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showcased by the three unique qualities

-Glass Fiber Reinforced Concrete Cornices
-Curtainwalls
-Cupola dome roofs

-In order to tie the building in with the
surrounding architecture, masonry and
stucco beige earth colors as well as green
domes are used. Large glass curtain walls
at two corners compliment its appearance
by adding long continuous lines of blue-
green glass.

-Glass Fiber Reinforced Concrete
(GFRC) decorative elements were
pre-cast and hoisted onto metal mounts
on the facade. The roof is made of
built-up single-ply EPDM.

DESIGN & CONSTRUCTION TEAM

Master Developer: Greenberg Gibbons Commercial
Sturbridge Homes

Gilbane ATC, LLC.
The Martin Architectural Group

3rd Party Testing: ECS Mid-Atlantic, LLC.

The Harman Group
Gillan & Hartman, Inc.

[ BASIC BUILDING STATISTICS ]
Occupancy Type: Mixed-Use Luxury Residential 4
Size: 385,000 SF
Number of Stories: 13 Total
Ground Floor: Retail
Floors 2-13: Residential Owner:
Construction Dates:  March 2007- March 2009 CM:
Overall Project Cost:  $68,500,000 Architect:
Delivery Method: CM @ Risk with GMP
\ Stuctural Engineer:
MEP Engineer:
( ARCHITECTURE
The exterior of the building was designed
with elaborate architectural details,

MECHANICAL SYSTEMS

The HVAC system of the typical residen-
tial floors (2-10) consist of packaged self
contained Magic-Pak units. These units
allow for independent control by the
tenants and allow for minimal duct work
throughout the building. The penthouse
units and common spaces utilize split
sytems with gas fired furnaces. The
mechanical equipment is located on the
mezzanine roof and main roof. A wet-type
fire supression system being implemented
in the building.

CONSTRUCTION &
STRUCTURE

-GrandView consists of a two-way flat
slab system with shear resistance
elements that include a core elevator
shaft and 2 stair towers.

-Favorable soils in the location allowed
for shallow foundation work, auger cast
piles serve as the primary support
system.

-Brick and calcium silicate masonry
units comprise the veneer with a unique
Henry spray applied air and moisture
barrier system.

ELECTRICAL SYSTEM

‘ -350 kW Emergency Generator Backup
-, "l - _,._,,,‘\ 1§ Ay | |

- 4000 A Main Service Gear (Condos)
- 1000 A Service Gear for Shell
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Executive Summary

This document includes a comprehensive analysis of current industry issues and construction methods
involved with the sustainable and energy efficient design of GrandView at Annapolis Towne Centre at
Parole. Three areas of interest are analyzed in addition to the project information and general
background. The overlying goal of this document is to research and carry out calculations that deal with
sustainable design and constructability, centered on absorbing and reflecting energy from the sun.

The critical industry issue explored deals with the current economic situation with high energy costs and
how the construction industry is implementing solar power into infrastructure through constructability.
This examination of solar panel constructability and its place in current building design shows that in
order to make this renewable energy resource a mainstream competitor to existing energy suppliers,
advancement in efficiency and integration into building materials needs to be improved. Ultimately, the
overall cost of implementing such a system needs to be reduced either by cheaper panels and quicker
installation processes, or by larger government incentives that drastically reduces the payback period of
the system.

The first and second analyses both deal with how utilizing and blocking the sun can have great impacts
in energy savings of the building. The key issue here is implementing a PV solar array and high thermally
rated windows with a low solar gain in such a way as to not have a drastic impact on the construction
schedule. The overall construction cost and environmental impact that each system has is also
determined. In the first analysis, it is determined that the addition of a 40Kw solar array on the roof of
GrandView saves an annual $6,797.10 and reduces greenhouse gas emissions by 39.3 tons all while
having little impact on the overall length of the construction schedule.

The second analysis maintains current schedule length while implementing a more energy efficient
window design. Ultimately, the addition of better glazing reduces solar heat gain and saves $61,783.00
annually on cooling costs and prevents 1197 tons of CO2 from entering the atmosphere. When paired
with the efficient Henry air/moisture skin of the envelope along with a Magic-Pak AHU system, moisture
is reduced and better scheduling coordination due to less partition and floor penetrations is achieved.
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Introduction

GrandView at Annapolis Towne Centre at Parole is a 13 story mixed-use residential and commercial
high-rise located in Annapolis, MD. It’s 385,000 square feet will consist of a commercial first floor for
tenant fit-out retail spaces, and 12 stories of luxury condominiums. The total project cost is estimated to
be $68,500,00 and will provide 125 residential units. Amenities include a rooftop pool and sundeck,
fitness center and social club. Situated on 33 acres just outside of Annapolis, the site is considered the
second oldest retail venue in the state.

