air
handler is located in the RGE basement to provide ventilation and space conditioning. The CMU
expansion has a new 85,000 unit with 100% outdoor air similar to the two serving the RGE labs.

Running water for the project is provided by a new 6-inch water service. Domestic hot water is provided
via duplex 250-gallon gas-fired condensing water heaters located in the RGE basement. The building is
designed as a single zone with full recirculation back to the water heaters. A separate supply and return
branch provides hot water for the lab equipment and is outfitted with local backflow preventers. The
plumbing system is equipped with a duplex water booster to assist in serving the upper floors.

The RGE has a new main electrical service with a single-ended normal power switchboard rated at 480V
3000A. A pad-mounted distribution stepdown transformer takes the 480V down to 208/120V. This
transformer is rated at 1500 kVA and is three-phase, four-wire. Power is then circuited throughout the
building via double-throw branch automatic transfer switches. A 400kW/500kVA diesel emergency
generator sits outside to provide power to the 225A emergency branch serving emergency light and
power fixtures. The generator also is connected to a 300A circuit legally required for the fire pump, and
an optional 800A standby circuit for HVAC components and select lab equipment.

Lighting in the RGE is mostly fluorescent. All lighting fixtures are suspended from the building structure
rather than the ceiling system. Sensors and controls are provided to perform daylight dimming in
perimeter areas and zero-occupancy shutoff. Existing Telecommunications system in the Comparative
Medical Unit are extended to the expansion and the new RGE Building. 120V power sources, obtained
from the emergency/standby system, provide power for alarms and access control system.

Airside

To achieve proper ventilation and space conditioning, there are five total air handling units for the
project, broken down in the table below. AHU-1 and AHU-2 are located on the rooftop of the RGE and
serve the Lab and Support areas, while AHU-3 is located on the roof as well and serves the RGE offices.
AHU-4 is located in the Basement of the RGE and serves to simply provide constant volume ventilation
and space conditioning to the mechanical plant. AHU-5 is located on the roof of the CMU addition.

Air Handling Units
Fans Coils

Supply Return Exhaust Heating Cooling
NO. Type Area Min. OA.CFM  NO. CFM/fan ESP NO. CFM/fan ESP NO. CFM/fan ESP GPM  Tot. MBH GPM  Tot. MBH
AHU-1 Custom VAV RGE Labs 50,000 4 12,500 4.0" - - - 2 50,000 4.75" 140 2085 470 3584
AHU-2 Custom VAV RGE Labs 50,000 4 12,500 4.0" - - - 2 50,000 4.75" 140 2085 470 3584
AHU-3 Custom VAV RGE Offices 8,400 2 14,000 3.0" 1 28,000 2.0" - - - 51 820 150 1294
AHU-4 Constant RGE Basm. 450 1 4,500 1.0" - - - - - 13 194.4 47 187
AHU-5 Custom VAV CMU exp. 85,000 4 21,250 4.0" - - - 3 42,500 4.0" 270 3420 625 6135

Figure 5: AHU Schedule
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Hot Water and Steam

Located in the RGE Basement plant are three 3MMBTU gas-powered condensing boilers providing
preheat and reheat water for the airside equipment. A firetube steam boiler was added to the pre-
existing CMU steam plant to handle the steam loads of the project. In addition,

Boilers

NO. Type Medium MBHIn MBHout GPM Steam PSIG Min. Gas input pressure
B-1 Condensing HW 3,000 2,883 225 - 3.5"
B-2 Condensing HW 3,000 2,883 225 - 3.5"
B-3 Condensing HW 3,000 2,883 225 - 3.5"
B-5 Firetube Steam 1,969 1,697 - 80 9.5"
B-6 Modulating, Condensing HW 3,000 2,664 133 - 3.5"
B-7 Modulating, Condensing HW 3,000 2,664 133 - 3.5"

Figure 6: Boiler Schedule

Hydronic Pumps

NO. Type Service GPM  Head Pressure (FTH20)  MHP
HWP-1  End Suction Primary Heating Water 450 72 15
HWP-2  End Suction Primary Heating Water 450 72 15
CWP-1  End Suction Chilled Water Pump 680 65 20
CWP-2  End Suction Chilled Water Pump 680 65 20
TWP-1 Horiz. Split Case Tower Water Pump 1275 65 30
TWP-2 Horiz. Split Case Tower Water Pump 1275 65 30
RGE HGRP-1 End Suction AHU-1 Heat Recovery Coil 480 65 15
HGRP-2 End Suction AHU-2 Heat Recovery Coil 480 65 15
HCP-1 In-line AHU-1 Heating Coil 140 15 1
HCP-2 In-line AHU-2 Heating Coil 140 15 1
HCP-3 In-line AHU-3 Heating Coil 50 12 0.5
HCP-4 In-line AHU-4 Heating Coil 12 12 0.125
CWP-3  In-line AHU-4 Cooling Coil 47 25 0.75
HWP-1  End Suction Heating Water 500 50 15
CMU HWP-2  End Suction Heating Water 500 50 15
HCP-1 In-line AHU-5 Heating Coil 270 12 1.5
HGRP-1 End Suction Heat Recovery 540 65 15

Figure 7: Pump Schedule

Chilled Water
Two 425-ton electric centrifugal chillers are located in the basement plant to provide chilled water for
the HVAC equipment. Each Chiller is connected to a cooling tower on the roof of the RGE.

Chillers
NO. Type Tons Output Min. Turndown Tons Evap. GPM Cond. GPM
CH-1 Centrifugal 425 45 680 1275
CH-2 Centrifugal 425 45 680 1275

Figure 8: Chiller Schedule
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Cooling Towers

Motors
NO. Type Tons  No. Cells Total GPM HP RPM
CT-1 Crossflow 425 1 1275 25 1800
CT-2 Crossflow 425 1 1275 25 1800

Figure 9: Cooling Tower Schedule

Energy Recovery
Within each of the three 100% outdoor air units is a run-around glycol loop for heat recovery.

Loads and Energy Use

During initial building analysis, an energy model/load calculation was constructed in Trane Trace 700 to
compare to actual design documents. However, existing design documentation was limited. An Elite
load calculation was utilized to quantify the envelope loads of the project, but no other documentation
was available for load sizing. No yearly energy analysis had been performed for the project. The
combination of existing calculation reports and specified design conditions were used to construct the
Trace model, but some inputs were unspecified or unclear so assumptions needed to be made.

Assumptions

Documents provided did not specify any particular occupation densities. Therefore, when calculating
internal loads and ventilation requirements, ASHRAE standard values for occupancy per 1000 square
foot were internally referenced by the Trace model.

Given the research and laboratory programming of the building, the research function areas are
required to maintain delicate pressure relationships. While perhaps not entirely realistic, all areas were
modeled in the Trace file as having pressurized tight construction with 0 cooling and heating infiltration.

In the Trace model average values were used for the construction data for building elements. A library
entry for the RGE wall was created, based off of section provided in construction drawings. The “RGE
Wall” template consists of 5/8” gypsum board, followed by 6” insulation between metal studs, 2.73” hi-
density stiff insulation, air space, and 4” face brick. Floor slabs were all entered as 4” heavyweight
concrete and roof was calculated as 4” lightweight concrete. Interior partitions were all taken as .75”
gypsum frame from the preloaded library. All glass was entered as a percentage of wall area, in most
areas 38%. The default single clear %” window type was utilized.

Trane Trace has a preloaded library of several hundred American cities across the country. Weather
data for Akron, Ohio was specified as this was the closest city to the project’s Rootstown, Ohio location.

At the time of model construction, no data for typical occupancy schedule was available. While not the
most realistic measure, all schedules were specified as 100% available and will need to be modified as
more information is obtained.

Heating and Cooling Loads

The first observation taken when the Trace model finished generating reports was that the calculated
airflows for most of the air handlers were significantly larger than the design CFM respective to each
AHU. The only value that was realistic was the 26,000 CFM cooling airflow calculated for AHU-3, which
serves the office spaces. Each of the lab AHU’s were designed at 50,000 CFM; AHU-1 was twice that at
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98,000 cooling CFM and AHU-2 was a whopping six times design value at 300,000 cooling CFM. The
constant volume AHU-4 for the basement was twice design value at 19,000 cooling CFM.

The calculated plant capacities had corresponding overly-large loads. The total system cooling capacity
of the RGE came out at 1958 tons, over twice the size of the existing chilled water plant. The system
heating capacity came in at roughly 27MMBTU, three times the size of the existing hot water boiler
arrangement. Further refinement of the Trace model modified schedule and material assumptions and
put out closer, but still unrealistic values.

Trace outputs are summarized in Appendix A. Designer reports from the Elite model are located in
Appendix B.

Energy Use

According to the Trace 700 model, yearly electric consumption is on the order of 4,200,000 kWh. Yearly
gas consumption is on the order of 200,000 therms and yearly water consumption is 7 million gallons.
Building energy consumption comes in at roughly 350 kBtu/SF-year. Source energy consumption comes
in at about 655 kBtu/SF-year. Based on Trace default financial values, total annual utility cost is
$221,799 per year. Based on Trane Trace calculations, 7.7 million lbm/year of CO2 is emitted. 53,200
gm/year of SO2 is emitted and 13,300 gm/year of NOX is emitted. Given the error in heating and
cooling loads, these numbers are not to be trusted; accurate utility data from the NEOMED campus
plant was later gathered during proposal execution and provides a much better assessment of energy
use.

ASHRAE Standard Evaluations
ASHRAE 62.1.5-2013: Systems and Equipment

5.1 Ventilation Air Distribution

The RGE, CMU and Building D are all in compliance with Section 5.1. The laboratories, support rooms,
vivarium, and other such rooms are supplied with 100% outdoor air, therefore the airflow needed for
proper conditioning easily exceeds ventilation requirements. The design documents all have
appropriate information for balancing and minimum airflow allowed.

5.2 Exhaust Duct Location

Documents indicate that all exhaust duct runs are negatively pressurized relative to the supply duct runs
in each room. The lab exhaust runs through two custom air handling units each at 50,000 CFM. Smaller
exhaust fans are located above the office wings, and space is allotted for exhaust fans to be placed for
future expansion.

5.3 Ventilation System Controls

The RGE building and the CMU addition each have an independent direct digital control systems
interfaced with existing campus network. The system accomplishes all sensing and controlling via
electronic actuation of all valves and dampers.

5.4 Air Stream Surfaces
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All airstream surfaces are comprised of sheet metal ductwork with metal fasteners to comply with
requirements for resistance to mold growth and erosion.

5.5 Outdoor Air Intakes

Outdoor air intake for office end of the RGE building is located on the east face of AHU-3. The outdoor
air intake of the laboratory air handlers is located on the north face of the supply air tunnel. All outdoor
air intakes are well outside of the required distances; the exhaust stacks for the lab exhaust are 25 feet
high per 62.1 Table 5.5.1, giving plenty of distance for the class 4 air to discharge. In addition, each inlet
is protected by a mesh screen and louvers to protect from rain, snow, and birds. All AHU’s on the
project are equipped with access doors for maintenance purposes.

TABLE 5.5.1 Air Intake Minimum Separation Distance

Object Minimum Distance, ft {m)
Class 2 air exhaust/relief outlet (Note 1) 10(3)
Class 3 air exhaust/relief outlet (Note 1) 15(5)
Class 4 air exhaust/relief outlet (Note 2) 30 (1M
PFlumbing vents terminating less than 3 fi (1 m) above the level of the outdoor air intake 10(3)
Plumbing vents terminating at least 3 ft (1 m) above the level of the cutdoor air intake 30
WVents, chimneys, and flues from combustion appliances and equipment (Note 3) 15 (5)
Garage entry, automobile loading area, or drive-in queue (Note 4) 15 (5)
Truck loading area or dock, bus parking/idling area (Note 4) 25(7.5)
Driveway, street, or parking place (Note 4) 5(1.5)
Thoroughfare with high traffic volume 25(7.5)
Roof, landscaped grade, or other surface directly below intake (Notes 5 and 6) 1 {0.30)
Ciarbage storage/pick-up area, dumpsters 15(5)
Cooling tower intake or basin 15(5)
Cooling tower exhaust 25(7.5)

Mot 1: Thes reguirement applies to the distance from the outdoor air intakes for one ventibation sy<tem o thi exhawstinelel oslets for any other ventilation system.

Mot 2 Minimum dstance listed does not apply to sboriory fume hood exhaust arr outlets. Separation criteria for fume ]lmlailmu.'ﬂ ﬂmllbe in compliance with NFPA. 45% and ANSL
thAi: 58 Information on separation criteria for indusirial environments can be foand i the ACGHH Indiwsirial o 17 and in ASHEAE Hamdbook—HVAC Applis
caiians.

Mate 3: Shorter separation distances shall be permitted when determined in accordance with {2) ANSL 223 1/NFPA 54" for fiel gas burning appliances and equipment, (h) NFPA
31" far ol burning applinoes and egquipment, or () NFR& 21 1" for cther combustion appliances and equipment.

Mot 4: Distance mensured o closest place that vehicle exhanst is Ekely 1o be located

Maote 5: Shorler separation dstance shall be permitied where outdoor surfaces are sloped mone than 45 degrees from horizontal or that ane less than 1 me (30 mm) wide.

Mate 6 Whene snow sccumulation 1s expected, the surface of the snow at the expected average snow depth constitutes the “ather surface direcily below intake ™

Figure 10: ASHRAE Std. 62.1 Table 5.5.1

5.6 Local Capture of Contaminants

All areas with equipment that generate contaminates, such as labs and restrooms, have exhaust to
capture contaminates and direct outdoors away from any intake openings.

5.7 Combustion Air
All laboratory spaces are equipped with fume hoods for removal of any potential combustion products.
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5.8 Particulate Matter Removal

Supply air tunnels have a MERV-9 pre-filter and a MERV-14 after-filter within each air handler. Heat
recovery coils within exhaust tunnels have MERV-9 pre-filters. Also, room-side replaceable “filter
grilles” are used for exhaust of the animal holding room in the CMU. All of these meet the minimum
ASHRAE standard of MERV-8 filtration.

5.9 Dehumidification Systems

Lab and support spaces are designed at 35% humidity in winter and 50% (P
humidity in summer. The vivarium is designed at 30-40% winter humidity Jj
and 50% summer humidity. These are all less than the required 65% T
maximum. Regarding section 5.9.2, the RGE has two custom air handling ﬂj
|
|
]
pN

units, with both supply and exhaust at 37,500 CFM for 100% outdoor air
intake. The CMU addition has an 85,000 CFM supply and exhaust in a similar
fashion.

5.10 Drain Pans

No mention of drain pans is given in the specifications

5.11 Finned-Tube Coils and Heat Exchangers

Plate and frame heat exchangers are utilized on this project rather than o
finned-tube heat exchangers

@H

s

5.12 Humidifiers and Water-Spray Systems

The project utilizes Nortec NH series electrode steam humidifiers which are
specified to use potable water and drain pans per ASHRAE standard. ;

5.13 Access for Inspection, Cleaning, and Maintenance Figure 11: Typ. Architectural
Wall Section (Source: TC

Architects Construction

Sufficient access to HVAC equipment has been designed.
Documents)

5.14 Building Envelope and Interior Surfaces

Architectural wall sections such as Figure 6 indicate a building envelope with rigid insulation, moisture
barriers, and batt insulation between studs.

5.15 Buildings with Attached Parking Garages
Building has no attached parking garages, therefore section 5.15 does not apply.
5.16 Air Classification and Recirculation

The laboratories, animal operating rooms, and various technical support spaces are all Class 2 air per
Table 6.2.2.1. However, it is important to note that the airstreams from any of the fume hoods is Class 4
as stated by Table 5.16.1. All other areas such as conference rooms and offices are Class 1 air. As stated
before, the laboratory and animal care areas are operating on 100% outdoor air with no recirculation.
The Class 1 rooms all recirculate air via return ducts. It is also important to note that the biosafety
cabinet fume hoods shall recirculate 100% back into the procedure rooms.
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5.17 ETS Air
Smoking is not allowed in any part of the building; 5.17 does not apply.

ASHRAE 62.1.6-2013: Procedures

6.1 General

The site’s outdoor air has no contamination issues and is deemed acceptable for ventilation purposes.
Proper ventilation rates are hereby calculated via the prescriptive Ventilation Rate Procedure and the
Exhaust Rate Procedure and compared to the existing design specifications. No natural ventilation
strategies are used in the design.

6.2 Ventilation Rate Procedure

A preconfigured excel spreadsheet was used to calculate ventilation needed for the offices and
conference rooms to the east end of the RGE building, covered by AHU-3. In this project, this was the
only air handler configuration that was not configured for 100% outdoor air intake. The breakdown
from the spreadsheet calculations is located in Appendix A.

First, breathing zone outdoor air flow rates are calculated with Equation 6-1 from ASHRA 62.1-2013 for
each room

Vbz= Rp*Pz + Ra*Az

Where R is outdoor airflow rate per person, P, is zone population by occupancy class, R, is outdoor
airflow rater per area, and A, is the area covered by the zone. Table 6-1 of ASHRAE Standard 62.1-2013
contains values for both R, and R, and is referenced by the spreadsheet.

The next step is to find and factor in the zone air distribution effectiveness E,, found in Table 6-2. In all
instances examined, supply air was delivered via ceiling diffusers at cooling temperature, so E; was 1.0
all around. These values are also referenced in the spreadsheet in Appendix A.

After entering area and airflow data from the drawings, the total supply airflow amounted to roughly
19,600 CFM. This is slightly less than the design value for AHU-3 of 28,000 CFM. Figure 7 below gives a
breakdown of total system ventilation.

Results
Ventilation System Efficiency Ev 0.80
Outdoor air intake required for system Vot cfm 1609
Outdoor air per unit floor area Vot/As cfm/sf 0.17
Outdoor air per person served by system (including diversity) Vot/Ps cfm/p 12.1
Outdoor air as a % of design primary supply air Ypd cfm 8%

Figure 12: AHU-3 Ventilation Breakdown

Also, tallying up the individual zones indicates a surplus of 1294 CFM of unneeded outdoor air and a
maximum Z, value of .26. This could present an opportunity for energy savings.
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ASHRAE 90.1.5-2013: Building Envelope

5.1 General

As shown by Figure B1-1 in ASHRAE Standard 90.1-2013 Section 5.1.4, the project’s location in
Rootstown, Ohio places it in the 5A Climate Zone, a relatively cool, moist region.

Mari:ne (C)L Dry (B) | Moist (A)

N
» L4

Al of N'gskt: n hZ“one 7
except for the followi
Baroughs in Zone 8: it

Bathel

Northwest Arctic

Delingham Southeast Farbanks -

Fairbanks N. Star  Wade Hampton Zone 1 includes

Nome Yukon-Koyukuk Hawaii, Guam.

North Slope Puerto Rico, 1
and the Vrgin Islands

Figure B1-1 U.S. dimate zone map (ASHRAE Transactions, Briggs et al., 2003).

Figure 13: ASHRAE Std. 90.1.5.1.4 Figure B1-1

5.2 Compliance Paths

Here we will elect to use the prescriptive evaluation for the building envelope outline in Section 5.5 of
the code.

5.4 Mandatory Provisions

The building is constructed with a continuous air and water membrane throughout the entirety of the
envelope. In addition, the entrances to the RGE and CMU have vestibules per section 5.4.3.4 of the
code.

5.5 Prescriptive Building Envelope Option

Insulation values for the envelope are not available, making the envelope difficult to access. More
information finding will be required.
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ASHRAE 90.1.6-2013: Heating, Ventilation, and Air Conditioning

6.4 Mandatory Provisions

The prescriptive path outlined in Section 6.4 of Standard 90.1-2013 shall be followed as the building
project does not meet the size criteria for the simplified approach outlined in Section 6.3. All equipment
meets efficiency standards outlined in the tables of Section 6.8 and load calculations were conducted in
the program Chvac 7 in accordance with ASHRAE Standards. The DDC system mentioned in the
Standard 62.1.5.3-2013 controls all equipment in accordance with Standard 6.4.3.

6.5 Prescriptive Path

AHU-3 is outfitted with an economizer in accordance with code Section 6.5.1. The automatic
temperature control system governs the zone controls via digital sensors and actuators. Also, given the
data presented in the analysis of Standard 62.1.6.2 the amount of outdoor air utilized by the office air
handler is less than the amount needed to require energy recovery equipment. However, the two
AHU’s feeding the labs of the RGE and the AHU feeding the CMU expansion use heat pipes with
refrigerant to transfer heat from the exhaust stream to the supply stream during heating season, and
vice versa during the cooling season.

ASHRAE 90.1.7-2013: Service Water Heating

Domestic water service is piped through water softeners with a duplex water system to provide
adequate pressure for lab fixtures. Hot water will be provided via duplex 250 gallon condensing water
heaters. This equipment is of proper efficiency per standard 7.8.

