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Executive Summary

The analyses presented and evaluated in this report are a result of information that have

been collected over the fall and spring semesters. After a careful investigation of 123 Alpha Drive’s
building characteristics and components, modifications in the mechanical, acoustical, and electrical
systems were proposed. The analyses were conducted in order to educate the author of this report
about architectural engineering design principles and strategies.

The mechanical depth portion of the report consists of the installation of a variable refrigerant flow
(VRF) system along with a dedicated outdoor air system (DOAS) in place of the existing roof-top
units in the office and lab spaces of the building.

The variable refrigerant flow system analysis indicated a large savings in annual HVAC costs of up to
$9000, and reduces the amount of energy consumed in comparison to the original HVAC design by
over 15%. Carbon emissions from a variable refrigerant flow system were also found to be
significantly reduced. When comparing first costs and annual HVAC costs, it was found that the
proposed VRF system, accompanied by a dedicated outside air system, was economically
unfeasible, as the payback period for the system was nearly 16 years.

The proposed HVAC system does possess much more precise control than the original system,
however. A building management system control was added to the variable refrigerant flow system,
which allows for control of up to 256 indoor units and 16 outdoor condensing units. The building
management system can also dictate the controls of the energy recovery ventilators, and can also
set restrictions on occupant control of their individual indoor terminal unit. Wired remote
controllers were also added in an effort to provide occupants with the opportunity to maximize
their comfort. Simultaneous heating and cooling of each individual indoor unit was also made
available.

The acoustical evaluation of the Noise Criterion ratings of the original HVAC system and the
proposed VRF system indicated that the existing HVAC system did not meet the recommended
rating for almost all categories of office and conference room noise criteria. Upon further software-
based analysis, it was found the cassette style indoor terminal units produced a Noise Criteria rating
far below the recommended values, further improving its aim to provide maximal comfort.

The electrical analysis focused on the replacement of mechanical panels based on the proposed
variable refrigerant flow and dedicated outdoor air systems. A new 225A 460V 3 phase panel was
installed in place of a motor control center of equal rating, limiting the amount of change in feeder
size and wiring. Two 100A 208V 1 phase panels were added to accommodate for the VRF system
indoor terminal units and the energy recovery ventilators. Attempts to place all indoor units on the
same 225A were unsuccessful, as there were too many mechanical units compared to single pole
switches.

| Alexander Radkoff | Mechanical | Stephen Treado | 1/16/14
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Building Overview

123 Alpha Drive is a 74,000 square foot, office and warehouse building located on the campus of
the Regional Industrial Development Corporation (RIDC) in Pittsburgh, PA. 123 Alpha Drive is a one
story structure designed in order to manage various warehouse shipments and offer sufficient
office space. Obtained by THAR Geothermal Incorporation in early 2011, the now serves as THAR’s
corporate headquarters and storage facility. The building is large enough to achieve adequate,
storage and office space, while providing additional space purpose requirements such as laboratory
areas and conference rooms. The fagade of the structure is composed of primarily concrete
masonry and brick sections, occasionally separated by large, retractable warehouse doors and
typical 3’x5’ rectangular window. The building was designed to achieve a high thermal mass within
the walls of the building in order to compensate for the poor thermal resistivity properties of the
large warehouse doors.
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Figure 1: 123 Alpha Drive Location in RIDC Park and Allegheny County

Construction

123 Alpha Drive was renovated to provide THAR with a corporate headquarters in early 2012, and took
nearly 10 months to complete. Few structural changes were made to the structure, but significant
improvements and redesigns of the electrical, lighting, and mechanical systems were produced. In
compliance with sprinkler and fire protection codes, a new life safety system was also installed. Areas of
the building affected by the renovation include the office, café, conference room, dry lab, and
warehouse storage rooms.

| Alexander Radkoff | Mechanical | Stephen Treado | 1/16/14
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Electrical

123 Alpha Drive receives its electricity from Duquense Light. The electrical system was redesigned to
accommodate for the lighting, power, and mechanical changes to the building during renovation. The
building runs off an existing 120/208V Y 3 phase secondary system, as well as an existing 240V Delta 3
phase secondary system. A 208V existing utility transformer, and an existing 240V utility transformer
share a concrete pad on the north side of the building. Two existing to remain switchgears are also part
of the electrical distribution system. The renovation of 123 Alpha Drive includes a new 1200A 240V
power panel and a 600A 460V power panel, with the appropriate 240V/460V transformer between the
two. Two motor control centers (400A and 225A) are also to be added to the 460V line.

Lighting

The lighting within the building runs on 120V. The variety of fixtures includes several fluorescent
downlight, fluorescent pendant, fluorescent lay-in troffer, and LED lamps. Occupancy sensors have been
included in each corridor, office, and restroom in the building. Proper emergency lighting was installed
in the large warehouse areas, office corridors, and dry labs. Emergency exit signs are located throughout

Structural

123 Alpha Drive has a roof live load of 23 psf. Wind loads were determined by assuming a basic
wind speed of 90 mph and an occupancy category of Il, resulting in an importance factor of 1.0. The
building falls under Exposure Category B due to its office and retail workers. Seismic activity in the
area is almost negligible, and thus falls into the Seismic Design Category A and Occupancy Category
| . The calculated snow load for the Pittsburgh area is a ground snow load of 25 psf and a roof snow
load of 23 psf because of the structure’s flat roof.

Fire Protection
The majority of the building is equipped with a water suppression system, although two large

warehouse spaces used for fluid technology research and development are equipped with a foam
system.

Telecommunications

Data and phone jacks were installed in the office, conference room, café, and dry lab areas of the
building when it was renovated.

| Alexander Radkoff | Mechanical | Stephen Treado | 1/16/14 Page 10
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Existing Mechanical System Overview

Ventilation

123 Alpha Drive is ventilated using six small rooftop units (RTUs) for the office, dry lab, and café areas
and electric resistance heating for the warehouse spaces. Figure 2, below, indicates the appropriate
AHU zoning for the building. Four of the six rooftop units are existing to remain, but the newly installed
RTU’s have been selected in order to incorporate an outside air carbon dioxide preconditioned heating
and cooling cycle, a technique utilized in the airline business. The liquid CO2 preconditioning coil will be
located in the outside air stream of the two units. The goal of this preconditioning is to achieve a lower
‘delta T’ at the final cooling and heating coils, saving considerable energy throughout the unit’s lifetime.
Equipped with a full economizer each, the RTUs will provide efficient ventilation in the building, along
with a considerable reduction in energy consumption. The units utilize gas heating and electric cooling.
The following figure shows which air handling units and rooftop units service different areas of the
building.

Lab and Contaminant Exhaust

Various warehouse and dry lab spaces within the building require lab air and contaminant exhaust. Ten
small down-blast, roof-mounted exhaust fans with motorized dampers were installed to handle the
exhaust air requirements. The air will be replenished by a 4-ton, existing to remain, make-up rooftop
unit.

Radiant Floor Slab Cooling and Heating

In addition to the rooftop units supplying fresh air to the office and lab spaces, a geothermal hydronic
radiant floor cooling and heating system has been implemented through “wet installation”, in which the
tubing is attached in between the finished floor and subfloor. Utilizing an efficient fluid such as liquid
carbon dioxide, the radiant floor slabs achieve a more efficient heating and cooling process than a
ducted system, as no duct losses exist in a radiant system. A condenser and heat pump is used as to heat
or cool the liquid within the tubes. Condensation is a considerable concern with radiant floor cooling,
and will be explored throughout the course of this study. The radiant floor system is expected to support
50% of the load in the areas in which it conditions. Figure 3, found on page 10, indicates the spaces of
the building in which the radiant floor system is utilized.

| Alexander Radkoff | Mechanical | Stephen Treado | 1/16/14 Page 11
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Figure 3: Radiant Floor Zoning Map
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Final Report

Outdoor and Indoor Design Conditions

123 Alpha Drive is located 9 miles east of Pittsburgh, Pennsylvania. Carrier HAP contains hundreds
of locations that can be used to model buildings across the nation and in Canada. Conveniently, a
design template for Pittsburgh is available in version 4.7 of Carrier HAP. The measurements were
recorded at the Pittsburgh International Airport, which is located several miles southwest of
Pittsburgh. There is a possibility that the design conditions at 123 Alpha Drive may not be perfectly
modeled by the Pittsburgh IAP, but if such differences existed, they would be minimal. Figures 4
and 5, below, show the weather conditions information provided in Carrier HAP. Similar weather
information can be found in the 2009 ASHRAE Handbook of Fundamentals.

Table 1: Outdoor Air Design Conditions

Summer Winter Design
Design Cooling | Heating

OA Dry Bulb (°F) 89 °F 2.0°F

OA Wet Bulb (°F) 72 °F 3°F

Table 2: Indoor Air Design Conditions

Offices Warehouse & Storage &
& Lab Packaging Maintenance
CoolingSet | . 85 °F 95 °F
Point

Heating 55 °F 55 °F 60 °F

Set Point

Relative o

Humidity 45% ) i

Design Ventilation Requirements

Rooftop units 1 through 6 were analyzed to estimate the minimum outside air requirements for all
applicable spaces. The warehouse air handling units did not contain enough information in the
drawing set provided in order to produce an accurate minimum outside air requirement for their
respective spaces. The air handling units supply warehouse spaces that were not included within
the scope of the renovation project during THAR Geothermal’s acquisition of the building.
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Final Report 1123 ALPHA DRIVE;

Equation 6-1 in Section 6.2.2.1 of ASHRAE Standard 62.1 was utilized in order to calculate the
breathing zone outdoor airflow value (Vbz).

Vbz = (Rp x Pz) + (Ra x Az)

For which: Az = zone floor area: the net occupiable floor area of the ventilation zone in ft2
Pz = zone population: the number of people in the ventilation zone during typical
usage. (determined by counting seats from furniture plans)

Rp = outdoor airflow rate required per person as determined from Table 6-1
Ra = outdoor airflow rate required per unit area as determined from Table 6-1

The outdoor air that must be provided to ventilate the zone in question is known as the zone
outdoor airflow (Voz).

Voz = Vbz/Ez
Ez = zone distribution effectiveness, which can be determined via table 6-2. Ez varies from values of
0.8,1, and 1.2 depending on the method of air distribution into the zone.

The primary outdoor air fraction (Zpz), is the minimum percentage of ventilation air compared to
the required supply air. Zpz is calculated from equation 6.5.

Zpz =Voz/Vpz
Vpz is the zone primary airflow.

Table 3 below, has been constructed as a summary of all six rooftop units that were chosen to be
analyzed under this method. The minimum outside air and design airflow (CFM) were obtained
from the project documentation. These values were compared to the outside air CFM calculation
based on the formulas provided from Section 6 of ASHRAE 62.1. In in-depth, detailed calculation
analysis can be viewed in Appendix A at the end of this report.

Table 3: Minimum Ventilation Rates

Unit Design CFM Minimum OA CFM ASHMEgiﬁMI"'DA Compliant?

ETR RTU-1 1600 1200 592 Yas

ETR RTU-2 3000 600 510 Yes

ETR RTU-3 3000 600 414 Yes

ETR RTU-4 3000 770 420 Yes
RTU-5 2000 600 495 Yes
RTU-B 1300 680 463.17 Yes
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Existing Building Envelope

The existing building envelope was found to be compliant with AHSRAE Standard 90.1 upon
investigation by the prescriptive building method described in Section 5.5. The insulation values for
the building envelope of the building are compared with the requirements of the specific zone in
which the building is located. Table 4 indicates the compliance determination for the walls, roof,
and glazing sections of the enclosure.

Table 4: Building Material R-Values and U-Values

Insulation .
Element R-Value . U-Value | Max U-Value| SHGC Max SHGC | Compliant?
Min. R-Value
Walls, Above Grade Mass 15.4 11.4 0.06 0.09 N/A N/A Yes
Roofing 27.8 20 0.04 0.048 N/A N/A Yes
Glazing, Nonmetal Framing N/A N/A 0.26 0.35 0.32 0.4 Yes
Glazing, Metal Framing N/A N/A 0.34 0.8 0.32 0.4 Yes

Existing System Design Load Estimation

The 123 Alpha Drive energy model and building load simulation was produced with the assistance
of Carrier HAP 4.7. Carrier HAP is used by smaller MEP consulting firms in the country, and although
it does not contain the most sophisticated and/or complex analysis procedure, it provides a good
baseline for the design of simple building with common heating and cooling applications. Hap 4.7
produced heating and cooling loads, ventilation loads, and an annual energy cost simulation for the
entirety of the building. Areas such as restrooms and stairways were accounted for in order to
develop an accurate ventilation rate and load. Different spaces within the building required
different load considerations. The various spaces throughout the building included office space,
warehouse space, dry and wet storage rooms, break rooms, corridors, and conference rooms. A
breakdown of the locations of these space types is available in Figure 4 below.
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Figure 4: Space Type Layout

KEY
Office Space Restrooms
Warehouse Conference Rooms
Dry Lab Café Space

Internal Loads

The internal loads for the building were dependent on the type of space in question. For office
space and conference rooms, the lighting power density and electrical equipment load was 2.0
W/sq. ft. and 1.0 W/sq. ft., respectively. Warehouse areas were modeled to have a lighting power
density of 2.5 W/sq.ft. and an electrical equipment load of 2.5 W/sq. ft. Corridor and restroom
spaces were modeled as 1.0 W/sq. ft. for both internal loads. Areas such as office spaces,
conference rooms, and lab spaces were designated as spaces containing people undergoing “office
work”, which determined their sensible people loads. People in warehouse areas were designated
as “medium work” individuals, which created a larger sensible people load.
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System Load Analysis Results

The six rooftop units were simulated individually to determine the amount of cooling, heating, and
ventilation required for each space throughout different months of the year. Each system was modeled
as a single zone, constant air volume (CAV) packaged rooftop unit. Occupied T-stat setpoints were
considered at 74°F for cooling and 70°F for heating. The demand safety factors for latent and sensible
cooling were set at 10%, while heating was set at 25%. All rooftop units were equipped with a preheat
coil, and RTU-5 and RTU-6 were also considered to contain an economizer. Table 5, below, shows the
cooling, heating, and ventilation rates per square foot of office area.

Table 5: Block Load Calculations

Coong € | i, | St | vedtonar
RTU-1 561.7 7.8 0.85 0.15
RTU-2 569.7 9.3 0.86 0.21
RTU-3 355.0 14.5 1.46 0.13
RTU-4 405.2 10.5 1.28 0.12
RTU-5 287.5 17.5 1.66 0.22
RTU-6 427.1 14.4 1.09 0.41

The variation in supply air (cfm/ft?) is best explained by the different load needs for each space.
Although the six rooftop units do not possess a relatively similar supply air rate, this can be understood
by the various types of spaces and occupants for each space assigned to its respective rooftop unit. For
instance, areas near the dry lab portion of the building are more likely to require a larger supply air per
square foot, as the demand for fresh and new air is much more justifiable than in a region of internal
offices, such as RTU-2. Although a good rule of thumb for cooling square feet per ton is roughly 400
ft?/ton, the variability of each space played a major role in its deviance from that figure. Ventilation
rates were also quite varied, as rooftop units such as RTU-5 and RTU-6 were forced to expel much larger
guantities of air from the dry labs and bathrooms.

Existing System Energy Consumption and Operating Costs

Using the ‘Building Simulation’ component of Carrier Hap 4.7, a relatively accurate energy consumption
and cost analysis was able to be conducted. The building simulation was able to calculate the monthly
energy consumption and cost data for HVAC components such as air system fans, heating, and cooling
demands, as well as non-HVAC building components such as lighting and electrical equipment. Local
utility rates for electricity and natural gas were found through the assistance of the Duquesne Light and
Columbia Gas Utility Rate Catalog. Table 6, below, lists the customer demand charge and utility rate for
both electricity and natural gas in the Western Pennsylvania area. Table 7 lists the annual energy
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consumption for HVAC, lighting, and electrical equipment. Figure 5 is a graphical representation of this
information.

Table 6: Local Utility Rates

$430 per month

$.1709 per kWh

$130 per month $20.78 per therm

Table 7: Energy Consumption Breakdown

595,045

1,162,376 35.7%

1,494,636 46.0%

Figure 5: Energy Consumption Pie Chart

The energy consumption of 123 Alpha Drive can also be broken down by consumption per month, as
shown in Figure 6 below. July was found to be responsible for the peak energy consumption, as the
cooling load for the building was at its maximum.
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Figure 6: Monthly Electrical Energy Consumption

Monthly energy consumption is indirectly related to monthly energy cost, which can also be modeled
using the Building Simulation tool in Carrier HAP 4.7. The electrical cost can be further broken down by
use, such as HVAC, lighting, and electrical equipment. According to the building simulation report, the
cost to provide HVAC electricity to 123 Alpha Drive was $0.96/ft” and the total electrical cost was found
to be $4.89/ft>. Figure 7, below compares monthly electrical cost by use.
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Electrical Cost by Use
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Figure 7: Monthly Electricity Cost by Use

Carbon Dioxide Emissions Analysis

The use of electricity and natural gas as energy sources results in a relatively significant amount of
carbon dioxide pollutants produced and released into the surrounding atmosphere. Using carbon
dioxide emissions factors for electricity and natural provided by the Environmental Protection Agency’s
‘Emission Factors for Greenhouse Inventories”, found in Appendix __, an educated approximation of the
annual carbon dioxide emissions was produced below.

Table 8: Annual CO2e Emissions

Component Entire Building
CO2 Equivalent (lbs) 5,048,814

Building Energy and Cost Analysis Results

From the building load simulations and system design reports, it can be concluded that the majority of
the annual energy consumption and electric costs are a consequence of the high electrical equipment
and lighting loads for many of the spaces in 123 Alpha Drive. The warehouse and process areas of the
building are the key contributor to high lighting and electrical equipment loads. With warehouse space
occupying nearly 70% of the building’s square area, it is not surprising that the percentage of energy
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consumption and cost is heavily based in these two categories. The total annual operating cost for 123
Alpha Drive was estimated to be $366,742, 80% of which was non-HVAC energy consumption. The
building was determined to have an operating cost of $4.93/ft>, and an HVAC operating cost of
$0.96/ft>.

Mechanical Depth Investigation

Introduction

In an effort to make 123 Alpha Drive more an energy efficient, adaptable, and comfortable HVAC
environment to work in, a mechanical redesign of certain spaces has been proposed. This redesign aims
to improve the office, conference room, dry lab, and café spaces in the building. The warehouse and
processing areas of the building possess too little information available in terms of mechanical
equipment and load requirements, so the following spaces will be investigated in this mechanical depth:

Affected Areas

=% . Mechanical Redesign

] & 1/ El % e @ ® o

Figure 8: Proposed Mechanical Redesign Affected Areas

The affected HVAC systems for the proposed redesign include the 6 original rooftop units and the 7 ton
radiant floor cooling and heating system located along the northeast portion of the building. Both
mechanical systems will be substituted in favor of a variable refrigerant flow (VRF) system. The variable
refrigerant flow system is expected to produce lower annual energy costs, emit less carbon dioxide
pollutant into the surrounding area, and provide the highest level of variability and control for
occupants in the system’ spaces. The VRF systems installed are also expected to significantly reduce the

| Alexander Radkoff | Mechanical | Stephen Treado | 1/16/14 Page 21




Final Report 1123 ALPHA DRIVE;

amount of HVAC noise contribution to the office and lab spaces, as investigated later in the acoustical
breadth section. As a standalone system, variable refrigerant flow fan coils do not possess the capability
of ventilation and fresh air, so each VRF system will be accompanied by an energy recovery unit with an
enthalpy wheel included. A detailed investigation into the control scheme for the VRF units will also be
provided.

The first costs for the proposed variable refrigerant flow systems and energy recovery units are
expected to be significantly higher than that of the original system, so a cost analysis will be done in
order to determine a payback period and if the system is economically feasible.

Variable Refrigerant Flow Systems — Mechanical Depth

Background

The office and lab areas of 123 Alpha Drive are prone to a wide variety of conditioning and load needs
for each specific space. The installation of six single zone constant air volume rooftop units (RTUs) to
service these areas is not a poor choice in any regards, but there are opportunities to improve the
reliability of comfort for building occupants and save on annual HVAC costs by replacing the existing
RTUs with a variable refrigerant flow (VRF) system. Due to the size of the redesign area, it is likely that
multiple VRF systems will be installed

Variable refrigerant flow systems are comprised of several different components, which in conjunction
are able to utilize refrigerant flow in order to individually heat or cool spaces. VRF systems are
effective in controlling the flow of the working fluid for each individual terminal unit so that
each conditioning zone is ventilated properly with as little energy as possible. The working fluid
for these systems involves a refrigerant and antifreeze mixture that transports heating or
cooling throughout the system. The refrigerant and antifreeze selected for this investigation will
be introduced later in the depth.

Components

Condensing Unit

Most VRF systems consist of a condensing unit, or string of condensing units in which refrigerant is
converted from a gaseous state to a liquid state by the process of heat transfer and condensing. The
cooling required to incite a phase change is accomplished by a built-in heat exchanger, which
draws heat from the fluid and converts the refrigerant vapor to liquid form. A compressor
installed within the condensing unit increases the pressure acting on the fluid, allowing it to
move through the unit and into the outlet tubing.
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Refrigeration Tubing

Upon leaving the condenser, the fluid must travel to the terminal fan coil units. In most HVAC
applications, this involves a considerable amount of tubing to be installed in order to transport the
working fluid to its destination. Contrary to traditional constant flow systems, three tubes are used to
optimize the VRF process. These three tube lines work in conjunction with each other in order to
complete the system loop and to deliver the correct amount and composition of fluid to each
component of the system.