GrandView is only a small portion of the overall massive development that is Annapolis Towne Centre.
Greenberg Gibbons serves as the Master Developer and has empowered Sturbridge Homes to act as
owner of GrandView. Gilbane ATC, was awarded the contract in October of 2006 as a Design-Bid-Build
delivery system with a Guaranteed Maximum Price. The Project broke ground in March of 2007 and is
currently on schedule to be completed in June of 2009.

(2.1) Location : Annapolis, MD

K
Annapolis
Towne Centre

AT PAROLE

i

Address:
Grandview at Annapolis Towne
Centre
1915 Towne Centre Blvd
Annapolis, MD 21401
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Project Overview

(3.1) Client Information

GrandView is only a small part of the large scale development plan that is happening at the Annapolis
Towne Centre at Parole. Greenberg Gibbons Commercial Corporation is the Master Developer of the
area. Sturbridge Homes is the direct owner of Grandview at ATC and has hired Gilbane ATC to act as the
General Contractor.

Annapolis Towne Center is the former site of the Parole Plaza Shopping Center, which was built in the
early 1960's, closed in the 1990's, and has remained vacant for a decade. Parole Plaza Shopping Center
was the first shopping center developed in the Annapolis area that contained major department stores.
This was a defining event in the commercial evolution of the Annapolis area — before the opening of
this shopping center, Annapolis residents had to travel to Washington, DC or Baltimore to shop in an
upscale department store. The new Towne Centre will create a revitalized living, shopping,
entertainment and community center for the city and for Anne Arundel County.

Sturbridge has concentrated mostly on smaller residential villages and complexes This is the first project
of this caliber for Sturbridge Homes. The success of this project will no doubt give them the knowledge
and respect to obtain similar jobs like this in the future. They proudly earned the Certified Master
Builder certification by meeting the highest standards for industry experience, customer satisfaction,
financial stability and adherence to accepted building technology standards.

(3.2) Project Delivery System

Gilbane Building Company holds all contracts with the sub-contractors directly as a lump sum bid.
Sturbridge hold contracts with the Martin Architectural group as well as the 3" party testing firms. A
close client relationship couple with a great networking team played a large part in the procurement of
the project for Gilbane. Because Gilbane was brought on board early in the project, many issues were
solved during the GMP negotiations phase. This was beneficial and saved time in early preconstruction.

April 7, 2009
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(3.3) Organizational Chart

On the GrandView project, Gilbane uses a relatively straight-forward and direct staffing plan. The
hierarchical configuration allows for fast communication and flow of information and can be seen
below.

Regional V.P.

| |
[ Operstions ] S
.

Project Executive
Bill Braughton

| |
G U—

Project Accountant

ﬁ

Sr. Project Engineer Sr. General Superintendent
Ermie Brewer Larry Hardesty

Assistant P.E. Assistant Supintendent
Mike O'Meil Ralf Mueller

Assistant P.E. Assistant Supintendent

Tyler Swartzwelder 10

Sr. Office Engineer
Someone

( Full Time On-Site )
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Design and Construction Overview

(4.1) Building Systems Review
Architecture and Layout

Grandview is a 13 story condominium building with the first floor being tenant fit-out retail spaces. The
exterior of the building was designed with elaborate architectural details, showcased by the three
unique qualities

e Glass Fiber Reinforced Concrete Cornices (GFRC)
e Curtainwalls
e Cupola dome roofs

In order to tie the building in with the surrounding architecture, beige earth colors as well as green
domes are used on the facade. Large glass curtain walls at three locations of the building compliment
the appearance by adding long continuous lines of blue glass.

The interior of the building has two separate common areas for the condo owners to use collectively.
The first being the second floor, containing fitness rooms, bars, social clubs, massage parlor, etc. The
other common area is on the rooftop pool deck that includes the swimming pool, social club bar, BBQ
Pit, etc. Floors 3-10 are typical with 15 units per floor. While the top two floors, 11 and 12, are
penthouse units with 7 units per floor.

Construction

Grandview is just one of a multitude of buildings being constructed in the development at Annapolis
Towne Centre. Because of the magnitude of the project multiple owners have hired multiple distinct
contractors for each job. Sturbridge Homes, the owner of GrandView, hired Gibane ATC, as the CM @
Risk with a Guaranteed Maximum Price. A typical Design-Bid-Build delivery system was decided upon in
which construction space had to be shared with other construction firms on site. Luckily, the site is not
in a congested downtown area but in a rather wide open rural space. However, because all the projects
are being constructed at once, there was limited space once foundations were established. Therefore, a
high level of coordination and cooperation was employed to secure the success of every project.