ASHRAE 90.1.8-2013: Building Power

This project has a new main electrical service made up of a single ended normal power switchboard,
diesel emergency generator, branch automatic transfers and an optional standby distribution system.
Feeders are sized within the required voltage drop of 2% and branch circuits are sized to no more that
3% voltage drop.

ASHRAE 90.1.9-2013: Building Lighting

All lighting on the project is automatically switched off via low voltage relays or occupancy sensors.
Multi-level switch control is provided in perimeter areas to reduce intensity of light during daylight
hours.

ASHRAE 90.1.10-2013: Other Equipment
None of the equipment mentioned in Section 10 applies to the project.

LEED Analysis

The project schematic design outline states that the team sought for a basic LEED Certification level.
What follows is a quick breakdown of the RGE and CMU’s adherence to the Energy and Atmosphere and
Indoor Environmental Air Quality sections of the USGBC LEED 2013 Standard for New Construction.

Energy and Atmosphere Credits
EA Prerequisite 1: Fundamental Commissioning and verification- pass
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Commissioning performed by PSI, INC

EA Prerequisite 2: Minimum Energy Performance- pass
Option 2- follows ASHRAE Standard 90.1

EA PREREQUISITE: BUILDING-LEVEL ENERGY METERING-pass

New meters installed for natural gas, HW, DCW, CW, Electric at CMU; meters for NG, Electric,
and DCW at RGE

EA PREREQUISITE: FUNDAMENTAL REFRIGERANT MANAGEMENT-pass
No CFC’s in any of new construction

EA CREDIT: ENHANCED COMMISSIONING-O0 pts
No follow-up commissioning after building opened

EA CREDIT: OPTIMIZE ENERGY PERFORMANCE-O0 pts
No energy modeling/simulation performed

EA CREDIT: ADVANCED ENERGY METERING-1 pt

Meters are interfaced with campus network. ATC stores data and trends and develops point
schedule

EA CREDIT: DEMAND RESPONSE-0 pts
No demand response program used
EA CREDIT: RENEWABLE ENERGY PRODUCTION-O pts
No renewable energy sources on campus utilized
EA CREDIT: ENHANCED REFRIGERANT MANAGEMENT- 0 pts
No analysis performed on refrigerants used
EA CREDIT: GREEN POWER AND CARBON OFFSETS-0 pts
No contract engaged

Indoor Environmental Quality Credits
EQ PREREQUISITE: MINIMUM INDOOR AIR QUALITY PERFORMANCE-pass

Project meets ASHRAE STD 62.1
EQ PREREQUISITE: ENVIRONMENTAL TOBACCO SMOKE CONTROL-pass

Due to the nature of the activities inside of both the RGE and CMU, smoking is prohibited in or
around

EQ CREDIT: ENHANCED INDOOR AIR QUALITY STRATEGIES- 1 pt
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Pressurized Vestibules are used at all entryways, areas with potentially hazardous chemicals are
kept at negative pressure and sufficiently exhausted, and all AHU’s have MERV-14 after filters

EQ CREDIT: LOW-EMITTING MATERIALS- Opts
EQ CREDIT: CONSTRUCTION INDOOR AIR QUALITY MANAGEMENT PLAN- 0 pts
EQ CREDIT: INDOOR AIR QUALITY ASSESSMENT- 0 pts
EQ CREDIT: THERMAL COMFORT- O pts
All temperature and humidity controlled by ddc system to exact design specifications
EQ CREDIT: INTERIOR LIGHTING- O pts
Mostly fluorescents used, mostly automatic controls
EQ CREDIT: DAYLIGHT- 0 pts
No daylighting analyses performed
EQ CREDIT: QUALITY VIEWS- 1 pt

Layout and glazing is such that at least 75% of all regularly occupied spaces in RGE have
unobstructed outdoor visibility.

EQ CREDIT: ACOUSTIC PERFORMANCE- 0O pts

No acoustical analysis performed

As evidenced by this analysis, the design did not truly aim for any sort of serious LEED certification,
despite what the schematic outline states or what the original intent may have been.

Overall System Evaluation

Overall, the system functions very well towards meeting the priorities of the owner, which are running
an excellent facility conducive to top-notch biomedical research, while maintaining some level of
efficiency and affordability. Given the stringent design conditions, viable system options, and existing
conditions, the mechanical design is very reasonable and functions well.
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Proposed Redesign

Considerations

When evaluating potential alternatives to the systems already in place on the RGE + CMU project, there
were a number of considerations to be made. During conversation with facility administration, it was
made very clear that the top priorities of this project during its design and construction were:

1) Quality of facility

2) 24/7 availability for researchers and staff
3) Independence and reliability of systems
4) Flexibility for future changes

Cost and energy savings were absolutely important, but the established programming took precedence.
Alternate systems and methods were evaluated in the context of these priorities.

Due to the required high air changeovers in many areas, energy recovery was a major consideration
during design. While evaluating the existing energy recovery methods, no real practical alternative for
air-side energy recovery presented itself. The idea of using active chilled beams in place of VAV was
considered as a way of reducing the amount of wasted energy in the HVAC system. While they have
been successfully utilized in lab applications, there are a litany of precautions to be taken. Normally
chilled beams are only beneficial in labs where the HVAC system is sized largely based on equipment
loads and less making up exhaust from fume hoods. The use of chilled beams in a vivarium may not
even be allowed via code. While there is some potential for the implementation of chilled beams to
result in less energy waste and smaller airside equipment, there is too much risk associated on this
particular project due to stringent ACH, humidity, and pressure relationships required.

One major area with potential for alternate methods was within the construction management and
delivery of the project. As a very technically challenging project, the RGE + CMU had a high expense
relative to size and scope, and a premium on quality. The project was also on a very strict schedule; the
new facilities were to be ready for use in time for the start of the 2013 fall semester. However, due to
NEOMED being a public university and therefore a public, state-funded building project, the owner was
legally required to use a competitively bid multiple-prime contract structure. The project experienced
notable schedule over-runs due to weather and delays, and conflicts occurred as a result.

Proposed Alternatives

In light of the stated design priorities and importance of energy conservation, the implementation of
cogeneration presented itself as a viable and attractive alternative to the existing system. On-site
electricity generation would allow more independence for the facility as well as another layer of
reliability. In addition, the excess heat generated is excellent for steam processes, and the project has a
sizable, consistent steam requirement. Provisions could be made to accommodate the planned
expansion of the shelled-out areas and future humidifiers in the RGE building, or even the other campus
projects.

One breadth study consists of electrical work coinciding with CHP application. Interconnection with the
existing utility and the implementation of black start capability will both be addressed. The ability to still
utilize the electric grid in addition to on-site generation will be very important, but precautions must be
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taken with interconnection design to prevent accidents and malfunctions. Being able to restart on-site
generation in case of a blackout, without outside assistance, is also another crucial consideration.

The other breadth study consists of the evaluation of the multiple-prime project delivery structure
implemented on the project. A comparison to other alternate systems, such as single-prime, design-
build, and CM-at-risk will be made by use of real research on different projects. The research will be

used to support potential benefits from an alternate delivery system within the context of this particular
project.
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Proposed Redesign Analysis
Mechanical Depth: CHP Implementation

Research

Research was conducted to learn about the different cogeneration strategies and their benefits and
drawbacks. There are currently three main methods used for electrical generation in a CHP system.
These are known as prime movers, and can be steam or gas turbines, reciprocating engines, or fuel cells.
Fuel cells are a relatively new and underdeveloped technology, and were deemed impractical and
inefficient for this project so they were never considered.

Reciprocating engines used for cogeneration are essentially like larger versions of an automobile engine.
They tend to have smaller electrical capacities, and so are more suited for smaller plants. They tend to
have a higher electrical efficiency than turbines, which results in less heat available for recovery. This
heat is usually lower grade, and in the form of hot water. This means that when configured to provide
absorption cooling, only a single-effect chiller can be used.

In comparison to turbines, engines have much quicker start times- a typical internal combustion engine
can start up within five to ten minutes, whereas steam turbines often need a half hour and assistance
from another power source to start up. Engines are much less sensitive to partial loads, and can even be
configured in blocks to allow for a wider range in load turndown and better part-load power efficiency.

Turbines used for cogeneration are similar in operation to the turbines used for aircraft. They tend to
run larger than reciprocating engines, and due to their lower efficiency they give off more heat for
recovery. This heat is of higher-quality steam, which is much more conducive for process steam
generation. Also, this high quality heat allows for double effect absorption cooling, which has a higher
coefficient of performance than single effect. Steam and gas turbines do not typically respond well to
fluctuations in load, and are better used in constant operation applications.

There are advantages and disadvantages to each prime mover available for cogeneration. The most
suitable prime mover will depend on factors such as plant size, Thermal-to-Electric Ratio, and the
fraction of time the plant is operating known as the Load Factor.

Utility Data Collection and Analysis

The first step toward designing a cogeneration plant for the project was to gather real utility data. Early
in the proposal execution, utility data was gathered covering years 2003 through 2014. Each month,
Kilowatt-hours, MCF’s of gas, average temperature, and dollars spent on electric and gas were
tabulated. This raw data is formatted in spreadsheets located in Appendix C.

In another spreadsheet, several calculations were performed to derive utility trends. First, the monthly
electric prices were calculated by dividing dollars spent by Kilowatt-hours of consumption. Natural gas
prices were calculated in the same manner. Then, using a conversion factor of 293 kWh per MMBTU,
the unit prices were converted to identical units and the difference between them was calculated. This
difference in price between electric and natural gas is known as the Spark Gap or Spark Spread; itis a
good metric for gauging the payback period of on-site generation. Then, in separate cells, Kilowatt-
hours values were converted to Kilowatts and MMBTU’s converted to MBH. Using the same conversion
factor as before, these units were made identical and the Thermal-to-Electric Ratio (AD) was calculated.
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The full spreadsheet is located in Appendix C; the ten-year average of all of these calculations is shown
below:

S/kwh $0.077
$/MMBTU $7.85
Spark Gap $14.60

kw 1084
MBH 6010
AD 1.63

From this data, we can see that we have an average spark gap of $14.60, which is not a bad number but
not as great as it could be. The average Thermal-to-Electric ratio is 1.63, which is close to the “sweet
spot” for CHP of 1.5.

Graphs were constructed with the calculation spreadsheet to identify consistent trends. Plots of electric
demand, thermal demand, and Thermal-to-Electric Demand Ratio were created to illustrate monthly
trends:

Electric Demand by Month
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1.]200 M
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Figure 14: 10-Year Average Electric Load Profile

The electric load profile is relatively stable, with a slight peak during the summer months. This is due to
electric chillers on campus operating during the cooling season. Discounting the power used by chillers,
the campus has a fairly stable month-to-month demand of around 1000kW.
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Thermal Demand by Month
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Figure 15: 10-Year Average Thermal Load Profile

Thermal demand varies much more by season than electric, as expected in a temperate area such as
northeast Ohio. A peak of about 1100 MBH occurs in February, and a low of around 3500 MBH occurs in
the middle of the summer. Given that there are no heating operations during the summer months, we
can deduce that this low is the base steam load for the process and humidification needs of the campus.

Thermal/Electric Demand Ratio By Month
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Figure 16: 10-Year Average Thermal-to-Electric Ratio
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System Selection Process

A number of existing conditions were evaluated for their conduciveness to cogeneration. One
consideration discussed early on was whether to use the cogeneration plant to provide for the RGE and
CMU project alone, or to provide for the whole campus. A district system was deemed much more
practical, as it would provide much more leeway than a stand-alone system for just one building. A
district system could also provide utilities for the later campus expansions, such as the year-round
heating required for the lap pool and hydrotherapy pool located in the NEW building. The heating and
chilled water plant in the M building adjacent to the project already provides for most of the campus, so
it is not unrealistic to expect a cogeneration plant located in the RGE to serve as a district system.

Out of all of the potential uses for recovered heat, the summer steam load identified in early utility
analysis seemed like the most logical choice. As a steady load with good relative size to electric demand,
this load is conducive to the proposed plant. Other uses for recovered engine heat will still be
considered, namely space heating and cooling via absorption chillers.

Other considerations included the need for a dual-fuel prime mover. The natural gas available on site is
an excellent fuel with good thermal properties and low emissions, but can become hard to transport in
bitter cold weather. A cogeneration system capable of running on other fuels will be very important on
this project. In addition, the current RGE basement would not have any room for the new plant; the
area would need to be expanded from a half basement to the full building footprint. There is no reason
why this could not have been done if it was requested during design; however it must be kept in mind
that this would add some cost to the project.

Most of the project conditions and priorities pointed to reciprocating engines as the best prime mover
for a CHP plant. However, it is important to have some type of objective analysis to confirm or refute
this opinion. An initial screening was performed using a DOE CHP Qualification Tool spreadsheet, with
utility data taken from the 10-year average values previously calculated and equipment data taken from
design documents and product literature. The full calculation is located in Appendix D.

Site Data Collection

1. How many hours per year does the facility operate? (hours) Or, ask about operating schedule - day/week, hours/day 8,760

2. What is your average power demand during operation? (kW), or 1,084

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

4. What is your facility's primary thermal load (i.e., DHW, steam/HW space heating, process steam, cooling, etc.) Space Heating

5. 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? ($/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? ($/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

Figure 17: Initial System Screening Site Data Input
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Based on the site data, the spreadsheet logic selected Example System C as the ideal configuration for
this project. This configuration consists of a 1000 kW reciprocating engine as the prime mover, with a
generating efficiency of 36.8 percent, 3.8 percent higher than typical grid efficiency. This engine gives

off roughly 3800 MBH in waste heat, perfect for the base steam load calculated previously.

CHP System
Net CHP Power, kW 1,084 CHP System Specs C Based on thermal match but capped at aw:
CHP Electric Efficiency, % (HHV) 36.8% CHP system specs C
CHP Thermal Output, Btu/kWh 3,854 CHP system specs C
CHP Thermal Output, MMBtu/hr 4.2 CHP system specs C
CHP Power to Heat Ratio 0.89 Calculated based on CHP power output and thermal output
CHP Availability, % 98% 90 to 98%
Incremental O&M Costs, $/kWh $0.019| CHP system specs C
Thermal Utilization, % 90%) Amount of available thermal captured and used - typically 80 to 100%
Total Installed Costs, $/kW $2,335 CHP system specs C
Figure 18: Screening System Selection
Prime Mover Driven CHP Performance Assumptions 0
98.2 772.3 1129.5 3127.2 7170.9 15423.0 22397.9 41420.9
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% 34.5% 36.8% 40.4% 28.9% 27.3% 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
Thermal Output for Cooling (single effect) 80% 85% 85% 85% 100% 100% 100% 100%
Thermal Output for Cooling (double effect) 50% 50% 50% 50% 90% 90% 90% 90%
Total Efficiency, % 80% 78% 79% 70% 69% 70% 69%
Incremental O&M, $/kWh $0.0240 $0.0210 $0.0190 $0.0126 $0.0123 $0.0120 $0.0093 $0.0092
Total Installed Costs, S/kW $2,900 $2,737 $2,335 $1,917| $2,080 $1,976 $1,518 $1,248|

Figure 19: Screening Tool Configuration Specs

This initial screening confirmed that a mid-sized reciprocating engine would be the ideal prime mover
for the cogeneration plant. For the next step in analysis, several sizes of GE Jenbacher Model 3 and
Model 4 Series engines were used. The Jenbacher is specifically designed for CHP use; it has features
including lean burn controls, multiple fuels, and high generating efficiencies.

Configuration Feasibility analysis

In order to properly size the CHP system, it was necessary to use utility data gathered after completion
of the project. Using the same method that was used to plot 10-year average trends, plots were made
of 2014 (data taken after project completion). On these same plots, 2013 data was plotted as a
comparison and to determine if the 2014 data was valid or too different for use.

Based on the plots, it would be reasonable to use the 2014 data as the basis for sizing the CHP plant.
The 2014 electrical load profile follows roughly the same pattern as the previous year; it is simply
increased in accordance with the RGE and CMU electrical loads. The 2014 thermal profile essentially
follows the same pattern as the previous year, with any variability likely due to temperature differences
between years. The 2014 profile shows a base thermal load of roughly 4800 MBH, up from a 2900 MBH
base load from 2013; the difference is roughly equivalent to the capacity of the steam boiler installed in
the project.
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From these plots, a thermal load of 4.82 MMBTU will be used for configurations designed to handle the

process steam load and the average thermal load of 8.42 MMBtu was used in configurations designed

for trigeneration. The average 2014 electric load of 1565 kW was used in all configurations. 2014 prices

were also used to best reflect current conditions.
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Figure 20:2013/2014 Electric Load Profile

Thermal Demand for Sizing
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Figure 21: 2013/2014 Thermal Load Profile
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Nine configuration were chosen for analysis, based on two variables each with three options:

Generator Configuration:

Waste Heat Application:

Single vs. Two-Gen. Block vs. Three-Gen. Block

Steam vs. Heating/Cooling sized to waste heat vs.

Heating/Cooling sized to cooling load w/ boiler makeup

(3)

X (3)

=9 configs

Each option is listed with corresponding payback period and emissions. Full calculation spreadsheets for
payback and emissions are detailed in Appendix E.

Emissions
Configuration Equipment Setup Payback Period | Vehicles | Houses
A 1 GE Jenbacher J420 with process steam load 8.4 2,201 1,439
B 2 GE Jenbacher J316 with process steam load 10.5 2,630 1,720
C 3 GE Jenbacher J312 with process steam load 14.4 2,945 1,926
D 1 GE Jenbacher J420 with trigeneration, absorption cooling sized to thermal output 11.1 2,076 1,358
E 2 GE Jenbacher J316 with trigeneration, absorption cooling sized to thermal output 11.4 2,461 1,610
F 3 GE Jenbacher J312 with trigeneration, absorption cooling sized to thermal output 14.5 2,756 1,802
G 1 GE Jenbacher J420 with trigeneration, full load absorption cooling with boiler makeup 11.4 2,076 1,358
H 2 GE Jenbacher J316 with trigeneration, full load absorption cooling with boiler makeup 11.5 2,461 1,610
1 3 GE Jenbacher J312 with trigeneration, full load absorption cooling with boiler makeup 14.5 2,756 1,802

Figure 22: Potential Cogeneration Configurations

Based on these results and good engineering judgement, configurations A and B appear to be the most
worthy options. A has a single generator sized to the base electric load of 1435 kW, and has just enough
waste heat to handle the full process steam load. B has two generators that together can handle the
peak 1697 kW electric load, and gives off more than enough heat to feed process steam loads. Out of all
the iterations, the ones with steam loads had better emissions scores than ones configured for
trigeneration. In addition, options A and B had the best payback periods of 8.4 and 10.5 years,
respectively.

Sensitivity Study
A sensitivity analysis was conducted on the top two configurations to gauge the effect of fluctuations in
utility rates. While the most current utility rates were used in the configuration screenings, in reality

these rates will change over the course of the plant’s life. In all likelihood, electricity will increase in cost
due to construction and development, and natural gas will continue to drop due to the growing

production of the Utica shale region encompassing northeast Ohio. Reduced gas rates, increased

electric rates, and a combination of both were plugged into the screening tool spreadsheets of A and B
to predict the effect on payback period.
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Sensitivity of Payback period to Utility Changes- Option A
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Figure 23: Utility sensitivity-Option A

Sensitivity of Payback period to Utility Changes-Option B
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Figure 24: Utility Sensitivity-Option B

The sensitivity analysis shows that while a decrease in gas price will have some positive effect on
payback period, increase in electricity cost will have the greatest financial effect. Just a five or ten
percent increase in electric rates can shave several years off of payback.

System Configuration and Operation

While the chosen configurations appear conducive to handling steam loads, there is one caveat. Ina
reciprocating engine cogeneration setup, waste heat is derived from two separate sources: exhaust gas
and engine jacket water. The coolant water can be used to produce low-pressure steam via forced
circulation; however, only the engine exhaust can be used to generate high-pressure steam. Roughly
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half of the Jenbacher engine’s waste heat is dissipated in exhaust gas, so there is a limit on how much
high pressure steam the cogeneration plant can produce.

The diagram on the following page illustrates the setup of a combination system with two Jenbacher
316 engines producing both high and low pressure steam. Circulation pumps force jacket water to a
steam separator, where some of the water flashes to steam at about 10 psig. The remaining water is
recirculated to the engine. Attached to each exhaust outlet is a once-through heat recovery steam
generator for production of high pressure steam at 60 psig. An OTSG is different from a regular HRSG in
that it consists of a simple tube circuit in place of the typical economizer, boiler, superheater
arrangement. This eliminates the need for steam drums, blowdown systems, and recirculation systems,
making the OTSG much more straightforward and smaller than typical HRSG arrangements. An
additional benefit is that an OTSG can run dry, meaning that the engine can still run even when steam is
not needed. This arrangement can effectively utilize heat recovery to generate both high pressure
steam for process and low pressure steam for humidification in the RGE and CMU
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Figure 25: Cogeneration Plant Configuration
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Recommendations and Further Expansion

Based upon the analyses conducted, Option B is recommended for implementation. This Cogeneration
system consists of two Jenbacher 316 engines each with a generating capacity of 848 kW, combined for
almost 1700 kW of generating power for the entire campus. The engine block produces roughly 6700
MBH of useful heat in both liquid and gaseous form. This heat will be used to take care of the campus
steam loads.