Line One: The liquid line, which draws the refrigerant from the condensing unit to the fan coil
units, takes advantage of the compressor’s pressure increase in order to deliver the fluid in an
efficient and speedy manner.

Line Two: The suction line sends the refrigerant liquid that has already aided in conditioning the
space back to the condensing unit so that it can be used again.

Line Three: The discharge gas line, which transports dry vapor produced at the terminal units
back to the compressor and condensing unit.

Mode Change Units (MCU)

The variability that defines a VRF system is controlled by a mode control unit (MCU) for each zone that is
being conditioned. The MCU ties into the main tubing circuit and creates a branch tubing line to the
terminal unit it is servicing. Mode control units have the ability to service multiple terminal units, and
the proposed VRF system allows for each line to be simultaneously cooled or heated. Several ON/OFF
solenoid valves trigger heating and cooling in the connected fan coil units according to their demand
operation mode. By adjusting the flow at which the fluid leaves the MCU, the terminal unit will produce
the required airflow into the space being conditioned without using any excess thermal energy. The
MCU allows for the exact amount of fluid pressure and speed to reach the indoor fan coil units, in order
to provide the most energy efficient conditioning process possible.

Indoor Fan Coil Units

In the last step of the variable refrigeration flow process, the working fluid reaches the indoor fan coil
units in the ceiling of the spaces which require conditioning. These fan coil units (FCU) draw heat from or
add heat to the working fluid and transfer it to the fan portion of the unit, which blows the conditioned
air into the space. After the working fluid passes through the fan coil unit, it enters the suction line en
route to the outdoor condensing unit for the entire process to be repeated. These indoor fan coil units
can either be cassette style units in which air is provided directly from the unit to the space or can be
ducted units, typically differentiated by the amount of static pressure available.
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Restrictions

Like all mechanical systems, the variable refrigerant flow system has certain restrictions that must be
considered during design, zone determination, and unit selection. The following are major design
considerations that will affect the VRF systems recommended for 123 Alpha Drive.

Condensing Unit Elevation

If the condensing units chosen for a VRF system are specified to be outdoor units, it is advantageous and
common to locate them on the roof of the building. Since head losses can negatively affect the
performance and efficiency of the HVAC system, vertical distance from the condensing unit to the heat
pumps needs to be considered in design. Since 123 Alpha Drive is a one story building, the highest
elevation distance possible for a Samsung DVM S VRF system can be ignored for this application. The
largest elevation difference, however, is shown to be 360 vertical feet in the DVM S catalog, shown
below.

4 The longest
pipihg length

656ft,

Height between
indoor and
outdoor units
(*heat pump
systams only)

Height between
indoor units
(*for heat pump systems only)

Figure 9: Vertical and Length Piping Restrictions

Length of Piping

As Figure 9 shows above, the DVM S VRF system from Samsung allows for up to nearly 650 feet of piping
from the condensing unit to the farthest heat pump. 123 Alpha Drive is a building with a large building
footprint, and its one story configuration makes the allowable length of piping a significant factor in the
design of the VRF systems. When designing VRF systems for the office and lab spaces, the length of
piping will have to be considered and checked for the longest pipe length of each system.

Ventilation and Fresh Air
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Unfortunately, a VRF system does not have the ability to provide fresh air to the spaces it is conditioning

and also cannot expel return or exhaust air. As a result, most VRF systems require a Dedicated Outdoor
Air System (DOAS), typically in the form of an energy recovery unit. Such a system will accompany each
VRF system installed in this redesign to ensure proper ventilation, contaminant removal, and fresh air.

Refrigerant Type

For some VRF systems, like the Samsung DVM S series, the available refrigerants and antifreeze
solutions are quite limited. For this mechanical investigation, the only available refrigerant accepted by
the DVM S series VRF system is R-410A.

Static Pressure

One of the more challenges characteristics about the indoor units of the VRF system is the lack of
external static pressure, which allows for longer duct lengths and terminal unit placement farther away
from the diffuser or grille. In order to combat this issue, the two piping lines from the mode change unit
can extend over 400 feet to the terminal unit. This allows for each unit to be placed near or at the area it
is servicing. In addition, various indoor unit models provide ductless cassette style discharge directly into
the space, eliminating the issue of little external static pressure. If ducted units must be used, the DVM S
Series catalog offer slim duct, medium static pressure, and high static pressure duct units.

Sizing

In order to design the most energy efficient and cost effective variable refrigerant systems, a detailed
sizing exercise must be conducted for the condensing units and the terminal unit heat pumps. The first
step taken in this process is the subdividing of spaces in the redesign area in order to determine how
many VRF systems will exist for the building. Horizontal piping length (maximum of ~650 ft) and zone
demand loads were referenced to create 3 separate zones in which three VRF systems could service the
office and laboratory spaces. Figure 10, below, splits the building redesign zone into 3 system areas
based on piping length restrictions with a safety factor of 25%, meaning a maximum piping length of 490
feet will be enforced for each system. If all condensing units are installed near the middle of each zone,
the longest piping lengths for each system will be compliant with the maximum piping length allowed.
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VRF System 1

VRF System 2

VRF System 3

Figure 10: VRF System Area Layout

The next step in sizing the 3 variable refrigerant flow systems involves calculating the necessary tonnage
for each condensing unit. For the Samsung DVM S series, the number of condensing units required per
system increases depending on the require tonnage. Table 9, below, indicates the necessary number of
condensing units per ton required for each VRF system.

Table 9: Condensing Unit Quantity for VRF Systems

6-12 14-24 26-36

By finding the approximate tonnage per VRF system outlined in Figure 10, the number of condensing
units required for each VRF system can be determined, as well as the required tonnage for each
individual heat pump servicing its respective zone. Tables 10, 11, and 12 represent the individual
tonnages for each zone and the total tonnage required for the variable refrigerant system. This
information will be able to be used to select the proper mechanical equipment for each VRF system.
Tonnages are found by dividing the maximum cooling load by 12,000 BTUs. These values can be
referencing in the zone summary reports provided in Appendix B.
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Table 10: VRF System 1 Approximate Tonnage Table 11: VRF System 2 Approximate Tonnage

Zone Space Required Cooling N::::tsl:;at e Required Cooling NearE_ﬂ Heat
Load (tons) Load (tons) Pump Size (tons)
(tons)
Storage 124 0.21 0.75 Office 102 0.97 1
Café 122 0.33 0.75 Office 105 0.45 0.75
Office 121 0.24 0.75 Office 106 0.175 0.75
" Office 107 0.175 0.75
Oﬁfce 120 0.24 0.75 Office 108 0.175 0.75
Office 119 0.24 0.7 Office 109 0.175 075
Office 118 0.24 0.75 Office 111 0.175 0.75
Office 117 0.28 0.75 Office 112 0.175 0.75
Conference Room 127 0.32 0.75 Office 113 0175 0.75
Conference Room 128 0.375 0.75 Office 114 0.183 0.75
Conference Room129 0.66 0.75 Office 119 0.24 0.75
Open Work Area 3.46 4 Open Work 101 2.86 3
Total 11.5 Corridor 131 0.22 0.75
Women 132 0.3 0.75
Men 133 0.3 0.75
Total 13.75
Safety Factor 1.25
CU Tonnage 17.19

Table 12: VRF System 3 Approximate Tonnage

Required
Nearest Heat
Zone Space Cooling Load )
Pump Size (tons)
(tons)
Dry Lab Storage 1 0.275 0.75
Dry Lab Storage 2 0.275 0.75
Dry Lab Storage 3 0.275 0.75
Dry Lab Storage 4 0.275 0.75
Dry Lab 147 1.06 1.5
Dry Lab 145 0.85 1.5
Corridor 151 0.7 1
Storage 141 0.28 0.75
Break Room 144 0.28 0.75
Conference Room 153 0.43 0.75
Quality Control 146 0.25 0.75
Total 10
Safety Factor 1.25
CU Tonnage 12.5

Safety Factors of 25% were applied to the approximate condensing unit tonnages in order to ensure that
the VRF system is always capable of meeting its load. The smallest possible VRF terminal unit heat pump
is roughly .75 ton, which explains the rightmost column in the three tables above. This is advantageous,
however, as these heat pumps will almost surely operate at a partial load at all times of the year,
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resulting in reduced energy costs and consumption. With this data we can determine the number of
condensing units required for each VRF system.

Variable Refrigerant System 1: 1 Required Outdoor Condensing Unit (12 combined tons)
Variable Refrigerant System 2: 2 Required Outdoor Condensing Units (18 combined tons)
Variable Refrigerant System 3: 2 Required Outdoor Condensing Units (14 combined tons)
DOAS System Sizing

Each variable refrigerant flow (VRF) system will require fresh air to be supplied and stale air to be
expelled from the zones. To accomplish this, a dedicated outdoor air system (DOAS) will be installed in
conjunction with each VRF system. The DOAS system will utilize a total energy wheel in order to gather
the energy contained in the exhausted air and use it to precondition the outdoor ventilation air in the
system. The total energy wheel will also serve to de-humidify and humidify incoming ventilation air
depending on the required needs of the building and time of the year. The controls for the energy
recovery ventilation aspect of the system will be explained in more detail later in the depth. By using the
zone summary reports obtained through Carrier HAP 4.7 (Available in Appendix B), it can be determined
that each DOAS system should provide close to 1200 cfm of supply air to each VRF system area. This will
ensure proper ventilation and humidification of the air in these spaces. 10% of the original required
ventilation was factored into this calculation in order to include parasitic energy for drive losses for
supply and exhaust air. Table 13, below shows the sizing information for a DOAS system.

Table 13: Dedicated Outside Air System Sizing

Airflow (cfm) Ext. St?t'c ARG Fan Speed (RPM)
Pressure (in wg.) Horsepower
Supply Air 1,250 1.50 1.00 1723
Exhaust Air 1,175 .75 .64 1413
Layout

The last design consideration to be made before selecting particular mechanical equipment for the VRF
system and DOAS systems is the layout of each system. In an attempt to save on mechanical first costs
and to promote an intelligent system design, each system will feature four to six terminal unit heat
pumps to each mode change unit (MCU). This will reduce main line piping length from the condensing
units to the mode change unit and if each MCU is located correctly next to the four to six nearby heat
pumps it will be servicing. In addition, spaces that are large and require significant conditioning like the
open office areas will be installed with multiple smaller heat pumps spread across its area in order to
achieve an even airflow across the space and maximize comfort. A potential layout scheme can be
viewed in Appendix B of this report.
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For variable refrigerant flow systems to work properly, it is essential that the condensing units, mode
change units, and terminal fan coil or heat pump units are able to work and communicate together. For
this reason, the mechanical equipment selected for the three variable refrigerant flow systems will be
from Samsung’s DVM S Series. The DVM series allows for excellent control options throughout each
stage of the VRF process, and offers a wide variety of terminal units to best suit each situation. DVM S
Series systems also allow for simultaneous individual heating and cooling of each terminal unit, even if
two terminal units share a mode change unit. The efficiencies of these systems, which will be
introduced later in the report, are quite favorable.
The overall variability and adaptability of the DVM Series systems makes it an ideal choice for 123 Alpha
Drive. A proper selection of the series’ available units are very crucial to the success and effectiveness of
each system, however. Below are the selected condensing and terminal units for each VRF system.

Outdoor Condensing Units

Using the approximated tonnage requirements from the sizing portion of this report, the following
selections were made for the three VRF systems.

Table 14: Condensing Unit Selection

Cooling (BTU/h)

Heating (BTU/h)

TC TC
CU-1 AMI44FXVAIR/AA - - 9535 144000 162000
cu-2 AM192FXVAIR/AA |AMO72FXVAIR/AA AM120FXVAIR/AA 16421 192000 216000
CU-3 AM192FXVAIR/AA |AMO72FXVAIR/AA AMI20FXVAIR/AA 16241 192000 216000

For the combined condensing units, Figure 11 below indicates how the two condensing units may be

linked.

CU-2 (RTU-2 & IYAMI2FXVAIRIAA)
1520008TUM | 218C036TUN

AMIT2FOBIRAA AMI2CFXVAJRAA
72000BTUR | 31000STUN 1200305TUM | 1350205TUM
| -—
(| - -
%f .4 "
\ ) \ )
7 - =1| 22 -
121187 78
V5| 34| 5% 3.28R|3.28R |0 58
JZMIIBNIT  MX-TAIZISM 1500
MXJ-TA3103M

Figure 11: Combined Condensing Unit Diagram

| Alexander Radkoff | Mechanical | Stephen Treado | 1/16/14 Page 29




Final Report 1123 ALPHA DRIVE;

Mode Control Units (MCUs)

The mode control units available through the DVM S Series catalog allow for four to six terminal units to
be linked to a single MCU. Simultaneous heating and cooling is available with these units, as well as the
ability to completely shut off any individual heat pump while the others remain active. Figure 12, below,
illustrates a typical mode control unit for the DVM S Series. The mode control units for the DVM S Series
are significantly smaller in volume and weigh up to 70% less than competitors’ mode control units,
allowing them to be placed in tighter spaces and making design layout easier. Figure 13, below, shows
the reduction in volume and weight for a typical mode control unit.

L\ hter

Jompany A

Sma Her

g
3
£
T T =k
SAMSUNG
Welght Comparison
MCU Kit
Figure 13: Typical DVM S Mode Control Unit Figure 14: DVM S MCU Size Reductions

Indoor Fan Coil Terminal Units

The last selection components for the variable refrigerant flow system include its terminal units, which
can vary from .75 tons to 4 tons depending on the space load. Samsung’s DVM S Series offers many
different variations of fan coil units to best serve the prescribed design requirements. Since a majority of
the terminal units will be placed directly above the spaces they are conditioning, the option to use
ductless cassette style units was made. For the individual office spaces, 1 way cassette fan coil units
were installed, but for larger areas requiring a better distribution of air across its area, 4 way cassettes
were selected. 1 way cassette units should be placed along the walls of the room it is conditioning,
while 4 way cassette units are best suited for a central ceiling placement. Figure 15, below, shows a
typical placement of each cassette option.

. Conventional

Il New Blade

1-Way Cassette 4-Way Cassette

Figure 15: 1-Way vs. 4-Way Cassette Placement
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Figure 16: 1 Way Cassette Indoor Unit Figure 17: 4 Way Cassette Unit

For VRF system 3, areas such as the quality control room and break rooms were outfitted with a High
Static Pressure (HSP) Duct Unit, which allows for ducted supply to reach areas that would normally be
inaccessible due to piping length restrictions. The HSP duct fan coil unit was selected over the medium
and slim duct units in order to deliver up to .99” of external static pressure to the system, which should
allow for the HSP ducts to service multiple spaces without significant performance. Tables 15, 16, and 17
list the unit selection for VRF systems 1, 2, and 3 respectively.

Figure 18: High Static Pressure Duct Unit
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Table 15: Variable Refrigerant Flow System 1 Terminal Unit Selection

TC Sensible Cooling
Unit1l AMOOTFNIDCH/AA 1-Way Cassette 212 7500 5100 2500
Unit 2 AMDOTFNIDCH/AA 1-Way Cassette 212 7500 5100 8500
Unit 3 AMDOTFNLDCH/AA 1-Way Cassette 212 7300 2100 8500
Unit4 AMDOTFNIDCH/AA 1-Way Cassette 212 7500 5100 8500
Unit 5 AMODOTFNLDCH/AA 1-Way Cassette 212 7500 2100 8500
Unit 6 AMOOTFNIDCH/AA 1-Way Cassette 212 7500 5100 8500
Unit7 AMDOTFNLIDCH/AA 1-Way Cassette 212 7500 2100 8500
Unit& AMOOTFNIDCH/AA 1-Way Cassette 212 7500 5100 2500
Unit9 AMDOTFNIDCH/AA 1-Way Cassette 212 7500 5100 8500
Unit 10 ANMOL2ZFNNDCH/AA | Mini 4-Way Cassette 335 12000 9300 13500
Unit 11 AMO12FNNDCH/AA | Mini 4-Way Cassette 335 12000 9300 13500
Unit 12 ANMOL2ZFNNDCH/AA | Mini 4-Way Cassette 335 12000 9300 13500
Unit 13 AMO12FNNDCH/AA | Mini 4-Way Cassette 335 12000 9300 13500
Unit 14 AMOL2ZFNADCH/AA 4-Way Cassette 494 12000 9300 13500
Unit 15 AMO2AFNADCH/AA | Mini 4-Way Cassette 565 24000 17100 27000

Table 16: Variable Refrigerant Flow System 2 Terminal Unit Selection

Sensible Cooling

Unitl ANDOTFNIDCH/AA 1-Way Cassette 212 7500 5100 8500
Unit 2 AMOO7FNIDCH/AR 1-Way Cassette 212 7500 5100 8500
Unit 3 AMDOTFNIDCH/AA 1-Way Cassette 212 7500 5100 8500
Unit4 AMOO7FNIDCH/AR 1-Way Cassette 212 7500 5100 8500
Unit5 AMDOTFNIDCH/AA 1-Way Cassette 212 7500 5100 8500
Unit 6 AMOO7FNIDCH/AR 1-Way Cassette 212 7500 5100 8500
Unit7 AMOO7FNIDCH/AA 1-Way Cassette 212 7500 3100 8300
Unit 8 AMOOIFNNDCH/AA | Mini 4-Way Cassette 300 9500 6300 10500
Unit3 AMOOIFNNDCH/AA | Mini 4-Way Cassette 300 9500 6300 10500
Unit 10 AMOOIFNNDCH/AA | Mini 4-Way Cassette 300 9500 6300 10500
Unit 11 AMOOIFNNDCH/AA | Mini 4-Way Cassette 300 9500 6300 10500
Unit 12 AMO12FNNDCH/AA | Mini 4-Way Cassette 335 12000 9300 13500
Unit 13 AMO12FNNDCH/AA | Mini 4-Way Cassette 333 12000 9300 13300
Unit 14 AMO12FNNDCH/AA | Mini 4-Way Cassette 335 12000 9300 13500
Unit 13 AMO12FNNDCH/AA | Mini 4-Way Cassette 333 12000 9300 13300
Unit 16 AMO12FNNDCH/AA | Mini 4-Way Cassette 335 12000 9300 13500
Unit 17 AMO12FNNDCH/AA | Mini 4-Way Cassette 333 12000 9300 13300
Unit 18 AMO12FNNDCH/AA | Mini 4-Way Cassette 335 12000 9300 13500
Unit 19 AMOL18FNNDCH/AA | Mini 4-Way Cassette 388 13000 13600 20000
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Table 17: Variable Refrigerant Flow System 3 Terminal Unit Selection

Cooling (BTU/h)
TC Sensible Cooling
Unit1 AMOO7FNIDCH/AA 1-Way Cassette 212 7500 5100 8500
Unit 2 AMOOTENIDCH/AA 1-Way Cassette 212 7500 5100 8500
Unit 3 AMOO7FNIDCH/AA 1-Way Cassette 212 7500 5100 8500
Unit4 AMOO7FNIDCH/AA 1-Way Cassette 212 7500 2100 8500
Unit 5 AMOOIFNADCH/AA 4-Way Cassette 495 9000 6700 10000
Unite AMOOIFNADCH/AA 4-Way Cassette 495 5000 6700 10000
Unit7 AMO30FNADCH/AA 4-Way Cassette 6EE 30000 23000 34000
Unit 8 AMO4BFNHDCH/AA HSP Duct 1183 48000 37000 54000
Unit9 AMO76FNHDCH/AA HSP Duct 1836 78300 59200 85200

Dedicated Outside Air System (DOAS)

Considering the sizing determination made in the previous sections, a dedicated outside air system must
be selected for each variable refrigerant flow system. Semco, a company that produces DOAS systems,
will be used in the mechanical unit selection. The DOAS systems will act as an exhaust air system and a
fresh air preconditioner. The DOAS system will incorporate a 3 angstrom total energy wheel that
exercise energy recovery in both the winter and summer months, transforming the DOAS system into an
energy recovery ventilator (ERV). A stop/jog economizer will also accompany the total energy wheel.
Humidification and dehumidification applications are also present in the total energy wheel, which will
aid is achieving maximum comfort in the office and lab space areas. Proper control of the DOAS system,
more specifically the total energy wheel, will be visited in the next section. The Semco FV-2000 Fresh Air
Preconditioner will be used for each of the VRF systems. Its unit information can be found below in
Table 18.

Table 18: Dedicated Outside Air System Selection

1 FV-2000 Supply Alr 1,250 1.5 1 1723
Exhuast Air 1,175 0.75 0.64 1413
2 FV-2000 Supply Alr 1,250 1.5 1 1723
Exhuast Air 1,175 0.75 0.64 1413
3 FV-2000 Supply Alr 1,250 1.5 1 1723
Exhuast Air 1,175 0.75 0.64 1413
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Controls

For a HVAC system as complex as a variable refrigerant flow system, the controls required to operate it
at its full and desired potential must be understood and selected carefully. Fortunately, the Samsung
DVM S series VRF system offers a wide variety of occupant, owner, and building control options. DVM S
series systems offer individual control in the form of wired and wireless remote controllers, central
control in the form of wired remote controllers, multiple building management systems controllers, and
a heat pump mode selector switches.