The twist in the construction will come in a few months when Target, an adjacent store, wants to open
to the public. This means that all forms of construction need to be blocked from view of the customers
and service roads in which deliveries and equipment are brought in must be closed and re-routed in
order to accommodate for customer traffic and parking. This could very well affect scheduling and have
some sort of time impact on the project. Time will tell.

April 7, 2009
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Structural System

GrandView is predominately a concrete 2-way flat slab system with shear resistance elements including
a central elevator shaft and two stair towers at both the East and West ends of the building. The frame
is made up of 16”-24” cast-in-place concrete columns. Favorable soil conditions allow a shallow
foundation which consists of a 5” S.0.G with primarily 2’ footings and augured piles. Half of floor two
will house more retail and has an 8” 1-way slab. Common residential floors 3-10 and penthouse floors
11-12 all have 8” 2-way slabs. The roof also has an 8” slab with the exception of a 16” slab around the
pool area. W12x22 steel columns and miscellaneous structural steel hold up 3 cupola domes that house
various mechanical systems on the roof. A typical masonry curtain wall is used for floors 3-10 with a
stucco finish primarily at the lower retail portion of the building.

Electrical System

Two different service utilities are incorporated in GrandView in accommodate both the residential and
commercial sections of the building. A 120/280V transformer is provided for the residential sections and
is fed into a 4000A, 120/208V, 3PH, 4W switchboard. From the switchboard, (2) 2000A bus ducts are fed
which help power (8) 1000A meter centers located throughout the levels. From these meter centers,
individual distribution panels are fed which power the apartment panel boards.

The commercial section of GrandView is serviced by a 480/277V transformer. Housing equipment, which
is used in multi-use areas, is connected by a 1000A 480/277V, 3PH, 4W switchboard. Redundancy is
provided by a 350Kw/437.5 kVA 480/277, 3PH, 4W emergency generator.

Mechanical System

Typical condo units, floors 2-10, have packaged (Magic-Pak) HVAC systems. These units are housed in
vibration isolated closets in one bedroom of each unit. Additional design of an exterior ventilation
system (simple copper tubing) was needed in order to ensure an extremely low noise level in each
closet. Penthouse units and common spaces utilize split systems with gas fired furnaces.

(4.2) Local Conditions

e Regional Soil Types: Clay, Sand, Gravel, Silt

e Preferred Method of Construction: Cast-in-Place Concrete, Masonry, Light Steel

e Available Parking: Existing Parking on outskirts as well as newly built parking garages on the site

e Tipping Fees: The Annapolis area usually imposes a $300-$400 tipping fee. No LEED certification
required.
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L %)
Gilbane Main Field Office and GrandView Laydown and Labor Parking Traffic
Office Building Parking Project Material Storage

Shown above is the current site layout of GrandView at Annapolis Towne Centre. While it is extremely
effective, there are some things that could be improved. The GC office is located relatively far away from
the actual construction site as show by the dark green square. By re-locating it to the light green square,
a closer proximity to both the site and material storage area would be achieved. Also, deliveries could be
received and monitored from the Forest Drive Gate located directly above the proposed site office. A
simple one way traffic pattern would provide easy flow of traffic and ease congestion. However, taking
general conditions into account, the following site plans during three key phases of construction have
held the current office location.

April 7, 2009
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Project Logistics

(5.1) Milestone Schedule
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(5.2 )Detailed Project Schedule

See Appendix A for details

(5.3) Grandview Cost Summary

0 Bidding Requirements 1.52 $2.67 $1,028,959
1 General Requirements 7.23 $12.74 $4,911,153
2 Site Work 5.13 $9.04 $3,486,503
3 Concrete 7.32 $12.89 $4,970,268
4 Masonry 2.95 $5.20 $2,006,338
5 Metals 1.08 $1.90 $731,112
6 Wood & Plastics 6.4 $11.28 $4,347,291
7 Thermal & Moisture Protection 4.85 $8.54 $3,293,365
8 Doors & Windows 3.21 $5.66 $2,181,016
9 Finishes 10.05 $17.70 $6,824,667
10 Specialties 0.76 $1.33 $514,111
11 Equipment 1.7 $2.99 $1,153,324
12  |Furnishings 0.9 $1.59 $613,090
13  [Special Construction 0.26 $0.46 $179,227
14  [Conveying Systems 1.23 $2.17 $836,355
15 Mechanical 11.57 $20.38 $7,858,061
16 Electrical 7.62 $13.43 $5,175,656
21 Fire Suppression 1.45 $2.56 $985,837
22 Plumbing 4.84 $8.53 $3,288,016
23 HVAC 9.62 $16.94 $6,531,928
26 Electrical 7.83 $13.80 $5,320,263
31 Earthwork 0.93 $1.64 $633,603
32 Exterior Improvements 1.41 $2.49 $958,582
33 Utilities 0.12 $0.22 $83,412