The configuration was chosen because it is capable of meeting campus peak loads with no outside
assistance. As a reciprocating engine block, there is also good turndown capability for meeting part
loads during off-hours and base electrical loads during non-cooling periods. In addition, an engine block
adds a layer of redundancy; it is unlikely that both engines will go out at the same time. In addition, the
extra heat adds a safety factor and also makes further steam load expansion permissible, such as the
eventual fitout of the RGE top floor and humidifiers for the RGE rooftop units.

Despite not having the lowest payback period, option B is still reasonable at ten years. Expected
fluctuations in utility rates could result in an even shorter period. Bearing in mind, however, this
analysis does not factor in other required work such as the need for a full basement and utility tie-in.

Further expansion of the cogeneration system coinciding with later phases of campus expansion could
be placed in the full RGE basement; however, it is best practice to place the equipment as close to
thermal loads as possible. Therefore, the best option for such expansion would be to locate new
equipment somewhere near or inside the NEW Center building.
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Electrical Breadth: Power Interconnect and Black Start Capability

Interconnection Laws and Standards

Safe interconnection is a major consideration for any cogeneration system that wants to operate in
parallel with the electric grid. Many state authorities have laws and standards governing
interconnection to ensure safety and help expedite the application process. However, not all states
have these policies, and policy can vary wildly state to state.

The EPA’s documentation on state interconnection standards shows that Ohio does in fact have a set of
interconnection standards, and that these standards are considered more “district-generation friendly”
than those of many other states. For one, Ohio is one of only three states that have no system size limit
for interconnection; other policies have limits ranging from 25 MW to 10 kW. Ohio also leaves the
decision to provide a disconnect switch at the utility’s discretion. In addition, Ohio mandates the
practice of net metering for all investor-owned utilities (i.e. on-site generation) regardless of size. Net
metering is a practice in which excess electricity generated on-site and distributed elsewhere is used to
offset electricity provided by the grid. Several expedited permitting methods exist, depending on
system size and type.

Research has shown that Ohio has fairly relaxed rules for grid interconnection, and that there will be no
issue with interconnecting the proposed cogeneration system.

Utility Interconnect Design

The best option for a facility that wants both on-site generation and grid connectivity is a parallel
operation where the electric loads of a campus or facility are actively tracked, then adjust the generator
output to match the load with any excess load coming from the grid. Another option would be to
operate generators at full load and sell excess electricity back to the utility or receive net metering
credits. While Ohio does have a net metering policy, it was deemed wiser to operate with the first
option. The proposed cogeneration setup can be operated at part-load when needed, which use less
gas than constant full load operation, plus it is unknown if the local grid is adequately sized to handle
extra load.

Interconnection is often a difficult issue. Utilities and/or state regulations often require considerable
protective relays and special fuses or breakers. The standard approach taken by a utility is usually to
drop a generator off-line anytime a fault occurs anywhere in the system, which is less than ideal for the
facility operator. In fact, due to all the protective measures required, it is not uncommon for facility
breakers to trip and kick a generator off-line for unwarranted reasons such as a voltage surge on the
utility line. And above all, safety is paramount in design to ensure the protection of facility staff and
maintenance personnel.

While voltage regulation is the responsibility of the electric utility, control of current and power factor is
the domain of the facility. Generator excitation must be controlled via a power factor controller; over-
excitement produces excessive reactive power which reduces the reactive power drawn from the grid
and adversely affects current. Communication must be established with the utility to vary excitation
with respect to utility network load fluctuations. The practice of controlling power factor acts to
incentivize the utility to cooperate with onsite generators.
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Another important aspect of interconnection is phase synchronization. A generator that is out-of-synch
with the utility can cause large transient faults within the system. During a utility blackout event, it is
important to make sure the generator remains isolated when utility service is restored, as it may or may
not be in phase with the grid. In addition, problems can occur when a breaker opens on a generator. If
the generator is undersized compared to the load present in the system, the generator overloads and
begins to drop voltage and frequency. If oversized, the generator may be subject to overspeeding.

Several pieces of equipment are very important for grid interconnect design. Reclosing breakers are a
popular alternative to regular circuit breakers; they may be set to interrupt a circuit and then re-
energize a line after a certain time. Sectionalizers are more permanent breakers used in conjunction
with reclosing breakers to isolate a fault and allow normal power to be restored elsewhere. This system
is helpful for mitigating the adverse effects that can result from robust protection relaying, because the
generator can quickly be put back online and a circuit breaker doesn’t need to be reset every time some
small fault occurs. Automatic synchronizers are also frequently employed to ensure that a generator is
not brought back online without first being in phase with the utility. A variety of relays are employed for
measurement of current, voltage, frequency, and excitation. Another important consideration is the
utility transformer; depending on the primary-secondary connection scheme, it may be necessary to
replace or modify the transformer to include a grounded leg on the facility side.

The figure on the following pages illustrates a proposed interconnection scheme for the 1696 kW
cogeneration plant. Itincludes a number of the items mentioned in a configuration meant to ensure
safe and effective plant operation in parallel with the existing local utility grid.

Black Start Capability
Most reciprocating engines either are self-starting or need the assistance of a battery pack. As a
smaller, inverter-based engine, the Jenbacher 316 is capable of self-starting in the event of an outage.
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Figure 26: Electric Grid Interconnect Diagram-Part 1
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Construction Management Breadth: Alternative Project Delivery

Background

At the time of bidding in 2011, the state of Ohio mandated that all building projects funded with state
money were to be awarded as competitive multiple-prime contracts. As a project on a public university,
the NEOMED RGE + CMU fell under this ruling and was multiple prime. Early in 2012 the Ohio AIA
changed its stance and now allows other delivery methods for state funded building.

While the owner did hire a construction management firm to help manage the project, the firm was only
an agent of the owner within the project structure. The CM did not hold any of the contracts for work;
as a result the contractors were not beholden to the CM and their advice. The project experienced
notable over-runs due to weather and contractor delays, and there were several instances during and
after project delivery when conflict arose among the different parties involved on the project. It is quite
plausible that had an alternative delivery method been an option at the time, the project could have
avoided several obstacles on the way to completion.

Research

To better gain an understanding of real implications of different project delivery methods, established
research on the subject was studied. The main source of this data was a study published in a 1998 issue
of the Journal of Construction Engineering and Management titled “Comparison of U.S. Project Delivery
Systems”. This paper presents data collected from 351 U.S. building projects regarding cost, schedule,
and quality in relation to project delivery method. Three methods were chosen for analysis: Design-Bid-
Build, Design-Build, and Construction Management at Risk.

The paper used several data sets to further categorize projects. Six different facility types were
identified: the RGE + CMU would fall into the “high technology” category, which made up 17% of project
surveyed or roughly 60 different projects. The project belongs to the 5,000-15,000 m? range, which
encompassed one-third of projects in the study and constituted a small-mid size project bracket. RGE
unit cost was calculated with project statistics, and numbers for location index and inflation taken from
the RS Means Building Construction 2013 edition:

($38 million/80,000 SF)*(100/96 location index)*(.558 inflation 1998-2013) = $274/SF or $2950/m?

This places the RGE in the top unit cost bracket of projects over $1800/m?. It is noted that the majority
of these projects also fell into the high technology facility type.

Univariate results showed that % of CM-at-Risk and Design-Build projects studied were delivered on
time or ahead of schedule. By contrast, % of the Design-Bid-Build projects were more than 4% late. In
addition, a moderate improvement in quality in both CM-at-Risk and Design-Build was observed relative
to Design-Bid-Build quality.
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Figure 28: Univariate Results by Facility Type (Source: J. Constr. Eng. Manage. 1998.124:435-444.)

Univariate results were further broken down by facility type, detailed in the figure above taken from the
research paper. High technology projects in the study showed several areas where a Design-Build
delivery performed significantly better than Design-Bid-Build, namely cost growth (defined as a percent
difference between final cost and contract cost) and system quality. Design-Build showed a significant
advantage over CM-at-Risk in intensity, which the report defined as unit cost divided by total project
time. Both DB and CM-at-Risk showed significant advantage over DBB in turnover quality, which was
measured in three areas: difficulty of facility start-up, number and magnitude of call-backs, and
operation and maintenance cost.

When the results were segregated by public vs. private ownership, DB was shown to significantly
outperform DBB in all nine categories measured. Publicly-owned CM-at-Risk projects significantly
outperformed DBB in schedule growth (percent difference between real time and planned time) and
turnover quality specifically. There were no appreciable differences between DB and CMR found for the
public projects studied.

In addition to the univariate analysis, a multivariate analysis was conducted in an attempt to explain the
variability in unit cost and delivery speed. Overall, a trend was established for both metrics across all
projects that had DB performing best, CMR in the middle, and DBB least favorable. Several interesting
findings were discussed that pertain to the RGE + CMU project. First, the unit cost of a high technology
project was largely determined by physical building size. Interestingly enough, DBB projects were shown
to have on average a slight decrease in construction speed with increasing size, which runs opposite of
the overall positive correlation found when looking at all studied projects.
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The multivariate analysis demonstrated that project delivery played a major role in the success of a
project. Delivery method was found to have a significant influence on construction speed specifically,
but less so on total delivery speed. Delivery was also the single biggest influence on schedule growth. In
fact, it was concluded that project delivery method was the biggest influence across every metric,
matched only by facility type.

While many industry professionals hold their own views on different project delivery methods and
anecdotes abound, this research provides objective evidence that delivery methods such as Design-Build
and CM-at-Risk provide advantages over more traditional methods that would have benefitted this
particular project.

Potential Project Benefits

In light of the research conducted an alternate Design-Build delivery system will be proposed for the
RGE + CMU project. There are several areas in which this project could have potentially benefitted from
a DB approach.

After months of design work, the project began bidding in the fall of 2011. The project was split into
three phases of bidding, spaced out over the course of about a year. The project broke ground
December 2011 and construction began; owner move-in was originally scheduled for the end of May
2013. Construction had no major delay issues during the early phases of the project. However, around
February-March 2013 the schedule started slipping. Following through that spring and summer the
project experienced an exponentially-growing schedule slippage. Disputes ensued among the
contractors and with the project team on who was to blame. Project completion got pushed back to
July and then to August. The owner stated that move-in of faculty and researchers could start no later
than July 15 in order to be ready for the coming semester; if move-in was not complete by fall, they
would lose hundreds of thousands of dollars in grant money.

Much deliberation ensued and a schedule was eventually devised that summer with sequencing that
allowed the owner to move in during July and August while some construction activities were still
happening. The RGE and CMU expansion were finally completed late August 2013 and the building was
opened for use in time for the fall semester. For more detail, several real project schedules prepared by
the construction manager can be found in Appendix H.

However, the electrical contractor made a claim in May 2013 for $777,000 due to loss of productivity,
extension of supervision and general conditions, and other factors resulting from delays as well as a
request for more time. This claim was followed by several notices during the summer and fall, and a
damage report compiled by an independent consultant submitted November 2013. Following the
report, the Architect denied the claim and that winter the parties made several attempts to resolve the
dispute at the project level. After these efforts failed, the State Architect’s Office threatened to get
involved and in response an official mediation was held May 2014 in an attempt to formally settle the
dispute.

Based on mediation statements, the contractor’s damages report, and correspondence, an idea of how
the ordeal ended up could be deduced. The electrical contractor’s delay and damages claims were
eventually rejected by the state, but it acted as a bargaining chip to gain $300,000 of smaller claims they
wanted and receive their last contract payment of $279,095. This dispute was simply the largest of a
small number of conflicts that arose on the project as a result of project delivery structure.
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In conclusion, the project could have benefitted greatly from the implementation of a Design-Build
delivery system. The CM agency has experience working on design-build teams, and essentially could
have done the same job except with contractual authority to back it up. The management and timely
execution of the project could have occurred much more smoothly had an alternative delivery method
been available at the time of bidding.
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Summary of Work and Conclusions

Based upon the analyses contained within this report, it is plausible that the proposed alternates could
have had a positive effect on the design, construction and operation of the Research and Graduate
Education and Comparative Medical Unit project. Option B evaluated in the mechanical depth appears
to be the most attractive alternate when weighing the different needs and desires of the project
according to their priority. Generating on-site electricity to campus full load with waste heat used for
steam needs is considerably more feasible than aiming for space heating or trigeneration, or running a
generation scheme for a base load or grid buyback.

Research on grid connection requirements and responsibilities for this particular project show that it is
quite feasible to implement a parallel operation of on-site generation and local electric grid. In addition,
had an alternative project delivery method been possible it could have had a positive effect on project
management.

The existing project and the work performed was of excellent quality; the conclusions of this report are
in no way meant to imply any flaws. This analysis was conducted in an academic context in which there
was much more freedom and flexibility for exploration than in the real world. The opinions expressed
within this report are the sole interpretation of the author and reflect the results of a comprehensive
educational exercise.
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Appendices
Appendix A: Trane TRACE 700 Reports

SYSTEM SUMMARY
DESIGN AIRFLOW QUANTITIES
By ACADEMIC
MAIN SYSTEM Auniliary System Roem
Dutside Coaling Hating Rihsrn Exhaust Supply Exhast
Al Alirfiow Airflow Aiflow Alrflew Alflaw Alrflow
System Description System Type efm chm om cim efm cim chm
RGE AHU-1 (=2 o 96,704
RGE AHU-2 297,689 o 1,3
REE AHU=3 3,245 ] 10,572
RGE AHU= 450 1] 18,753
Totals FTCRE:] 0 437,420

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

USE
ONLY

TRACE® 700 6.3 cakculaind at 03:46 AM on 100052014

Project Hame: Meomed Aesearch and Graduats Education
Design Alrflw Cuantiiies Report Page 1l 1

Diataset Mame: TECH Ziro
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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.

Frojec Name: Hecmed Research and Graduate Education TRAGE® 700 +5.2 calculaled at 0346 AM on 1002014
Dataset Mame: TECH 21

Design Capadity Cuandties report Fage 1011
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SYSTEM SUMMARY
DESIGN HEATING CAPACITIES
By ACADEMIC

System Coil Capacities

Sty 1 sty 2 Sty 1 sty
Main A Opiional  Desic Desic Frosi Frost Heating
‘Bystem  Systems  Preheat  Roheat Humid Vent Ragan Regen  Prevention  Proevention Totals
RGE AHLI \ariable Vokeme Reheat (30% Min Flow Delaul] 3,275,402 0 3504387 A7E530 o ] a [ a 0 5783,TEI
RGE AHL2 \ariable Vokume Reheat (30% Min Flow Defaul]  =2,752,308 014 672,330 1,861,715 1] 1] a o -] 0 15384528
RGE AHU3 \ariable Vokume Reheat (30% Min Flow Defaull] 1,271,538 0 170008 141833 1] 1] [} o a 0 1441542
FGE AHL=4 EUEHIIZJI- <EE, 2B [ o a a o a o a a ﬂal
Todals 8,408,526 0 18,246,715 -ZET0.OTE L) L] o L) L] 0 -2TESEZ4D
Building Plant Capacities
Poak Loads
sig1  SigE  Sig1 Sz
Whain Praheat Reheat Humid, Bux Dipt et Misc Desic.  Desic. Frost Frosi Base Absorpiion
Codl Coil Caoll Codl Cail Codl Load Regen. Regen.  Prew. Prav. Wity Load
Plant Eystem MEBh MBh MER MEh WER MEh MEh MEh MEh MEh MBhR MER MiER
Haating plant « 002 410 18,247 o 0 o a a a a a a o o
RGE AHLL1 azra 3504 o [} o a a a a a a o o
RGE AHLLZ 4.2 14572 o L] o 1] 1] L] L] L] o o o
RGE AHLL3 1272 1ma o L] o 1] 1] L] L] L] o o o
RGE AHLL4 &5 a o a o a a a a a 1] o o
Building peak load is 27,555.2 MEh.

Project Nama: Moomad Ressarch and Graduate Education

TRACES 700 v6.3 calculated at 03:46 AM on 10VDS2014
Dataset Name: TECH 2o

Design Capacity Quanities report Page 1 af 1
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Economic Summary

Project Information

Locafion Rootsiown, Ohia Study Life: Iﬂ:nn.
Project Nama Meomed Research and Graduale Education Cost of Capral: 10
Lisar Samual T Bridwol Afpmatve 1:
Company Tha F ¥ Etate L Ity
Comments
First Cost Mol Present
Yearly Savings Diference | Cumulaive Cash Simple ‘alua Life: Cycle Irternal Rate of Lite Cycle
1% % Flow Diference ($] | Payback fyrs.} 5 Payhack (yrs.| Retum {%} Cost
I I I I I |
Annual Operating Costs
£240,000
200,000 [
160,000 [
120,000
£0,000
£40,000
50
“Yeary Tatal Operating Caost earty Lhiliby Cost Tearty Maintenanoe Cost Otihars
W Al
Wearty Total “oarly Lty Yearty Maimenance Flant
Operating Cost (5] Cost (§) Caost (5] KvTanhr
| I | I
Monthly Utility Costs
528,000
224,000
520,000
216,000
212000
38,000
34,000
20
W Al
Froject Name:  Neomed Ressarch and Graduate Education TRACE 700 E.2
Dataset Mame: TECH i cakculaied at 0346 AM on 10W0SE014
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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 |I:|l|l: Oowobor 06, 2014
City: Rootsioan, Ohio Iwnﬂm,m
Hote: The pencentage displayed for the “Froposedf Base %° T
column of the base case ks aciually the peroeniage of the
total energy consumEtion. :h "
" Denctes the base akemative for the ECE siudy. 1"I.l e | % R
Lighting « Conditianad Elooricity 4EZTD 13 528
Space Heating Elooricity 1468 o 36
Gas 18,8139 BB 6998

Space Coaling Eleciricity 3810 o 1568
Pumps Elooricity aorz 1 1
Heat Rgjection Elooricity T a 24
Fans « Conditioned Eleciricity Bisaz 18 1520
Recepiaches - Conditioned Eleciricity T o 2
Total Building Consumption 34,390.3

" AlE-1
Total Mumber of howrs heating load not mat a

Mismibar of hisirs. cooling losd nat mat L]
- B
Enargy Costhyr
106 Bulyr Siyr

Edwciricity 14,4764 122,228
Gas 18,8135 99,570
Total 34,390 221,799
Project Mame: Neomed Research and Graduate Education TRAGES 700 vE.3 calculated at 0346 AM on 100672014
Dataset Mame: TECH 2 Energy Cost Budget Report Page 1of 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

‘fg 5 241,51, 235,468
Oft-Pk Demand (ki) g0 s 412 474 735 1,018 1,108 988 818 465 an 286 1,103
Mid-Pk Demand (kW) 404 408 a2 478 T 1122 1174 1072 818 455 azr 409 1174
Gas
On-PkCons. (therms) 41,507 40,567 31,006 11,845 1924 a8 18 581 1298 13422 18570 37,209 192139
On-Pk Demand (hermaihr) 3 1) 57 ar 9 3 1 3 5 40 a5 &0 70
Water
Cons. (1000ga) 57 5 59 802 120 &7 58 7413
__ EnergyConsumption
Building 349,706 Bu(*2year)
Source 654,818 Blu/(f2year)
NOX 13,296 gmiyear
Floor Area 98,341 n2
Profect Name: TRACE® 700 v5.3 calculated at 03:46 AM on 10005/2014
Dataset Name: TECH 2xc