Since the three variable refrigerant systems are conditioning the office and lab spaces of the building,
individual control is a key characteristic to achieving occupant comfort. Individual wired remote
controllers for each fan coil unit will be provided for each office and conference room, and will be tied
into a central control unit that serves as a basic zone control system, can produce schedules, and can set
upper and lower thermostat restrictions to prevent occupants from individually setting their desired
temperature too high. The energy recovery ventilator controllers will be tied into the VRF system and
will be monitored by the building management system. A more detailed explanation of the control
design for these systems is provided below.

BACnet Gateway Central Building Management System

The BACnet Gateway is a standalone web server device that can connect up to 256 indoor units and 16
outdoor units via the internet. The product unit MIM-B17, a 12V 3A, 100-240 VAC DC adapter, offers an
interface to control temperature settings, fan speed, temperature limitations, current control for
outdoor units, and zone scheduling. The device is also equipped with 10 digital inputs, two of which are
used for emergency shutdown. The BACnet gateway will serve to control all five condensing units and all
indoor units as well. Zone management for open office areas and corridors will be monitored and
executed from the MIM-B16 system. This system also provides the ability for weekly and/or daily
schedule control Table 19 indicates the possible control and monitoring capabilities of the BACnet
system.

Table 19: Control and Object Type for BAC-net System

Control Object Type
On/Off BY
Operation Mode MV
Temperature Setting AV
Fan Speed/Direction MV
ERV Operation Mode MV
ERV Fan Speed MV
Fire Alarm Reset BO
User Control Restriction MV
Operation Mode Lock MV
Set Temperature Limit BV
Emergency Stop BO

Qutput Contact Control Bl
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Wired Remote Controller

The wired remote controllers for each indoor unit will be utilized by the building space occupants in
order to control their individual indoor unit. The MWR-WEZ10N unit is a 12V DC device that
communicates via a 2-wire PLC setup. The controller can control up to 16 indoor units and an energy
recovery ventilator, although only 5 indoor units will be programmed to a controller at maximum. The
device allows building occupants to control the conditioning of their office or space in terms of ON/OFF
control, temperature setting, fan speed, and ERV operation. Table 20 indicates the possible control
capabilities of the BACnet system.

Table 20: Control and Object Type for Wired Remote Controller

Control Object Type
ON/OFF BV
Operation Mode MV
Temperature Setting AV
Occupany Detection BI
ERV Operation On/Off MV
ERV Fan Speed MV
Filter Alert and Reset BO
Energy Saving Control MV

Energy Recovery Ventilator

The BACnet Gateway and Wired Remote Controller have to ability to control the ERV associated with
each VRF system. In the interest of controlling the ERV in the most efficient and effective manner, the
building owner or maintenance staff should have control of the ERV system. In this case, the ERV
controls will be monitored by the BACnet Gateway Building Management System.

Energy, Cost & Emissions Comparison

With the three variable refrigerant flow systems sized, selected, and each accompanied by a dedicated
outside air system, a proper energy consumption and annual cost analysis can be conducted. Using the
‘Building Simulation’ component of Carrier Hap 4.7, a relatively accurate energy consumption and cost
analysis was able to be produced. The building simulation was able to calculate the monthly energy
consumption and cost data for HYAC components Local utility rates for electricity and natural gas were
found through the assistance of the Duquesne Light and Columbia Gas Utility Rate Catalog. Table 21 lists
the annual energy consumption for HVAC, lighting, and electrical equipment. Figure 19 is a graphical
representation of this information.
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Table 21: VRF System Annual Energy Consumption

72,316

321,943 40.8%

394,259 50%

Figure 19: Annual Energy Consumption Percentage

The energy consumption of the variable refrigerant flow systems can also be broken down by
consumption per month, as shown in Figure 20 below. July was found to be responsible for the peak
energy consumption, as the cooling load for the building was at its maximum. Note that the data
presented includes only the VRF and ERV systems of the building.
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Figure 20: Monthly HVAC Energy Consumption (kWh)

Monthly energy consumption is indirectly related to monthly energy cost, which can also be modeled
using the Building Simulation tool in Carrier HAP 4.7. The electrical cost can be further broken down by
use, such as HVAC, lighting, and electrical equipment. According to the building simulation report, the
cost to provide HVAC electricity to the affected VRF system zones was $0.71/ft> and the total electrical
cost was found to be $3.87/ft’. Figure 21, below compares monthly electrical cost by use.

VRF System Zones Electrical Cost by Use

Electrical Equipment
m Lighting
m HVAC

Figure 21: VRF Systems Zone Monthly Electrical Cost by Use
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Cost and Energy Comparison

With the combined VRF and ERV systems simulated to find annual energy consumption and costs, a
comparison between the VRF systems and the original system of the six single zone constant air volume
rooftop units and the radiant floor cooling and heating system was made possible. Since the VRF
systems and original rooftop units both service the same areas of the building, a building simulation was
able to be conducted for only the affected and conditioned areas of the building. As a result, the
following information has relatively lower costs and energy consumptions than the existing mechanical
system energy analysis illustrated in pages 14-18, as that information included the entire building in the
simulation report. The purpose of this comparison, however, is to compare energy costs and use for the
office and lab spaces that were conditioned by the original rooftop units and the newly proposed VRF
systems to determine if there is an economical benefit in favor of the VRF systems.

A comparison of monthly HVAC energy cost was done to analyze the difference in electricity and fuel
costs for the original and VRF system. Table 22 shows the monthly and annual HVAC energy cost
comparison between both designs. Figure 22 compares the two systems’ monthly HVAC electric cost
through the use of a visual medium. It was determined that the variable refrigerant flow system saves
nearly $7,415 per year in comparison to the original rooftop unit and hydronic piping design, a savings of
roughly 45%.

Table 22: Monthly HVAC Energy Cost Comparison

HVAC Cost (5)
Month Original VRF System
January 5914 5531
February 5871 5478
March 51,112 5600
April $1,183 $625
May $1,563 $837
June $1,902 $1,046
July $2,016 $1,117
August 52,026 51,130
September 51,617 5875
October 51,279 5694
November 51,005 5549
December 5928 5518 Difference
Total $16,416 $9,001 ] 7,415
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Figure 22: Monthly HVAC Cost Comparison

Energy consumption is another way to compare these two systems. A monthly energy use (kWh)
comparison was conducted and the variable refrigerant flow system design was found to use 12,382
kWh less of energy in comparison to the original system. This reduction in energy usage is roughly a 15%
reduction. Table 23 lists the monthly and annual energy usage for each HVAC system, while Figure 23
illustrates the difference in graphical form.

Table 23: Monthly HVAC Energy Consumption Comparison

Energy (kWh)
Manth Original VRF System
January 2630 4244
February 2493 3759
March 4922 4801
April 5673 4988
May 8943 6737
June 11782 8439
July 12802 9078
August 12865 9170
September 9381 7041
October 6501 5568
November 4016 4353
December 3140 4138 Difference
Total 85148 72316 12832
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Figure 23: Monthly HVAC Energy Consumption Comparison

Clearly, the variable refrigerant flow system is significantly more cost effective on an annual cost basis,
and does provide a slight reduction in energy usage in comparison to the original HVAC system. VRF
systems, however, are known to have considerably pricier first costs in terms of equipment and
installation, and so a comparison of firsts costs had to be conducted.

Using RSMeans, the HVAC first costs of the original HVAC system (6 rooftop units and a 7-ton CO2
radiant floor cooling and heating system) and the first costs of the proposed system (variable refrigerant
flow with assisting dedicated outdoor air system) were able to be calculated. The extent of these
calculations from ductwork, fittings, controls, HVAC equipment, and refrigerants can be found in
Appendix B of this report.

Upon finalizing the first costs of each system, a comparison was done between the two systems’
material cost, labor costs, and total costs. A shown in Table 24, below, the materials and total first costs
of the VRF system are significantly higher than that of the original HVAC system. The difference between
materials cost was $178,038 in favor of the original HVAC system. The VRF system material costs were
over double the cost of the RTU and radiant floor system material costs. In terms of labor costs,
however, the variable refrigerant flow system was $59,042 cheaper than the original HVAC labor cost, a
74% difference.

In terms of total first costs, the original HVAC design was nearly 50% cheaper, and the difference
between the two first costs was $118,996.
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Table 24: Mechanical First Costs Comparison

First Costs
Materials Labor Total
Original HVAC System| $149,663.88 | $79,733.00 | $229,396.88
VRF System $327,702.26 $20,690.81 $348,393.07
Difference -5178,038.38 $59,042.19 -$118,996.19
Percent Difference 118.96% -74.05% 51.87%

With the first costs and the annual operating costs of each HVAC system determined, a payback period
scenario could be explored. As the variable refrigerant flow system costs significantly more money
upfront, a calculation was made to see how many years it would take to produce less combined first
cost and annual HVAC energy costs than the original HVAC system. The following calculation was done
to determine the payback period of the proposed VRF system.

FCo= First Cost of Original HVAC System

AECo= Annual Energy Cost of Original HVAC System
FCyre= First Cost of Original VRF System

AECyge= Annual Energy Cost of VRF HVAC System
X= Payback Period in years

FCO + (AECO * X) = FCVRF + (AECVRF * X)
$229,396 + ($16,416*X) = $348,393.07 + (9001 * X)
$118996 = $7415 * X
X=16.04 years
The projected payback period for the variable refrigerant flow system was found to be 16.04 years.
Emissions
A carbon dioxide emissions estimate was made by retrieving each HVAC system’s building simulation
information. Table 25 shows the difference in annual carbon dioxide emissions, which was found to be a
nearly 13% reduction in carbon emissions. The variable refrigerant flow system seems to have less of a

harmful impact on the environment than the original HVAC system.

Table 25: Annual C02e Emissions Comparison

Regional Grid Emission | Calculated Emissions (Ib/year) | Emissions
Factors 2007 (lb/kwh) Reduction %
Original VRF

Pollutant

Co2e 1.55 701,073 611,083 12.84%
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Acoustical Breadth

Background

With the implementation of the variable refrigerant flow (VRF) systems in the office and dry lab spaces
of the building, the potential for a change in the acoustical quality of the indoor environment is quite
likely. In areas such as the open plan office space that occupies the southwestern portion of the
building, sound has the ability to travel long distances, which can become a problem if background noise
levels such as HVAC noise are noticeable and distracting. For smaller, individual offices, even minor
noise contributions from mechanical equipment can be annoying and detrimental to a productive work
environment. One of the more common ways to gauge the acoustical effect that ventilation systems
have on a room or space is by finding the Noise Criterion Rating of the HVAC system. Table 26, below,
indicates the recommended Noise Criteria (NC) Ratings for various space types that are applicable to the
existing rooftop unit systems and the proposed variable refrigerant flow system. These NC ratings were
outlined in Chapter 48 of the 2009 ASHRAE Handbook.

Table 26: Recommended NC Ratings

Under these guidelines, the existing mechanical system and the proposed VRF system can be compared
to the recommended Noise Criterion Ratings to determine if they provide a suitable work environment
for the given space. In order to determine the NC Rating for both systems, the acoustical software
program Dynasonics AIM was used to simulate the HVAC noise contribution in a particular space. In an
effort to represent a typical office setting, the open plan office area was selected as the environment in
which the NC rating would be measured. Figure 24, shown below, indicates the boundaries of the space
being investigated.
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Figure 24: Office NC Rating Test Environment

Existing Mechanical System

Existing rooftop unit number 4 (RTU-4) services the area outlined in Figure 24 above, and will be used in
the Dynasonics AIM simulation. RTU-4, a 5 ton constant air volume unit from Carrier, produces various
sound power levels over a range of frequencies from 63 to 4000 HZ. The sound power levels were
measured and obtained throughout experiment by Carrier, and are provided in the mechanical unit cut
sheet. This cut sheet is available in Appendix C of this report. The measured sound power levels,
referenced from 10™ W, are displayed in the figure below.

Table 27: RTU-4 Sound Power Levels (re: 10r-12 W)

To find the NC rating for the room in question, the initial sound power level of the rooftop unit must be
adjusted according to the length, size, and transitions of ductwork en route to the diffuser. The highest
possible NC rating in a room typically occurs at the first diffuser encountered along the supply path of
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the system. A complete path from the rooftop unit to the first diffuser was created in Dynasonics AIM,
which holds values for different duct lengths, sizes, and transitions. The path being investigated is
represented in Table 28 below. The values in red indicate a reduction in sound pressure level, which
produces a more favorable NC rating. Since the dimensions of the room play a role in the NC and RC
rating for the HVAC system, a Room Correction factor was applied at the end of the supply path. Factors
such as end reflection losses and spacing/quantity of diffusers were also considered.

Table 28: Supply Path Sound Pressure Level Reductions

Sound Pressure Level (re: 20 uPA)

Path Component Properties 63 | 125 | 250 | 500 | 1000 | 2000 | 4000

50TCD06
(RTU-4) RTU-4 86 | 84 81 79 76 73 68
Rectangular Duct | 16”x16”x8’ (0”) | -3 -2 -1 0 0 0 0
Rectangular Elbow 16716” (17) 0 1 a 7 7 7 7
Turning Vanes

Rectangular Duct | 16”x14”X27’ (1”) | -1 -1 -2 -4 -8 -8 -5

Takeoff (Branch e on ”
Power Split) 16”x16” / 12 5 5 5 5 5 5 5

Circular Duct 12”7 X 13.15’ (1”) | -3 -6 -11 -19 -29 -25 | -19

End Reflection

12” (Flush) |-12| -7 | -3 1 0 0 0
Loss

Room Correction

32’x25’x8’ -3 -3 -3 -3 -4 -4 -3
(Classic Diffuse) Xesx

NOTE: Any duct properties with a (1”) after the duct size and length is considered to have 1” of
fiberglass duct lining, significantly reducing sound pressure level through the duct.

Dynasonics AIM completes a Noise Criteria and Room Criteria Rating graph as each duct fitting and duct
length is created. Once the supply path is completed, and all end loss reflection and room correction
factors are applied, a final NC rating is produced based on the resulting sound pressure levels across the
frequency range of 63 — 4000Hz. Dynasonics AIM designates an acceptable NC rating for office spaces to
be NC-40, which is represented by the red line in Figure 25 below. The actual NC rating of the room is
designated by the blue line.
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Figure 25: NC Rating for CAV RTU-4

The NC rating for the system is determined by finding the point at which the highest NC curve is
contacted by a point on the HVAC system line. In this case, the HVAC system reaches NC rating curve 46,
and is thus given an NC rating of NC-46. The associated dB(A) value for the system is 48 dB(A), which is
also fairly unfavorable. Even though the majority of the HVAC system line is below the NC-40 curve in
red, it is still in violation of the target NC rating of 40. With a significant amount of duct lining, elbows,
and takeoffs to reduce the sound pressure level emitted by the rooftop unit, it would be difficult and
costly to reduce the NC rating to a suitable level. One such solution, though costly, would be to place a
duct silencer at the outlet of the rooftop unit in order to reduce the SPL before it reaches the majority of
the supply path.

By referencing Table 26 on page 40, it is clear that the rooftop unit fails to achieve the recommended NC
rating and dB(A) values provided in Chapter 48 of the 2009 ASHRAE Handbook. Only one of the 6
recommended limits was observed in the consideration of acoustical noise and distraction. For spaces
such as the conference rooms and private offices, the measured NC rating of 46 does not even come
close to the recommended values, and would surely affect the productivity of the occupants. Upon
discovering the inadequacy of the rooftop units in place in regards to acoustical design, an investigation
into the newly proposed variable refrigerant flow system was conducted to see if it met the NC rating
and dB(A) values suggested in the ASHRAE Handbook.
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Table 29: CAV RTU-4 NC Rating Comparison to Recommended Values

Variable Refrigerant Flow System

The proposed variable refrigerant flow (VRF) system consists of eight different kinds of fan coil units
(FCUs) which provide conditioned air to the office and dry lab spaces in the building. In the effort to
reduce the size of this report and time to complete this investigation, the fan coil unit with the loudest
sound power levels ranging from 63 Hz to 4000 Hz was selected as the ‘worst case scenario’ for the
Dynasonic AIM simulation. Samsumg’s DMV S Series unit AM024FN4DCH/AA was found to have the
highest SPL values of any of the other FCU’s selected, and as acted as the terminal unit for the
simulation. As all of these fan coil units were cassette discharges, meaning that no ductwork, fittings, or
end loss reflections are present, only the sound power levels of the fan coil unit and the room correction
factor would play a role in the determination of the NC Rating. For the sake of consistency, the same
room dimensions and conditions were adopted for the VRF noise simulation. Table 30 illustrates the
supply path reductions for the proposed HVAC system.

Table 30: Supply Path Sound Pressure Level Reductions for VRF System

4 Way Cassette
Fan Coil Unit

32'x25'x8’ -3 -3 -3 -3 -4 -4 -3

Upon completing the supply path reductions and calculations, the NC curve graph indicated a strong
improvement in NC Rating and dB(A) level, as shown by Figure 26 below. The NC Rating was found to be
NC-25 for the fan coil unit, well below the recommended maximum NC Rating of NC-40 for office spaces.
The dB(A) value produced was 32 dB(A), which was found to be within or below all recommended levels
for open offices, private offices, and conference rooms, as shown by Table 31 below. It can be said that
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the entire selection of fan coil units will provide a much more comfortable acoustical environment for
occupants than the rooftop units, as NC Ratings of the FCUs are well below the recommended NC
ratings from the 2009 ASHRAE Handbook.

Typical Office (VRF)
NC-25

NC-25
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Figure 26: NC Rating for VRF System

Table 31: VRF System NC Rating Comparison to Recommended Values
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Electrical Breadth

Background

The implementation of a new variable refrigerant flow system design for 123 Alpha Drive doesn’t only
affect HVAC performance. The affect that changing an HVAC system can have on the electrical system is
potentially immense, as mechanical panels, transformers and electrical loads are subject to change. 123
Alpha Drive currently utilizes a 208V/120 distribution line and a three phase 240V Delta secondary
system. Two existing to remain switchgears are also part of the electrical distribution system. The
renovation of 123 Alpha Drive included a 1200A 240V power panel and a 600A 460V power panel, with
the appropriate 240V/460V transformer between the two. Two existing motor control centers (400A
and 225A) are tied into the 460V line, and provide electrical service to the mechanical equipment
involved in the depth investigation. The six rooftop units and radiant floor cooling and heating system
are controlled by these motor control centers.

With the installation of a variable refrigerant flow system and dedicated outdoor air system, there are
several different pieces of mechanical equipment that will change the electrical load demand for the
HVAC systems described in the depth section of this report. The following mechanical equipment units
have been split into 208V single phase and 460V 3 phase:

208V1Q:
Variable Refrigerant Flow Indoor Terminal Units :

e AMOO7FN1DCH/AA
e AMO12FNNDCH/AA
e AMO12FN4DCH/AA
e AMO24FN4DCH/AA
e AMOO9FNNDCH/AA
e AMO18FNNDCH/AA
e AMO30FN4DCH/AA
e AMO76FNHDCH/AA
e AMO48FNHDCH/AA

Energy Recovery Ventilators (DOAS Sytem) :

e FV-2000

460V3Q:
Outdoor Condensing Units

o AMI144FXVAIR/AA
e AM192FXVAJR/AA
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Solution

With this information, and electrical data gathered from cut sheets available in Appendix B, a
compilation of electrical loads was calculated. By grouping all terminal units for each VRF system and
calculating electrical load per VRF system, it was easier to determine how large and how many new
panels would be needed for the 208V mechanical panel. The electrical loads for the energy recovery
ventilators is also 208V single phase, so all electrical loads for the DOAS systems will go on a new
208V/120 panel. The selected ERVs will be provided with a 30 A disconnect and a 30A fuse breaker for
overcurrent protection. For the outdoor condensing units, a motor control center will be removed, and a
new 460V panel will be provided and sized.

Table 32 provides electrical load information for the 3 outdoor condensing units that make up the
variable refrigerant flow system, which are 460V 3 phase. Information involving maximum operating
current and wiring is also included in the table.

Table 32: Condensing Unit Electrical Data

Mechanical Unit Quantity | Voltage Phase Wiring FLA MOCP Power (W] | Individual Load (VA]) | Total Load (kVA)
AMI4AFXVAIR/AA 1 460 3g AWG 10 264 40 16.9 21034.03 21.03
AMII2FXVAIR/AA 2 460 3P AWGE 38.1 60 20.4 30355.92 60.71

By combining the total electrical load required by these three condensing units, it is found that the total
460V 3 phase load for the newly proposed VRF flow system is 142.45 kVA, which is shown below in
Table 33.

Table 33: 460V 3 Phase Loads

460V Loads
System Total Load (kVA) [Number of units
Cu-1 21.03 1
cu-2 60.71 1
Cu-3 60.71 1
Total 142.45

In order to size a new mechanical panel for the three condensing units, the maximum amperage must

be determined. By dividing the total required electrical load by the voltage (460V) and the square root of
3 (for 3 phase calculations), it is found that the maximum amperage for the VRF system would be 178.8
A. In order to accommodate such a figure, a 225 Amp MLO mechanical panel would take the place of the
current 225 A motor control center which served the six rooftop units for the original HVAC design. No
wiring would have to be adjusted, as both the MCC and new mechanical panel carry the same rating.