Total Building Costs 100 $176.16_
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Research Topic: Energy and the Economy

How demand for energy will affect future Building Systems

(6.1) Problem Statement

The PACE roundtable discussed the importance of energy and what impacts it has on the economy and
construction industry. It is well known that the control of natural resources is the most powerful
economic position that can be held. Without energy, the United States economy would falter. The
continually growing need for energy in the United States is speeding up at a tremendous pace. Efficiency
and innovation are the keys to solving the energy crisis that our country is experiencing. One specific
way to reduce our consumption is the development of alternate energy sources such as wind and solar
technologies. By integrating these types of systems into our infrastructure, energy consumption and
carbon emissions can be lowered, which would result in a cleaner and more economically friendly
country.

(6.2) Research Goals

The main goal of this analysis is to determine what the construction industry needs to do in order to
integrate solar power into the design of a building through constructability aspects. Having the ability to
run a building on its own self-generated power would have a great impact on both the economy and
environment by reducing the dependency on foreign power sources and proving clean renewable
energy that is integrated right into the building itself. The construction industry has taken small steps
toward this goal in the last decade and plans to take even greater ones in the future. It is my goal to
determine what alternative energy sources will be dominant in the future, and how they will affect the
way that we design and integrate them into building systems. A more specific goal will be how they will
be integrated into the United States’ infrastructure through constructability; specifically focusing on
solar power in the Mid-Atlantic region.

(6.3) Background

There is no doubt that as Americans, we are afforded luxuries that the rest of the world does not have
access to. Whether it is freedom, schooling, or abundance of resources, it is our duty as human beings to
use these luxuries responsibly. It is a known fact that the average American consumes over 25 times
more resources than the average person from a developing country. That means that a family in a
developing country would have to have 75 children to have the same environmental impact as an
American family with three children.

As a quick reference to exactly how much energy the United States uses than the rest of the world.
Refer to the diagram on the next page. It compares the United States with China, who some say will
overtake the US as the dominate world power in the next few years.
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Energy Per Capita:

Taking into the account the information provided in the figure above, it can be seen that while the
United States and China share an almost equal land area and a relatively close total energy consumption
( China still uses 27% less energy) it is striking how much energy the US uses compared to its population.
Even though the US has about one forth the population of China, the average American uses more than
six times the amount of energy than that of an average Chinese citizen. This makes one wonder, why do
we need so much energy and what are we using it for?

Still even more staggering is the fact that while the US makes up for approximately 5% of the world
population, it uses more than 24% of its resources. Again, the question is posed; why do we need so
much and what are we using it for?
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(6.4) A Look at Energy Consumption per Sector

Energy consumption in the United States is broken down into
three main sectors:

TRANSPORTATION

e Transportation 28°/o —

e Industry

33%

e Residential and Commercial

Among these, residential and commercial account for the

highest portion totaling 39%. Residential refers to any place RESIDENTIAL &
. . COMMERCIAL

where people live and commercial refers to a place that
. o/

people work. These are grouped into the same category 39 (6}

because the energy consumption is used in basically the same

way.

When breaking down this category even further, we find that heating and cooling loads account for half
of the total energy used. This is an important figure when talking about the construction industry
because in order to save money, building must be constructed as efficiently as possible.

Advancements in technology have made it easier to save money on electric and gas bills, however, there
is still room for improvement.

4.5=
Total

(All Sectors)

Lo
=
1

Electric Power

)
1

Trillion Kilowatthours

Commercial
and Industrial

1950 1960 1970 1980 1990 2000

As you can see from the Figure __ above. The total US electricity net generation in all sectors grew from
0.3 trillion kilowatt hours in 1949 to 4.2 trillion kilowatt hours in 2007, failing to increase in only 2 years
(1982 and 2001) over the entire span. Most generation was in the electric power sector, but some
occurred directly in the commercial and industrial sectors.
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(6.5) Solar Photovoltaic Panels and Construction

Solar panels have been around for years. However, our current economic situation coupled with global
warming and a fading ozone layer has brought this abundant natural resource we call the sun back into
the limelight. Integrating solar panels into buildings has always been a topic of hot discussion for
architects, contractors and owners. Architects often found them un-slightly. The design of a solar panel,
since just recently, has resorted to a rectangular shape that was dark in color and provided no aesthetic
purpose at all. The extremely high initial investment of a solar array is one of the main detracting
features that owners are subjected to. Depending on the size and type of system, the payback period
could be as large as 60 years. While integrating the solar system into a building has become easier in the
past few years through advancements in inverters and the ability to tie-directly into the grid, contractors
still face schedule impacts when installing an array.

A survey was sent out to contractors in the Mid- Atlantic region, which asked what the most common
constructability concerns of a solar PV system were. 40 results came back, with the majority of them
coming from the Greater Washington, DC area. The following section will show relevant results of the
survey and attempt to explain the reasons behind the answers.