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

Chvac - Full Commercial HVAC Loads Calculation Program ga Elite Software Development, Inc.
SEM, Inc. Heowsarn RGE Offices
= Paige 3
Building Summary Loads |
Building peaks in August at 1pm.
Bldg Load Area Sen % Tot Lat Sen Met YeMet
P Quan L L Gai Gai Gai Gain
Roof 5,638 23,257 9.89 o 11,800 11,9040 228
Wall 8,148 67,219 28.00 o 11,747 11,747 2.26
Glass 6,252 149 585 B2.31 o 166,211 166,211 .87
Floor Slab 4] o 0.00 o L1} 4] 0.00
Skin Loads 240,081 100.00 o 189 858 189 858 38.52
Lighting 20,043 0 0.00 ] 75,229 75,229 14.47
Equipmant 30,283 o 0.00 o 113,661 113,661 21.86
People 246 0 0.00 67,650 67,650 135,300 26.03
Partition [i] o 0.00 o a [i] 0.00
Cool. Pret. o] o 0.00 o a o] 0.00
Heal. Prat. [i] o 0.00 o a [i] 0.00
Cool. Vant. [u] o 0.00 o L1} [u] 0.00
Heal. Venl. [i] o 0.00 o a [i] 0.00
Cool. Infil. o] o 0.00 o a o] 0.00
Heal. Infil. [i] o 0.00 o a [i] 0.00
Draw-Thru Fan [u] o 0.00 o 5,793 5,793 1.11
Blow-Thru Fan 1] o 0.00 o a 1] 0.00
Resarve Cap. [u] o 0.00 o L1} [u] 0.00
Reheaat Cap. 1] o 0.00 o o 1] 0.00
Supply Duct 0 0 0.00 o 0 0 0.00
Returmn Duct 4] o 0.00 o L1} 4] 0.00
Mise. Supply [u] o 0.00 o a [u] 0.00
Misc. Retum 4] o 0.00 o L1} 4] 0.00
Building Totals 240,081 100.00 67,650 452 191 519,841 100.00
Building Sen %Tot Lat Sen Net 'ﬁlﬂ
Loss Loss Gain Gain Gain Gain
Ventilation o 0.00 i a a 0.00
Infiltration o 0.00 i} a a 0.00
Praitreated Air o 0.00 i a a 0.00
Zone Loads 240,081 100.00 G7,650 446,358 514,048 98.89
Planum Loads o 0.00 i a a 0.00
Fan & Duct Loads o 0.00 i} 5,783 5,783 1.11
Building Totals 240,081 100.00 &7 ,850 452,191 519,841 100.00
Fi |
Total Building Supply Air (based ona 17° TD): 25,265 CFM
Toal Building Vent. Air (0.00% of Supgly): 0 CFM
Total Conditioned Air Space: 20,043 Sqft
Supply Air Per Unit Area: 126805 CFM/Sq.ft
Area Per Cooling Capacity: 462.7 SqfuTon
Coaling Capacity Per Area: 0.0022 Tons/Sg.ft
Heating Capacity Per Area: 11.88 Bluh/Sq.ft
Total Heating Required With Outside Air: 240,061 Btuh
Total Cooling Required With Outside Air: 43.32 Tons
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e —
SEM, Inc. Meowcom RGE Labs)
] Fage 3|
Building Summary Loads |
Building peaks in August at 3pm.
Bldg Load Area Sen % Tot Lat Sen Net YeMet
ipti Quan Loss Loss Gain Gain Gain Gain
Roof [u] o 0.00 o a [i] 0.00
Wall 8,558 75,2689 35.29 o 14,191 14,191 1.08
Glass 5,787 132,181 B3.71 o 121,290 121,290 8.05
Floor Slab 4] o 0.00 o a 4] 0.00
Skin Loads 207 430 100.00 o 135,480 135,480 10.11
Lighting 59,835 0 0.00 0 214,374 214,374 16.00
Equipmant 212,480 o 0.00 o 781,262 TE1,2682 568.80
People 41 0 0.00 107,888 107 588 215,775 16.10
Partition [i] o 0.00 o a i} 0.00
Cool. Pret. o] o 0.00 o a 0 0.00
Heal. Prat. [i] o 0.00 o a i} 0.00
Cool. Vant. [u] o 0.00 o a [i] 0.00
Heal. Venl. [i] o 0.00 o a i} 0.00
Cool. Infil. o] o 0.00 o a 0 0.00
Heal. Infil. [i] o 0.00 o a i} 0.00
Draw-Thru Fan [u] o 0.00 o a [i] 0.00
Blow-Thru Fan 1] o 0.00 o 13,275 13,275 099
Resarve Cap. [u] o 0.00 o a [i] 0.00
Reheaat Cap. 1] o 0.00 o a 1] 0.00
Supply Duct ] 1] 0.00 0 Q ] 0.00
Returmn Duct 4] o 0.00 o a 4] 0.00
Mise. Supply [u] o 0.00 o a [u] 0.00
Misc. Retum 4] o 0.00 o a 4] 0.00
Building Totals 207 430 100.00 107 888 1,232,278 1,340,167 100.00
Building Sen % Tot Lat Sen Net 'Hlj
Loss Loss Gain Gain Gain Gain
Ventilation o 0.00 o a a 0.00
Infiltration o 0.00 i} a a 0.00
Praitreated Air o 0.00 o 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
Fan & Duct Loads o 0.00 i} 13,275 13,275 099
Building Totals 207 430 100.00 107,888 1,232.279 1,340,166 100.00
Fi |
Tetal Building Supply Air (based on a 20° TD): 57,892 CFM
Total Building Vent. Air (0.00% of Supply): 0 CFM
Tetal Conditioned Air Space: 33,050 Sqft
Supply Air Per Unit Area: 1.7516 CFMISq.ft
Area Per Cooling Capacity: 2059 SgfiTon
Cooling Capacity Per Area: 0.0034 Tons/Sg.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: 11168 Tons
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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
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Utility Data and Trends
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CHP Analysis

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

FY 03 FYO4 FYOS5 FYO06 FYO7 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  $14.57 $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 $1353 $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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CHP Analysis
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FY 03 FYO4 FYOS5 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  $1465 $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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CHP Analysis

FY 03 FYO4 FYO5 FYO06 FYO07 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 1.54 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 $1595 $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 1.60 181
Temperature 0 0 0 52 51 51 49
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CHP Analysis
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Monthly
FY10 FY1l1l 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 $15.43 $15.91  $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 $1543 $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 $1451  $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
61




NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT FINAL REPORT

CHP Analysis
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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 $1481 $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 FY1l1l FY12 FY13 FY 14 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
Spark Gap  $15.39  $14.47  $1457 $14.83  $15.69 $14.60
Xf;:iyge 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

Percent Average per kWh Electric Cost Avoided

DOE TAP CHP Qualification Screen

NEOMED Campus

Rootstown, Ohio

Laboratory/Higher Ed.

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 ¢

Annual operating hours with loads conducive to CHP

Average power demand during operating hours

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%||

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 C
CHP system specs C
CHP system specs C
CHP system specs C

Calculated based on CHP power o
90 to 98%

CHP system specs C
Amount of available thermal capt
CHP system specs C
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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), $ SO) $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 51,046,521

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, S/kWh ($0.030)
Incremental 0&M, $/kWh $0.019

Total Operating Costs to Generate, $/kWh $0.061

Sam Bridwell | Mechanical | Dr. James Freihaut | NEOMED RGE and CMU Expansion
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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, $/MMBtu
CHP Fuel Costs, SMM/Btu
Average Electricity Costs, $/kWh
Percent Average per kWh Electric Cost Avoided
Standby Rate, $/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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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.

Annual Energy Consumption Base Case CHP Case
Purchased Electricity, kWh 13,709,400 1,467,475
Generated Electricity, kWh 0| 12,241,925
On-site Boiler/Heater Thermal, MMBtu 42,179" 0
CHP Thermal, MMBtu 0 42,441
Boiler/Heater Fuel, MMBtu 49,623 0
CHP Fuel, MMBtu 0 102,326

Total Fuel, MMBtu 49,623 102,326

Annual Operating Costs

Purchased Electricity, $ $945,949) $101,256
Standby Charges (Option 2), S $0|| $856
On-site Boiler/Heater Fuel, $ $223,799|| S0
CHP Fuel, $ $o| $461,490
Incremental O&M, $ @" $232,597
Total Operating Costs, $ 51,169,748 5796,198

Simple Payback

Annual Operating Savings $373,550||
Total Installed Costs $3,329,710|
Incentives $200,000
Simple Payback, Years 8.4

Operating Costs to Generate

Fuel Costs, $/kWh $0.038

Thermal Credit, $/kWh ($0.018)

Incremental O&M, $/kWh 0.019
Total Operating Costs to Generate, $/kWh | $0.038|
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Option B: 2 GE Jenbacher J316 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, $/MMBtu
CHP Fuel Costs, SMM/Btu
Average Electricity Costs, $/kWh
Percent Average per kWh Electric Cost Avoided
Standby Rate, $/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

1,696

38.3%

4,382

7.4

0.78

98%

$0.019

90%

$2,335
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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

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
Percent Average per kWh Electric Cost Avoided
Standby Rate, $/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

1,899

38.1%

4,387

8.3

0.78

98%

$0.021

90%

$2,737
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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

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.
Loads
Annual Hours of Operation 8,760
Average Power Demand, kW 1,565 Average power demand
Annual Hours of Cooling Demand 2,520 input
Annual Hours of Heating Demand 6,240 determined by annual
Annual Electricity Consumption, kWh 13,709,400,
Average Heating Demand, MMBtu/hr 8.42 CHP sytem sized to heat
Annual Heating Demand, MMBtu 52,541
Average Cooling Demand, Tons 394 2014 cooling
Average Power Demand without Cooling, kW 1,329 CHP system sized not to
Average Thermal Requirements for Cooling, MMBtu/hr 6.75 Thermal requirements fi
Average Thermal Requirements for Cooling, MMBtu/hr #REF! Thermal requirements fi
Annual Cooling Demand, Tons 992,880
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, $/kWh 0.069]
Cooling Electricity Costs, $/kWh $0.069||
Percent Average per kWh Electric Cost Avoided 0%
Standby Rate, $/kW $0.05
Existing System
Displaced Thermal Efficiency, % 90.0%
Existing Chiller Power Requirements, kWh/Ton 0.60,
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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, $/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, $
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

5856,

$111,793

$461,490

$239,950)

5890,283

$318,953

$296

$2,631

$3,751,325

$200,000

11.1

$0.038

$0.000

($0.012)

$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, S/MMBtu
CHP Fuel Costs, SMM/Btu
Average Electricity Costs, $/kWh
Cooling Electricity Costs, $/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 inve

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

#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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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, $/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
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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

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, $ S0 $585,441
Incremental O&M, $ $0 $286,586!
Total Operating Costs, $ $1,209,236 $838,774

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, $/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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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, S/MMBtu
CHP Fuel Costs, SMM/Btu
Average Electricity Costs, $/kWh
Cooling Electricity Costs, $/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 inve

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

#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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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, $/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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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, $ S0 $658,267,
Incremental O&M, $ $0 $353,506!
Total Operating Costs, $ $1,209,236 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, $/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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Option G: 1 GE Jenbacher J420 with trigeneration, full load absorption cooling with boiler makeup

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.
Loads
Annual Hours of Operation 8,760
Average Power Demand, kW 1,565 Average power demand
Annual Hours of Cooling Demand 2,520 input
Annual Hours of Heating Demand 6,240 determined by annual
Annual Electricity Consumption, kWh 13,709,400,
Average Heating Demand, MMBtu/hr 8.42 CHP sytem sized to heat
Annual Heating Demand, MMBtu 52,541
Average Cooling Demand, Tons 394 2014 cooling
Average Power Demand without Cooling, kW 1,329 CHP system sized not to
Average Thermal Requirements for Cooling, MMBtu/hr 6.75 Thermal requirements fi
Average Thermal Requirements for Cooling, MMBtu/hr #REF! Thermal requirements fi
Annual Cooling Demand, Tons 992,880
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, $/kWh 0.069]
Cooling Electricity Costs, $/kWh $0.069||
Percent Average per kWh Electric Cost Avoided 0%
Standby Rate, $/kW $0.05
Existing System
Displaced Thermal Efficiency, % 90.0%
Existing Chiller Power Requirements, kWh/Ton 0.60,
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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
tons made up by boiler 154
MMBTU/hr 1.85
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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, $
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

30

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

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

($0.010)

$0.020

$0.047|
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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

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

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

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

#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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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
tons made up by boiler 69
MMBTU/hr 0.83
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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, $
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

30

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

-1,446,149

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

($0.013)

$0.020

$0.047|
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Option |: 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, S/MMBtu
CHP Fuel Costs, SMM/Btu
Average Electricity Costs, $/kWh
Cooling Electricity Costs, $/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 inve

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

#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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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
tons made up by boiler 30
MMBTU/hr 0.36
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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

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 0"
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, $ S0 $658,267,
Incremental O&M, $ $0 $353,506!
Total Operating Costs, $ $1,209,236 $830,899

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, $/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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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 S ~
© = S5 T
E”{ESZE:!‘E;’#S‘;‘LS‘L‘S @N\ 7 \ Documentation
1. CHP: Type of System | Recip Engine - Lean Burn E] Submitl

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

| 1,426 |kw

Submit

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

£l

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 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
| 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? Hiigh suliur oil: 0.15% or 1,500 |

Submitl

| will enter a value in one or 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 Iltem 6) Submitl
Enter alternative \ralue:l 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 %

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

ElE

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

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) -

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

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

 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]

| 5.829)

Link to NERC Interconnections Map

Submit

Submit

Submit
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CHP Results o g:g CHP & S 2

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

1. CHP: Type of System

N

Documentation

S“CHP

COMBINED HEAT ANO !
EPA POWER PARTNERSHIP @N 7

\(
E3

i

| Recip Engine - Lean Burn 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

£l

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

0%

OR As a percentage

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

-]

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?

Heating Only

0%

Submitl

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

6. CHP: Fuel

=]

Fuel Type| Matural Gas View Biomass and Coal

Fuel Characteristics

Submitl

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

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

Submitl

| will enter a value in one or 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)
116.9]Ib CO2/MMBtu

Submitl

Enter alternative \ralue:l

98
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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

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 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

ElE

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

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) -

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

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

 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]

| 5.829)

Link to NERC Interconnections Map

Submit

Submit

Submit
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CHP Results o g:g CHP S S 2

SEPA COMBINED HEAT AND

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

o pltmp T

ANYVJWOD NITHNY 9yl spofoig S:ﬁw!w.g oam ,.ﬂwazim sndweg et 10300 wng ey
Aueduwod uums 9L R craasts fathny
[T vaa| mehm ez awoung
1G0] 08 Pz 103 $390 1PAREUOD %00t o8- IV L S ) anvios | ziNvior 0 b b 100) 8 Pz ) £20q 1PANSUED KOOL NsS) < AV, 01ZZADT |
1091 4@ Puz 203 esuodsay KIGEGANOD - TNVIOS | TINVIS0 0 8 9 100] df P o) 9suodasn) ANGSEAISUD - 3 061200-0 ~

[09] dapuz Bupesy mBAsy ANDNASUOD - ON ZINVIEO | TINVISD 0 b 3| (00) 8Pz Bunsan measy SARAASUCD - SNILTEN| 0812000
(G3) 96 PUZ 10 sy FARINASUOD 1NPUOD - ZINVITO | VIIO308H 0L 8  0b | K0O] dl P o momoy SAISASI00 0PUOD - WO 0442000 ‘
109N domiic 209 o) G My v Ak OVG ¥ GaNOa ZINVIOL | VHSD308L £ ¥ 60 | [00] d8Puz ) 8900 00 Mdy § AR - OVS § OINOIN. 042000 |
(0] d@ PUZ 1509 QoI 10 SIeuIns3 asedesd - ZINVIED V103064 0b 6 0b | 109] d P2 1900 Q0 0 SIS3 AlBdRIG - WO, 0912000 |
100] 48 PUZ 0) SuoEaId8dS feuld snss; - 1103002 VII03GK0 46 b bk Tool e pue % saommoupeds s svew- 2] tarzaa B
1001 d8 PUz 103 8BMQ PAASUOD %SE oSS - VI103081 | VIAINFRZ 004 © ST 100 d8 Pz 10} Sheg 1nAE0D %56 975 - 34y 0212000 |
109] 48 PUZ 10 SEMQ LORINLSUOD AdeId - IV VIIO308L VIINFRZ 008 O BE 100) 48 PUZ 104 S UORIANEUC) BRdIG - Y 0LIZADT |

[a9) denss 10} $20g g Jddy § Ay - OVS v | T:»uo.: VIbO0S0 004 0§ Eouwn‘:‘_.ag&v?-‘{m.?m‘-‘mw‘somz.m.m_mw.m‘
(0] 48 151 20 $20Q PNISUOD %Ol onss; - | VIHLO0S0 Wii1O0s0 00k 0 b _B_ann_égggxs.!!.gw 0ZIa0a
[09] d@ 154 J0) osuodsan Auiaeogasuos - | VIIIO080 VILIDOE 004 0§ (09} 4% 151 10) asuodsay AgqEionsucD - Y. 0614000
[02] 49151 1500 Q0Id j0 Meups Jesmdaid - W: msxwﬁ .<——1wwn« .3— ,u .op | Egi—gﬂt!gé.s. 09110270
109] 4 154 403 Mawsey IARINASUOD fonpuod - {viidasee visdaszz 00b 0 s 100 48 151 105 MBYARY SIS0 10PU0D - WO 0LL1ADD |
[02) d8 151 Jo; suopesypads jhulj anss) - } ut——&wmﬁ _(—Ewms 00 0 0L o) aa s E%wgs.gh 0544000
[a0) daist Bupssy misasy IANONISLET - ONILT | VIIdISOE VIIONVLE 00L O & [00) des 1 Bugsay mansy FANOMISUCD - DNLLIIN 0911020
[00] 48 18} J0) $BmQ 1ANSUOD ke anss| - T:.nwaﬁ vineez oob 0 st [09) 48 11 10y sBiwg PsUE) %6 0% - A1V 0211090
Sls—a.zgvif.j |viaasz viINZ 00F 0 02 | 1001 4B 18 0} 86w UoRaNNUO0 wdid - 31| 0411000
[@2] #5844 SWALNIOCUORINASUOD LIS - IV VELIMBZ 00k 0 O (3] 95245 HuRWNDI] LogARSLCD LIS - IV 040LEDQ “

00 159573 #9900 G0 X4 % ARl OVE 3 Gascl ! [VIIAONOE VIIAONIZ 00s 0 & 0! 1500 % 8200 0Q v A% - OVS ¥ GINOIN. 012000 ||
_aauocﬁziile,iinu-.o. | vilg3szz viidases 00k © S 100] $500 GQ 01 86UCGSHY ANKERAISID - 3V DBLLACD |
PR oi._”“ VHG3SH Vild3Se 00F 0 b 1CIUNR9YN RN INAIIFIONASUOD - ONLLTIN 0210CC |

foal sseud weudownsg ubfssq s -avd | viid3sei 004 0 o0 [00) 2584g Wawdo@ASq UEKSS0 UEIS - Y. 010KOC-O
Taaimeiey IAIIEIARsUOD 19Pu0D - W |wisonvzz wieineez 0ok 0 oL {oalwamay 3nIGERRISIED NSO - WD 0LLKATT |

101 1909 SKeq0Ld 10 SwREa aiedeid - (visonvzz winrsz ok 0 51 100] %00 919890 10 RS W8I - IO 0811000

{0Q) suogeafaods susang enss; - [vinsz winrzi o 0 00 | (oal suossoypeds aumn0 enssi - 3V 0511000 |

100) 1 Bdnsow meamy 0 - SNtz [ vinreo wisineeo 00k 0 4 1G] 48 Cuposm Moo 00 - ONILZIN 0911OGC |

[0l afpunsen meprens 0a - o1 IAw [vinnezz vinarzz ook 0 4 (0] 40 Burieon Moo OO - ONILIIN 064100-T |

[oal}s Bupesiy mewen 0 - [viNnreo viinnreo 008 0 b 100 4 oo ¥awas OO - ONLLFIN. 0201000 |
(0] s8mq wewdoigheq uB|seq asRdad - Y 7«_—% VILAYWEZ 006 0 #¥ | _Dn_gig:!lni&.ﬂ(.e—:cnﬂé._

i
|

:_o:_m.m_oyoo :‘m_moo,.

sbulpjing @ ® NWD ‘I9Y - AGIWO3IN
ONGL50Q al

L0 2200 B . B K e P, AW S G
e S

I WY N T T e TN T T VT CT T I W VINTIT P O rNT O[S T Y I
L 1 xn-&u[.[ ik T

103

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



NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT FINAL REPORT

fzalso0q pig pu3 woss uo wewwol
[za #9200 pIg PU JWOLS U0 JUBWWOD §
[z6l] 03N o1 $900pIAPUIIIOLL MEIBelu

28] OvS o1 s30apIBPUZOLS ieIBew

Tzl 5300 p1 Pu3 04 Iy

[za] 5300 PG PUT 1034 WO

O Ty LT p——
[181190AUOD XIOMBNE PISwY -QIHOIN ¥
(18] 5919 arcxddy § MeAY - GINOIN ¥
(1] wuoj0) RuBWAICQ PIF W s

(1815300 PIG PUZ WOLS U0 JSWIOD B
[18l) $300 PiE PUZ W0I4 U0 WakUWOD B
§ 938Yd PIF UL PNG 20}

(1) 03N 03 S20gPIGPUFICLH @

(18] OVS 9 $20QPEPUTICI ®

(1] $300 P18 Pu3 Wwoid

(18] 200 P1@ pud Wos4 JO Sedaid - A

V1 5200 p1g pu3 W4 31v 4o Ao ammoas - oy

[V 52009/@9UFU014 GANOEN M £do3 0inoos -
[¥) 5200 pig Pu3 Wosj OVS M Ldo) aundeg -