For the 208V single phase mechanical equipment, a table similar to Table 32 was constructed, as seen
below. Since the majority of the indoor terminal units have such a small electrical load, overcurrent
protection will be provided in the form of temperature sensors over fuses or circuit breakers.

| Alexander Radkoff | Mechanical | Stephen Treado | 1/16/14 Page 49




Final Report 1123 ALPHA DRIVE;

Table 34: 208V 1 Phase HVAC Electrical Data

Mechanical Unit Quantity | Voltage Phase Wiring FLA MOCP Power (W) | Individual Load (VA) |Total Load (kVA)
AMOO7FN1DCH/AA 20 208 10 AWG 14 2.4 40 499.2 9.98
AMO12FNNDCH/AA 11 208 1¢ AWG 14 2.4 28 499.2 5.49
AMO12FNADCH/AA 1 208 1¢ AWG 14 2.4 32 499.2 0.50
AMOZAFNADCH/AA 1 208 1¢ AWG 14 2.4 40 499.2 0.50
AMOOIFNNDCH/AA 6 208 1¢ AWG 14 2.4 32 499.2 3.00
AMO18FNNDCH/AA 1 208 1¢ AWG 14 2.4 36 499.2 0.50
AMO30FNADCH/AA 1 208 1¢ AWG 14 2.4 65 499.2 0.50
AMO7EFNHDCH/AA 1 208 10 AWG14 5.4 530 1123.2 1.12
AMOABFNHDCH/AA 1 208 1¢ AWG14 4.0 330 832 0.83

ERV-1 FV-2000 1 208 1¢ AWG10 19.7 33.5 4097.6 4.10
ERV-2 FV-2000 1 208 19 AWG10 19.7 33.5 4097.6 4.10
ERV-3 FV-2000 1 208 1¢ AWG10 19.7 33.5 4097.6 4.10

By combining the total electrical load required by each variable refrigerant flow system, it is found that
the total 208V 1 phase load for the newly proposed VRF flow system is 34.71 kVA, which is shown below
in Table 35.

Table 35: 208V 1 Phase Electrical Data

208V Loads
System | Total Load (kVA) |Number of Units
VRF-1 7488 15
VRF- 2 9.485 19
VRF -3 5.450
ERV 12.29
Total 34.715

In order to size a new mechanical panel for the three sets of VRF system terminal units and the energy
recovery ventilators, the maximum amperage must be determined. By dividing the total required
electrical load by the voltage (208V) it is found that the maximum amperage for the VRF system would
be 166.9 A. Although a 225 Amp MLO mechanical panel would be suitable for the 208V single phase
loads, there are over 42 mechanical units which need powering, and so two panels must be added. By
installing two 100A MLO mechanical power panels to the existing 208V system, the VRF systems and
DOAS systems can be split among the two. VRF systems 1 and 2 will be serviced by the first 100A panel
(combined maximum amperage of 81.6 A), while VRF system 3 and the three ERV units will be placed on
the second 100A panel (85.3 A). By tying these two panels into the existing 208V line, there would be no
issues regarding overloading, as at least three of the existing panels would not be needed because of the
change in HVAC design.
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Appendix A — Building Load Analysis Documents

Entire Building

Component (£3)
Air System Fans 9,467
Cooling 56,509
Heating 6,076
Pumps 0
Heat Rejection Fans 0
HVAC Sub-Total 72,051

Lights 153,254
Electric Equipment 141,438
Misc. Electric 0
Misc. Fuel Use 0
Non-HVAC Sub-Total 294,693
Grand Total 366,744

%% Weather Properties - [Pittsburgh IAP] =
Design Parameters | Design Temperatures| Design Solar | Simulation
Begiore — JU1.5.4. hd Atmospheric Cleamess Number  [1.00
Loeation: — |Fennsivania hd dverags Ground Reflectance [0.20
L Pitisbursh |47 - Soil Conductivity 0800 BTU/M/ME
Lattude 0.5 i Design Clg Caleulation Months — [Jan =] to [Dec +|
Longitude: [B0.2  deg
Eleyation i & Time Zone [GMT +// 60 hous
Summer Desian DB Gog | DelohtSavings Time © Yes & Mo
Summer ConcidentwB 720 F | |D5T Bedins for ][
Summer Daily Fiange [1a5  F ||DSTEnds [oe =] [31
\winter Design DB 200 F | DataSource:
Winter Coincident WE [03  °F | 2001 ASHRAE Handbook
oK. Cancel | Help
1
Entire Building
Component (%)
Air System Fans 26
Cooling 154
Heating 17
Pumps 0.0
Heat Rejection Fans 0.0
HVAC Sub-Total 19.6
Lights 41.8
Electric Equipment 38.6
Misc. Electric 0.0
Misc. Fuel Use 0.0
Non-HVAC Sub-Total 804
Grand Total 100.0

Entire Building

Component ($/13)
Air System Fans 0.126
Cooling 0.754
Heating 0.081
Pumps 0.000
Heat Rejection Fans 0.000
HVAC Sub-Total 0.961

Lights 2.044
Electric Equipment 1.886
Misc. Electric 0.000
Misc. Fuel Use 0.000
Non-HVAC Sub-Total 3.930
Grand Total 4.891

Gross Floor Area (ft?) 74980.0
Conditioned Floor Area (ft?) 74980.0

| Alexander Radkoff | Mechanical | Stephen Treado | 1/16/14 Page 52




Final Report

1123 ALPHA DRIVE;

Air System Sizing Summary for RTU-1

Project Mame: THAR Energy Thesis 01032014
Prepared by: lams Consulting LLT 01:35PM
Air System Information
Air System Mame RTU-1 Nurmber of zones 1
EquipmentClass — PKG ROOF Floor Area 3456.0 ft*
Air System Type SZCAV Location .. —_— _____ Pittsburgh IAP, Pennsylvania
Sizing Calculation Information
Zone and Space Sizing Method:
ZoneCFM ___ __ _ Sum of space airflow rates Calculation Months Jan to Dec
Space CFM____ _ Individual peak space loads Sizing Data Calculated
Central Cooling Coil Sizing Data
Total coil load 6.2 Tons Load occurs at Jul 1500
Total coil load 73.8 MBH OADB/WB 89.0/72.0 °F
Sensible coil load 59.9 MBH Entering DB / WB 7491629 °F
Coil TFM at Jul 1500 2931 CFM Leaving DB /' WB 55.1/54.0 °F
Max block CFM 293 CFM Coil ADP 52.8 °F
Sumofpeakzone CPM ____ _ 2931 CFM Bypass Factor 0,100
Sensgible heat ratio 0.8612 Resulting RH 48 %
ft2Ton 561.7 Design supply temp. 55.0 °F
BT hr-ft*) 21.4 Zone T-stat Check 1o0f1 OK
Water flow @ 100°Frise ________ __ __ __ ___ _NiA Max zone temperature deviation __________ 0.0 °F
Central Heating Coil Sizing Data
Max coil load 271 MBH Load occurs at Des Htg
Coil TFM at Des Hig 2931 CFM BT (hr-ft%) 7.8
Max coil CFM 2931 CFM Ent. DB / Lvg DB 65.5/74.5 °F
Water flow @ 200 *Fdrop..— NIA
Precool Coil Sizing Data
Total coil load 0.5 Tons Load occurs at Jul 1500
Total coil load 6.0 MBH OADEfWB 89.0/72.0 °F
Sensible coil load 6.0 MBH Entering DB / WB 89.0/72.0 °F
Coil CFM at Jul 1500 530 CFM Leaving DB /' WB 78.0/68.9 °F
Max coil CFM 530 CFM Bypass Factor 0,100
Sensible heat ratio 1.000
Water flow @ 100 *Frise — NIA
Preheat Coil Sizing Data
Max coil load 23.5 MBH Load occurs at Des Htg
Coil CFM at Des Hig 530 CFM Ent. DB / Lvg DB 201450 °F
Max coil CFM 530 CFM
Water flow @ 200 *Fdrop .. ____ . NIA
Supply Fan Sizing Data
Actual max CFM 293 CFM Fan mator BHP 0.40 BHP
Standard CFM 2803 CFM Fan motor KW 0.32 kKW
Actual max CEMfE* 0.85 CFMift* Fan static 0.50 inwg
Outdoor Ventilation Air Data
Design airflow CFM 530 CFM CFMiperson 37.84 CFMiperson
CFMift: 0.15 CFMft=

| Alexander Radkoff | Mechanical | Stephen Treado | 1/16/14 Page 53




Final Report

1123 ALPHA DRIVE;

Air System Sizing Summary for RTU-2

Project Mame: THAR Energy Thesis 01/03/2014
: lams Consulting LLC 01:44PM
Air System Information
Air System Name RTU-2 Number of zones 1
Equipment Clags — — o — PKG ROOF Floor Area 2912.0 ff
Air System Type SZCAV Location . ______ Pittsburgh IAP, Pennsylvania
Sizing Calculation Information
Zone and Space Sizing Method:
Zone CFM ____ — —_ Sum of space airflow rates Calculation Months Jan to Dec
Space CFM_____ Individual peak space loads Sizing Data Calculated
Central Cooling Coil Sizing Data
Total coil load 51 Tons Load occurs at Jul 1500
Total coil load 61.3 MBH OADB/WB 89.0/T2.0 °F
Sensible coil load 48.1 MBH Entering DB / WB 75.11/63.9 °F
Coil CFM at Jul 1500 2507 CFM Leaving DB / WB 56.5 1555 °F
Max block CFM 2507 CFM Coil ADP 54.5 °F
Sumofpeakzone CFM ___ 2507 CFM Bypass Factor 0.100
Sensible heat ratio 0.784 Resulting RH 51 %
fitTon 569.7 Cresign supply temp. 55.0 °F
BTUhr-ft*) 211 Zone T-stat Check 1o0f1 OK
Water flow @ 100°Frise _____ __ ____ __HiA Max zone temperature deviation ______ 0.0 °F
Central Heating Coil Sizing Data
Max coil load 271 MBH Load occurs at Des Hig
Coil CFM at Des Hig 2507 CFM BTUIhr-ft*) 9.3
Max coil CFM 2507 CFM Ent. DB / Lvg DB 64.0 / T4.5 °F
Water flow (@ 20.0 *F drop e——— . HiA
Precool Coil Sizing Data
Total coil load 0.6 Tons Load cccurs at Jul 1500
Total coil load 6.9 MBH OADB/WEB 89.0/T2.0 °F
Sensible coil load 6.9 MBH Entering DB / WB 85.0/72.0 °F
Coil CFM at Jul 1500 603 CFM Leaving DB/ WB 78.0/68.9 °F
Max coil CFM 603 CFM Bypass Factor 0.100
Sensible heat ratio 1.000
Water flow @ 100°Frise . ___ — NiA
Preheat Coil Sizing Data
Max coil load 26.8 MBH Load occurs at Des Hig
Coil CFM at Des Hig 603 CFM Ent. DB / Lvg DB 2.0 /450 °F
Max coil CFM 603 CFM
Water flow @ 200 °Fdrop . ____ . NiA
Supply Fan Sizing Data
Actual max CFM 2507 CFM Fan maotor BHP 0.34 BHP
Standard CFM 2398 CFM Fan motor kW 0.27 kKW
Actual max CFMf 0.86 CFM/f? Fan stafic 0.50 inwg
Qutdoor Ventilation Air Data
Design airflow CFM 603 CFM CFMiperson 54.81 CFM/person
CFMifE 0.21 CFMiR®
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Air System Sizing Summary for RTU-3

Project Name: THAR Energy Thesis 01/03/2014
Prepared by: lams Consulting LLC 01:47FM
Air System Information
Air System Name RTU-3 MNumber of zones 1
EquipmentClass ___ ____ — PKG ROOF Floor Area 2563.0 ft
Air System Type SZCAV Location . ______ Pittsburgh I1AP, Pennsylvania
Sizing Calculation Information
Zone and Space Sizing Method:
ZoneCFM _______ _ Sum of space airflow rates Calculation Months Jan to Dec
Space CFM ____ Individual peak space loads Sizing Data Calculated
Central Cooling Coil Sizing Data
Tatal coil load T.2 Tons Load occurs at Aug 1200
Total coil load 86.6 MBH OADB/WEB 84.5/70.T °F
Sensible coil load 731 MBH Entering DB / WEB T4.8/62.9 °F
Coil CFM at Aug 1200 3732 CFM Leaving OB / WB 55.8 /547 °F
Max block CFM 3732 CFM Coil ADP 53.7 °F
Sumofpeakzone CPM ____ _ __ ____ __ ____ 3732 CFM Bypass Factor 0,100
Sensible heat ratio 0.644 Resulting RH 50 %
ft2Ton 3585.0 Design supply temp. 55.0 °F
BT {hr-ft=) 33.8 Zone T-stat Check 10f1 OK
Water flow @ 100°*Frise ________ __ ___ ___ ___ _NiA Max zone temperature deviation _________ 0.0 °F
Central Heating Coil Sizing Data
Max coil load 374 MBH Load occurs at Des Htg
Coil CFM at Des Htg 3732 CFM BTUf(Rr-ft*) 14.5
Max coil CFM 3732 CFM Ent. DB / Lvg DB 67.9/77.5 °F
Water flow @ 200 *Fdrop..—_____ NIA
Precool Coil Sizing Data
Total coil load 0.3 Tons Load cccurs at Jul 1500
Total coil load 3.7 MBH CADB/WEB 89.0/72.0 °F
Sensible coil load 3.7 MBH Entering DB / WB 89.0/72.0 °F
Coil CFM at Jul 1500 324 CFM Leaving DB/ WB 78.0/68.8 °F
Max coil CFM 324 CFM Bypass Factor 0.100
Sensible heat ratio 1.000
Water flow @ 10.0°Frise . __ ___ —NIA
Preheat Coil Sizing Data
Max coil load 15.0 MBH Load cccurs at Jan 0800
Coil CFM at Jan 0800 921 CFM Ent. DB / Lvg DB 29.2145.0 °F
Max coil CFM 324 CFM
Water flow @ 200 *Fdrop..—_____ Mif
Supply Fan Sizing Data
Actual max CFM 3732 CFM Fan maoter BHP 0.51 BHP
Standard CFM 3569 CFM Fan motor kKW 0.41 kW
Actual max CFM/f? 1.46 CFMift* Fan static 0.50 inwg
Outdoor Ventilation Air Data
Design airflow CFM 324 CFM CFM/person 9.52 CFMiperson
CFMIft? 0.13 CFMift®
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Air System Sizing Summary for RTU-4

Project Name: THAR Energy Thesis 01/03/2014
Prepared by: lams Consulting LLC 01:45PM
Air System Information
Air System Name RTU-4 Number of zones 1
EquipmentClass —__ _____ ____ _ — PKG ROOF Floor Area 2252.0 fi*
Air System Type SZCAV Location .e—— ____ Pittsburgh IAP, Pennsylvania
Sizing Calculation Information
Zone and Space Sizing Method:
Zone CFM _______ ___ _ Sum of space airflow rates Calculation Months Jan to Dec
Space CFM____ _ __ __ Individual peak space loads Sizing Data Calculated
Central Cooling Coil Sizing Data
Total coil load 5.6 Tons Load occurs at Aug 1200
Total coil load 67.6 MBH QA DB /WB 84.5/70.T °F
Sensible coil load 56.9 MBH Entering DB / WB 74.8/63.0 °F
Coil CFM at Aug 1200 2926 CFM Leaving DB / WB 56.0 /549 °F
Max block CFM 2926 CFM Coil ADP 5349 °F
Sumofpeakzone CFM _________ ____ __ ____ 2926 CFM Bypass Factor 0.100
Sensible heat ratio 0.542 Resulting RH 50 %
ft*Ton 405.2 Design supply temp. 55.0 °F
BTU/(hr-ft?) 29.6 Zone T-stat Check 1o0f1 OK
Water flow @ i00°Frige _____ ___ __ ___ __ ___ _NiA Max zone temperature deviation _________ 0.0 °F
Central Heating Coil Sizing Data
Max coil load 23.9 MBH Load occurs at Des Htg
Coil CFM at Des Hig 2926 CFM BTU/{hr-ft*) 10.5
Max coil CFM 2926 CFM Ent. DB / Lvg DB 67.7/75.6 °F
Water flow @ 200 *Fdrop .. NiA
Precool Coil Sizing Data
Total coil load 0.3 Tons Load occurs at Jul 1500
Total coil load 3.0 MBH QA DB /WB 89.0/72.0 °F
Sensible coll load 3.0 MBH Entering DB /' WB 89.0/ 720 °F
Coil CFM at Jul 1500 267 CFM Leaving OB / WB 78.0/68.9 °F
Max coil CFM 267 CFM Bypass Factor 0.100
Sensible heat ratio 1.000
Water flow @ 100 “Fris@ e — — —HN/A
Preheat Coil Sizing Data
Max coil load 12.% MBH Load occurs at Jan 0300
Coil CFM at Jan 0300 689 CFM Ent. DB / Lvg DB 26,9450 °F
Max coil CFM 267 CFM
Water flow @ 200°Fdrop.—_______ NiA
Supply Fan Sizing Data
Actual max CFM 2926 CFM Fan motor BHP 0.40 BHP
Standard CFM 2799 CFM Fan moter kW 0.32 kW
Actual max CEM/A? 1.28 CFMit* Fan static 0.50 inwg
QOutdoor Ventilation Air Data
Design airflow CFM 267 CFM CFM/perscn 10.27 CFM/person
CFMift? 0.12 CFMift*
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Air System Sizing Summary for RTU-5

Project Hame: THAR Energy Thesis 01/03/2014
: lams Consulting LLC 01:54PM
Air System Information
Ajr System Name RTU-5 Mumber of zones 1
EquipmentClass ________ _ PKG ROOF Floor Area 1943.0 ft°
Alr System Type SZICAV Location e—— — ___ Pittsburgh IAP, Pennsylvania
Sizing Calculation Information
Zone and Space Sizing Method:
Zone CFM ___ _ Sum of space airflow rates Calculation Months Jan to Dec
Space CFM______ __ __ Individual peak space loads Sizing Data Calculated
Central Cooling Coil Sizing Data
Total coil load 6.8 Tons Load occurs at Aug 1200
Total coil load 311 MBH OADB/WB 84.5/70.7 °F
Sensible coil load 63.0 MBH Entering DB / WB 751/63.9 °F
Coil CFM at Aug 1200 3235 CFM Leaving OB { WB 56.2 /552 °F
Max block CFM 3235 CFM Coil ADP 541 °F
Sumofpeakzone CFM ___ _ __ 3235 CFM Bypass Factor 0.100
Sensible heat ratio 0777 Resulting RH 52 %
i3 MTon 287.5 Design supply temp. 55.0 °F
BTUMhr-ft*) 417 Zone T-stat Check Dof1 OK
Water flow @ 100°Frise ________ ____ - Max zone temperaturs deviation ____ 0.1 °F
Central Heating Coil Sizing Data
Max coil load 34.0 MBH Load occurs at Des Hig
Coil CFM at Des Hig 3235 CFM BTW/(hr-ft*) 17.5
Max coil CFM 3235 CFM Ent. DB {Lvg DB 66.8/77.0 °F
Water flow @ 200 *Fdrop.-— . HNiA
Precool Coil Sizing Data
Total coil load 0.4 Tons Load occurs at Jul 1500
Total coil load 4.9 MBH OADB/WB 89.0/72.0 °F
Sensible coil load 4.9 MBH Entering DB / WB 89.0/72.0 °F
Coil CFM at Jul 1500 430 CFM Leaving DB/ WB 78.0/68.9 °F
Max coil CFM 430 CFM Bypass Factor 0.100
Sensible heat ratio 1.000
Water flow @ 100°Frise . ___ —NiA
Preheat Coil Sizing Data
Max coil load 191 MEBH Load occurs at Des Htg
Coil CFM at Des Hig 430 CFM Ent. DB/ Lvg DB 2.01/45.0 °F
Max coil CFM 430 CFM
Water flow @ 200 °Fdrop..—_ . NiA
Supply Fan Sizing Data
Actual max CFM 3235 CFM Fan moter BHP 0.44 BHP
Standard CFM 3094 CFM Fan moter KW 0.35 KW
Actual max CFM/E2 1.66 CFMif= Fan static 0.50 inwg
Outdoor Ventilation Air Data
Deesign airflow CFM 430 CFM CFM/person 8.60 CFM/person
CFM/ft® 0.22 CFMift
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Air System Sizing Summary for RTU-6