The first and most basic question that was posed was:

Would you be inclined to install PV panels on the current project you
are working on or your home?

A staggering 85% of the 40 respondents polled said that they would
not currently install a PV array on their current building or their
home. The fact that such a high percentage declined installation
alludes to the fact that something is still pushing consumers away
from this energy saving technology.

What is the top constructability issue concerning the Building  Installation
. . Implementation 5%
implementation of a solar array? 7%

Cost was the number one answer that deterred people Aesthetics
from installing a system. This is likely due to a low amount Lo
of government incentives available as well as the high cost
of the panels and installation. Available area and correct
orientation is also a major concern. If a building is not
oriented South or if it has limited roof area, it makes solar
arrays largely unappealing. The bottom three concerns
were aesthetics , connecting the system to the building,

and overall installation process.
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What would make you more willing to install a
system?

Initial cost is the main concern in this question.
Lowering manufacturing costs would be one way to
reduce the initial installation cost of the system. The
government has taken small steps in trying to
promote the use of clean renewable energy within
the country. Providing more incentives seems to be
the overall mood of the polled population. A new
budget presented by the Obama administration
should help future incentives for solar production
and installation grow.

Below is a chart of levelized energy cost with tax
incentives. It shows costs of PV as they currently
stand without any government funding and what
amount would need to be given in order for it to
compare to other leading renewable sources.

LEVELIZED COST OF ENERGY ANALYSL

Levelized Cost of Energy — Sensitivity to U.S. Federal Tax Incentives

U.S. federal tax subsidies remain an important component of the economics of Alternative Energy generation technologies

{and government incentives are important in all regions), notwithstanding high prevailing fossil fuel prices; future cost

reductions in technologies such as fuel cells, solar PV and solar thermal have the potential to enable these technologies to
approach “grid parity” without tax subsidies (albeit such observation does not take into account issues such as dispatch

characteristics or other factors)

Solar PV — Crystalline ™)
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Solar PV — Thin Film

1)
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(6.6) Solar Growth

Decreases in the cost of installation and favorable regulatory environment should protect the continued
growth of solar energy production in the US from effects of the economic crisis. It is imperative that the
government provide greater incentives to implement such energy technologies so that the US may once
again rely on its own self for energy.

Photovoltaic production worldwide has been doubling every two years, increasing by an average of 48%
each year since 2002, making it the world’s fastest-growing energy technology. 90% of this generating
capacity consists of grid-tied electrical systems, in which PV panels generate electricity and interconnect
with a utility's power line.

According to a recent report by Global Data, a business information company providing global business
information reports and services, the US is the fourth largest solar PV market in the world. The market
has grown from 168 megawatts (MW) in 2001 to around 1,111 MW by the end of 2008. Grid-connected
solar PV grew to 61% of all solar PV installations, accounting for 677 MW in 2008.

The solar industry is poised for a rapid decline in costs that will make it a mainstream power option in
the next few years, according to a new assessment by the World Watch Institute in Washington, D.C,,
and the Prometheus Institute in Cambridge, Massachusetts. Global production of PV cells, has risen six
fold since 2000 and grew 41 percent in 2006 alone. While this growth is significant, it is still restrained by
a shortage of manufacturing capacity for purified polysilicon, the main component is solar cells.

There is great news for future production with the advancements in thin-cell technology and more
efficient production of polysilicon. The current situation will be reversed in the next two years as more
than a dozen companies in Europe, China, Japan, and the United States bring on unprecedented levels of
production capacity. Combined with technological advances, the increase in polysilicon supply will bring
costs down rapidly. According to Prometheus estimates, the price is expected to decrease 40% in the
next three years. By roughly 2010, electrical utilities will be looking to manage the competitive threat
posed to their markets by distributed solar generation.
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Results and Recommendations

The Maryland Energy Administration has proposed New Energy Incentives in order to promote
building implementation in homes and businesses in Maryland, this would directly apply to
GrandView if a solar PV array was installed in the future.

For homeowners:

e Increases a 10 percent tax credit for energy efficiency improvements to a 30 percent tax
credit

e Eliminates caps for specific improvements (such as windows and furnaces), and instead
establishes an aggregate cap of $1,500 for all improvements placed in service in 2009
and 2010 (except biomass systems, which must be placed in service after the act is
enacted).

o Tightens the energy efficiency requirements to meet current standards. For residential
renewable energy systems, the act removes all caps on the tax credits, which equal 30
percent of the cost of qualified solar energy systems, geothermal heat pumps, small
wind turbines and fuel cell systems.