Iv] 5900 pra pu3 oL OV M Adoo aureg -
Ivlso00 pig pu3 1014 J0 1811 ~mowa

Sasu-a!gﬁgs!..i._.ﬂs.
[a9] d@ pig 20) osuodsny AiEaENASUOD -
Q2] dBPIE BURSGIN MSARY SARINASHOD - ONLLID

(2] 4 PIE 30} MoOjATY ARINAFUOD PAPUOD - W
(09 dapg 40} 5200 g2 2ddy ¥ 434 - OVS ¥ GINO

<——>OZ 88 o QN

[viiAONIL visoos ook o oz

<——»UO~—¢_.OO~8 0 3
_(—._.DOv VELLOOPE 001 0 |+

| ¥HH190E1 | V4110040 001 0 I

<§<$89 m—

V1503080 VIS03080 00k 0 b

5083(0888.: 3

Ht Ugne ViiAONEL 8— o ON ]

VHHAONZL | VitAONK 00 0 b
VILAONZL | WiiAONH 00 0
viiAONOL | visAONDL 0L 0 b
VI10081 | V1410061 004 (0 0
ILIOOR! | VILIOORH 00k 0 4
<._.uo~_<50«8,a s
WHLO0E! WILLO0W0 00k 0 %
VILLOOE! VILLOOL 00k 0§
VI11008) V1110080 00} [0 %

Bﬂ(ggen

Vilg3sar <:S<NN 0oL c Sk

VILAONYD VLIAONNO 0Ob O b

VilgaSzZz vieIsz 0ok 0§

vilaases viid3seh ook 0 &

(2812300 5 Pu3 W01 U0 WSO § MaaRS - OIN| 081128 |
sn_g-u!m-!usgso-!_& YO omiizE
nu_n.mzsgm-b(gll :o ozii-z8

Sgsgﬁta&sﬂj wo, 08iiza

128 590G P33 U3 100U Iy SVEDaIU! - wo, 05128

(28] 5200 PG P 10033 WO SI0IG - WO OV41-28

el

_—ngeﬁlan!iﬁo!-oa oi¥i-ia
[19] 5993 swauddy 3 wasnons - G300 ¥ OVO  QLEl-i8
138] WIORD SIUSIN0Q PG WIILCO - KD 00EH-18
(18] vogmpuUALIGITY § SIBARY P18 - WO osel-te |
(1915P@usd0 -3V OvEI-ia

1181 seunumy Bupioop m winpuoppy anss) - v oEeig ,
} 58U P1G WUad DING BAROR - 3V 11EL0C0

_Eﬁ-iacﬁimlmv} g-g 81 n;

(18] Buioom PIE-aid 10NPUCD - 3y 0ZE1-48 A

(1) 5299015 o) Sig=IRAY SURERZOQ PG - v oisig A
:E.Soe.m!m-am_u!!-.vu-g o! 06L4E
:n_uonnn!msusul!so-g <o oRii-ia ;
| @SR PIE NG DI O3 A0S - wa 01£1000

(18] OFN 04 S0QPGPUTI0L] RGN 97551 - WO 0L51-48
(1] OVS O SUCOPEPUFIUCI IS 05T - WD 0FLELE |
[18] £200 p1E pU3 JUsd Ity SIBOIL - WO 051418
11815900 PIE PUT WO O 06k - WO O%11-18

g <:g’N 8— 0 O—

wionvie vilonvazjoor o o1 |
<u=<n<o3&8 o o

VDX <—» < -mxza 8 o °
VILONY n | vioNVeZ | eo— 0 n

283 zie3axz 0 +

N—g N—mg e —— —— |

Tzigad0 | ziEam0 0 L b

neE0 | wwez 0 o o

Nﬂus NZSJN 0 ok e—
N—g ZINVIYZ e o

18214308]3 BYS ' YIOMB}S - 85€Yd PIg ISL
] 5200 1@ pu3 Wasd v 0 40D WN0SS - WO OELL-1E
v} 5200PigPU3IUCI3 GINOEN 10 Adog unoes - WO 024448
Znso:mu.a.itgzkeu!iom WO 0L
V15300 PG PU3 100LS DY 0 400 8NGOS - NO  00L-46 |
113200 P PUZ W04 0 1611 S1000IA - WO B IV 010448 |

)

_Saseyd pig IV

100] 48 pg 20y 200 1945900 %001 NSS - IV 04ZEADQ Il
~ [00) a8 o oy ssuodemy Apgernisod - 3 0646000 |
1001 dBPIE BuBGew Maren IATPISUC) - ONLLIIN CRIE00T |

00] 48 P 10) Wawars IS0 IR0 - O 011G

 100] 48R J0j 5900 0D 00V 3 AR - OVS § GINOIN. 01££000

100] 48 Pt 1900 901 Jo oiewRs3 oiedaid - W [ o Q9] ¢ PIE 1900 Q0id 10 SWRHST BIRCOLS - WO 091£00-C |
[09] da pig o) SUoHEIYREdS (wuls anss| - _ziNvreE | 1103002 o 0z | 100) a8 i 1oy suoneayoads euig o5 - I 0546000 |
1021 d8 Pt 20) S0MQ 1ONASHOD N6 818 - CINWZ viid3sel 6 o [00] 48 PIE 10} S6wQ 1onesuo) %56 0ss: - 3 - ¢ 0219000
[03] 48 Pt 20} S6MQ UORINASUOD BIETRLG - Jz«..a« lvinrez 12 e e 100] o £ 10; $6g LoRanEUOD aedeid - 3V 01909-C |
““““““““““““““““““““ LEE ~ 9uS [euld 3 ynopiing juj ' P.
ang uogduaseq o
Ter L Buo Koy Angay

o0z
€2
€z
w‘vil,ﬂin!uw.oz@‘-(:qﬁl('swu-.O.(..-.I(Iw~n20n<ﬂ_-ﬂw,in i

104

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



NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT FINAL REPORT

[£8] 1984000 6BeuBIS promy - 0INOINT OVO, & 4] ZLAYWED | ZLAVINED |0 (53] PRauo0 ABGUGS piewy - GINOIN T OVO 065168
[e] ©eAN0D Buideaspur] pARMY - QINOIN ' ZLAVWED | ZIAVWEO 0 T [oa) peavon Budesspur prmy - GINOIN -g ozsiea |
{501 196AUOD WWODEISQ PIEMY - GINOIN T Tavmeo AW 0 b Ifal] FRne WoQmSq pRwY - GINOIN Y VO 015148 |

{cal 1oeauoD Bugured premy - GINOEN T sameo | zavweo o 4 foa) PeAuoD Bunumd PRy - GINOIN S VO 005168 |

(e8] 19010009 BupooKs pray - GINOIN'S ZoAVNEO | ZiAWWEO O = ca) wenuog Bupoor pry - GINOIN ¥ VO 00Ki5E |
[661 100D REONRAI] PrmY - GIROIN S BYO! TUAYWED | ZLAYWED O ' I58 PRNOD ONEAIC BIEwY - 3O ¥ BVO. 02¥i€8 |

[S0IoRAU00 SRILIRIUSD PANY - CINOIN T OVO) LAV ZIAYWED 0t 1 [ClRenue0 sepeiLiesues pwy - QINOIN SO0 ovi€a |
{61 196702 GBI Q¥ PIEMY - GINOIN T OVO ZawRo |z o | (58l Peao0 GNb3 o) prRmy - GIWOIN B OV 0944€8 |
[£al eaUOD }:0OMISED G PrEMY - GINOIN T OV 2o ziaes 0 b g8l eawog wowese) G pleMy - GINOIN T OVO 0SKEE |

A PR R A n—— ZIAYNED | ZLAWWED |0 8] weawe) o3 piemy - GINOIN ¥ VO OVPica |

ol ko’ Mppids ey - GO Y OV AN ZAvR0 0 el peAwO0 Auss piewy - GINOSN B O¥O CEHLES |

(el 19eU00 Buigwnid premy - GIWOIN T OVO! TIAVINED  ZIAWWIED © (58] 19R4M00 Busguini pEMY - QINO3N ¥ OVO ozyi-£8
1580 150100 [EIELOIN PIEMY - CINOIN'T O 2w ziavven o (56 PEAUED TSN pEMY - GINON T VO OMFI-68 |

(o6 o0 Bupooy PIEMY - GINOIN T OVO, AW Z1AED O T feall Peauo0 Buyooy piewy - GINOSN ¥ VO 96EHES |

Tl somepsos Bucrone o0 < O % VG ZIAVAED | ZLAVINED © lesl e Buzer puewy - GOSN B OO EEI-ES |

[0 1904205 Knioseys puesy - CINOIN S VD! 2o | ZiAwigo o 58] 0RIN0D A1oSSHY MY - GINOIN T OV 286468 |

(58] 5p1 #A0JGdY 3 MOIARY - CIWOIN T OVO! 2Avz0 | Zhavi0 o oz oz [56) 5P1G oMoy ¥ MaWa - GINOBN R OVO 0L6158 |

fsa] wiopo siuewnsoq pia wywol - wh zuwez | zwwmez 0 b o 8] WojuoD SWOWNS0Q PG LUYUOD - WO 09EHEE |
(ca] vopepUSWWEIRY  SHEIPuY PI - w0 | BEVMEZ 0 S S 6] UoflepUSwWIOORY § SSkEUY DI - WO 0SE1-€8
(64l Sse o e | zawwez 0 b 1 100] PR USIO- IV OYELED
ool soonaiuy Bunses 4 umpuspoy enass Aivg ' Zuvneo | ziwwwso 0 v b (ca) sownuayy Bugeom m wnpuoPDY 0SS - I 0ETI6E |
[ - | Zuwwio  zeWI0 @ b b 5] Busoom pgoid NPUoD - 3V 026168
[T PR ——————— weINZ | TEINT o v b | (58] 996 0 arrereny SN0 iG-S OIELEE
§ S i W PG SOy - zie3d02 | zEINE 0 b b § 968U P WA PING WSO - IV 1EEIC0T
& Sing i3 ks DU 205 WA - Zie34) .hES.% o s s | cosmug g rsg PR oy S - 3V 061000 |
[5619500 P18 PAE 1044 UO WOUNIOD B MeNAS - OIN wozowz | Mo3Z 0 5 S I£61$000 9% U3 ok U0 W) § MO - OIN 081168 |
1551 $900 PIf PUR W0J4 U0 WRICD # MOV - VOR WoIOW | MOIAIZ 0 5§ [59]%300 98 pUT oI U0 WSO § MO - YO 08118
{¢8) 0N @ 5200PIGPUTIC14 B OnsS| - W 1103002 | 4103002 .o B b 56 03N OOMEAILL A SO O 0LIEE
ol e ——p——. 10300z | 1103002 © b b c8] OvS &1 s20qpEPUTILel3 ajEBa) sres - W o 091159
o6l $900 908 PU3 LS BV oresboin - i <:ouou..<:ow08 w0 0 s fcal 8900 piE pu3 04 ity SresBoiul - o osiite |
(58] $900 PIG PUZ W14 WO wsedibid J V1103050 | VIIAONLE (008 O st (081 $900 P8 U3 1004 WO 980U - WD OV4IE8
1 e ou feusd % anopying Ui 4N - 958U PIE IS
(28] PEAUOD JOWARII PrewY - GINOIN S OVO | TR u_ﬂu« o b 4 _«-.se...oou!ﬂmvl: Qa0 P OVO, Ovri-28
28] weavod e prwy - GIHO3N ¥ OVCY ueaz wesz o b 1 (25 1953000 19915 pUSMY - GINON 7 VO 051~ uA
[z6] 19eAUeD M9I2U0D prRMY - n-:o!ai agz meauz 0 L b Tz8l] oenuog 910500 prewy - INOIN ¥ 90 i |
(z6) 5919 sacaddy § majA0y - GIMOIN ¥ «E« zig3awL 0 Vs o 26 8p1a ancuddy '§ mainy - g-g 028
{z8) wiojuon SuBWNGY PIg L) - O30 2Ie30 [0 8 o 128] W00 SwewNo0Q PIG WINOD - WO, 066128 |
28] vopspuswoIey B siskieuy Pig - 283400 2830 0 5 9 | lze) vompusussoay 3 SR g -0 050128 |
{za) spig uedo - Zeac0 21830 0 b b (zs) 0@ wod0 -3 9128 |
[z6] sspui Bupooy im wWnpUePpY onss| - ZINVBL  ZUNVYBL ﬁ. ' 2] soinu Busoon m wnouopEy anse: - 3N 0CELZE |
126] Bupeon PIE-41d 1909UOS - Znvres | ziNvret 0 b 4 Lzl ey proi w000 - 3 026128
Iz6l] £49PP10 01 IEIIRAY EWOINS0Q DI - NV ZINVTE 0 bt 28] wiopprg o1 aGmRAY SWRWCO0 PR3 046428 |
Z 95544 PIE IR PIING BRSNS - AV | o | ZinwioL 0 . 29U 1A W PTG SS9 - IV 125400
2 50 pig g PN o ans - 3V e | viio3oe e s 2 0504q 1A i PING 0} WUGRS - IV OZEKI0'T
....«s-:..._a..o-<_.Dm%..\__l..hﬂzeuqns.q..«..;..n:o\-:a........5:”ﬂt,“““ Elnpi! ?n-.!

105

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



NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT FINAL REPORT

[ALs8] BupyB SuS IwsY| - 1D;
El_aalui-.i_i!..“._F

[30u] (usg) sirm owow00 dnurd 1hwoo - wokodh & & A

(394 (wusg) 5409004 WD dNifd 19UOD - YOI
gl!a!in‘guitu.g‘
(393] (s@) SIM N92U0D dild RIS -

(394 (wsg) 350004 Wied dild VIS - ¥: '\

A

E.gsﬁ__giggulg, “‘ | [ I 0

[30IS] PUNE NIND MUNORE B UINIQ 41004 - 311Gy
[3LIS] Gooid 195 3DU) SpesBaNG 0) IND - 3
[3wis] (0014 354 NWD) oprabigng o3 3n - AL
[3.1s) (uswoseg 30y) apesbiang o3 ang -
SOEDIME BUIZIIUONIOE ANS SaAII0Q0 -
[3L1S] JPULI0FBURIL JAMOL 9D $IBI0IRY - LI
Eggi}sa&.ﬁr
Eiululti:al!..i
[3118] waisAs Jngem NI moN lH@Isu; -
[3115] pRoy Bupysix3 enowey -

[341) doo) 24520(3 suis MoN (1@3su) - S-ﬂI
{3115 (peou mon) suors ¥ aejous v - 1St
ggiz-&?!:ln-i:

(390151 WAIRAS WIOIS GHS MON 18Ul -

(5] unyBoQ 18 WeRIIS BIIS dwe ) ISY] -
[3415) 4sep 082 Joj wary N Pboy Owag - 3
Haus] wmsks Amung oug moN mmsu -
[3L15] PRON MON 104 POG USIIFISAIPRID -

[3018] NN s04 SUOHRIRG dway (1935 - LK
13115) 1105 doy opdyocis ¥ Showoy - FLISE
_w.!s%-lis.it.fl-.wpr

[3158] su0grea ) 205 19063 dwe) HeVSY| - 1O

[3118] suIseg LORUIRIY HLICIS MON HEISY| -
(315) g ¥ sea1L sway) -
[3118] subig ¥ 90U UoRoNASHOD Ijesu|
[3Lisleeudnms Buizivuoges QRSS! - LOT:
[311S] 92111G0N 010D 1S 1043 - LIT;
[AL18] 92Rq0W 203380000 YIOMN)S - A1ISH

i IS S Y o | 5O PISL3 195 B U1 G} OZHION - NITH NN

w-<:._sa|..o1<......«-.__..o..o-<....\..<.....a..o\.<j
k{3 1802

iz

i

ZYAVWEZ | ZIAWWLZ O 3 4
ZaeL AL 0z Z
ZLIAYWEZ | ZIAWWOL O .°>
ZAWSL | Ziudvel 0 02 02
zudvsr zidavzi 0 0

| [39u) (usg) S18M 209000 dfewd I9WEO - HONOD  SEI-8D

(390 (usg) 591004 unad dnd IWeD - MONGO. 514D |
[39%) 9pesD 18 553100 91RIUCD UIE - 5:8 02240
30u] (wsg) syem 91055000 dnyid 1 - ¢ozoo o8]

SINVYZ CIAVWEZ 0 0 %
SN0 avio [0 0 59

Zig3400 | 218330 0

ZionveD | ziwrce 0 s
Nz T.za.ﬂ o s
200 | Ziudvez 0 0
Ziudvsz | Zidvzs 0 0
Zudvil | WSt 0 02
Zuuw | I
sz 0 <
zwaw | Zwo 0 o
UV 23T o o
I
zEast  ziE3k 0 ¢
Il 2130 0 K2
z
o

ze3i00 218320 0
Zie3C | 2483520 0
ZGIAN0 | ZNVTRZ O
ZINVISZ ZINVTEL O
Zie3:5  ZINVTEL ©
2183200 ZUNWIB)
ZINVIRL  ZUNWIZL
ZINVISL ZINYTZL O
2NV 4303082 0
ZINVIYO 103082 ©

Isle
sewwo g erag e aglel

“znwn w030z 0 ok ok |
aNviL | 0030z 0 0F 0k

1103062 | BORAWR 0 T T

vl 1403002 © 8.8.

LEO30LZ  VWHIO300Z O
L1030 VL

| [3uslinos3cy weawes) wedans om0 -3WS 01830
(415] woris 559 oS wan SV - IS V953D

|
ann'n%gga’e‘g'n'u'a'n‘g'g‘g’mge'g clgw a
| |

(3415) P0G 394 | uﬂaa_i.alsu m:m 833._
(251 PUNG (V4D IIPE T URIQ J9400 - Eu ows3o |
12155] (0t 181 30u) pesbans 041D - WS OYLSTO
131151 000t 161 (WO) 99RB05 04110 - 3IS, 064-S3O
(3115) (owsseg 39u) spe0ans o 10 - US| 0LLSFO
SoUywS BUIRUIZIS ANG) J9NSQ - 103735 0FS-53D |
(21151 Jouojsue) Jomo |02 RES0RY - 1D TIS 0LSF0

[35] woishs smem ovs MaN RIS - WS 0THSFO |
[3.115] 0001 U093 SIS MeN 183591 - LOTNIS 01$-53-0
[3S] (PecR) aN) UOIS § GRIOSD IFTRYI - AUS 029530 |
[3115] eary uny Bog pbeys oweg 3 eSS 09530
(30551 WISAS WIS oS MaN syl - 3 S 029530
9415] uragfioq 18 veaios ey duey s - S OVES3D
[3415) ysem 560 0} iy (WO PO 420 - 3UIS| 094530
(3115 woisks Ampms ows wan 1l <3S 019530

won 104 pog -3US 0IrSID

13.15] (40 204 SUoIURd dWeL 51 - 3UIS 054630
(3115105 doy pepors 3 swows - 3UIS. 026530 |
[2.15] ddMS ¥ 5N aYeIS 'Aewns - 3UIS 01530
(3115) ss0pmiL 10y PO oy s - LOTTIS 07530 |
13.15) surseq vogusloy WIS waN 17U - LIS ORE'STD
134/S) QD § S0UL 90 - 3115 01€-53D
[3S] 54055 3 290a4 WORISUCO B - LIS 061830 |
[311Ss0yains Burziewonos QV4SH/S) - L3S 025630

(3115) 9230 20123000 99S Ko - LOTTIS SH-53D I

106

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



NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT FINAL REPORT

(394 0-4) raf 03 oot imasur - Lol
(294] (r-8) 1 Buigunig 11m-u) ieysu; -

[30u] S9wr ¥opa ¥ msu) -
(39u] ¥21G ¥ SiEm Asuosey 1xg (eisu; -

[39u] (ooy) Mg 1sneYXT 108 § UM - IV,
gzggi_l!.h&
[30u] suBd JIBS BIKIUOT N0 - Y

(30u] (+4) 1 13013 FISY| - LOTV 2
(394 Goou) SNHV 11EI5UI 2198 B - IVAN|
[39u] sopueg aumsiopneNSY) IXT (|ESU] -
[30uM00M) SPEd WIW NHY B9U0D dndd - IV,
[304] (8) 1 (FO42013 HRISY) - LOTT

130u) () F Busqunig s - oo
(393) (994) GOS 29912600 AR * HONO.