Project Name: THAR Energy Thesis 01/03/2014
Prepared by: lams Consulting LLC 01:55PM
Air System Information
Air System Name RTU-& Mumber of Zones 1
EquipmentClass —_ ____ ___ _____ _ — PKG ROOF Floor Area 23790
Air System Type SZCAV Lacation . Pittsburgh IAP, Pennsylvania
Sizing Calculation Information
Zone and Space Sizing Method:
Zone CFM _____ _ Sum of gpace airflow rates Calculation Months Jan to Dec
Space CFM____ _ Individual peak space loads Sizing Data Calculated
Central Cooling Coil Sizing Data
Total coil load 5.6 Tons Load occurs at Jul 1200
Total coil load 66.8 MBH OADBfWEB 845/ T0.T °F
Sensible coil load 47.4 MBH Entering DB / WB 75.5165.6 °F
Coil CFM at Jul 1200 2605 CFM Leaving DB { WB 57.89/57.0 °F
Max block CFM 2605 CFM Coil ADF 56.0 °F
Sumofpeakzone CFM ___ 2605 CFM Bypass Factor 0,100
Sensible heat ratio 0.709 Resulting RH 55 %
ftiTon 4271 Design supply temp. £5.0 °F
BTU{hr-ft*) 281 Zone T-stat Check 1o0f1 OK
Water flow @ 10.0°Frise _____ __ ____ __ ___ __HNiA Max zone temperature deviation ____ 0.0 °F
Central Heating Coil Sizing Data
Max coil load 343 MBH Load occurs at Des Htg
Coil CFM at Des Hig 2605 CFM BTU#hr-ft) 14.4
Max coil CFM 2605 CFM Ent. DB f Lvg DB 50.9/73.6 °F
Water flow @ 200 *Fdrop — NiA
Precool Coil Sizing Data
Total coil load 0.9 Tons Load occurs at Jul 1500
Total coil load 11.0 MEBH OADBfWEB 89.0/72.0 °F
Sensible coil load 11.0 MBH Entering DB / WB 89.0/72.0 °F
Coil CFM at Jul 1500 968 CFM Leaving DB { WB 78.0/68.9 °F
Max coil CFM 968 CFM Bypass Factor 0,100
Sensible heat ratio 1.000
Water flow @ 100 *Frise . _____ __ ___ —NiA
Preheat Coil Sizing Data
Max coil load 430 MBH Load occurs at Des Htg
Coil CFM at Des Hig 968 CFM Ent. DB f Lvg DB 201450 °F
Manx coil CFM 968 CFM
Water flow @ 200 *Fdrop — NIA
Supply Fan Sizing Data
Actual max CFM 2605 CFM Fan motor BHP 0.36 BHP
Standard CFM 2492 CFM Fan motor KW 0.28 kW
Actual max CFM/ft* 1.09 CFMift? Fan static 0.50 inwg
Qutdoor Ventilation Air Data
DCresign airflow CFM 968 CFM CFM/person 35.84 CFM/person
CFMIf= 0.41 CFM/ft?
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Appendix B — Mechanical Depth Documents

DVM S Series Catalog Documents

SAMSUNG VRF SYSTEM . DVM S SAMSUNG VRF SYSTEM

e —
CAPACITY TABLES

OUTDOOR UNITS

3Tan aTen ST o Ten
e [T [Ty
e e T,
R e T,
v aen. ETET
R o TN W T I Ty
- e Py o ey
Sim Ten BTon ot e TABLE OF CONTENTS
= o en T
s aTan i
=
® 0o [
= 12 Ton 1 P
T4 Tan T 1
- 16 Tan 1 1 D
3 T8 ten T 1
El 2 Ton 2
3 2 Ton 1 1
241n 2
26 Tan 1 1 1 DC
- T ton T [ T
s Wt [ z
' 32 Ton 2 i P4as - P67
B T z
o 5 INDOOR UNITS
INDOOR UNITS
720 8Ty | 850087 [12,000 510 20,000 27| 24,200 #7u | scoo0 =y =8 coo eru [ e coo e Pes8
[N i | v | v | - DVM PRO
okl v v - v
e v | v | v P70 - P29
HEP. Duct V v v v SPECIFICATIONS
MEP. Dust v v v v v
v | v |v|wv v v v
v v v v v v
CellingFlonr ) v
SAMSUNG YRF SYSTEM . DVM S SASUNG VRF SYSTEM . DVM S
S e
FLEXIBLE INSTALLATION
« Easy and Safe Wiring
Hon-polar betwean uni g work much sasier. This is also safer since the.
* Longest Piping Length & Highest Elevation ‘outdoor un' will protact sl ¥ the communicaton cable is eonnectsd to 3 power teminal by mistake.

2
z
g
2

SLINN H00ALNO

DVM E allows an extended piping length of up ta 7217 and units wil ctill perfom graat over wide arsas. With this technology, okt p—
3 5 2 208 w5 AU e e o1 L e 5 $3re 20 e (s s 5 o [t
st

tobs 16.4% in height
N ety ﬁ

oS

+ Optimized Refrigerant Distribution Control
Since the piging distance i far bstwesn the outdoor unts and indeor
units, the individual indoar units psrform capaciy eonnestion cartrel
and automate refigerart balancing b sscure belanced perfarmance
betosn the unite

> * Refrigerant Pump-Down & Pump-Out
DVM  pravides the refrigerant pumg-downiout functions to aciiate sasy and converiant replacemant of the prudct 25 el
additonl instalaions and maintanance. Wien the autdonr unit nesds maintenanca, it s posibl for the rafrgacant to roc
g Derssa indosr unis and ipse. It & 360 passibis ta recavar refigarartinta gutdoar units whan maving indgar unts o pararming
= maintenanea of pipas
1"far beal pumy systams anly)

¥ —

* Versatile Piping Connection with Various Knock-Out Holes . | | .

The knack-<ut hoks for piping, power and cammunieation cablss are kcatsd in 3 variety of diferent areas of he
condancing unt, pia inztatatn of piping and eabls diraction can be selsctsd
from tha front, st and right side * High Extemal Static Pressure

To properly deal with unerpscted and varying installation cor
iz deaigned to manags high ertermal statc prcsures up fo 3

s, DVM §
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DVM S SAMESUNG VRF SYSTEM IWM S5
S—

SAMSUNG VRF SYSTER
—

HEAT RECOVERY

+ Heat Recovery Installation Comparison

+ Simultaneous Cooling & Heating
Singis pusdzor unitz £an opsrate 31 the indoor units in both codling and heating mods. Thay can aiso simultaneausly oparate in
cogling and heating made.

SLINN HOOQLNO

 Totally ndeperdent indoor unk heating snd
!‘1 '*] !‘ll! '*1 m "1 @"‘_!‘J *1 conng cgeration s aneces bsting
5 <asing)
= L] | + Beter heating pertomsnce an 2 pips hest
overy syt o low et lscectires
i o e tpe)
i + Loss relrgeeantpipe backracking
* Flesible I with £ and & port MCU
! =T B vt et
-!L!-lil!l!.iw .. S
: * Highest simultaneous heat and coel efficiency
o Lowne natlltion and ranving enegy cozt

Cooling

Cooeg cprlon o e
cecurs sl yarnu'\ddue\ndluw
0 lightireg that generats heat,

Heating

+ Indperdent et/ ool

. !‘1 !.l !.l + Larger pips amelar pipe from CU fo rsin BC
+ M e bchiraching (s rore s st
tcoppen)

# sy st s parate msching 00 for Main BC
# Mt as flaibies For rullipde e instsfatien

&)
3 Pipas

* Mode Change Unit (MCL) Kit Company B
VM § Haat Recavery systems use an MCU (mods changs un®) that s S, -

9% the siza of itz compstitor. Each MEU hae saveral ONOFF solenoid
vaives that enablee heating and cosling to the connecied indoor Units
basad an their damandsd operation made. In acdion it aleo has
indepandnt sub-coclers for sach indoar unit with matering dane by

slacironic expansionvaive to reducs rafrgsrant zounds and ta incrsase E
deiversd capaciy at long pips lengths. N pi I?
e |-

= Bvery indoor uni recuires its cwn hest

|
[

* Resquites more pipe comnactions (ore 1
maierisk, ete:

§§ g g g g R '
!J m ! .1 !I !J .:l[ ! = Srnaller systerm size (24 Ton)

SAMSUNG VRF SYSTEM SANMSUNG VRF SYSTEM . DVM S
Soniineor o

INDOOR UNITS 4 WAY CASSETTE

ean air while 3
to optimizs yous

Samsurg's cassette type
unts g th s g
your intericr dez

uoe
technclogies to offe
comfort and plessure.

:e.wed
22d

irstaation nesr the flocr for 3
size eshres: h meveefficiant and conveni
Faxible  everyday life. ation. No modi

INDOOR UNITS.
SLINN YOOAN!

- -

HIGH STATIC PRESSURE (HSP)
ouet

CEILING / FLOOR MOUNT

4 WIAY CEILING CASSETTE

T

. MEDIUM STATIC PRESSURE PRODUCT FEATURES
MsP) DUt

* Powerful Airflow

i ; ; ez
T Wide blades in ths indcor unit deliver cool or warm

q
s aif at greatar diztances to proside even cooling and
= ’ heating throughout the rom.
e b
g SuMouf

1 WAY CERING CASSETTE

* Ceiling Dust Prevention

— = o] O i
— B The nawly designed pane! will control air diraction
in 2 way to aveid contact with the cailing. This new ey |
\ ‘dasign will prevant dust from accumulating on the

ceiling after g periods of aperation, keaping
% your inerior space claaner than avar.
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1 WAY CASSETTE

D> 1 WAY CASSETTE

.

INDOOR UNITS

PRODUCT FEATURES

* Powerful Airflow
Wids biadez in ths indoor urit dalivar cool or warm air
2t greatar distancas o provide euan oooing and haating

-
& A

+ Ceiling Dust Prevention
Tha newly designed pane! will cantral air directionin away to

E=r——}
avaid contaat with the calling. Thia naw design wil pravent .|
dust from accumulating on the ceding afer keng periog of -

| cemctii |

‘aperation, heeping your inierior gpao cleaner than ever.

= High-Lift Up Drain Pump

The lif-up drain pump itz condensed watsr up to 29.5°
comparsd to our compedtars limitof 275", making
II inatallation mora fisxible and omvenient.
[ H E
[ uswrw ]

e

e

Calleg,

SAMSUNG VRF SYSTEM _DVM S
— —

= Stylish and Aesthetic Panel
Sameung’s Slim 1Way Cassstte provides a simple and refined design. The clean =
e and simple display dsaign maka this 3 modsm classic, which logks grast wih ————
any intarior.

g
E]
=
=
e

« Lighter Indoor Unit
Samsung is the firt to apply ABS cabinsts to s indoor wnis fo provide
the lightast units n the market. This clim and lightweight design makes 3
ingtallstion and maintenance simpis.

* Quiet Operation
Samaung nsw blads design drastically reduces noice levais oo you can relax
in paace and quist

* Mo Qverflowing Drain Water
The chsck valve on the drain pump prevents drained watsr from fioming
backward into the drain pan. Thiz minimzss ths the drain pan's water
level 20 that you will never have to warry about water stagnation or
overflowing drain watsr that could drip into your intarice.

SAMSUNG VRF SYSTEM _DVM S
— —

HSP DUCT

> Hseouct

Auvsilable Capacit

38, 48,000 168,000 BTU

PRODUCT FEATURES

* Pre Filter
L] The 5P Duct Prs Fittsr traps dusts particlas from the air.

« Easy Filter Cleaning

After 1,000 hours of operation, the filter clean indicator will notfy yow that the fiter ehould be clsansd
1,000 haurs i the defaut st tims, which can bs adjusted to 2,000 heurs on the intemal PCB.

+ Smart Pressure Control §
The Smart Prezaums Control Systsm adjusts fan spasd H
zecarding tn tha axtarnal static praseurs o the ar

canditianar ahwayz provids you with consistsnt coing

and heating power, regardless of the surrounding

snvironment.

= High Lift-Up Drain Pump® (Optional)

The lift-up drain pumg lifts eandenzed water up to
I 205", comparsd o our compattar's limit of 275,
|l making installztion mors fisxtis and canvenient.
The it up ronge of the drsin purp o 816 &
4B Ton HSP s imiled 10 185"

red Remote Control

The HGP Ductad unit s confroied via a wired remats controler. -

* High External Static Pressure L
To properly deal with unexpscted and various installation conditionz, the HSP
Duct i designed to manags high axternal etafic prasaures up to 99",
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[ comou courro. I sunona wicee I sercons |

WIRED
REMOTE
CONTROL

SNET 3 SOFTWARE
Part No. MST.P3P

SCHECKER
MO
WIRELESS REMOTE & .
CONTROL. —
Part Mo
MWR-DHOOU _—

B B BACnet ENERGY MANAGEMENT ICONVERTER
SATEIY. Part No. MIM-B16
MIM-BIEN

\BHHW

WIRED REMOTE CONTROL
Part No. MAR-WE1CN

Part No.
MIN-BI7N

"

EXTERNAL CONTACT

INTERFACE MODULE Loniorks
Part No. MIM-B14. GATEWAY
Part No.
MM-BIEN
XTERNAL
Z TEMP SENSOR
Part No.
S MRW.TA
HEATPUMP
MODE
SELECTOR
switeH

DUCT UNIT

s | cowTROL

Part No.
MRK-ALON

TOUCHSCREEN CONTROLLER
Part No. MCMA300N

INDIVIDUAL CONTROL

WIRED REMOTE CONTROL

Samsung's MWR-WELON wired con nnes
built-in room sensar, air handler aperation on/off, air handler opsration mode,
apeed, dischargs air tsmpsraturs sstting (with suppor quist and slssp modss, srrar d
filter replacement alarm display and resst, weakly operating scheduls, differant button permission levals, partis

backlight, tsmpsraturs limit zstting option, zervice mods 2upport, indspendent louver control for
jy cassstts modais (AMO**FNADCH), adjustable heating temparaturs compensation valuss, and

meung indoor units. Features includs:
temperature, air flow direction, fan

button lock ap
DVM S saries 4
child lock

MWR-WELON

* Individual and group cantrol (maximum to 16 indo
» Error dizplay

iltar raplacement alarm res:

* Sleep & Silent mods
mperaturs sen

* Built-in room

CONTROLS

* Clear & bright
* Unifiad control

* Diffarant parmizsion
* Waskly schedule o
* Exception dats satting

* Individual blads control {supports spacific indoor unit madsls)
* Summer tims

WIRELESS REMOTE CONTROL

MR-DHOOU
* OnOH, Operation Mods, Fan Speed, Airflow, Temperature Setting
# Filter reptacement alarm rezst

mple scheduls contro

ide display
« Sof
* Individual blads control (supports specific indaar unit mod:

annal wiraless ramots contral (maximum of 4 channals)

uch button

Touchscreen Controfler
MCM-A300N

b3

GUESTROOM MANAGEMENT MODULE

Interface Module

Direct indoor uj
and seror output

ct, O volts signal. Alse
with a dry-contact. E.G

4 (External Contact Interface Module]
* Diract indaor unit control by external contact signal
zed indoor uni

simpls contact input

EXTERNAL TEMPERATURE SENSOR

enabling/disabling othar vantil

owides operation

SI0HINOD

MRW-TA
» Extarnal sensor to measure sxsct ussr snvironmant temparaturs
» Wirs langth - 39ft

AULRRRLRRRERRE

Samgyng

DUCT UNIT WIRELESS CONTROL

MRK-A1ON

* On/ff control
* Oparatios
Indication

indication

=r replacement
@ ® Use with receiver wire, MRW-10A (included) -
o) MRA-I0A
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CENTRAL CONTROL

DMS 2 CONTINUED .

Power Distribution System

« Power diztribution to a maximum of 256 indoor units
« Data quary for watt-hour, usags tme and usags rato
* Files are saved in Microsofte Excele format.

« 1-ysar power distribution data iz saved in storage
 Current actual power consumption manitaring

* Currenttype slactricty matar supgort (CT rato input)

Smart Central Management
 Control & monitoring 20ne edition
issawired remots control rectriction
« Tempsraturs limit cetting

« Opsration mods restriction

[AZoma] Cotne enty Mo temate contrle { Misimum
coning temperature oatting i 68°F

one | Coofing only ! Remcte cortreller uze

BACnet GATEWAY

BACnet Gateway Setup

STI0UINGD

m

Fsazs
Ettece:
ememet 1311

S-NET3
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Dedicated Outside Air System Cut Sheets

e
FV Output Section: SEMCO
"
Praject Narme ALSM Altoona
Project Location Altoona, PA
Mechanical Contractor ]
SEMCO Representative o
Unit Designation ERV-1 Date | 12-Mow-13 |
Unit Size and Options Selected
Qty.(1) FV-2000 - Fresh Air Preconditioner o
O SEMCO 3 angstrom total energy wheel @ 20 gauge galvanized steel enclosure
@ Antimicroblalfanti-corrosion wheel face coating o DWDH fans
@ Wheel cassette slides in and out for service @ 24 volt remaote start/stop terminals provided
@ Outdoor Unit O Rotation detector with alarm relay
@ Outdoor alr standard mesh filter 4]
O Returm alr standard mesh filter @ AQFlow Alrflow Measurement Station
@ Outdoor Damper - actuator and control @ Disconnect - (non-fused)
@ W Configuration o
o o
@ Standard paint finksh o
@ Standard roof curb for FYV unit o
o 208V/1Ph [+]
@ Constant speed wheel - stopfjog economizer @ 5 year limited warranty

@ Hinged access door for filter, wheel and fan inspection
2 Galvanized sheet metal lner (dual wall)
Fan and Electrical Data

Fan Data External Static Motor Brake
Alrflow [scfm) p o et Ho . Fan Speed [RPM]
Supply Alr 1,250 1.50 1.00 1723
Exhaust adr 1,175 075 0.64 1413
* includes 10% added parasitic energy for drive bosses for sspoly and eshaust
Installed Min Clrouit
Voltage/Phase | Unit Full Load Amps MOCP*
Electrical Data Horsepower Amps
Supply Alr 150 208V/1Ph 19.7 225 335
Exhaust alr 0.75
* maximreum overlioad dircult profection
Electrical Dat Recormmended Recommended
ectrica a Fuse/Breaker Disconnect*
[ single Point Connection 30.0 30.00

* so st of selecied options above to determrine I disconnect ks provided by SEMCD
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Recovery Wheel Performance Data: Cooling Season
Outdoor Airstream Supply Airstream
Dry bulb {°F) 35.0 Diry bulb {oF) B0.2
Wet bulb {"F) 5.0 wet bulb (°F) B5.7
Gralns 95.0 Gralns 715
Enthalpy (BTU/LE) 384 Enthalpy (BTU/LD) 305
Adrflow (scfim) 1,250
Exhaust Airstream Return Airstream
Dy bl {°F) 30.2 Dry bulb [°F) 75.0
Wet bulb {°F) 725 Wet bulb [°F) B2.0
Grains 912 Gralns 62.4
Enthalpy (BTU/LE) 36.1 Enthalpy [BTULE] 27.8
felative Humidity 418%
Adrflow (scfim) 1,175
Unit Effectivenass 0.79
Supply Sensile Efficiency 0.74 Supply Alr Pressure Loss 0.36
Supply Latent Efficiency 0.74 Exhaust Alr Pressure Loss 0.33

Recovery Wheel Performance Data: Heating Season

Outdoor Airstream Supply Airstream
Dry bulb {°F) 0.0 Dy bl {oF) 533
Wat bullb {°F) -1.0 Wet bulb [°F) 435
Grains 3.7 Grains 26.5
Enthalpy (BTU/Lb) 0.6 Enthalpy [BTU/LE) 169
Abrflow [scfim) 1,250
Exhaust Airstream Return Airstream
Dry bulb {°F) 153 Dry bulb [°F) 7.0
Wet bulb [°F) 140 Wet bulb [°F) 53.0
Grains 9.2 Grains 29.7
Enthalpy (BTU/LE) 51 Enthalpy (BTU/LE) 219
Relative Humidity 26%
Abrflow [scfim]) 1,175
Unit Effectivenass 0.79
Supply Sensible Efficiency 0.74 Supply Alr Pressure Loss 032
Supply Latent Efficiency 0.74 Exhaust Alr Pressure Loss 0.30
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SPECIFICATIONS - OUTDOOR UNITS

DWvM S HEAT RECOVERY (450V)

@" ‘@u: =TT

1) Kaminal Capacity is basad on [Eguivalent refrigerant piping : 25t , Level diffenances - OR);
- Caoling : Indoor bemperature . B0°F DB, 67°F WB [ Cufdoor bemperature . 95°F DE, 75°F WB

Model Hame AMOT2FOVAIR AR AMOSEFXVAJRYAR | AMLI20FXVAIRIAA AMI1AAFCVAIRTAR
Pownr Supply BV, Ha 3, 460, 50 3, 450, 60 3, 460, 60 3, 460, 60
Wada : HEAT RECOVERY HEAT RECOVERY HEAT RECOVERY HEAT RECOVERY
Ton ToN %00 & 00 10.00 1200
Fe— Coaling” Bruh 72000 56,000 120,000 144,000
Parfarmancs | (Nemisal) Foat g Btuh 51,000 108,000 135,000 162,000
Capnity Cooling Btuh 65,000 52,000 114,000 138,000
(Ratod) Hoating Btuh 77.000 103,000 125,000 152,000
WA B 164 19 717 264
e MOF i 20 5 0 20
Typa . S50 Somllx L 250 Scralix 1 250 Eenlin SEC Serolix 2
Cuip W=n 406 16.13) 1613) % 06x2)
Modal Nama : PO.GBISIFAVASS £ 1 | CE-GBOBSFAVASG x| | DE-GBOGSFAVASG x 1 | DE-GBOSZEAVASE x 2
Compressor
Tyoe : FVE ByE PYE FVE
il P 1100 1100 1100 2200
Modtiel Cheri — = 7777 77T 777 18554
Typa . Prepallar Propallar Propaliar Propelier
Bulpet £ 0 W 400 % 1 E20 52 202 62012
Fan Air Flow Rate CFM 721978 8,182.16 9,182.16 5,595.32
Extrnal Static | mmAn B0 500 =00 a00
Prussure A in vig TET 031 2.a1 FET
B, mm 952 o E2 12.70 1270
Uguid Fige B, Inch e ) 12 2
@, mm 19.05 =2 28.58 2658
Gas Fi
g B, Inch £ 78 118 118
Fiping B, mm 1588 19.08 22.22 22,22
Migh Pressum Gas Bipe {for HE
Connactions | M8 Pressure ol B. Inch B WA T 7
m PO 220] Z002E0) 20MZ20) 20HE20)
Mar. La
Inskaliatian . Langth i BEAT22] 567221 B56(722) £56(722)
Limitation T 110640} 110120} 110040] 110040
M. Haight # 361(131] 261(131) 161(131) 3611131
Tyra . R4 104 R4L0A RA10A, R4108
Retrgorant i 5 50 7.40 7 40 a70
Posiory Oharifed = TRE] 1631 16,51 1518
Sound Pressura B0 10 L0 820
Hound®
Sound Power Lol Al ) Bl &
™) 190.0 78,0 2840 2550
Me2 Wai
ot ™ 418,88 £12.89 62611 654918
i 206.0 000 030 T
Shipping Waight
ping Waig ™ 45415 ££1.39 £6800 701.07
DE'I""“' mm B0 K 16952765 | 1.295x1,695x765 | 1,205x1 6955765 | 1,295 x 1,695 x 765
et Dimersions (WaExD)
fnch | 3465667302002 | 5058 6673 23002 | 5058 £ 6673 530,12 | 50.98 k6673 30,12
mm CeBx 10122832 | 136321012832 | 1,363y 1512x832 | 1,363 1602832
Shipping Dimonsions (WD)
fnch | 37.32x75.28 3276 | 5366 x 7528 % 3276 | 5166 5 75.28 £ 3276 | 5366 £ 7528 x 3276
Opeatiog - oF 250 - 1200 230 - 1200 230 - 1200 730 - 1200
Temp. Range | Heating “F 40~ 750 410~ 5.0 4.0~ 750 4.0~ 75.0