¢ Eliminates a reduction in credits for installations with subsidized financing

For businesses:

e A new 30 percent investment tax credit is available for projects that establish, re-equip,
or expand manufacturing facilities for fuel cells, microturbines, renewable fuel refineries
and blending facilities, energy saving technologies, smart grid technologies, and solar,
wind and geothermal technologies. The credit also applies to the manufacture of plug-in
electric vehicles and their electric components, such as battery packs, electric motors,
generators and power control units. The credit may also be expanded in the future to
include other energy technologies that reduce greenhouse gas emissions.

It is my recommendation that the US government provide higher tax incentives and grants for
solar installation. Energy research funding should be focused on the development of higher
efficiency solar panels and their overall manufacturing process. Savings can be passed on to the
consumer by reducing the cost to manufacture such panels.

As far as the constructability of an array is concerned, advancements of cell mounting and
delivery should enable manufactures the ability to incorporate PV’s into building materials that
would both save time when installing and provide more aesthetically pleasing features that are
less noticeable.
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Analysis 1: Photovoltaic Panel Implementation and Life Cycle

(7.1) Problem Statement:

Everywhere we turn in today’s economy it seems that energy is driving all that we do. Between gas
prices and electric bills, the cost of energy consumption is overwhelming. There are many technologies
out there waiting to be tapped into such as the harnessing of the sun’s power. Advancements in
technology such as NanoSolar’s super thin PV panels are giving the industry cheaper and more efficient
options. Their manufacturing process allows PV panels to actually be printed out on a roll that is a
fraction of the thickness of conventional panels and much cheaper.

The use of photovoltaic panels is not new to the industry. If PV panels were implemented into the roof
system of GrandView, tenant’s bills would be reduced and therefore money would be saved. Although
PV panels are more expensive in the initial investment, | believe that the owners/tenants would benefit
in the long run.

The roof of GrandView is for the most part, unused. There is a small portion in the center of the deck
that is used for the social club and pool area. The rest is blocked from view. Would the area of the roof
provide enough available space to install a PV system that would have a great enough impact as to
reduce monthly electric bills?

* GrandView is connected to a large parking garage that has perfect southern exposure. The deck has a
covered roof that is solely there to provide protection to the vehicles underneath.

(7.3) Research Goals:

It is my intention to determine the feasibility, advantages and disadvantages of implementing
photovoltaic panels onto the roof of GrandView. A quantification of the amount of energy that a
standard PV panel will be obtained and then translated into power generation that the building
could provide as a whole. The analysis will cover the initial costs of installation as well as the energy
savings and utility costs that would be accrued over a longer period of time. A separate CO2
quantification will be carried out to determine how much CO2 per year the implementation of a PV
array will prevent from entering the atmosphere.

It is my hope that the implementation of PV panels in GrandView Apartment Complex will reduce

the energy consumption by the tenants in the long term operation of the building. It is understood that
there will be a greater upfront cost of the addition of the panels. However, through analysis, | hope to
find that the long term benefits will outweigh the short-term investment and ultimately save the tenants
and owner money.

Note: “C0O2” stands for CO2-equivalents (which means other greenhouse gases are included).
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(7.4) Tools:

PV Watts Calculator

National Renewable Energy Laboratory
Google SketchUp

Gilbane Building Company

Calls to solar panel companies

oo o

(7.5) Background

Solar power harnesses the sun’s energy to make clean electricity. Its value to the consumer depends on
factors such as geography and local policies, including the terms for selling surplus power to the public
grid. PV power is growing at a rate of about 48% per year and presents an economical and intelligent
way to cut energy costs, reduce exposure to rising utility prices and help safeguard the environment.

There are predominately two types of photovoltaic technologies being implemented today; thick
crystalline and thin film cells. The first and most predominately used is thick crystalline cells. While more
efficient than their paper thin cousin, these cells weigh far more and use more material. Because of their
size, they cost more and are more difficult to install. Efficiency rangers are between 11% and 14%. The
total energy produced by a 223 W panel is about 12 Watts per square foot.

Figure 7.1: Thick Crystalline Solar Array

The most eco-friendly and quickest emerging type is known as ‘thin film’. These modules are made with
less than 1% of the silicon used crystalline lines and are manufactured using automated equipment in
fewer steps. This means a step-function change in cost per watt and a lower effective cost per kilowatt
hours for large-scale applications. As far as efficiency goes, Sharp’s thin film modules convert nearly 9%
of the sun's total energy into electricity and have almost reached the 10% mark. For every kW of rated
power, thin film delivers more kilowatt hours-up to 10%-than its crystalline silicon cousin, due to
substantially greater resistance to losses caused by typical mid-day operating temperature.
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Figure 7.2: Thin Film Solar Array

When dealing with power storage and distribution of a solar array, two types of approaches can be
taken. The array can either be a stand-alone or grid-tied system. Stand-alone systems are typically used
in smaller applications where access to power lines is difficult. Benefits to a grid-tied system are as

follows:

e  Excess electricity produced by the PV array can be fed back into the grid and stored

o The array acts up as a support system during the peak hours of operation which lowers the
power consumption from the grid

e There is a 100% efficiency rating
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(7.6) Sun Path and Shadow Analysis

Because of protrusions on the roof, it was hard to determine where to place the solar arrays as to avoid
any shadows. A study done by National Semiconductor claims that even if 8-16% of the array is covered
during the day, it results in an average power loss of 35%-40%. Therefore, it is imperative that the arrays
be placed in the area that receives full sunlight during the peak hours of the day.