[304) sprs rIow Joueix3 |1esul - L

[30u] sims 100 I1ersul -

| (39w (8) i Buquinig Tmsy) -
(393) (3-3) 12§ 3did ¥1200 IVAH =YL - OV,
| [30u) 0013 v} QOS WeDUOD dnifd -
' [30u] S11eM uscuoseg (1008 -
(294) (1) 90§ MeW0) dnid -
394 (10014 pIg) 0OS 2019000 Gl -
[394] #aL ujeiq @ joosdimem HEISU) - ALY
[304] (8) 1 6d1d B 390 OVAH 119354 - Q;.l
(3041 (1) 2413913 DI WsH] - .uu,.‘

[39u] (+8) suem NND 2003y fesy) -

[39u] (10014 puz) QOS 032U0D diyd - HONOD

[30u](x) %260U00L4 W) KIN0-X0B dIN I8V - 43

[304] (Wowossg 240) GOS MO0 ANl - ¥t

(3031 4 s Bt

[39u] (1) Buiquinid N N1EsUL - GNN

[30u}¥) 90020013 U| $INO-XOB JIN HISY] - &

[30l(c) ¥29040014 Ut SINO-XOB 3N (1¥H5U1 -

(304 (uswoseg) 50§ WUCD dnid -
[39uNz) ¥990200134 v) SIN0-XORF JAN NESY| -
[39u) (dvir) %200 ¥ 19035 NIRRT - 13
[30u] (uswosea) F2419813 OIN lISY) - 19371

[30u] (14£92) X090 7 190IS FHQN4IT - 13;

(39u) (uswessg) Burquanid DI IwsY) -
PI0R PN 73
(30 (ussg) 1004 11 91819603 ey 8 - YINO!
[30U] (UIIBISIE) M 1IAIIUOD BUALL 21D - HONO:
[390] (HsE) 219004 WI280D W dwd -

ez

L4

[ TV Wi F g NToTs ¥ ¢ fIWIVIN FTF Q[N 0181 <..|%H<. B IS I B 0 L B ‘.——ﬁ

VI

ﬂanIw Ngo 05 05
“zi03081 urugo 05 08

[30M] (1-4) Y 940813 IewUl iISUl - LO3T3 | 09540
[390) (7-8) 1 BN 1SNV IFISUL - BTG OPS-HD }

Nrg s -.Og e a oz
ZL10060  Zia3SST o e— o
ZIAONSO  Zha3SST ‘o 8 ot

(390l 101G poom 00w § poomd 13 I8 - 15 0ELD |
| o (@) s resul ws| o0 |
T (300 (1) 1y oS iersu - !E& sucwy ||

P

zdas | zia3sit 0
zoNsl  ZiaTSH 0
s3sz 2idasih o
[ zinoNzs | zid3svo 0
"Zia3s0L  Z4d3SK0 O
103024 N onviz G

103028 N onviz n
| ooz | zionvez o
| 2008z | zionwez 0
[ ziaason [ zonwet o
| zo0e0  menver ©

1

2103050  ZLOMVEL O
| ! i
| TIONVLL  ZIONVEL O

ZIONYOL  ZLONVEO O

|
I

Z00v0L  Z1ONVS0 ©
ZoNvoL | zionveo o |

.:‘
ZIONVE0 | ZINNE 0
| oeEs Zinoe e
Zionveo  zinroe e

| Tiooz N Mroe e
| zionveo  z1nroe ._
ez |z o
| nnrz | N—S—.HN u
2 zness |0
| AR .w

| ersmad

Znrz | znres o

L | zinneo o
ng N—s_g n

2o zinnnez. o
[ zineoo | ~z=a«a

|

ZINNMEZ m§ o
wN—z_._q.nn ﬁwt‘d o

=

‘elw e‘o

o

R"8 e

vn's ib"s ww w e w B -] 878 v »

woIeL 2K 0 08
GV | BaEse 0w 08 |
2110000 _ ziamsse o o o
[ 203000 | ziaassz 0 05 o5

egulgeesavgsagTRR s g e

!

fgleaw

eiw o v e

[30uNI00H) SPE 1B NHY SINOUCD ditifd - O(>: s0ea0 |

| —wux_.-!!agvoomihﬁ&u §8 01z

1300] 90101 908 13 I - NOSYIY OVLD |
(393108 ¥ SIRM knosen X3 185U -NOSYIN| 051140 |

I
(394 (0oH) BPeS HeYE 19 P U - u§x wOUO |

13011 () sy, s e v - 10| 023D |
 [30ul Susd J¥IS Bye0ucD nod - xozoo sewn |

T 390l (1) 1 Rowo9r 1 - Gu.m vewo |
(394 (o) SHY 11591 § 195 W1-OVAH | 0ISHD |
1300) JyUeq SunsOpETSA D3 e 1D OZLED |

(39 (9) 1 [POUOE IS0 - 1OIT3 ¥BE-MD
(39 (1) 14 Buqureg ISyl - GUNYE ZLSHD |
[30H] (00%) Q08 9191200 dnli3 - HONOD 9EHD ||
[39%] SIS [E1ogy JosIx3 1S - LD OHLMD |
[39u) RIS 19915 (IS0 - TIALE  0EEHD |
(3931 (8) 14 Buauneg ISl - BANYS 29040
1201 (1) 1§ 5914 3 1990 OVAH IEISUI - OVAH 0580
[30u) (0014 8Y) QOS 9IBSH0D 43 - HONOD  $0EHD |
[39u] S19M WaWESSY IY¥ed - BONOD #1240
(3981 (1) 908 190D i3 - 5:8 nzw |
[204] (100 P2E) QOS IBID A3 - HONOD  Z0EHO _
1300] 911 USIQ ¥ JOOMBIEIA 1501 - RULLVM  ZHZHD |
(394l (8) 14 994 3 1900 OVAH IRIUI - OVAH  0SEHO |
(390 () Fuaser3 O Fesw - 10398 wuzW
130u] (5-8) S IO Il 115U - NOSYIW. OIS0 |
(30M) (0014 PUZ) 0O BIHAU0D digid - MONOD 00640
139uKx) 49300014 1 SIN0-40@ WY IRISUL - dIN  SOEUD |

-1EUS  veH
[30u) (+) SuKuinig O I9su - SN 0LZHD
[39)) 423020013 U 51n0-X08 JIN IFIUI - IIN  £OE-HO
[39HNE) 99GH00S 1 570-X08 SN 15U - mﬂ. e
1300) (Wouoseg) DOS ARSU0D dRYd - HONDD 0ZHO |
Egvgsgsn&:l!_ nﬂ. )

eiel™

13921 (d9ly) Y060 § IS HEURU0I3 - T3S ZSEHO
(30u] (wewseg) [BU9(E OIN IFS91 - LOTTI  061-4D
(298] (55921 1990 ¥ 9915 1990Q09/3 - TI34S 05240
(308 (wowoseg) Bugung O 1EE -GN 0RIYD

WN—Z:.J Nwtﬂ‘.—e e
" ZINNrPO n 18« lo

N(’n Nie

wy s

,Iza- fim

ZRAWWSZ | ZLARIZ lo
{ il B

.

.!...g,m wielefelelele -o"g'n"u

i

(=g

#qY NS 3318 ¢ II.'._
T (39M) (1um8) 1004 1 4aBUOD SuAL AnD - xuzoo S
[39%] (mowoseg) sem 20000 oy wnD - 5:8 S.xo |

1300 (1sB) 59100 912000 W /4 NONOD, OZHMD

107

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



NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT FINAL REPORT

108

ii 21:-8_3.3_3.?93!!75“” . Bl [ Jzamz o o o [W¥-IO] 1 [E9UI99(3 1M ISl - 19313 0BZAW-00 |

IVY-NIO] X990 J00N T 1994S 19390 3 198 - 13 N | ziaves 0 s s VY101 1990 100w ¥ 9IS 1190 3 195 - TI2LS 082-W-00 |

Ivv-NDl 14 Buquinid O (19354 - BN ZLAVPLE | ZIAVWOL O B (§) IVY-IND] 1 BUIWING DN HE1SUL - BT 0SZ¥V-00

tvv-nml (o] e Bureog D IS - KOSV Cziaves | ZAWWOL 0 5 G Dol 0RO IR Buses (i 18T - NOSYI 0ZZVY-00 |

Ivw-ID) ITM D Buiseog i masi - N ZiAVNG0 | ZiMavez O os |ob (VWD) 18AY O Buusog 1) 187501 - NOSYW, 0LZ-VY-00 |

IVV-INONMONTISIXI) HEMAILL D HEISUL - NOS) “ziAvnes | zidavez 0 st s IVV-IONMONRISICS) PEaR] (VD IE1 - NOSVIN OYZVV-00 |

IVY-NINOT 19900 a1 Jo) S0 181X3 ol - [zameo zuavee o o o | IVW-ING] 19900 IB9IS J0f SURAA 16663 Ol - 1) OEZVY-00 |

gigil‘hgth- a‘ﬂm&‘(ﬂ‘o‘ ‘c-‘ I g\ ggvggs& D QgA

(VWMD) (1S (WD Jolosxa Bupsig .19 Zuwnez | ziswiss 0 5 9 VWAL IS (W0 J0ULEa Bueca anousY - 1O OLIWW-0D |

[W¥-NND] 100y Bupsix 5o uorlog srowsy - 1y ZiuvweL | ziwwzs 0 5§ 1 [W-NW¥0] 00 BUBSIXS JO LORIOY BACUSIY - 16 094-VW-0D |

Ivv-nol umy Bog on ssacoy dussy uelau.rf ziuvneo | zig3dz o o o [vv-INO] Uns Do o) 85903y duse 1A - 19 051-¥Y-00

.?i&e!&!-gul-rsu&!u -1 Ziavwyl | ziE3dz 0 S Sk Ivv-ni0) (HFg) Uosepuno 91012000 a3 19 CGZVYO0 |

o MaN Iy S0y 10 neam nwAkz 0 5 s DYVTINONSEIA LS MaN IV S27Y Jopu) 0 - 19 OEH-WW-00 |

ggsﬂgiiigs ZEANT | 80T 0 5§ Ivw-io] uned Bog 15563 1 wooy eBexls oweq - 52.((8

[V¥-IND) 200 1513 bious - zEame | 2E3Ne 0 3 |5 [0l 100K 1X3 83048 - 1O OYL-AW-0D

IVV-o] Ped Buipang asedasy - ng3m aw@Em 0 s s | V-0 99 Bupang asdnd - 3115 061-vv-00

Iov-uea) wonecoms Ainn bug sexdluod - aued zgas o 0 o (Vi) Uose20my Autin 3 ARWSD - LIS 091VY-00

Ivv-mol seinsord ¥ silem dwes essus - 1of nes | e o s 5 | Tv-rND) seinsord @ e sy pes - 80 W30

[vv-nmol sery sy udgongsuoh er-..o» ECTREEO DYv-AINO] Basy uwsry WORIISUED RIS - 10 00100

,‘\« | =il

[39u] "3 ‘1siuung ‘S3uereg ‘dn-mg - 0 u.-ﬁ [ | i CAVNE BIAVWOL 0 Si 61 | (301903 ieund Sousee dMmS-HONDD 016D
{a0u] (r-al ssempien 3 w100 beuf' 1ogy Cldvii vz 0 0F O g?ewga-ﬂo!.huw o000 |

[30u] (y-a] $eanyx|4 Bulquingd (RS - Cludvil  €l¥wWZZ 0 SIS (394l (18] seunpa3 Buguinig Jesur - GNNId 088D
[20w] sicqeania oedsul 3 190 - AT CUNZ CMVNZ 0 S S [300) S01eA03 D0dsu) § 1801 - ATT3 SGUD
[39u) (+-a] sBuSA0D 0oL lIe3sus - HOO CIAVAG0  CINVWED 0 & S (30] (+-8] S6UIBNOD J0OLS RFISUL - OO 0DG-HO '
[20u] (-] sped Buli1e (essur - L Cluvmyl SN0 0 01 O 13041 (+-5) 595 Buge0 196 - 19 OVBUD |

(30u] (8] SproN SpULS w151 - SlUVHYL  CINVNIO O OF O [39u] (3-8l speot opuuds sy - xz!am [
(39 () S205710 DVAH S - uizl [ ciiawo | civmio 0 @ 2 1204 (6] 0800 OVAH IS0 - OVAH 290 ||
135 (-] eBeudig oy 1esui - NS [cavmso | ciEasz 0 o o (300 (18] 300UGS oyl 1958 - NOHS 08980 _
[30%) (6] S04 WBPY fleysur - h.u._l | cluvmez | meame 0 oe oe (30wl (ral s 0N A - L0303 0190 |
[39] {4-1 WOMIIN ® SIOUIRED 111 - 1 leieam v 0 oz {30u) (3-6] Womim ¥ S0UGED IRISU - 19 0590 |
(398) (+-6] PHD Bulod 1235u1 -1 Opmmd (e | owvees 0 oc oc 130u) (-2 w0 U0 WU 10 000U | |
[30u] () 1Y Joprupds (1E35U1 - WNRIGSE [ cmvrzz  esnvrer 0 s (300 () 4 Jorwands s - NS 965000 |

130 (1-8) ‘218 '8100Q “Siiem Wured - LNIV mnt mn.ﬁu.: TeNweo 0 o of _woz_?ausfxo!-in Eiu ) 1
[30M] (49 1 199485013 s - 153 13l | ewvios | sinvreo vo W iz | (39%) dwi) 1y w93 gwisu - Suw ) .,

(39u] (a92) 14 Bulguinig 11w3s; - IS._} ozs!_ 2103002 o o ok [30M) () 143 Buquinig 1 - GTId 2800 A

(39u) sicieangg jmsu; nx.as | 2103002 e w0 ﬁuz_.a!iml!_.gw 96590

(394 ieiRAY JoMOd 211013 WoUEULSY - 1D [ z103081 CICING  130u) AaSenY wOd 03 Weuled - LOT13 Y55 HO

[30u] (%) 128 001 B 1900 IVAK 1IISUL - OV _‘323 2193090 o iz e | (3081 (W) 1 991 3 100 OVAH IR - OVAH 06540
[30u] Buize|o Jouwxa HaSY| - § | E1E3450 2403000 o oy oF (30H) Buzeln sopc WSy - SSYTD 081D |

(39u] (-] 55519 JoLuy RISy - Comvreo  zio3080 e e | [30%) (58] S5m0 000wt gEisul - SSYID.  09SHD

[30%) (31 Iewog iU @ Bues - 1 SlvAEs 2103080 0 S8 §9  [30w1(rb) iewho ustd 3 Buey - 10 oo |

130u) einsojou3 dwoy / urkig Buping - 2193050 o o o | (3% sinsoru3 dwaL /U0 Bupwg - TV, 25540 |

[30] (1) s210M Ut Buo01a POOM IIE38L - L 23021 | ZunONEs w e | (394 (+-6) s1eM v Eutoog Poom I3+ 19 06S MO |

(3001 ooy esnowueg B uiew imisu - 5 vyusémo.m CRC (50u] 51000 957U § WA 167 - SO0 00D

i3 wmis umg ma g wopdusseg a
_urm»«il A AN O] SV LSRR, BR SulNic Su S BU G NR B A /6 A0S NS NG AU RE MALAR w6 = e R e S sy PRI

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



NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT FINAL REPORT

i i E 0 Ueinvrzz | el o (5610 908 ¥ JousHua Bupocy o - 19 0244300 |
CINVISH | SINVIED © 158-1W10) v Bon ¥ SO dwoy IEISUl - 1O 044300 |
= (ouns jeuiojAeyeg) YoM Jousw] - NIND Bupsix3
R x = 1T R 18361 ©© 0 o | Ivwrimol seduod prtsuog 0010 J0pKRD - TIV OHEVY-DI |
£183460 | CINWIOL © Sz Sz | vy 0] 80010 opED WELs - TIV 00LVY-0D
Tovrs: | oinvren o -l e B 1953 ARG - 1O 069WW0D
[[emnovrss T cinvrn o  IWV-TWNO] BURIIL § SUAIBAS AO-URIS - 1TV 098-¥W-00
CINVISE | 2103002 0 85 8 | VY] WIS VAN UOSIALOD 8 FOURIRE - OVAH 083VV-00
leinvrsy | ziosacz o s @ | VIV SR 15URung IR0 - TV 0S9VV-0D
["siwreo | zio300z 0 (V-] UFa/0N - N3NNI, 0G9VY-0D
2153088 | 00 0 (MOl swdwoD UommnsuD Une 600 N - TV OLGWVWO0
nozoe | o [ VWO LoRrBR0 [ERURSANS - TIV 01WY-00 |
z10308: | 210305k 0 o IO s, Bupe [eanooy I < 19 0¥GVY-0D |
2103028 | 21030%0 0 s T v iMO] oo KPS 1T YNSGS GESVY-00
2103088 | 2103080 © o V-INO] S8R BUIQUII 115 - SINTId 08549-00
2103021 | ZTIAONST O 00 (IOl uomoeuuoD 1063 M GG S - HIHLO. 0Z8VH-00
2103050 | ZIAONSZ 0 T | DYNIHO] S9SEYHG OV 171 - VA OZ5WW-00
2103088 | ZIAONSZ O s [¥VV-INO] Wdiib3 ANe1o0dS 195 - ¥3HIO OETWY-00
. Z40302: | ZIAONSZ © o [VV-INO] 5901980 WOUR9LS 1E1SU - LOTT3) 008¥Y-00
z1030%0 | ziAONSZ 0 5§ [-INO 43980 IS - 19 OL5WW-00
I 210306, | ZIAONSZ 0 S G Iyl (1900 Fuid) 13 'S4 Kaw - INIVG) 095VV-00
o 2103028 | ZIAONSZ 0 0 -0l S804 1B 1S - 10313 4SVY00
. Y ZAONGZ | TAONZ 0 S S I-INO] Ao 52000 11 - 1O 085-¥-00
1 ZAONBZ | ZIAONBO O Sb S V-] BUVCOL ERLY - MO 085°¥¥-00
[wv-nmD] PO Buien Feopsnoay msw - ZAONBZ | ZIAONO O Sb S IVVTING] PUS B0 EISNOTY KUl - 1O 005VY-00
[vw-no] (5102 Jowipig) eBulo Wied -LNeY. ZIADNSO | ZLIDO00E 0 § S [¥-INO] (83800 Jousicl) SEAIRO 148 - LNV 08900 |
IV-NINO] BUmI0 HOMAI siuad '3 Busy - | 2110082 | 11008k 0 08 0 IVY-1IHO] SOUNEO AT Y384 3 DU - 19 03-WY-00 |
Ivv-nIN] (51900 SUiIL) SHRM WIBd ~LNIV, ZLAONSO | ZLD08L 0 Sb b (V-] (1800 SSHEiANL) SHEM 1B -LNIVS | 099-¥Y-00
[VY-IND) SPrag Buyied [waey Jovu) sy - Z1100SE | ZLIOOZO 0 0 Ob T Ivwe ol spras Bupes (e o) sersLy - B Vw00
{3v-0) e e ey ¥ ey - w1008 | 200w 0 0 o [V-INO] STEM IBWAIC USUAS 3 BUBH - 10 0SI-YV-00
[VV-NINO] SIS IIeAN FEIOM J0LIBHU1 LIE1SU] - ZHOOM | Zid3SEL 0 04 04 (V-0 SPOIS HEA IE19YY JOUSI IBISUA - 10 OV-¥Y-00
| IVV-INOT IIFA YD JOISI W50 - NOSVI aas | e o s s | (V-0 IRAA (1D SO0 IS4 - NOSVIA GZ-W9-00
[vw-niol (HIO) 1 Jopupds geasu] - | ZLONVOL  ZLIMEZ 0 S Sb Ivwrwed) (HIO) 14 Spunds s NS 0O YV-00
[verno) (remurgho) 14 19913 s - 137 e zionvor | zince0 o sz sz | IVV-TINO] (IEpA-UISHIO) 1 0r3 s - Bm._u 00EWY-00
IVw-ND) 300Us YO8 J0LX3 jersul - lzionvor | zre0 0 sz s | VIO BN oy S S - NOSYIN OFEVY-00
IVV-NINO] (ISM-URPHIO) Fa QUInid ISyl - ST, anrz | oneez 0 02 02 (V- TH0] (ISM-UISHIO) P Qi ISV - BT OBE-VV-00
[VV-NID] PIRO I[9M JOLSSIXE HIT3SUY BNz oz 0 (st s (VV-INO] P50 1R JopaIX IISUL - 19 OBS¥¥-0D
[ww-n] 008 100N B9813U03 d M - UNMEZ | TNTZZ 0 5 S (w0l GOS Joou AR4e0 d i - 19 82200
[¥¥-IND) 950G 153014 PRUNON J0OL4 IIEFSU] - 1 wWz | BNz 0 02 02 (VNI 02 158304 PoNINYY J00t3 Jeisy) - 8148
[¥w-NIX) Buidid JoLmIul NHY DVAH Ii#35U1 - OV, TNz | BN 0 02 08 [oveil Budid J0usi Y SYAH irersu - Q<>: 0964900 |
V-] (HI) 1 SVAH ISV - OV, awrz | anrzz o sz 2 | (v (H0) 2 OVAH eIl - S¥AH. 2?2\8
IVV-NAD] SPrIS (WO EM 20POIXT [IWISN] - zwnreL | zinarzz st st DD} SRS FEIONY [ JOURXG FEISUL - 19 0ZEVV-00 |
{vv-uol wessis Bugoods esu - 2N | ZiNM0 0 02 02 T Ivwrimo] weishs Buyoows wersul - 2008 06EW00.
24.:!0.!8_53?3!:- v, ZINOPYL | ZINANRO s T | ?1?6_!8_829;:3 u_<>:cn&<uo
Vv 69810 4O G918 HAIN0D d AN ZNnrz |z 0 0F Ob " VWD) PRI UD GRIS ANBN0D d lid - ooﬂ.i\.xv
TVV-ONDT 190 (D Jopoussn i s - [ zinrzz | zanarso lee st TWVHINO] 1R (I JO9Uag 1 BEISUL - NOSYIN DIP¥Y-0D |
e e R g e s e € Wl MR M S A AR AN SRR RRHE HR BRCRR 5 s Kol I PO o o . o

109

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



ggggo.j

wI‘!L..n..Ou(9-.I(Iu-.Q:O.(.-_.Ind.In_.alcldﬂﬂ_

SR 210

NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT FINAL REPORT

[a) @ Bujpiing Bupsix3 siAouoy - TV i
.C!n!x!zaua.ess.emsouf
A ogiitg‘nw—_owxcoj

 sopubitien .nz..:!-::oiu.l!_.n!.j.