- Heating - Indoor bemperature - TO°F DB, G0°F WE  J Qubdoor temperature : 47°F OB, 43°F WE
21 Sound préssune wat atguined in 8 dead room. Thus actsal noise level may be different depending on the inslallstion o

3) Specifications ane sxbject 1o change withow! grice notice for product improsemeant.
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DVM S HEAT RECOVERY (4S0WV)

=®_ n@us e

Model Mame AMIGBFEVAIR/RA | AM192FXVAIRAA AM21&FXVAIRAA AMZA0FXNAIRAAA
Fowar Sanply B.v. e T, 460, 60 3440, 60 3, 460, 60 3, 260, 60
Woda . HEAT RECOVERY HEAT REGOVERY HEAT REGOVERY HEAT RECOVERY
Ten TOR 1400 T o0 2000
Gapechly Cooling” Biuh 168,003 182,000 216,000 240,000
Farformance | (Hominai] [Eera— Bur 159,000 216,000 243,000 270,000
Capacty Coaling B LEL,000 183,000 207 000 258,000
(Reatud) Huating Biuh 180,000 206,000 251,000 268,000
WA N w4 TR Az 334
e MOF A &0 50 &0 B0
Typn - SEC Sorclln 2 SEC Somll 2 2 550 Bcroll x 3 S50 Gerolix 2
Output WHxn (4.96) + (6.13) [4.96] = (6.13] 14 96] « [£ 96x2) [6_1Tp2
| DSGEOSZFAVASG 2 1 + | DS-GBOSZFAVASG: L+ | ﬁ_ A
— Do EBOGAFAASE £ 1 | Dt CAOSESayace x| | DEGBOE2FAVASE x 3 | DS-GEOSSFAVASG x 2
Tyoe . FVE BE BVE FVE
oil o ZE00 z200 3300 2200
Mt i 15554 155 54 73332 16554
Typo . Sropalier Propalior Propalier Fropelier
Oulpetx n L A00x 1+ 620x2 A00al e B0 2 Al xl »B20x2 B0 0 2hn2
Fan Air Flow Rats CFM | 7.239.7849,18216| 7235784918216 723978 553532 8162 1682
External Static | mmiq .00 Bt B 00 B00
an
Brassure =g 031 oAl Bl 031
e 1588 1588 1585 15.68
Uquid Fips @, men B =) 5 5
B 2650 =050 THEE ZRER
o Fige 8. Imeh ) 11 118 L1m
PG B 2222 =0 50 205 2068
Connactions | High Pressurs Gas Pips tfor HRI—, T 795 L1 11m Lum
™ 2002200 FO0L220) 200220 2000E20]
T e BEE(722) ES6ITE2) 56722 656(722)
Limitation m 110¢40) SR LT 110{400 1100
M. Holght m BELLAL) Z6L131) G130 361131}
Tyen : REL0A ReLOA R 10A RA10A
Refrigarant kg 1250 1290 1220 1450
Factory Cha
o s 2644 Zh 24 3151 3263
Sound Pressurn
Sound® dB{A
Sound Powar BiA)
kg 1900+ 2780 1000 = 2040 150.0 + 2950 284022
Pk Mhiant it 418885 + 61259 418,88 4 626,11 S16.58 4 65918 62610 12
™ 2060+ 3000 2060 + 3000 206.0 + S18.0 03082
Bhipping Wiight - 454 15 + 6L 35 454,15 + GBS 00 45415 + 70007 BES00 5 2
Extornal B0l A5 TER+ 1295 (BBOx ) BO5xTRS+ 1250 | B0l TRE + 1280 | . nge. s - o
Dimension - — : JLL] 1155 T8 ¥ 1 535 ¢ TE3 1 1685 x 765 (0,295 1 695 x Tehl e 2
. MASxeETInd0NZI+ | MESzEETIZI0ID+ AT TInA0 12+ | (3090 xE6. 73010
— 3098xE6.73x 3012 G088 xBATIn 3012 08 n A6 TIZ3012 7
0 B3 L) AT 2410172 517 r 174897 5 | 3
m | MERLSLAEE S 1363 | M1 LIUABE 4 1363 | MExLWIABL 41363 | (13630 19120837122
Shi Dimansions (W ettt — kb - — -
Pping T T T e | S Sm A s | AL Al | e B
53166 73.2830.78 5366 x DB 32 TE LER e v 2
Dparating Conling “F 23.0- 1200 230 1200 210- 1200 230 - 1200
Tenp. Rangs | Heating *F 40750 a0~ 750 20~ 750 20~ 750

11 Maminal Capacily is besed on [Equivalent refrigerant piping : 251, Level differences : OR);
- Coaling - Indoor bemperalyre : BI'F DB, 67°F WE ! Cuidoor bamperalure - 95°F DE, 75°F WE
- Heating « Indoor bempérature - TO°F DB, 60°F W3
2) Sound pressune was soguired in e desd noom. Thus actual noise level may be differant depending on the imstallation conditions,

3] Specifications are subject o change wilkoul prior solice for product improwement.

¥ Quildoor tempeatune - 47°F 0B, 43°F WE
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1123 ALPHA DRIVE;

SPECIFICATIONS - INDOOR UNITS

A WAY CASSETTE

c@_ :@us -

Model AMOOSFNADCHAA BAMO1BFNADCHAA AMDZAFNADCH AR
Pomer Supgly B, He 1,208-230,60 1.208-230,50 1,208-230,60
Made HFHE EXeE HFIHR
Btuh 3,000 18,000 24,000
Eaclingl) '= — e
T Capacily USRT 075 1.50 2.00
rEIIZ L
ewina |} Btuh 10,000 20,000 27,000
ed
a us AT 0.8 167 2.25
Frwer Input Cocling 1) W 3200 32.00 20,00
_— (Merinall  [heatingl) 3200 32.00 20,00
et i Cooling L] . 0.25 035 030
{Moriinall  [heatig! ! 0.25 025 030
— Tpe : urksa Fan Torba F.an U Fan
Outpul = p L 8551 G5zl B5xl
Fan Airflow e [HOMULOULY | CFM 547 40084 42423 79 547 40/434 421423 79 £18.03/565 06494 42
EAerl ug 500 W By
L p B, 5.3 E.35 B35
e B, inch " 14 I
Fiping = =
el B mm 1270 1270 1270
B, inch Iz ] Iz
Twain Pige B mm VP35 (00 32,10 25) VP25 (0D 32,10 25] VP35 (00 32,0 25)
earcarant LV RA10A, R410A R410A
B | Control Miathed EEY INCLLUDED EEV INCLUDED EEV INCLLUDED
Sound  [Sourd o [PRRIMIET 1 gpa 34033031 0 340330010 360435034 0
. ™ 1500 15.00 1500
Met Weig
e Tk 3307 3307 3307
o ™ 1650 18.50 1650
Shipping Weight
o sl Tte 2073 079 2079
]
Tim 840 x 204 x 840 B0 x 204 x 540 840 x 204 x 840
Met Dimensicns [WacHxD
ot Dlnensions (e 3307 2 8.02 2 3307 33.07 x B.O3 £ 33.07 3307 2 8.08 2 3107
3 b s Ml i 898 x 275 £ 898 A5 x 275 2 B9E Bod x 275 2 808
b nz1sms u
e =f 35.35% 1063 1 35,35 35,357 10835 35.35 3535 10,63 # 35,35
Panal messl PR p— ACAMUZKFN FCANLGHFN BCEMUZKEFN
. ™ 5,60 540 550
Panel Me2 Weight
e . Tte 1279 1279 1279
. ™ B.40 B40 Ban
Shipping Weight
Panel Sige | T8O Ite 1652 1862 1652
m G5 x 45 £ 950 950 % 45 1 950 950 & 45 £ 950
Met Dimensicns (WaHxD
s 3720217733740 3740 X 177 £ 3740 37202177 257 40
Shinming Dimersions m 1005 # 100 = 1005 1005 x 100 % LODS 1005 % 100 £ 1005
(Wi «ch 3957 x 3.94 5 59 57 3957 x 384 x 1957 3957 5 3.94 x 3957
Drain pump | mocel name Built-ir Buili-in Built-in
1 Deai Max_ lifting
pdditionsl | S0 P eight (e iter 750 24 75O 24 750 f 24
CizpEcenent
it Filter Long l1%2 Titer Larg e filter Lung li% filter

11 Momiinal Capacity is bagsad an (Equivalent refrigerant piping : 250t | Level diferences : Oftl;

Gooling : Indoor temperature - B0°F OB, 67°F WH ! Dutdoor temperstuné : 95°F DB, TE*F WE
Heating : Indoer bamparature : 7TO°F DB, 60°F WE F Qutdear temperature - 47°F DB, £3°F WEB

2) Sound pressure was acquired in 8 dead room. Thus actual noise level may be differant depending
an the irstalistion condiions.

1) Specifications are subject ta change without prior notice for product improvement
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4 WaAY CASSETTE

1123 ALPHA DRIVE;

@ n@us —

Modal AMOI0OFNADCHIRA AMD3IGFNADCHAA AMDAEBFNADCH/AA
Pwer SUPRY BV, r 1.208-230,60 1,208-230,60 1.208.230,60
Mot HFMHR HFMER HFMER
coatinal) Bt 30,000 36,000 45,000
caling! . - -
e [Capacty US BT 750 300 400
Petamiates | eniec) eatingl] Bluh 34,000 20,000 54,000
Jan
- LS AT 283 EEE 250
Prapes Irpal Cealing T w £5.00 75.00 ¥5.00
. iMemisel)  [Hestingd? £5.00 75,00 2500
cuent gt |Goaling 1] N 0.50 0.55 075
iNemisell  [Hesingd ] 050 0,56 075
Mk Tpe Turke Fan Turba Fan Turbo Fan
- Citpat x 1 m 37a1 ST el 9Tal
Fan WiFowRile |HML[OL) | CFM 776.55/5600 660037 847 SE776.95706.52 1,074, 16/353 54847 58
Edermal  \MinsStd M) Pa
it B, mm 52 852 55z
Sl B inch T 5 T
Pping = =
Cobreclisis |as Pipe B, mm 1588 15.68 1588
@ inch 5 5E 5
Drzin Pips B mm WP2E (00 32,10 28 VP25 (00 32,10 25) WPZE (00 32,10 251
etricerant |22 RA10A RA10A RA10A
EITL an
B antral Methed EEV INCLUDED EEV INGLIIDED EEV NCLUDED
Sound  [SOUNE o, FIBh/MIS | gpa 90034, 00300 40/W3TE30 42, 0042.0059.0
] " 18.50 16.50 1850
et Weight Tks a079 20,79 079
) ) ¥ Z3.00 25.00 Z3.00
Shipaing Wiighl
- [ e ks 071 50.71 171
e P BA0 x 254 1 BAD B4 25 x BAL BAD x 258 x BAD
M Edgre
“T ineh 33.07 2 1134 £ 33.07 33074 11,342 3307 33.07 1 1134 2 35.07
T B9 357 1 508 BEE 1 357 & 090 BB x 357 2 BOE
o " T inch 35.35 1 14.06 1 35.33 35.35 1 14.06 % 35.35 35,354 14.06 2 35.33
Panel model ol rame PCANLIZHFN PCAMUSKFN PLANLIEEFN
. % 5 a0 5.80 Ea0
Panel Mt Weig
el It 1278 12.79 1279
) } w 54D BAD 240
Shipaing Weight
PanelSize |- T T ® Ik 1852 1652 la52
e 3501 45 1 950 950 43 & 550 5503 45 1 950
Mt Dimessions (WD)
i ST 37408177 83740 3720217753740 AT A0 1 177 £ 37.40
Shipging Dimensicnas mr 1005 & 103 ¢ 1005 1005 x 100 x 1005 1005 x 100 x 1005
Wz inch 057 £ 398 £ 3957 T8.57 £ 3.04 5 3567 3057139453957
Drain pump  |modsl kame Built-in Built-in Baill-in
- Ir: | M. Bfling
hdditional |75 PO Helght 7 fmrihen 75024 750 1 24 75024
Displacement
HRir Filter Lang life filker Long life filler Lang life Tiller

1) Mominal Capacity i based on (Equivalent refrigarand piping : 250t | Level differences : 01,

Cooling : Imdoar tempersturs : 80°F DB, 67°F WE / Qutdoer bemperature : 95°F DB, T5°F WE
Hesting : Indoor lemperatuee - 70°F DB, 80°F WB / Outdoor tempersiure : 27°F DE, 43°F WE

2) Zound pressun was acquired in & desd rodm., Thus sctual noise level may be different depanding
an the installatian canditions.

3) Bpecilications ane subject bo changs withoul prior motios for praduct improvemant.
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MIMNI 4 WAY CASSETTE

1123 ALPHA DRIVE;

@ c@us L

Model AMDRFNHNDCHRA AMD12FNMDCHRA
Power Supgly BV HE 1 206-230,60 1,208-230,60
Wade HPR HFHR
Biuh 5500 12,000
Cocling 1) L L
) f— S RT 079 .00
Ferlamance [SoPecily
[Meminal} W Biuh 10,500 13,500
o us RT 0.6 112
Power Input Cacling ! W 24,00 26.00
- {Mominall  |Heating!! 24,00 26.00
T — -
Cuneal Inzul Cocling ! & 0.17 0.1
{Mominall  |Heating!! .17 0.1%9
Type Turlo Fan Turba Fan
Ml
e Dutputz W 511 B5x 1
Fan Nirflew e [MUL(OL) | CFM 353.16/300 1926887 370 B2/335 50282 53
EXSE 510 W Py
, 3 mm B.35 £.35
Liquid P
e B, inch 1 12
Pising 5 12.70 12.70
Comechont s Pin » ki <
e B, irch 12 E
Drain Pige 3, mm VP25 (0D 32,10 25) VP25 (0D 32,10 25)
o Ty RAL0A RA10H
L
T | cntrol Mathed EEV INCLUIDED EEV INGLUDED
Sound _ [Figh /Mid [ P R
sound GRS 3 Lu'!f ' dBA 34.0/30.0¢26.0 36. 034,001 .0
. ™ 120 12.00
el Weight I 26,45 26.45
o ™ 400 14.00
n i
. R pping Weight ks G TG
' Nt Dimenions (HteD) 575 % 250 8 575 575 % 250 1 575
it ol b nch 72 6430 64 27 64 27 64 0 84 x 22 64
mm F23 % 298 1 653 523 % 298 5 653
Shipging Dirseasians Wack
ML nmms nch 2453 % 11.73 % 25.71 24535 117322571
Panel model Tiocel name PCASLGMEN PCAELEMEN
Panel Met Weight % Gk o
ik T 5.95 595
o ™ 420 120
Shipping Weight
Panel Sz [~ TPO8 NE T 926 26
et Dimensions (WeteD) ™™ E703 45 1 670 670 % 45 £ 670
it ol b nch 26,381 1.77 2 26,38 26398177 x 26,38
L hipping Dimersions mm Tlax 106724 Tlaxn 106 x724
Wtk oD h 281112417 2 2850 211221722650
Draim pump | model name Built-in Built.ir
i Dieai Max liking
Acditional | =50 P |seight £ e tibenn 750 34 750 /24
Diggacenant
Air Filter Long life Tilter Long life filler

11 Mominal Capacity are hased on (Equivalent refrigerant piping - 250 |, Lewel differences - 041);
Conoling : Indoor temperature - BI°F DB, 67°F WB / Dubdoor fempersture : 95°F DB, 75°F WE
Heating : Indoor bemperature . TO°PF DB, 60°F WE § Outdoor lemperature - 47°F DB, £3°F 'WB

21 Sound pressure wes acquired in a dead roam. Thus actuzl noise level may be different depending
an the instalistion conditions,

T~

1) Specifications are subject to change without prior notice for product improvement
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1 WAY CASSETTE

1123 ALPHA DRIVE;

E@m c@us e

Model AMOOTFN1DCHARE AMDOAFN 1DCHAAR AMO12ZFHN1DCHBA
Power Supaly B,V He 1,206-230,60 120823060 1,208-230,60
Wade PR HFHER PR
Bawh 7,500 % 500 12,000
Cacling1) — —
e [C2EEY S AT 063 079 .00
[MNaminal) S Bawk #5000 10,500 15,500
¥
. S AT 07l 028 112
Power Inot Cacling 17 " 40,00 45.00 50.00
Mominall  [Heating'! 40.00 45.00 50.00
Fower - — =
Canealinzat Cacling!] B 023 0.35 0.25
Meminall  JHaating!! 0.23 0.25 0.28
Meter Type Croes Now Fan Commaflaw Fan Crosslows Fan
L
CQutput £ n W a0x1 201 20x1
Fan Miflewiae ML (UL] | CFM 247 21211 90017658 247 21211 301 76.58 2E2 5247 2121190
Externs
BRSNS i { M Py
8 mm B.35 535 £.35
Linwid P
s e T, imch 14 1] -
Fiziag - -
Cisictins. |ces Pipe B 12.70 12.70 1z.70
B, irch 1z 1z 2
Trein Fipe @ mm VP20 100 26,10 20) WPZ0 (00 26,10 200 WP20 (00 26,10 20)
Tyee RALOR RE10A RAIOA
Relrigarant —
Cortrol Mathad EEV INCLUDED EEV INCLUDED EEY INCLUDED
sound (2o o \HERIMIT | gpa 27 0250030 29.007.0024 0 36031 02T 0
i ™ 10.50 1050 10.50
t ai
= e " 2315 2315 2315
- ™ 13.00 13.00 13.00
Ehipping Weight
_ ol bl ks 26,65 7066 26,65
Dimengion - -
o S T 9701 135 £ 410 %702 1352410 970 1 135 210
t
= MR L neh 38105531 1 16.14 IB.19x5.31¢ 1614 310253121614
mm 1168 x 2122 278 11642212 x 476 1164 £ 2122 478
Shigmig Dirsrsians (Rl
S Winonsions Wikl ch 4583 18355 1682 25832635 ¢ 18.82 458378353 162
PCLMUSMAN PC1NUSMAN PCIMUSMAN
Fane mode okl neme FC1MUPMAN PC1HUPMAN PC1MLPMAN
R ™ 300 100 3.00
el Mt Telght = 6L 551 56l
- ™ 5.00 500 500
iz | Bbiipping Weight
il 3 g | SN ks 1102 11.02 1.2
o R T 1180 £ 25 x 450 1180 % 25 1 460 1180 £ 25 £ 2560
t
= MR L neh 4646 20,98 1811 26,45 % 0.98 % 18.11 4546 20,98 1811
Shippirg Cimemsions mm 1259 x 144 2 539 1259 144 x B39 1259 % 144 = 539
ke gch 4957 156712132 2057 xE.67 72122 495755678 2122
Drain puma | moded neme Built-ir Bail=in Built-ir
. Dirasi Maa. lifting
faditional | EEPUTR eight i fenibenh 750/ 24 7504 24 750 124
Displscement
Air Filller Long Efe filter Lang life filter Long life filter
11 Mamiral Capacily are based on {(Equivalent nfrigerant piping : 251t , Level cifferances . O,

=T —=

1) Specifications are subject to change without priar notice for product improverment —

Cocling : Indcor temperatune - BI°F DB, 67°F WB / Qutdoor fempersture : 95°F DB, 75°F WE
Heating : Indoor temperature : TOCF DB, 60°F WE § Gutdoor temperature - 47°F DB, 43°F WEB

2] Sound pressune was acquived in a dead room. Thus actual noise besel may be differant depending
an the nstalsticn conditions.
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1123 ALPHA DRIVE;