JULY 2009 DEC 2009

8:00 AM 9:00 AM

Figure 7.3: July Shadows Figure 7.4: December Shadows

According to a shadow analysis of the building rooftop during each time of the day, the array was
determined to be best suited in two separate areas on the East and West ends of the building.

April 7, 2009



Matthew Karle

AT ANNAPOLIS TOWNE CENTRE Construction Management — Dr. Anumba

(7.7) Product Information

In order to reduce utility costs of GrandView, several different solar ideas were presented. The first of
which was integrating the panels into the glass foot windows in the south side of the building. This was
quickly determined to be too small of an area and relatively ugly when talking about the aesthetic
features of the building. Placement on the roof proved to be the best location for the solar arrays. In
order ease calculations, a standard 200 W conventional multicrystalline silicon PV module was chosen.

Photovoltaic Panel Type: BP Solar sx3200 200 Watt PV Module

My
$ Ebp ' SX 3200
E.'f 200 watt photavaltaic module
Performance
Rated power (Pyay) 200W
Power tolerance +9%
MNominal voltage 16V
Limited Warranty' 25 years

Configuration
B Bronze frame with output cables and polarized Multicontact
(MC) connectors

Electrical Characteristics® SX 3200 SX 3195
Maximum power (P, 200W 195W
Voltage at Ppay (VmpJ 24.5V 24.4
Current at Pryay (Imp) B.16A 7.96A
Warranted minimum Ppqy 182.0W 177.5W
Short-circuit current (loc) a7A 2.6A
Open-circuit voltage (V) 30.8V 307V
Temperature coefficient of |5 (0.065+0.015)%/°C
Temperature coefficient of Vge 11 10mvieC
Temperature coefficient of power -(0.5£0.05)%/°C
NOCT (Air 20°C; Sun 0.8kM/m?; wind 1mis) 47+2°C
Maximum series fuse rating 154
Maximum system voltage 600V (L.S. NEC rating)

Inverter Type: Xantrex GT 5.0 Series Grid Tie Solar Inverter

INVERTER SPECIFICATIONS: GT5.0

-
.. Power Data
' Max AC Power Output 5000 W : 4500 W
AC OUTPUT (nominal) 240V :208V
AC FREQUENCY (nominal) 60 Hz
Max Continuous Output Current 21-22 A
Max Output over Current Protection 30
_ Max Utility Backfeed Current 12:00 AM
. : Power Factor >0.99
b Output Characteristics Current Source
Size
Weight 58 lbs.
£3 Dimensions 29"x16"x6"
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(7.8) Design Methodology [ ELECTRICAL BREADTH ]

The following section will provide a detailed look into the design of the PV system and its
eventual integration into the building through a step by step process.

e Two (2) Separate Array locations at opposite ends of the roof

e Each Array consists of 100 panels arranged in rows of 10 (200 total panels)

e Panels are rated at 200W and measure 66” x 33” for a total area of 15.13 ft*

e The Array is fixed facing directly south with the optimal 39.2 degree tilt for its location
e Xantrex GT5.0 Inverters have been chosen to convert to AC power

. J

STEP 1 Determining the Number of Panels in a Series

Using the open circuit voltage of 30.8V per panel and the U.S. NEC Rating of 600V, it is determined that 19.5
panels are allowable per series which converts to a round number of 20 panels per series.

Number of Panels in Series = (600V)/(30.8V/Panel) = 19.48 = 20 Panels

STEP 2 Sizing the Inverters

-

In order to size the inverters, the number of panels in a series is multiplied by the max power of each panel.
Size of Inverter = (20 Panels)(200 W/Panel) = 4000 W = 4 kW

Based on this data the Xantrex GT 5.0 was chosen which is rated at 5000 W and has a 208 V AC output. The
full specs for the GT 5.0 Inverter can be found in Appendix C

- J

STEP 3 Determining the Number of Inverters Required

Calculating the number of inverters required is as simple as dividing the total number of panels in the array
by the number of panels in a series. The result yields a total of 10 inverters.