BuUIPIING [EUNGBNNND MON 1NASUSD - TV —
A

5“.-’23‘5!'-‘”.! .Po‘ T =l
INFNINDISIOUR § SI9pa4 0T IISY] -

[S8-NIND] UMW - HINMOY
[sa-nw0) weshs JVAH oisuALO) § sousTeg - DV
[S8-NuN0] s Isaoung $91dwo) -
ISB-NIND] BuluesL § SuassAs dn-ums -

[Se-nieD] (woD [euld) 213 ‘siwm Jured -

SB-NIND] S9ILL BUIIIDD [RIRSNOIY TS| - L
[WW-NIND] SPESH Jopyupdg IIsa) - SN,
[vw-NNO] s2955n400 OVAH IEIsUl - DV

Tov-omol saunsxi2 won iessur - 10314
E-A_:u_oeo!i-u.ssloo(_ios.:*
[$-nWD] (3000 sousig) sweMm iR .s.l.'
[Sernid) saem lemAig gsiulg @ Buek L
[sernimol lieme-un) 1y 2V 11ersul -
ESE-N0] (em-ur) 1 BUIGUANIG HEISUL - SINNT,
[S81WRD] SPNIS |IFM IRV 2O RISV - L
(89-ND] (HIO) 14 A9PMITS R35U) - HINRY
[s8-n0] (HIO) 1 92189973 119350 - LD,
Isa-nNol (HO) -y Buruanid Ifesul - BN
1S8-NIND] (HO) 1 IVAH I1su) - IV,

[S8-NND] 14 FAA2913 DIN IRISUS - L
[se-nol Y .!E..tg-ll_.i

E aiiae..n!m-lilz TV 00100

CUPHNG J0M MON O) LIS %07 - GINOIN  020-00
O BUIPING SPUNJ 10 UOBZUCGNY - GINO3NTOVS 010G

S [S3NINO] WormAS OVAH UOSRILOD § 9UERG - OVAH 0BC13-0D |

222 2 8]
AR e zZ o z
S |
oo o o o

TR s

:
:

il

ok
|

i
5
=

l
|

fvlelwie alv aaw

Q'n’a‘njn'n CaN

TV W HTr G N O STV E PN YN 4 OGN O § VYIP TN Y N &
S ww. 1 zh0T

52

wlalalalnlaleln(alala

ii 255 |5185|5|5 i

HHEHHUEHEEE

| (B8 3SR Y

'c/o/o|olo o oloalelal
i!‘i'ﬂ'l"ﬂ~ﬂﬂ w v

WA

ﬂ!bb(..q

!32.8_._28:_-!8
SopebiBen S50y 280G IND 15663 IFTSV] - BAIMTE 006-HE-NO

ggii‘i;ﬁ.ﬁﬂﬂw@
[N3-NINDIsPURd § $ap94 MNIB(3 KRISU - LOT13 ..:._woL
(sepeiBdn |e014199]3) 3oM se3uj - NIND Bugsixa
[SE-NIND] UI-arom - HINMO 1w‘00

[S8-NIO) aIedwed voganasuog - .:< 8130

[SE-NNO] SWels JIyouNg o4ndwoD - TIV  DRE-13-00
STINO] BuIUIBLL ¥ SWSHSAS eI - TIv. 0464300
[S8-No) uonarduico wsumEqns - TV Sv.mon.
[S8-NIN0] 5990aQ E2013 fEisy) - 19313 $2m8
[SB-NO] s8unga3 Buruinid 1esut - BN Sn._m.oc
ISBIND] M § 02000 11591 - 1O 0EE3-0D
(ST-NID] wowase) g5y - 19 02541300
[S8-0) Bupocyd Jessut - YOO 04E-300
[SEINO] (900 ud) 943 SIBHA A€ - IV 006300 |
[SE-TIND] 5911 Buwan SN0V 1EWM - 1O 062300 f
VY] SPESH SPIULS IS - SNIMSS 082300 |
T [WNINO] IO VAH IEISU - DVAH 0024300 4
Tvw-0] sampas 1By 1Sl - 19313 0RZF00 |
[S8-W0l P Buste [E00s03Y HEisul - 19 052300
(SO (1800 sl SirwA 10 -LNIVS | OVE-AZ-00
[SE-NO) StEm 1RWAig ysuts ¥ Buek 19| 0624300 |
(S8INO) (IRw-ua) 14 2U1o913 1388 - LT3 022300
[S8-O) (1) - B 1501 - BN 012300 |
ISE-IND] SOIS B 1290l 20810 1Sl - c8~¢8,
(580l (H/0) A S9pruds s - !_Ew 0611300
[S8-INO] (HID) 14 189U199(3 yeisu - Sﬂm 830 20 ||
[880) (H0) 14 Burquinig s - nl:.. ot 600;
[SE-NWND] (HI) F VAH IR1591 - JVAH  094-13-00
Goi..ia_ain!aso&u 19 a;m\ui
1S8NO) 1y FA593 O WIS - 19373 0¥443-00
58wl 1t Bagama Oin 191 - QT 061130 |

e
Apanay Anay

110

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



=
o
o
o
[N}
o
-
<
Z
o
E
Z
)
—
<
=
)
Ll
=
Ll
=
-
<
o
<
o
=
@]
O
+
z
)
=
<
O
)
o)
(§E]
(NE]
—
<
-
a
<
o
G}
o)
Z
<
T
O
o
<
(5H]
(%]
(NH]
o
o)
L
=
o
(NH]
z

Revised Baseline Schedule

111

o Swapsdy eaeLLy O

ST 4 & o Buumusy T

P p—— g o | ebeg o Buuewsy moous NN O IETTY
H H Lzl (a} - | G L A = Ll 15w e ey - TR wma
H Ll (ah == waseg e 1y -awasl 1 ci-mrec cferE 8 L] [l () 300 “Saco W i - 1N =
: L T e nin b D ] S— B cd o o il At s oy, e - i
H 3 [l | eyt 5 o, o e 1 o - i | u R T B i bt e O 1 - B oo
: vl ) mbezem 3 Larpinmeg e -z 2] ® Gimrm w Ty s izl (s memmpre 3 { i g - 1o o]
H Lazuid ) e ey ¥ B - AN L O, 1var) [ T ety worerE o - b ) gy 4 - STV TR L) o
H o BT L A an I
g puw gy - o ¢ = ERo EI-ROrm L e s - O] wem
g e e - e [ = ] G T x g e g - G wem
e e ] = oi-degoe ofemer T T Ry ey Y - R secen
i e ey e e oo (I = Sidegan cifma § s bt Lottt W™ e BT} E ]
e vhdl gy, practs - Ju H H = e Sidesee  m " 1102 77w iy Pty - urs s
H e - B s - ] ' T e ® ey - Sorpiy wrs pepy - AT wsa
[ e ] i e B S— L EiT-m gluTH W W o - Sornn wRT PR - 2T wem
H e T —T @ Do ST (e = R pey T - A L]
g jmoumy mag - 20z ' Cineg L ) s e M - ]
T g s e - US| a Bl s o T ey Oy -aum ]
a3 B ey B ytern - aus o ' ] o z Smptan . 3 B sy S b - arcen
i e e T el ] ] e e o (5 @ T mp oy - o
! = oAcm oAmeL im sm O B [FUld
H vl g e s cmecd - sEvle e Cianren cluTs . ] Py e ey D - SRS =0
tzml ] e ] cdmenr s @ I3l ey, pmmawunry g o - VIS o
I e e el it teear v n (Tl B g s - SRV i
[ onen Tmar oz v 1IEMUIELIND), UON
] ug sy ol g - o ) (3 Elnr oo |3 € ] LG PRSP - N Cr]
e e e e e e ez T |2 "© 230 14 1 o 3 9 - O ]
oz D T (e o IR
arjymn 4 s cr o w @ 3wl e { Sereaun g g - WD o
1wl mopa Aurcegie wmE e o) | e cidman | 3 el wwa pmes B usERER UMD L]
i = CHT- oemes A 3 REE|RaaumD
= o e o Buippng (39y) vopeanpg slenpeig Yasessay may
P e anasuo
lE1-51 A7) BP0 et v =1 it e - g [——— ¢ T oees m = E1-51 AT B ey O T e - DO wrm
114 31T 10 ST g Tanusms £ | r oL meru |1 L T 0 0 T MU R VNSNS 0L e
e e ] S— 3 o meTE |w = cremEee - s
|E1-L2 BNCH AT TOSoE) ey pay daws s | 3 Bl T 17 INY HOOITABOS) Bunm g des s =T
H Buamn g s gm0 3 i Gl ~ Srmny aag dsnpe w51 o1
s o ST Aapeg oy
e Bepcanar g = oporL ° L Lanid] e
Ik} b upnime Suns T ' avrE ° 1L ) T U SRS wam
) v ] AR L] s O Lo
oy rmg g e e Py e VD & 3 A ° R ) 4 LIS USRI SR SR R sarn
e pmsmepiey meqy fupoy-edon 0 2 | G| o [ O] URLCER| M O - 8T =n
s Lo e T g v E3uTl ] LT LTI SO A Y dE D sacn
i ey B e e v ] s ki U BT S s D men
= ke oy mpg e WG e ° TP R ST SR VD o
ks oy sy oo EERE 4 " ELAmiE ® semphe £ Ly oo e cn
ey oy wemtln pheoeg (WO # [ s 4 . L] ) NS R BRPELR) BREENE (D e
= GRED e m |
: £ = S0 Cifmemim ]
e e T —— L T——— P ma | ma
=== [T — | LTS LCLF ] wmy | Bug A= o Ay

80:60 £L-AEW-2Z PojuLd 8-L08H

Ul-BAQIN JBUMQ £10Z ‘5L AINr Joj sulesed pesIAsy
Qa3WO03N

M3IATH D240 / H3INMO / NITHNYE 404 8-1054

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



-
S
[a
wl
o
=
=
L
— oy swapmiy ey g suaIs ¢ # o Baumusy )
= a0 0N oD 0w DN S NSV g 10 7 abeg Aaop Buurwss popus DI #OM ETYY
) H 2011 g = m ErdmeL l-mar 10741 o o p— aemal
- T i1 e e e ) ' [ [rr— 24011 P Do e s
<< 201 4 iy g g a cinrn el P —— sz
O T g | memer | oo o1 e 3. e e
[a) D 207aE e e e L Clma o] e ] mel
[I] i 011 P s y W L 1 ] 0L W ) aemc
M . BT ] = SOLRD Joo 4 151
W0 T oo ol D = EHTE e e T T
w =40 T B pen ipaumy p ot o) = e R s - - =408 Tl T Ly Ay oy T
N 0 uC e e s s ] gz [T T G Tt e oy o
- o e ey O] 3 Sl 4L e -3
< 0 T A Pt B wem [ e e 200 P P S ey s
cc i e ————— g Sy e 2] ] ] 240 T g P Sepes ey =
<€ =01 wern mumirna | st o CaT-m 90T W Sy =
o =50 74 Sy Beusee [ ] TeTm 1015 Sy, Aopompey ey
M w34 e | ] T 30 T Y T - L
O R e e o N s | ] Ci-fmric U0 1 sy, Aoangy s
4] T weeveeny 3 moon pema 1 a e i 40 1 e, ¥ WD e
O 200 1 e ek v moren ) ] i T it L] e
+ 101 e sy e i Clmic 10t e sy s
= e e L B s | D-arm L H0 45 D - E
o 201 i ey e e ) 3 ] Cimrar 07 £ mm——y - omar
= 30 15 S s w ] Y Cim e T T TP s T
= 0 Tur wmngan PewwE ] s i 20 T wLA T =
< 20t med b | o G woeeen 23 T e o s
O 01 s S e | — b woees 101t e 4 B e ==
] HEE e ] ————— 1o i C 01 26 g e, suncm
[a) H i wimem G " RO Dl PIE
(NN ] W0 N we oo i G ci4Tm [ 23 14T S o, zear
L 34 A g iy y oo ) ] ura (o = A0 T Y Ly Ay o s
[ - 0 1 e o i L R x 0 Tz ey oy e
< =314z o e ] = D P T 014z m g v
) Lol el i e | s Sl ST 0T P P S s
() g e memge ey | au [ L O T2 W oy p— L
< 307z e ped B e ) s ] ] 40 1z g g S e semz
o R e Ll | 0 G ST 310 T R e
G ey L Bupy, By n._ % B Ei-iE 240142 Sermmy, Aoyoepey, e
30 e ey e | o ey ] 1014 g ey sonaz
()] =#0 N4z w0 2 i Ci-dmroe 30 14 BuD e
=z T | oerm | e 507 ey e e -
<C 0 Uz o, Sopu | | s T wEidean 20 14z map omagn, some
30 14z Smpay dnkg g woeeg || L it W TR 0 T4 Sy ity ¥ e L2 4
mw uuuuuu emng e =g (0 ¥ e ] 014 e e e
o £ ] L T SIH0 00| Pug
< Ermul () wsmpany oo 3 o e 1] L]
i 7ol ) 7 e s w ey ] e oz (o - T ] ]
w 2l w1 g wameay -wowne ] o T e . [l 1 g R e - R e
Ll [ L il el e— D e S - Iz 1) wy maps gy [
o (gl e mppeec s - wiits £ Cirn Cirer-an Ll ] s (- S o
D m _____ -0 - e [ 113 Ci=nen Cl=ur-a0 il b e T B - T T
L H L e et s el — | 3 R e Il (5-a) v oy g - S50S L]
M i i Tzl (=) b v s 7 man - =T N Eierm cme t x I3l ) w1 o - TR mn
m S BB — “ﬂ.u_. LLCF] _ g _Ilin_ -.l._-nu _ Ll o Amny|
= Ul-aAO J8UMO E£1L0Z ‘L AINT 10} BuljesEY PesIAeY
80:60 £1-AEW-LZ PojuLd g-L0SH Q3IWO3N MIIATH 2240 /| HINMO / NITHNY ¥0d4  8-L05Y

112

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



113

-
S
[a
[N}
o
2
=
(N
— oy swapmiy ey g suaIs ¢ # o Baumusy )
= a0 0N oD 0w DN S NSV g jo ¢ abeg popy Bauewsayy oD NN 4O IETITY
2 ot 1z v 3 o s ] -amr- = v s - ey
- esveoameann — wen | mewa s s anewsdssuns oo
A § S meuoe on iy s Seoeny L oz o . - A oy e Sy [ ]
m o1 fuz s pp—— L 1 s LY L Y147 g — (e
& | : oy s e et ] L D -0 1 1 P T S ]
wl @1 Uz 103 oy vy ] - rurm 2 ey o e ]
M R e e T e = ] ST P T T ey o P )
o1z By, Ao ] cluT-m T4 Sy, dSoymap, ]
e o i amswessmuem = — e e ——— f— -
N Lt i bl i, | S— | i ceTm m - T ek Y]
T 1oz g ) Bugen e (0] i L 9] 147 mpeg ey S ey k=]
< 1 1zt e s ] Sl R o) Eoes L] g
o e | e P — T —— g
A 3 1z ey Aopusey, T myr Ti-fa Az sy, Eomngy men
[a W o 7 g v e 8 e [ ] - L e i) e
M Tz g muse e ) & Sr i 4z R oy e
1 14z 5 Igmey eyl e[ e i 1 14 5 I e - 0
o 1 L4z drby weeg oo ] ] i 2 T et wag L D
O I O S S vy pompeses = i MR € €T o g g o g e ]
+ o Tz wa | s i YL ) 34— )
N T p— e e A s I LT y— g ]
O 1 Tz mngan ke el El- T T S ]
~ 1 4z o0 rdna e | s ] G E B0 w0 ey )
= o ar e | w vy i T4 e p— npa
< ] Tz ey 7 e e [ v Eeee ] 1147w oD o
(@] 4z ooy dnta v poeen [ M z e e 9 14z e dntg v W
) 1 e s - v C1msr T ] T T e o
[a) T4 e Sy | L 1 Tasenn T4z P e o o)
Ll 9114 %3 oo wEw ey 1T W TI--E 1 Na e e e mmeAn
w T D i T L RT I S— : R L ] . s L e b ] )
[ - 1z st e W —— L TR T ® = Y ety R s
< 14 pomamy s ma w | u R e L = W14z oD SR T e o
) = sy | L imra s = T e g e, iewia
) 5z cTrm e ) ge 2004 pug
< 60 141 Smeimn o L CT 240 T, sy 2oy o
oc o L | L T G 40 T g fpmusmy  doymeag s
(G) =8 s wp e s ey ETm Erig 3 Tl T ) e P azmsl
e N = 3 iz 401 i s
()] 1 1 et e B e [ e e — -
=z 1511 e P B ey beww | o 4 141 e S e s
<C i mmrg T e ) oeeen | o P Ep———— e
13 Tl w4 Buncem e [ ] T T e ] amis
m 3 Tl ey ey ma [] [ Ciu-m I3 Tl W R Y AR Y
2 =011 e e | i ier-m 50T e sy p osmisl
A 9011 S geusm [ ] EluT-a =50 Tl Sermny Aoynge L
wi 30 Tl Wy sy [ ] i 0 141 B arms
(75 00 1 merms st w0 Do Tl 20 Tl T s - erisl
Ll =407 Tmma w1 i Cireran 0Tl EE T = aus
o P e —1 i Cirer-an 50 th=t3 e T s
=) H s mema, Bepape. ] : ] i ¥ 0 ey Ao, sl
w : 71 ey oo gy ) n ] i s 0 141wy ¥ oy pow mmE
M i i =40 1 e ey momeg v Eivm clmeir s = 13Tl e k¥ e ssois
Wé n
m —_— 774 — “ﬂ.u_. usiad e _Lln_ -.l._-nu _ L' o Amrp
= Ul-aAO J8UMO E£1L0Z ‘L AINT 10} BuljesEY PesIAeY
80:60 £1-AEW-LZ PojuLd g-L0SH Q3IWO3N MIIATH 2240 /| HINMO / NITHNY ¥0d4  8-L05Y