HSPF DUCT
Model AMOZEFMHOCHAA | AMOJBFMHDCHAA | AMOTEFNHDCHAA | AMOSGFMHDCH/AR
Power Sispply @, ¥, He 1,708-230,60 1.208-230,60 1,208-230,60 1,308-230,60
= HP/HA HFR HPHR HFHR
) Bluh 36,000 48,000 76,800 96,000
Cocling 1] = r —
et |CEEECIY U RT 3,00 4,00 540 .00
(Kerminal) Hesting!) Btuh 20,000 54,000 85,200 108,000
Us BT 333 4,50 7.10 2,00
Pumer Inaul Cooling 1! " 210.00 330.00 530.00 790,00
- (Keminal)  [Heatiegl] 210.00 33000 530.00 750,00
Cuseat npud |Gooling L) A 1.47 2.3a 3480 5.90
orrinall [ Hatingl 1.47 2.3a 380 5.90
—— Tipe Siracen Fan Sinccoo Fan Sirocen Fan Siraceo Fan
Oulpul x m W 183 x 2 1832 400 x 1 400x1
Fan Wir Flow Bale |HAL (L) CFM BBZ 35/5E7 B0VTTR.A5 13773271 183 057982 35 | 2048.33/1,836 431 £55.85 | 2 Ha2 T2 795.54¢7 048 33
Eternsl [ Pa 49.03/33,07/196.13 49.03796.07/196,13 | 49.03047.100245.07 | 49.03147.10274 53
ressure n. Wg 0.2040.39/0.79 0,200,330 79 0, 2000 5A00.98 0.200,5%1.10
- B, mm 052 0 52 952 0,52
ol 8, inch B s B B
E:':ir.'.h: . iz, et 1558 1588 18,05 22._22
8. inch 211] 5 A B
Dvain Pipe B, mm VP25 (DD 32,10 25 VP25 (0D 32,10 25) WF25 (0D 32,10 25) VP25 (0D 32,10 25
E— Ty R410A R410W R4104& Fea 10
Cantsal Mathed EEV INCLUDED EEV INCLUDED EEY INCLUDED EEV INCLUCED
Soung  [Jound o, [HIBh7ME! | gpp, 40.0439.037 0 44,0042 01800 450483 041 0 48 0/M46.083.0
) kg 62.00 £2.00 28,00 89.00
bl b 136.69 136 69 196.21 18621
o g 70.00 7000 30,00 a5 )
I it ™ 15432 15432 Z18.26 21826
Ty 1200 & 350 % £50 1200 & 360 £ 650 1240 5 470 = 1040 1220 5 470 & 1040
inch | 4724 % 121722559 | 47242 14,172 2559 | 4882 x 18504094 | 48,82 x 18.50 x 40,94
S —— mn 1450 5 420 5 7590 1480 x 420 x 790 1507 » 558 & 1155 1507 » 558 x 1155
inch | 5827 x1654531.10 | 5827 2 16.54231.10 | 58.33 %2197 14547 | 593322197 £ 4547
Panel model misds! nanz
_— i
Panel Mel Weight e
Pt [IPPING Weight N
Mt Dimenskons (WaHxD) ——
inch
Shipping Dimentions =
[{ P s inch
Diraie puims | model name MDP-MO7S536UZD MDP-MO7536UZ0 MOP-MO4TSMCLD MOP-HO47SRC1D
hddilional | Drzin pump ﬂ_:i.ghllﬁlra b liter 750124 750 1 24 750124 7505248
DEpEcement
Air Fimer Lang 17 filter Lang lite fimer Long Nile filter Lang lite filer

L) Mominal Capacilly is based on (Equivalent refrigerant piping : 251t , Level dSfferances : 06,
Coaling - Indoor tempersiuee : 80°F DB, 67°F WE / Quidcor temperatune : 95°F DB, 75°F WE

Aesting : Indoor temperature - 70°F DB, G0°F 'WE ! Dutdacr temperatune

: &T°F OB, 43°F WE

2) ound pressure was acquired in & desd room. Thus sctual fose level may be different depending

an the installation canditions.

3) Ipecifications are subject bo change withoul pricr rotios Tor product impeoeement,
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Cantrol Systems

Building management system

2. DMS B-net (BACnet GW)
[ MIM-B17N
1) Features

-
. Unit: mm finch)
(| —

4

sty —
o L . E-
o
=
H
SAMSUNG 1] [ ] |
u‘ ‘.J
» For BACnet probocol aystem Support DMS2 control function &t the samea tima.
2 Product specification
Source OC Adaphor
Powar
100-240VAC (+10%), B0ME0Hz
aupply Irput f#10%)
Curtput 12V 34
Operating tampersturs A0 ~ BIPC { 4°F-122F)
mngs
Cpssrating hurnidity range 10%AH - 20*%FH
Cormunication Lower leyar: RS436 x &
connection Upper layar : Ethernat 100Base-T x 1 [BACnst IF)
Extamal Digitad Qukputt | 10
carrection
port Cigital Inpat 10
RS435 1000m (32308
Maximum | Digital Output | 100m Raat]
lanigth of -
connection | Digital Input 100m Rt
Ethermeat 100m R0 : Whan thera ia no repeater
Dianica Numibers per pach chamel Toid number for B chanrnds
. Irdacr unita (ircludirg ERV, MCLY 128 256
sonn . Contral (.].ndcr:r urit frcluding compsaticle 16 a0
Crb e layar inferface modus MMM
denice OnioH contraler Ttal 15 Total 75
Touch centralized controller '
FIM interfacs module [MIM-B1E) 8 ]
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4) Connection diagram
» MIM-BAG(PIM) shoukl be connected saparately with outdoor units or contmllers.

Blactricd
subestaion 1
m Bi-F2
5)Wirng
[CH = Charraly
CHO CHY CH2 £H3 CH4é
] ]
[Lojramoigsiag)
=]
Fi F2 Fi F2
Fi F2 Fi F2 E
(1) Connecting outdoar unit directly E
* Waximum 16 cutdoor unibs can be connected 1o each channel g
» Totsl 80 cutdoor unite can be connected i

(2 Connecting OnOff contmollerTouch centralized cortroller
» Waximum 15 O contrllerTouch centralzed controlier can be connectsd to each channel

~ [ Nota
+ BACnet GW can connect oukdoor unit and CniCf controllerTouch cantralzed controller gt the sams tims.
+ Qutdoor unit and OnCH condroler Touch centralzed conircller can be comnected to 1 commurnication chernel st the same fima.

“a5g
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7) Object list
(1) Indoor unit
Sirgleindcor unit hes folleaing poink [t

1123 ALPHA DRIVE;

Uit Status valie
Instancs Chiect
B CObject e Cibject Meme nactive | Active
Tewt-1 | Teamt-2 | Tewt-3 | Test-d | Tewd-5
i Iredcear Empersturs & AC_RoomTemp i _rooc R
2 Set temperatune oy S _Temip_Sed_wd_ooooo F
3 Zetting lower barmparaturs limit AV | AC_ Dol _LimitTemp_m_ooo oF
4 Setfing uppar temperaiurs limit AV G Heat_LimiTemp o oo F
The powsr value of an indoar _— \
5 unit gftar the basic dats A AG_Basdire_kith o oo Wi
The number of Fours uzsags of an .
6 indoor unit aftar the basic dats A AG_Baselire_MinLie_jo:_jooxoo: )
T Power valuewithin pariod & A5 _Period _KWNh o oo k'h
The numbsr of hours usage of . A
8 an indoar unitwithin peniod A AG_Period_Minuts o ocoox Mrute
a Power OndCHF B BT _Pomear s _roonoo oF On
10 ﬁﬁ?ﬁ’g:‘;"ammm BY | AC_Cod_Limit_sst_o s False | True
1 ﬁ;?ﬁ’g;ﬂpw tamparaturs BV | AC_Heat_Limk_set_o_oomox False | Tue
12 Filter sign status =] AC_FHerSign oo Fale True
13 Filbar sign rasst EO AT _FHerSign _Reset_o oo Falze True
14| Opsration moda states MV | AC_Opsmation_bMods o oo Aut Cocl Heat Fan Dry
15 Fan sp=d status M| AC_FanSpeed_ o oo Ao Lew Mid High
16 Air flonw diraction shatus M| A _FanFlow o oo Mo erlicd | Horeon 4l
. : L 2 Cood Hest
ir Oparation mada imik siahus It AC_Wede_Limit__aocooc Linit Orly Orly
8 | Remot controlkr limit status MV | AC_Remccon Limitowcox | FEE | DR | o
Irtegrated ermor code of both - .
19 indonr urit and cuidoor unit M) BT Ermor_ (Coghe_n oo Raler to Sameung imsgrated emor code st
oo | =m setting By | AC_SP oo Fake True
1™ | HumanSanser saitting B AC_MDE_o_oocox Fale True
) . . ‘Wher the emor cccurned, send svert 1o it of
|w) i
b AC Indaor Natify MC | G Moty o oo destintion n fh recipierd,_ iz, (M 18]

= Ternperatune sstfing rangs can be dffarert depending on the modal end the commion rangs is ae foloe
Ao : 18-300H64 86T
Col : 18-300CE4-36F)
Heat : 16302046
Fan: Tempershune cannot b= edustad
Ory: 18-A0CE4-4EF)

I'I . .
Wark & optiorally supportad. 483
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(3 ERv
Singk ERV urit hae follming paoint list.
Linit Sitartus valus
Iretance Objact
Hmbr Objact T Chject Mame Inactive | Active
Teot-1 | Tewt-2 | Teod-3 | Tewt-d | Tewt-5
1 Power D operation BV ERY A _NCRE o Cn
2 Filter sign status Bl ERV_Fiker Sign_or_ooooo Falsa Tua
a3 Filter sign resst BO ERV_Fikerfion_Resst_o_occoc Falsa Trua
4 Cperation mode status My ERW_Cperation_Maode_o_uooon Bk HealEx | Bypsss | Sheep
& Fan speed siahsz My | ERV_FanZpasd o oo [ High Tuhia
[ Remate contraler imi status WMy | ERV_Remocon_Limi_o oo A & : Ao
7| Imegrated amor cods of &5V 8| ERV_Emor_Dods e osooe Rifier 1o st of armoe ook
. A \When the ermor cccumad, send avent to list
a ERV MNatify HG | ERM Motify_ox_ocoe of destination in the recipient_list, [Msic: 8

2. DMS B-net (BACnet GW)

|J MIM-B17N
@) Standard object type
Chject Typs Support Dascription

[Iredbzar termparahurs], [The poeer value aftsr the basic date),
| The rumber of houre uesge of en indoor urit afer the basic dats],
|Posvar value within perizd], [The numbsr of hours wsans of an indoor unit within

Aralkog Input | | pericd|, [Indoor unit smar code], [AHU amror coda), [ERY srmor cods], [AHU amor ooda),
|ERW emmor code], [Centrmized contraler emor code], [nterface module e cods),
[EIM imerfaze module emor cods], [OMS etatus], [DMS emod,
|Dizcharge cument termparature], [Dutside temparahurs]

Analog Cutput [m]
|Sat temperature], [Satting bower termperaturs limif],

! Velus ™ |Satting uppar tempersture imi], [Discharge cooling set tempersturs],
|Dizchargs heating st tempareture], [Cool capacity compsenaation],
|Heat capacity compeneation]

Averaging O

Birary Input u |0, [Filier sign status], [Sompresscr siaius]

Birary Cutput u |0, [Fiter sign reeet], [All Device off]
|Powar Croff control], [Satting the fucntion of limiting kwer tempsraturs]

Ei \alus ™ |Satting the function of imiting upper termparatue ), [SF1 ssting],

rary [HumanSenzar estting], [Humidification satting], [Outdoor air imtake sstting),

[Curdoor coolng sstting]

Calendar [m]

Cormmard O

Divice = [OME], [A/Z Irdoor Unif], [ERV], JAHU], [3IM], [Centralized controlerd,
[Interface module], [OOZ]

Event Enrollment m]

Fil= O

Group O

Lifi Seifiety Painit O

Lifes Saifiety Zona O

Loop m}

Multistate Input | | [Cument Furmidity etahug]

Multstate Output il
|Cperation mede control, [Fan epead comrol, [Air fiow direction conrol],

telubtetite Valus | | |Satting Cool only’ Hest only Mo Limi: |, [Cordrol Enable ACY Disable AC Levat],
|Sat humidity stahug]

_— [AC Indoor Motity], [ERV Matily], [AHU Motifiy], [Centralized Controller Notifi],
Netifiation Clees u [Irterface Modue Matitd], [SIM Notifd, [Satewsy Metit]
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3. Wired remote controller
|2 MWR-WETON
1) Features

Linit : mmireh]

e Callan Fars Hmhﬂ--ﬂumu
T

i TR AR el R [
88 .ﬁ:*ﬁﬂﬂﬁﬂnﬁml .

%.llﬁﬂg %! B3 ..a!a

P o]

0

0
oo

i

E]

W@

LR N

@3:35';;1

L. ..

1 [

(1) Ajr conditionar / BRV control {(ERY cannot ba cornected to MWR-WE1DM until end of 2013

» A opsration JING OFF control
= AT operation mods, sstting termpershune, fan spasd, ar fow diredion ssting
» A individual blads contrad end cocupency datection
{Funiction i eveilble when indoor units support eny of sbove functions]
» ERV operation CM/ CFF comrol
» ERV cperation meda, fan spead ssting
» AC/ERV ermor manioring
= Fhr clearing alert and reeet alart fims
» Individual fgroup comird, indoor unit/ERY inderlocking ool
» Erangy aaving comrnol
» Controd mawmum 16 “Indoor unik + BAV in group-with single wied remote controler

(2) Energy saving oparation

# Lpper/ Lowar fsmpsraiune limit eetting

» Ay tomatic opamstion stop: Automaticaly stops the operstion, when itz not used for carain pericd of time =et by ueer
(3) Wesakly operation schedule satting

» Waskly opsrating schadule (870 only, ERV only, ASMCHERW)

» Abla o get daared AC cpersion mods, estling smpsraius end fan spead fo opersts bassd on weskly mesrvation

» Abla to epply cheduls emcaption dey for fuid maregement

(4) Usar comvenience function
= Child kock
» Differ=nt bution pemission eesk
[Cpertion mode, termpsrature setfing, 0RO OFF, fan spead)
» Rzal-time clock: Displaygs cument time, day (Summer ims support)
# Buit-in rmom hempensiune sensar
» Sardica modas suppor
- Indoor unit cyde data monitoring
- Indoor unit option coda seting and monitoing
- Indoor unit addrezs and option ssiting and monitoing

21 Product specification

Powier Supply Cs12v
Power Consurnption b=
Oparating Termperaturs rangs OFC-40r G [327F-1047F
Ciperating Hurnidity range 20%AH-20%AH
Cornrmunication 2-airz PLC

Eﬂmpatible prociuct

[ ndoor urit e
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Zone Sizing Summary for VRF System 1
Pr
Prepar

oject Name: THAR Geo Thesis
ed by: PSUAE

Air System Information

Air System Mame . VRF System 1 Mumber of zones
Equipment Class . .. TERM Floor Area .. ft*
AIr SystemM TYPE o VRF Location
Sizing Calculation Information
Zone and Space Sizing Method:
Zone CFM Sum of space airflow rates Calculation Months ... Jan to Dec
Space CFM .. ... Individual peak space loads Sizing Data ... Calculated
Zone Sizing Data
Maximum Design Minimum Time| Maximum Zone
Cooling Air Air of Heating Floor
Sensible Flow Flow Peak Load Area Zone
Zone Name {MBH)| (CFM) {CFM) Load (MEH) [iis] CFMIFt®
Zone 1 29 147 147 Jul 1300 L] 185.0 079
Zone 2 25 126 126 Jul 1300 05 175.0 072
Zone 3 415 2112 2112 Sep 1100 15.6 1596.0 132
Zone 4 29 147 147 Jul 1300 0.6 185.0 079
Zone5 29 147 147 Jul 1300 0.6 185.0 079
Zone B 29 147 147 Jul 1300 06 185.0 079
Zone7 33 168 168 Jul 1300 o7 215.0 078
Zone 8 45 231 231 Aug 1100 18 150.0 154
Zone 9 79 404 404 Jul 1300 1.3 409.0 0.99
Zone 10 38 195 195 Sep 1100 1.4 100.0 1.95
Zone 11 27.0 1375 1375 Aug 1100 127 1093.0 1.26
Zone Sizing Summary for VRF System 2
Project Mame: THAR Geo Thesis 04/08/2014
Prepared by: PSUA 05:02AN
Air System Information
Air Systerm Mame . VRF System 2 MNUMBEr of ZONES ..o 15
Equipment Class .. TERM FlOOT ATBE oo 4152.0 ft*

Air System Type .. VRF Location
Sizing Calculation Information

Zone and Space Sizing Method:

Zone CFM ... Sum of space airflow rates Calaulation Months ... Janto Dec

Space CFM ... Individual peak space loads SiZing Data oo Calculated

.. Pittsburgh IAP, Pennsylvania

Zone Sizing Data

4

| Maximum Design Minimum Time| Maximum Zone

Cooling Air Air of Heating Floor

Sensible Flow Flow Peak Load Area Zone
Zone Name {MEH) {CFM) {CFM) Load {MEH) ({fE%) CFMITE
Zone 26 133 133 Jul 1300 0.8 252.0 0.53
Zone 2 36 200 184 Jul 1300 08 256.0 078
Zone 3 3.6 200 184 Jul1300 0.8 256.0 078
Zoned 22 114 114 Jul 1300 04 140.0 0.82
Zoneh 343 1748 1748 Aug 1100 124 1411.0 1.24
Zone@ 21 108 108 Jul1300 04 130.0 0.8z
ZoneT 21 108 108 Jul 1300 0.4 130.0 083
Zone d 21 108 108 Jul 1300 04 130.0 083
Zoned 28 147 147 Jul 1300 0.6 185.0 079
Zone 10 21 108 108 Jul1300 04 1300 083
Zone 11 21 108 108 Jul 1300 04 130.0 0.83
Zone 12 21 108 108 Jul 1300 0.4 130.0 083
Zone 13 21 108 108 Jul 1300 04 130.0 0.8z
Zone 14 54 275 275 Aug 1500 2.3 275.0 1.00
Zone 15 116 589 589 Aug 1500 6.4 467.0 126

a
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Zone Sizing Summary for VRF System 3
Project Mame: THAR Geo Thesis
Prepared by: PSUAE

Air System Information

Air System Name ... ... VRF System 3 Mumber of zones ..
Equipment Class .. ...TERM Floor Area ... ft*
AT SYstem TWPE VRF Location ... Pittsburgh IAP, Pennsylvania

Sizing Calculation Information
Zone and Space Sizing Method:

Zone CFM ... Sum of space airflow rates Calculation Months .. Jan to Dec
Space CFM ... Individual peak space loads Sizing Data Calculated
Zone Sizing Data
-+
Maximum Design Minimum Time| Maximum Zone
Cooling Air Air of Heating Floor
Sensible Flow Flow Peak Load Area Zone
Zone Name (MBH), {CFM) {CFM) Load (MBH), (ft%) CFMft*
Zone 1 102 519 5149 Jul1300 19 626.0 0.83
Zone 2 33 169 169 Jul 1300 07 235.0 0.72
Zone 3 33 169 1649 Jul1300 07 2350 072
Zone 4 33 169 1649 Jul1300 07 2350 072
Zone 5 33 169 169 Jul 1300 07 235.0 0.72
Zone 6 g4 430 430 Jul1300 25 814.0 053
ZoneT 34 174 174 Jul1300 05 259.0 0.67
Zone 8 34 173 173 Jul 1300 07 240.0 0.72
Zone 9 52 266 266 Jul1300 19 241.0 1.10
Zone 10 30 153 153 Jul 1300 0.8 194.0 0.79
Zone 11 127 G645 645 Jul 1300 23 744.0 0.87

Variable Refrigerant Flow System Carrier HAP Building Simulation
Table 1. Annual Costs

VRF Building

Simulation|

Component %)
Air System Fans 3822
Cooling 4 860
Heating 218
Fumps ]
Heat Rejection Fans a
HVAC Sub-Total 9,000

Lights 23,758
Electric Equipment 12,400
Misc. Electric 4,007
Misc. Fuel Use o
Non-HVAC Sub-Total 40,164
Grand Total 49165
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Table 2. Annual Cost per Unit Floor Area

VRF Building

Simulation

Component {$IFE%)
Air System Fans 0.309
Cooling 0.383
Heating 0.017
Fumps 0.000
HeatRejection Fans 0.000
HVAC Sub-Total 0.709

Lights 1872
Electric Equipment 0977
Misc. Electric 03186
Misc. Fuel Use 0.000
Non-HVAC Sub-Total 3.166
Grand Total 3.875

Gross Floor Area (ft5) 12688.0
Conditioned Floar Area (ft) 12688.0

Mote: Valuesin this table are calculated using the Gross Floor Area.