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



T
oc
o
o
wl
o
—
<
Z
T
E
=
=)
—
<<
<
=
wl
p=
[4N]
=
-
<
oc
<
o
p=
(@]
O
+
z
)
T
<
o
>
=
(§E]
(NE]
T
<
-)
=
<
oc
]
o
Z
<
T
@]
2
<
(5H]
(%]
(NH]
o
a
L
=
o
(NH]
z

o TwapEds ALy @

g OIN * mapdun 1oy OFN Sy wE| 840y sbeg

80:60 EL-AEW-LZ POIUMd 8-L0SH

U-BAOIN JBUMD £L0Z ‘GL AINT 40} BullBSET PasIAGY

Qa3no3N

g L ] Sl 3 1A e e i
i Juno en weteaen o ————1 e ] cme | = 971741 T 9 ey =
11 Beco e P i B u ] S | = AL a0 e g uten Sy e
971 T A0 WD -yt Bugany [ e ] El-en o - A VL OO AT "t S )
R e L L e 1 s ] c1-tmrac @ S TV A g sl
1w gy s : S i Temean 8 " 1 1L e g v e mum
= U pmenty ey ) L S i Temean 8 " 214 Py S ma v o, neum
] L — g Y G —— * o L " WYL D o g Y o il
= o e O] — i naege |t - =1 T gy By au
[ cire RN L Qe Joo|415)
11 memheey oo @ L cir ° 1T ek oy omvox
PR e Tt e Tl e— ] 3 clra crm 17t Sepun e - e 3
L s o o e e ] S cir oo e 1 T g A doean o
Ll e =L ] S— ETEL o B A T o e
1 e e e By ) ] [ = T — oy L S e
!!!!!!! L | oz gz z 2V AR D S ey L
T D —— Crmrgr ol |2 T T p— o
1L oy —— ] ] L TR U s e e e
2 1 e s vopan ey O] - L . L T 1T WL e SR, T
D S i iz L B | e TR o ST T e R Sopm, T
ooy meey e L o et = s e e L
1 1 By oo s [ fee— v |® [ —— e
1 14 1w e f sy s e oo w i s wmnd e e
el el i o B s | B e e (L ] T S P R
e e ] o |z T Sy o s
T T I e— e v ® [ ———— e
iiiii e ] oorm s 1 ey e
o1 et e ) ] crm | = Y LC D v
3 hup ey gty g eevan [ ® ] cluTm ® R ] Lo
R e e e = ] ] oorm o 1 s e
17 14C Eena D ey [ z oi-nrun e I Y T R TR T
= 1 by s w0 ] Dz [ L] 21 1 b e L = e
LR e Lt E— | o ] L I = A i pm— e
a1 s oo e = o Sl z 1 E e ey e
e Ll e M7 | 23 s e T 1 14 = gy ey, IR
=1 1 o Ao, ) e s L-mea 111 mop iomn e
T g o ks n ] ] T g = Eo
=1 e B s ) ] S i L-imea =V E P B v
1 1 w34 ey | = i Sl AT T T - R
= oo o et sl o 1z o ¢ | o2 onE msmen ‘s 3 e
1 i ey eopn e 0] @ & 2 B T e ooy g e
e e e e 5 | e T L iasd T I 3 e e e T
T v e v ] — i wovoen " =T v o v e
1K o ung eoy el T = LT WETHD (8 Ll ] 1T S ) e Y o Lt o
2 ur pmenty ey s o) u e Lt Temean 8 v R e i L k] o
7K i ymay ¥ i, O L Az Tiea0 (T [ TV P ey § -
R e T e L e i B === | a e Temean e : T 1 D NG st S e
a2 TGl TSI 80 " Q] Joajd g
91 Uz me o = ] = ) Yz ke oy nzmeam
el Lt e s ) S— | & T, U = N P ey Ay y domeeg o]
H H oz vmp ey ) = ciHTE cluTs o - T T L 12440
H P i B ] — | 82§ R L L . L ' 4 Sopusmp gy o - e ]
W I ﬁ ﬁ W I % =
— [T — = < ﬂn L L TEC DR o Amamy|

M3IIATY D240 / H3INMO / NITHNAE H0d 8-L05Y

114

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



NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT FINAL REPORT

0wy “wapsdy aeLLy O

SUITHY 4 & o, Buumusy

80:60 £1-AEW-LZ POIULd 8-L0SH

uf-eAop J0umQ £10Z ‘1 AN 10} auyjeseg pesiaey

a3woaN

L e p————— 2 10 ¢ abeyg Siop Baueway eopus EEEEEN WO ETITY
e e ] i L o L e s e ] =0
L] (e wSape e ymny v By o O ¢ sl Eimran Il [1=m} efmpeg g yeRed @ By - SV =
o] i e ety ma - e, [ [T [T —— -
Ll fremgmiecnl mewa v g e - = e Ll iyl w4 et - 2T g
mil] Camut} S e oo e - ool () g I3mwil e e e Sy, RS - T ]
1l frmdve simmm wien s - ey Aerre Il (rmaoo) vemsm 2450 s - 23ATR e
1 BT Tzl el R Pro = - e =
Eamull mypond wewan i pegs - =13 0 e Lazial Isaryieoul mopag e s - A3 e
e e e e E e L Aevese 15| Rl AT 30 - T )
e M i s st B ] s | s n Il immarmyomni) upesSeau s Temm - ek =
ETE AENMpUL § F00H
Lzl d " ) e 24wl -1 B N e T L h ] ]
Izl mymeg e w3 - s [ B [l - iy s - 23T L]
3ol v e i e - S [ mrm Il i e e - e ]
i) oy debg v mdpen - s ) ErE Izl i) ey =2y momen - z3ATA =
Lazail i wemvzamy 3w ey - L2 () B Ll |} mewvpuamy 3 o e - 1z ==na
Lozl |t e oy e e [ T e B £ L o e
ol f =63 oo s i - s O T Izl i) =13 ‘oo mpe e - anea resa
BT Jood Y
[ =S S A " s B ] =
H BT T wepsg g e
LR =L T se— KT 971 L I
[==] cT 1l ) oo oy ey o
g ey mem i ] EiT-m Y4 B T D - o
BT L g o eseaw ey [ £ Tl e ey mep = =enm
T 1 gy oy () Eirra 1 s 7 e M y oy o
UL e gy ey | BT L e Lo L] s
Tl P e By pma () ErE 1 1 A g S e =nm
1 g w) B = B LR T o b L] nn
e e iy ey By [ ] UL iy e S anm
B e i L o J s | BT Tl By s =
1 Tl i oy ey (] [ Tl S ooy ey E =t
2 1) g ey e ar Era L P anm
A1 By o, ] e T S, Moy, =mn
L U PR ey decy T [} Ll S PR e ey sz
T g S ) Ere T g g s
111 e ey ey 0] B Tl Y s enn
T e D e ) Erm T A s = Lot
1 Ty | e | B A L yam— ] = =
R e it L 1 L s | [ e I o S T S N . 6 s B 112 Lt
D e e e B | B 1 14| ey o =nn
31 7 w3 usen e [ T 1 1w woeg = =
cmopy drivg g e [ ar Gers | ometw s % =\ ey drisg ¥ men Lot
el i i S | B L e = Lot
1 Tl e oy g e (5] mir P T} sy wom vy = =T
o i ey, [ - L WD Ly, sl
=] s e Zawes | B T P = mm
| ou] ey iy st e g - o [ [} loul a4 iy wEnate oy - MO ]
R D W] — 1 11, =5 ey ey = wEm
it peg fugegy ey - WY Tl P B = o
H 1 kg w3 e ) BT =11 b e 2 e e
H 35 Yl oy munyg ey ) e I e N o 0oLt} - aeEi
E . - .

M3IATYH 2340/ HIANMO / NITHNH HOd  8-105Y

115

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



116

-
mRU
[a
[N}
o
2
=
(N
[ o swapdy meRLLg @ U 4 & oy Buusewsy ———
= L e p————— g 10 g abey o Buueusny eoguD) NN WO ETOY S
) H Foed - | 1 x i e I el 2t e o wempmmeuy e - scrvem
- brerviol Seem Sommpm s @ | ar ] o |z -l By A -z ]
< brvrialnemnese topecs - ZaE ] ar ] CideeiE T bl mespmam Mo - T auwvem
O bl savsrenbuen 3moy pee - ooeve 0] ¢ D CdmE |t Feyrnl 5 2 pRn S aRa PR - ST ]
m L By C-Se - Ll hw-nel eevan v 4 ey - TR L]
L [ [ ] s v S St R - RS Y-
M ¥ [l C-Se I D e D I - T Y10
[ i e Iywrannl smowe Dy gy - e a0
[NH] @ i oL I van pouTer R - AT ]
V I £l e - el wemm g piEn P - ST ]
_” < i woian n I 1 W23 9 R e Sy L - ST sozvem
A &L (g W Ol T v TeCEy D) USRS I - LD 06 =10
o I o woman 3 EREM AN U BIPRY [PURY
A r (a4 i) n Brrwnsd (a0 WU S T LN e e - LR -1
o v i WL n B pu =g Lo BIFRY [EWRY
M L] C-une-ry JE-TEn w Iyl sossesg Emy - S5 D w10
o ] T Bupureg | Buniooid [HVLS 1 PRI TN UORIPPY [BWRIY.
O oi-ue-n 12D SpEsnD Spi Loa MRD S - TTY O=-a10
C [ -] ciuTm Il ey s SEsen - T [
+ Ci-r-cn IO Lsspue. e ES - TTY L]
i Erm Ianenre] i =0 me e - 55D oz
N oo 4 L o larenee] sy 3 sueats dn-gng - T O -aneI0
m E1-depear LSy IR D] AT T ST Y - T L -]
[ i i [rHre] o s e - Wao ]
A [ {4 [ ind IS vewag poyEe ey - SETE [ -]
(@) sidmre ] il e e e - o ]
) Semes | woesr Il sy d s - ST ]
) oHmes | woemean Il sovman mrmg p ek 5 - e ]
[T} SHmeE | woemas Errveal 4ot Jue o1 e Seee - ST ]
[IN] L W Tl I seevpy § oo ey - LD [ ]
— Cedmez | woeemess Hanerwed (e el o e, i - Lt ]
A - ¥ T LGOI Mt Al A FPd ~L el [ ]
U L S T BPHAC) Bl o MEmaiPE Ty P - T a0
=) i e ar L UPRY BUIPIING [RHUTYIS N D RN
< a - oema o m uogppy Buippng (nin) wun 1espen sanesedwod
R Sartes ‘mismiy E!E.!ﬂ._‘hmﬂ BT [=San- Saroer woewly Buan Beommesy - uEeD S
() e, Apmsey upmmpn - WO | BT o R SR UL, - WA L]
mimRsg mwy B - gm0 | ] ] il g Bumpm—e - A0 e
[a) mmmis v TiO Sepommans - aunn ] BT oG W e T B - WD o0
=2 D =t e B e S NN | - -5 & 11 e A, P BuORmRALTT, - HEAAD (]
<C Mt e 8 2 o+ ] e | e Bl [P ———— o]
H FMyBsmmey -y g 24 ) e g g Iy DU, - WENARD -]
(@) e = o I e S I - A -5 . 5 1 ] CHY B, - HEAAD e
o ENHY Iy Bepopemessen - wgnen 1 =4 T Y- T T BT, - MEAAD ]
A -H‘nlﬂ P RS R - W .l ;) 1 | = e ElT-1 £ W I3l Snbq ey ‘Bopuneg ay ) S - et w0
] i ez e e Buuorssauwa g
(75 Iamul -3 el S L B s o oy a0 ] v sty G (- AETR 50
[WH) [ Sy ey Sedus ¢ mm - a3ta ] L (=0 -] Syl 0w S b g pecen Y e - ATTI w0
o ] iy s - A (] o ] WoeRr T = 12} oy mScm ey - AT T ]
D m e Rt | L L R - 1 S— | M L Tl Lo o T 4 [EL B e R ] we0
w : ] L | a smEnHg
M i T Lol imaong) seezen y wooh pms - 150 1 . e oA |z . Il I o wowmepumn § e g - 15 ey
m — [T — “u.u_. _ s _ L _ilin_ -.._.._..u _ L' o Amapy|
= Ul-8Ao J8UMD £10Z ‘5L AINM 10} Buljeseg pasiAey
80:60 £1-AEW-LZ POIULY §-L0SH Q3WO3N MIIATH 2240 7 HINMO [ NITHNY ¥0d  8-105Y

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



T
mRU
[a
wl
o
=
=
(I
— oy Swamiy EaEL @ SUTISINY e & ey Buumusy
M T ———— g 10 1 abeg oy Buneway eoy EEEEE WOMIETITY .
) B P e e T e T | I cierem e o = W] mes o s - e Er]
— el o mogmamIeeer T | | o e | wodmas L s D] s MEn EIemI e - ST Sl
A el e mpen oy m e - T [T | o ] -ithg-t1 BENAEICR mpta o (s - T L]
(@) G wirSes T [t SO
m bavive meeg Ssummmaen ) drdns - el o] s s s b W e B § A - e ]
o BT Loy g gy ey - () mrE uTEE B e mrses ey s e - JH (=]
LT wm e gy e o - Sl (O L] ] . S lwre-rpel me  w — g - e Lol
M D w o oy sy = - o [ Eanren iz | " b sompheey mpseue i e - e ]
L . BT AT ) ooy RO UBYSI [enuad
> « [ eaen m e sapesbdn) esnoy sejog ¥ wy yaap NND Bunspa
_” o ] T % x I w] e - e urEm
A - B Ll ISR mimeisn e ma - T o
o ”- B e |5 el e g e T mreEm
A - il | S Lo e S - T L]
[ v Cidevess s I e v s - 2T mrEm
M - s oz ImErvn] M Bupee o - G meazm
= 3 oL e I ey - mrEm
(@] ”- Cidmrez - I s e e - o wrEm
C 5! ] -y - I ST suan D e - T urdEm
+ ™ P o T @ {mng: repo pewg) yaom sops - N Bupspg
= o " Erm —] Lirrunl =oympes pemprs - e ]
= = G s L] s =3 ooy = ey -z Wiz
m L ryteey pemimg v - o ———1 " D A o " Ll s P MR - T L]
— RUEE. L] e S - & Cimere e (200 MTH L] o Suuns - BT M
< H " ] ] {sapeatich gl memrma) - ning Bunseg
(@) hew-ne] Bumspey, 3 e s de-pmg- TTe [ H o £l ) - PPl sy § Emass on-ps - T ]
) Jr § e Bt s - wme O H ar oL e e s Sy U - D ]
I g g Ty Lo D (] i ar cirm e Ty s T Ly - D ]
(1) sy wfnp commuseg - aakwn [ G ar EiHT-E e iy ey LRSI - D E ]
wi R AL Lo - AT g o T g W L, Lop—— - ERAD Laig-]
[ - g s o - w3 [ s | oo Sl il M D - D sorvem
< e ] a rw | o o i D s
o) Laagrwal me o nepy ppg meg sfomp - w1 s R Tl Ll sy =% M g D) ST - TN o
I H _!-Elﬂnuls.n!u..ll.! | — [ - ouTm (e - |k Tl iyt “Tacavenc) DL WA - TN 961 @by
< e e—— Y ] Trmaz n L] By ¢ P sy - et g
o H : 8z e CEGE i " HICH JO0 P URNHY M3 NAND
o ol urmon g - w0 @ z - Iew-a -ssmn B - UMD L]
R L i LR ) e—] I - ur - By inED] Becusmeg s, J o - T ]
[a) Dreer g T T T m - -1yl ey g s T ]
=2 Ivte-ni] ey Erdmons - 1Ty @ 3 Bl Ll L] | uosepby e Ens - T wrvem
<C tenai v, Sape e - v ) e e e T s bywrunc| ey Sy e - S ez
Irvcil nte cums mes - s | wrm [ L W m sy s -z ]
I ] sy ey g - 10 ] rm -uT-m Ry w = mcm ey ey, e - 1 ]
O el mecmig e e - 10 ] Ami-OE. O mo e e - L]
o byl e e 34 R g e - 1) ] e W] W) 4 TS N - ]
M L] e Suamerya e - @l rpeos = v hyr] mamn g Bugemyy e - GRS ]
) vl memspsg g e - o0 [ s e or " brerp] At oy e - e ]
L Iy sy e - 11 [ o it e -] pummeme s - 1o ]
o e e e L B T i | " CimrL woidmer, 8 “ -l ssevpmy ¥ woon Ews - n o0
=) Dl sy o i - G = T 2 Cim L B ® [P seomeamy, gy ey - gl -0
w H £l e T TN S g [ L P Ly
S H bewwo] Fopen 3 P va- a0 | w | mern ser o] ropmo ¥ Bam v - AT e
m W — ﬁ llfln ﬂ uOIONEE ySEL o Ay
=z upaAop Jeumg £L0Z ‘51 AINr 1o} sujjeseg pesiray
80:60 £L-ABW-LZ POIULL B-10SYH O3WO3N M3IATH 2240 7 H3INMO / NITHNY H04 8-108Y

117

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



NEOMED RESEARCH AND GRADUATE EDUCATION + COMPARATIVE MEDICAL UNIT FINAL REPORT

0wy “wapsdy eaELLy @

U0 QFN ° TRENa0 10N DN ey WS

8 jo g ebed

SUTIEIRY &

& o Buumusy T
o Buueusy oous NN HOMIETITY

® e Ceesr s Bl Cema ¢ E Suny - T L]
® ez e s i1l 2 sy s A - T T
- iz WO b " O Ty mvey Sap - T Eae]
&1 b ity W TR L3 L] :
s o voen ok @ I S T
e e =yl | = L ia TR L ] ANTHING TS NS wmas - CIETE [
] s mevc | o s s e ey gy e v T ecanan
S "SI mm -eoaTa | L L iasd s S CARE W R - O Lol
IS " S T A - ETa | e [ iad [ i TS U S TN A - CXETR L]
iiiiiii 1 L2 [0 03 C~yprr IS N A - T 0OC-a0an
e 0 3 ma oaa @ s | mmrr [ e S L ] oazucan
S0 "N LA e i=ryl | - L Lo 3 Lol AR R BAR, PR CIET mEaoan
P 3 4 ST I T - CIT3 =] | e [ e L3 e 5 L1 BT B § S - T orzacan
o) de A - Lo L | - 1 W T 2 mechuy mg CrOy) S e - ST L L e
] 1 wieaTH = .
i = — - 1se3 - doo |Eauia8 g aug
[afirv i P Sopes pems - ooz [ " mdnse ] T (i ) P Sy - T @
maing by sese prm - wocnd & L] ] T g by ST IV - OO Eos]
(st o) mmrn st e - A = 1w i s Infiasg ) mnmen g pati yemy - TR Em
Sdmtevg wyl pen Bapen pem - cnovshe & 1By a3 ImEn pry) e S AL - ST L]
H (eavg el Seraang | s B & CR -t Citmear |z 3 eeg Tl By - SE I -
H e ] weewday e ¢ By - oo m e [ ] S L = s W) mewiany Lnad ¢ B - ST L]
IsCrg) g | sy p - s, 3 L] e § & (SR s ( oy i Y i @
Intpu A T 'u-sbirew v - 2T [ 3 ] oeeE s s Istrmn w) T " e e ZTe seem
(st ) 7y ooy R - TR “ 3 ] OAE E = (w25 W) T "oy ROsERG - E1ETA wem
e e L 1 F oA s |3 s a6y ) By S s - JCO mem
1ntrpm v wErg ey g - T o i o o 180U 1y WG A Y L - ST wm
L P SO I - SR T H H = 1B =0 (e a T R R DR R - S5 ]
e i e e 3 = [ e oes s = Imbp1m ) e oy S - T ouem
Bem § B wopuyl s - oo ﬂ = ] cluTe a v, g Bos SopoU R - STV E ]
 Intimy av) e o go mwoen o - oeco (R = oz pern B s 18657 ] 28] L Y AL LY - SR mzm
i ntpem 1w - T 3 ] s € IEpim 344 P e ey - TS wm
H =og-cron = ] oarm |z z (ateeg v} uewpemern g st g - DROD oe-m
i E H = Er-diga cuTm @ .
i i i Gow  curm @@ (Buiping NN o3 Buiping 3o} =Gpug slewany
e s M 1 S i e s it e s e s 7] [ O A P -

80:60 £1-AEN-LZ PojuLd g-L0SH

a3WO03N

ul-eAQN J2UMO £10Z ‘5L AINr Joj sulesed pesIAey

M3IASH D240 / HINMO / NITHNYE 404 8-1054

118

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



	Final Report-abstract.pdf
	Abstract
	Executive Summary
	Project Overview
	Existing Mechanical System
	Design Criteria
	Objectives and Requirements
	Design Influences
	Design Conditions

	System Breakdown
	Airside
	Hot Water and Steam
	Chilled Water
	Energy Recovery

	Loads and Energy Use
	Assumptions
	Heating and Cooling Loads
	Energy Use

	ASHRAE Standard Evaluations
	ASHRAE 62.1.5-2013: Systems and Equipment
	ASHRAE 62.1.6-2013: Procedures
	ASHRAE 90.1.5-2013: Building Envelope
	ASHRAE 90.1.6-2013: Heating, Ventilation, and Air Conditioning
	ASHRAE 90.1.7-2013: Service Water Heating
	ASHRAE 90.1.8-2013: Building Power
	ASHRAE 90.1.9-2013: Building Lighting
	ASHRAE 90.1.10-2013: Other Equipment

	LEED Analysis
	Energy and Atmosphere Credits
	Indoor Environmental Quality Credits

	Overall System Evaluation

	Proposed Redesign
	Considerations
	Proposed Alternatives

	Proposed Redesign Analysis
	Mechanical Depth: CHP Implementation
	Research
	Utility Data Collection and Analysis
	System Selection Process
	Configuration Feasibility analysis
	Sensitivity Study
	System Configuration and Operation
	Recommendations and Further Expansion

	Electrical Breadth: Power Interconnect and Black Start Capability
	Interconnection Laws and Standards
	Utility Interconnect Design
	Black Start Capability

	Construction Management Breadth: Alternative Project Delivery
	Background
	Research
	Potential Project Benefits


	Summary of Work and Conclusions
	Acknowledgements
	References
	Appendices
	Appendix A: Trane TRACE 700 Reports
	Appendix B: Designer Elite CHVAC 7 Reports
	Appendix C: Utility Data and Trends
	Appendix D: Initial DOE CHP Screening
	Appendix E: CHP Configurations Screening
	Appendix F: Sensitivity Study
	Appendix G: Emissions Calculations
	Appendix H: Project Schedules