Table 3. Component Costas a Percentage of Total Cost

VRF Building

Simulation

Component { %)
Air System Fans a.0
Cooling a4
Heating 04
Fumps 0.0
HeatRejection Fans 0.0
HVAC Sub-Total 18.3

Lights 483
Electric Equipment 252
Misc. Electric 8.1
Misc. Fuel Use 0.0
Non-HVAC Sub-Total 8.7
Grand Total 100.0
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Original HVAC Carrier HAP Reports
Table 1. Annual Costs

CAV RTU

Building

Simulation

Component (%)
Air System Fans 1,872
Cooling 8,534
Heating 6,009
Fumps 0
HeatRejection Fans a
HVAC Sub-Total 16,416

Lights 29,085
ElectricEquipment 15,508
Misc. Electric 0
Misc. Fuel Use 0
Non-HVAC Sub-Total 44 604
Grand Total 61,020

Table 2. Annual Cost per Unit Floor Area

CAV RTU

Building

Simulation

Component ($117)
Air System Fans 0116
Cooling 0.530
Heating 0373
Fumps 0.000
HeatRejection Fans 0.000
HVAC Sub-Total 1.020

Lights 1.807
Electric Equipment 0963
Misc. Electric 0.000
Misc. Fuel Use 0.000
Non-HVAC Sub-Total 2770
Grand Total 3.790

Gross FloorArea (ft5) 16101.0
Conditioned Floor Area (%) 16101.0
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Table 3. Component Costas a Percentage of Total Cost

CAV RTU

Building

Simulation|

Component {% )
Alr System Fans 31
Cooling 14.0
Heating 9.3
Fumps 0.0
Heat Rejection Fans 0.0
HVALC Sub-Total 269

Lights 477
Electric Equipment 254
Misc. Electric 0.0
Misc. Fuel Use 0.0
Non-HVAC Sub-Total 731
Grand Total 100.0
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Entire Building RS Means Estimate

MEH“S THAR Processing R5Means Online
123 Alpha Drive
Fittsburgh, P& 15215

Ciate: O7-Apr-14
Mechanical First Cost Old Sytem Preparad By:
‘fear 2012 Cuarter 4 Alexander Radkoff
Uit Digtail Report Pennsyhsania State Universiy
LineNumber A& T Descipties Quazdty  Unit Tatal Ixcl Ext. Total Izl

O&F O&F

Division 13 Heatng, Venstilasing, and Air Condifioming (EEVAC)

13212313100 Pump, circulating, cast iron, closs 100 Ea 133116 133118
ceupled, sed suction, broozs =psllar,
Banged joints, 3 HP., 1o 80 GPM, 17

k-

132323204450 Busfrigazation specialtics, rofrigurmt, 10000 Lb. $1358 5155800
BAL10A, 25 Ik, dispesabls oylinder

133313133990 Dract accassoris, mi-blade 16:00 Eau £31.8 LT
dampar:, oppesed blads, B” x 87

13331313594 Deoct accassoris, zti-blade 2m Ea M8 51200 56
dampars, oppesed blads, ¥ x B

133313133996 Dract accassocios, zai-blade 2,00 Ea £8052 £
dampars, oppesed blada, 107 x 107

133313136000 Dract accassocios, zai-blade 10,00 Ea 5 06 L5080
damepars, oppesed blade, 1272 127

1333231332 Cract accassories, fmizg wms 360,00 LF. 1632 51273 M)

componants, doobls thick, Eaciory
Exbricated vams, 147 high sut
133346101260 Deactoook, Seocbils coatsd Sharglass 1500 LF. 554 §1.730.76
fabric on cosrosion resistant metzl
balix. inenlatad, P.E. jackat, 17 thick,
E” dizmztar, prossme to 12°(WE)
TL-181
133346102020 Cractweonk, Sexibls coated Shargla 5400 LF. 1253 0312
fbric oo cocrosion resistant matzl
halix. imenlatad, P.E. jackat, 17 thick,
10 diz=oabar, pressame to 12705
TL-181
133346102040 Dractwork, deochle coated Shergless 0 LF. 1850 5115500
fabic on comrosion resistant metal
babx, invalated, P.E. jacket, 17 thick,
17" dizmoatr, preeseme o 12°(WE)

TL-181

133353103344 Tnsulatice, ductweck, boasd type. 320000 &F. =213 HLITE 00
Ebarglass Enar, FEE, 1-12 b
density, 1" thick

133414102320 Fazs, cedling fan, right a=gls, sxma 100 Ea 13TE IS 53T IS
quist, 0107 5P, 93 CFM

133414102340 Fazs, cedling fan, right a=gls, sxma 100 Ea $435.17 438,17
quist, 0107 5P, 210 CFM

133414102360 Fazs, cedling fan, right a=gls, sxma .00 Ea £33747 31480
quist, 0107 5P, 385 CFM

133414102380 Fazs, cedling fan, right a=gls, s 100 Eau 59315 5158630
qust, 0107 5P, 885 CFM

133713101000 Diffasss, abmoioum, cailizg, 16:00 Eau 5833 5157360
mactangules, | to 4 way blow, 67 x 67,
inclzdes opposad blade damper

®Ie 1-200-334-3509 softeanssupportf rsmearns.com 1

| Alexander Radkoff | Mechanical | Stephen Treado | 1/16/14 Page 83




Final Report 1123 ALPHA DRIVE;

LineXumber A (;E T Description Quamtty Unix Total Imcl Ext. Total Incl
O&P o&P
233713101010 Diffaser, eheximim, ceilizg. X200 Ex 1087 £241338

rectanguler, 1 o 4 way blow, B x 87,
inzledes oppossd blade dxmper

133713101016 Diiffuser, abmimum, cailizg, 5.00 Ea 1452 5111428
rectangules, 1 o 4 way blow, 107 x
10, inckades opposed Blade Samepes

133713101060 Diiffnser, abmeimum, cailing, 10,00 Ea 13085 §1,308 50
rectangules, 1 to 4 way blow, 127 x
177, inckades opposed blade dampes

133713301100 Grilla, stesl. airreturn, 117 x 177 2400 Ea 7891 5143734

133713301120 Grilla, stesl. airreturn, 24" x 117 1500 Ea 715 5L138.40

133713601040 Eagiter, air supply, catling/wall 400 Ea $TE T4 130556
mnodired ahmimm, adfsizbls carmed

Excw bars, ooe or two way dedflecizoz,
B x £, incindes opposed blads
damper
133713601060 Bagister, a7 supply, cailingwall 10,00 Ea £TE e 78650
anedized ahmmimim, adfostabls carred
facw bars, ons or two way dedflectioz,
10" x &, inclodes cpposed blhade
damper
133713601080 Bagister, air supply, cailingwall 26.00 Ea 9581 5245366
mnodired ahmimm, adfstabls cormed
faca bars, ons or two way daflectioz,
107 x 107, inchadas opposed blade
dampar
133513161060 Dract fornaca, gas frad, stainless steal 10 Ea 54,129 4 SE45E 80
beat axchangsr, alectmc imsticn,
omdoor izstallatioz, 120 MEH
oprat, inchades burmer, cootrols and
DO TRORT
133513161080 Dract furnace, gas Sred, stainless steal L Ea HETEET HETEET
Beat axchanger, alectmic igtion,
omdoor izstallatics, 157 MEBH
oprat, inchades burmer, cootrols and
PR TRORD
133513161120 Cract fremace, gas Sred, stxinless steal 3.0 Ea S6.280 31 S1EE40 53
beat sxchangnr, alectric igiticn,
omdoor izstallatioz, 125 MBH
orriprat, inclades burmsr, cootrals and

PR TREIRD

135718133100 Hae: Exchangar, plat typs, 400 100 Ea $39.505 70 539 50570
PN

13E333L03440 Condsuser, resings s for 100 Ea $12343.55 1234357

wvaporative, copper cod, pamp, fam
motor, 30Deg FTD., 10 toe, R-22
2137313101000 A bamdlling umit, built-up, 10,00 Ea 56784373 BE7643730
borizomtal varticel, constaot volums,
single zons, 40,000 CFA, nik
coclzg keeting cotl section, Shurs.
mixicg box
137313101000 * Matal ductoveck, Ghricated L0 Lb. 337 T.033.65
rectanguler, for 30%: fttings, add
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LineNumber & g T Descoiption Quamdry Uit Total Il Ext. Tatal Incl

O&F O&F

2137413103100 A bamdling unit, packaged 600 Ea $13.53233 §61,193.58
wardarprect, nith coeli=ghoating

coll saction, fhees, mixing box,
senstamt vohues, singls zons, 2000
CFM. cooling codls mey be ckalled
wates or DT, beati=g coils my be et
wates, steam o alsctrc

137413103100 o Mzl ducswerk, Sshrizated 100 Lb. 11017 $1.251.02
rectangular, for 30%: fttings, add
138316100120 Badiant floor kezting, tubing, PEX 4250000 LF. 5168 §11,350.0

{ereas-lizkad polysdnlona), exyges
bamiar typs for systenss Witk farous

matals, 127
138316101150 Baant Aoor kesting, me=ifold, brass L0 Ex 44351 443551
valwed, 4 cirmeit, 17
138315810115+ Briant Aoar beeting, me=sfold, brass, LG Ea 5T 517
valved, Scireait, 17
138314101158 Badiant floor Eeeting, me=ifold, brass. K] Ea £558 38 $558 38
valved, 6 ciroait, 17
138314103110 Fadiant Aoor keating, thesmostatic jK ] Ea £7243 £72 45
zeek valv actaznes with eed raick
138333103330 Flectric haati=g. wall heatars with fas 200 Ea $605 25 S1.218.50
commarcial, 4000 watt
Divizicn 13 Heating, Venriladng, and Air Conditioning (HVAC) Sobeweal §03p, 131 28
Sobeoral £039,731 10
Gemeral Commracior's Alsrip o Subs R00% £0.00
P — 939, 231.19
General Conditions 0.00% §0.00
Subbocal £939,231. 19
Greperal Conmractar's Overhesd and Profit 1.00% 0.00
039,231 1%
Grazd Toes] "
&I 1-200-334-3509 softwaresuppor g rsmeans. com 2
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VRF Building RS Means Estimate

MEE“S THAR Processing FSMeans Online
123 Alpha Drive
Fittsburgh, P&, 15215

DCiate: DE-Apr-14
HWAC Mew Systemn Cost Estimate Preparsd By
Year 2014 Cuarter 1 Alexander Radkaff
Unit Detail Report Pennsyhiania State University
LineNumber b (5? T Descripticn Quamtiry Unir Tatal Iscl Ext. Tetal Icl.
O&F O&F
Divizien I1 Plumbing
121113233880 Pipa, copper, refrigsration tohing, 40,00 Ced $762 5348 40
drysmal, &2 cotk, 38" OD, sxchades
couplizgs and hangems
121113233830 Fipe, copper, refrigscation tohing, 20,00 Ced £10537 5421420
drysmal, &2 coiks, 1/2° OD, smchades
couplizgs and hangeas
121113233900 Pipa, copper, redrigacation tohing, 4000 Cod SI4L17 S5:6.50
drysmal, 82 cotk, 58" OD, sxchades
couplizgs and bangems
121113233910 Pipa, copper, refrigscation tobing, 20,00 Cedl 168 50 SE.TIL00
drymal, &0 coiks, 34° OO, sxchodas
coupli=gs and hangeas
Divisien 11 Flusmbiag Subtasal $10,662.00
Divizsion I3 Hestng, Ventilating, and Air Condifewing (ETVAC)
231120780100 Straizer, ¥ fyps, irom beody, scrawsd, 1200 Ea 07 T4E5 43
130T, 12" pipe sz
2323153108618 Badrigazztion spaciakties, vabra, 1200 Ea 133143 S4LZIT 16
solemotd, Aanpewaldar, 347
2323253101200 Asti-fream, athylans glveol, 100000 Gal £10.34 5108400
inkibited, concentrased, in largs
quantisizs. 35 gallon drams
13132320430 Bafrigazetion specialties, refigerant, 150.00 Lb. 52506 53,779.00
B~104, 27 Ik, dispesable cylinder
137213104020 Al Haat rocowry package, 2 to air, 3.00 Ea 52,535 35 529 E1805
snthalpy recovary whesl, 2000 max
CFM
238128101150 Heaat puzp, gas driven, split, omdoor i Ea B403TIES 514812733

mmit, mmilt-roms, (VFE) typa, 13 oon
coolizg. forwp o 33 rones, exchodes
imerconzecting refigarant ibizg and
mmlti-zozas conzols
232120101170 I'[;u'_p':@_ A5 droven, ;FL"n_ omdoor L] Pair Rl 34554 4048 52
it il e-roms, (VEER) fyps, L3 oo
coolizg. olation rmils, sxchudes
imtercon=scting reSugarant tubizg amd
mmlti-zoes contuls
238210404130 Al Faz coil AHL varizhla rafigarant 2400 Ea 8315647 57573528
volmms (VR type. mdoor fype,
doct fras. cedling mounted cassats,
.7% tom conlizg, cutide T commaction
possihble, axclodes mtarconnech=g
mafigerant tubing and zralti-zons
seatrals

L 1-500-334-3503 softamnesuznpor i rsmeans. oom 1
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LineNumber & P T Description Quazdty  Unit Toml Izl Exr. Totul Iscl.

O&F O&F

138218404140 k. Faxz coil AHT, varishle raSigarant 1200 Ee EER SELSEAD
volmms (VEE) type. mdoor type,

doct frae. cedling mounted casats, 1
tom coclizg. cutsds Zir connacticn
posuible axcindes murconnectizg
maffigerant tubing and amlti-zone
coutrals
138218404150 Al Fa= coil AHU, varizkls reStgarant 100 Ea S3480.82 §3.450.80
vaolume (VFE) type. indocr typa,
doct fres. cedling mounied cassats,
1.% tom cooli=g, cumids air commaction.
possible. exclodes moarcommectizg
mafsigerant tubing and =ralti-zene
coatrols
138219404160 L Faz coil AHU, variable rafrgarant L Ex 53T S3T13.87
volms (VEE) trpe. mdocs typa,
doct frae. cedling mounted cassees, 2
tom ceek=g, cutsds mir connaction
possible. exchudes inroommectizg
rafrigerant tubing and amlti-zone
coatrols
13821944170 Al Faz coil AHU, varisbis raftgarant 100 Ea E3El6%4 S3E1684
volume (VFE] type. mdoor typa,
doct free. cedling mounted cazats,
2.5 tom coolizg, cumide zir commaction.
posuible axcindes murconnectizg

mafsigerant ubing and moalti-zene
controls
Divizion 13 Heatimg, Venrilating, and Air Conditioning (HVAC) Subtotal $328.730.87

Subeotal §348 351 57
Gemeral Conmrscior's Markmp o Subs 200% £0.00
Sbeotal $348,301 57
General Conditions 0.00% £0.00
Subtoes] $348,302 57
Greneral Conmacror's Overhesd and Frofit 0.00% 0
Crand Tota] 5348,380 57
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CAV RTU & Radiant Floor System RS Means Estimate

MEH“S THAR Processing FiSMeans (nline
123 &lpha Drive
Pittsburgh, P& 15215

Diate: OB-Apr-14
Mechanical First Cost Cld System - Depth Prepared By
Year 2012 Quarter 4 Alexander Radkof
Uit Detail Report Pennsyhliania State University
LineNumber A& gF T Description Quaztity  Unit Tatal Il Ext. Total Iecl

O&F O&F

Divizien 13 Heaong, Ventilating, and Asr Conditewing (EVAC)

132123134100 Pump, circulasing, cast iron, closa 100 Ea 53318 533008
coupled, sod suction, bronrs mopsllar,
Banged jodnts, 3 HF., 10 B0 GPM, 27

size

132323204430 Badfrigazzsion spacialties, Tefrigurant, 25000 Lb. 1588 53.595.00
B~104, 27 Ik, dispesable cylinder

133313135330 Dract accassories, zomlti-hlade 16.00 Ea £51.61 1576
dampars, oppesed blade, " x 67

13331313594 Dract accassories, mmlti-hlada X200 Ea .8 5110256
dampars. oppesed blade, B* x B°

133313135924 Dract accassories, mmlti-hlada 2.0 Ea 25092 £M4E22
dampars. oppesed blade, 107 x 107

233313136000 Dract accassories, mmlti-hlada 1000 Ea BH06 50,650
dampars, cppesed blade, 12" x 127

23332313432 Dract accestories, fmizg vams 36000 LF. £532 §237320

componans, donbls thick, faciory
fabricassd vams, 147 high st

233346101980 Dractovoak, Sendbls coatad Sharglass 13.00 LF. 584 $1.730.76
Exbric oo comrosion resistant metad
belx, imealaced, P.E. jacket, 17 thick,
B dizznater, prewrme to 12°(WE)
UL-1E]

233346102020 Dractweok, Sendbls convad Sharglass 54.00 LF. £125 20512
Eaberic on comrosion resistant matal
belix, imwalaced, P.E. jacket, 17 thick,
107 dizmraier, preceze to 12°(WE)
UL-18]

233346102040 Drctwork, Sexdble coatad Sharglas: .00 LF. L1650 $1.155.00
fabric on coorosion resistant metal
helix, imenlaced, P.E. jacket, 17 thick,
17" dizmoatar, preceae to 12°(WE)
UL-1E]

233353103344 Tnsulation, ductweck, boasd type, 5,200.00 &F. 2213 54227600
Elarglass Ener, FEE, 1-12 1
density, 17 thick

233713101000 Diffasas, abmmimm, cailizg. 16.00 Ea 5835 5137360
mectangules, 1o 4wy blow, 6 x 67,
inclades oppossd blade damper

233713101010 Diffasas, abmnimm, ceili=g X200 Ea 1080 5241538
mectangules, 1 to 4 wey blow, B" x 87,
inchades oppossd blade damper

2337131010148 Diffasar, abmimm, cailizg. 2.0 Ea 1482 5121428
mectangules, 1o 4 wey blow, 10" x
107, inckades opposed blade damper

233713101080 Diffasar, ahoimm, cailizg. 1000 Ea 13055 51308 50
mectangules, 1 o4 way blow, 127 x
1%, inchades opposed blade damper

233713301100 Crills, steal, airreturm, 127 x 127 2400 Ea £3991 5143784

L 1-300-334-3503 softamnesunpor i rsmeans. com 1
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LineNumber & @ T Desiption Quazdry  TUnit Tatal Incl Ext. Total Il

&P &P
233713301120 Grilla, steal. air return, 147 x 127 1500 Ee 7556 5113540
233713601040 Fagistor, air supply, ceilingfwall +00  Ee 7674 §306.56

anodired ahmirmm, sdfostzbls cormed
facn bars, ons or two way daflection,
E"x B, incindis opposcd blade
darmpar
233713601060 Begistor, 27 supply, catlingfwall 1000 Ea £Ti 8 1TE6 50
anodired ahmimm, adjost2bls cormed
faca bars, onz or o way daflection,
10" x 67, includes opposed bhde
Japar
233713601080 Busgistes, adr supply, cailingfwall 26.00 Ea 5381 52493 86
anodired ahmimm, adjostabls cormed
fac bars, ons or two way daflection.
107 x 107, incindes opposed blade

damepar

133718133100 Hazt Exchangur, plate typs, 400 100 Ea 539, 30570 535, 30570
GPM

136333103440 Condenser, resings ase for Lo Ea B12343.57 B12343.53

eraporative, copper codl, pang, fm
motor, Deg FTD. 10 0o, B-22
237413103100 Air hamelling wmit, packzzed 6.00 Ea §13.532313 §B1.193.88
wazdarproes, with coolizg hezting
cotl section, fhem, pwmg o,
constant volums, singls zons, 2000
CFM., cooling codls mey be challed
watsr or DO beatizg coils may b bet
watsr, stezma of alectrc
238316100120 Faant door keeting, tubing, PEX B,700.00 LF. 263 52331600
{ieross-livad polystindans), oxyaee
‘barmiar typs for svstenys witk feorous

mafals, 172
2383161011350 Fadiant fAoor bezting, mazifold, brass, 100 Ea 44551 4551
valred, 4 ciroait, 17
238316101154 Fadiant fAoor bezting, mazifold, brass, 100 Ea £317.44 5174
valred, 5 ciroait, 17
2383161011358 Bxdiant oor bezting, me=ifold, brass 100 Ea £I38 36 L3336
valved, § ciroait, 17
2138316103110 Fladiant doar bezsing, themmostatic 100 Ea ET145 £T145
mone valve actator with sed saisch
Diviziom I3 Heating, Venrladng, and Air Conditioning (HVAC) Subtoral $116 396,35
LineNumber A P T Deiptie Quamdry  Unis Total Tncl Ext. Total Il
O&F O&F
Subeoral $229.396.38
Gezeral Coztractor’s Markop oz Subs 00% 40,00
Gubeotal £220,306.38
Cieneral Condisions 0.00% .00
Subiaes] $129,396.38
Creneral Contracrar's Overhesd and Profit 0.00% .00
1M 3035
Grasd Toesl
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Appendix C— Acoustical Depth Documents

Carrier 50TCD06 RTU-4 Sound Performance Table

Table 4 - SOUND PERFORMANCE TABLE

COOLING OUTDOOR SOUND (dB)

UNIT | STAGES [A-WEIGHTED| 63 125 250 500 1000 2000 2000 8000
ACA i 80 906 0.9 80.2 76 746 713 665 639
A5 1 81 90.9 84.6 79.5 77.9 765 71.1 66.9 62.5
A6 i 78 840 522 763 748 725 668 56 618
AO7 1 78 88.8 81.8 76.9 74.4 733 69.8 66.3 62.7
AG8 7 82 901 526 810 794 770 730 704 567
D08 2 82 85.8 84.3 80.5 78.7 76.4 727 68.3 65.1
A0S 7 83 512 6.4 1.9 810 783 739 714 573
D09 2 82 88.6 85.0 81.6 79.5 77.4 74.1 71.0 66.3
A2 1 82 86.6 85.0 8156 795 774 741 710 663
D12 2 82 89.0 83.1 80.5 785 755 716 69.6 69.3
D14 2 87 87.0 85.2 84.6 84.9 822 78.4 75.3 72.9
D16 2 87 87.0 85.2 84.6 84.9 822 78.4 75.3 729
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