Number of Inverters = (200 Panels)(20 Panels/Series) = 10 Inverters
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e Integrate into powering the rooftop and all of the corridor lighting loads

e Electrical Rooms on the Roof and 12" floors have room to house the inverters

e Rooms are close to inverters and array system which requires minimal wiring

e Inverters are considered single phase loads and require 2 “spare locations” for the 2 phase wires
e Each of the two separate 20 Kw array systems will be fed into two separate panel boards

- J

STEP 1 Confirm Panel Boards have Sufficient Load Capacity

Using the open circuit voltage of 30.8V per panel and the U.S. NEC Rating of 600V, it is determined that 19.5
panels are allowable per series which converts to a round number of 20 panels per series.

Max Panel Loading = (175 A)(208V)(3)"? = 63046.6 W = 63 kW

STEP 2 Checking to Confirm the Total Inverter Load on the Panel Board

/ Since 10 Inverters will be placed on this panel board, it is necessary to determine whether or not the toteh
load of the inverters is less than the panel board load capacity. In order to determine the number of
inverters was multiplied by the load that each supplies.

Total Inverter Load = (10 Inverters)(4.0 kW) = 40 kW

From the above calculations it is determined that 40 kW < 49.8 kW therefore the Panel Board can support
the load supplied by the inverters.

The 49.8 kW comes from the total capacity minus the existing load (63 kW — 13.2 kW)

\_ /

STEP 3 Determining Load Each Inverter has on the Panel Board

For a single phase, it is determined that the load of each inverter needs to be divided by 2 in order to get the
loading of each on the panel board.

Load Per Inverter on P.B. = (4.0 Kw)/(2) = 2.0 kW
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STEP 4 Sizing the Circuit Breakers

To size the circuit breakers, divide the watts of the inverter by 208V. this will yield amperes.
Circuit Breakers Size = (5000 W)/(208 V) = 24.04 = 25A Circuit Breaker

However, each inverter is only receiving 4000 W therefore, as 20A Circuit breaker should suffice. It can
always be switch out for a higher capacity if the array is added to in the future

.

STEP 5 Wire Sizes
Based off the circuit breaker size and considering the inverter comes witha __ knockout for the wires, it is
determined that 2 - #12 AWG and 1 #12 AWG wire sizes should be used. This conforms to THHN/THWN AT
600V.
\ e (2)#12 AWG (THHN) +(1) #12 AWG (THWN) /
Wi Kw Load
Load Description Ire aer o2 CB/Phase | Circuit No. 0]
Conduit A B C
INVERTER 1 (2) #12 AWG 25/2 13 A
(1) #12 WAG G 15 B
INVERTER 2 (2) #12 AWG 25/2 17 ¢
(1) #12 WAG G 19 A
INVERTER 3 (2) #12 AWG 25/2 21 B
(1) #12 WAG G 23 C
INVERTER 4 (2) #12 AWG 25/2 25 A
(1) #12 WAG G 27 B
INVERTER 5 (2) #12 AWG 25/2 29 ¢
(1) #12 WAG G 31 A
Table 7.1: Inverter 1-5 Panel Layout
Kw L i
(0} Circuit No.| CB/Phase A wiload V(\:/:)r:dauni:l Load Description
A 14 25/2 2.0 (2) #12 AWG INVERTER 1
B 16 (1) #12 WAG G
m
¢ 18 25/2 (2) #12 AWG INVERTER 2 2
A 20 (1) #12 WAG G =
m
B 22 25/2 (2) #12 AWG INVERTER 3 A
C 24 ;
A 26 25/2 INVERTER 4 S
B 28 (1) #12 WAG G 2
x
¢ 30 25/2 (2) #12 AWG INVERTER 5 ;
A 32 (1) #12 WAG G o
s
Table 7.2: Inverter 5-10 Panel Layout
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(7.9) Array Analysis using PV Watts Energy Calculator

The size of a photovoltaic (PV) system is its nameplate DC power rating. This is determined by adding
the PV module power listed on the nameplates of the PV modules in watts and then dividing the sum by
1,000 to convert it to kilowatts (kW). PV module power ratings are for standard test conditions (STC) of
1,000 W/m? solar irradiance and 25°C PV module temperature. The default PV system size is 40 kW. This
corresponds to a PV array area of approximately 3025 ft* (280 m?).

114 AC Energy
[ &
QLIS  Cost Savings
‘ Station Identification | Results
‘ City: ‘ Baltimore Zolar AC Energy
: Month | Radiati E Val
T AL
2l £ .

e e |1 347 | 3390 | 460.18
‘Elevation'. ‘47'm I P } 4.40 I 3362 } 534.50
: 3 479 4459 61851
}EZE::::H Specifications ‘40 — I P } 512 I 4520 } 625,57
: ' 5 598 4630 £40.79
}iz ;’;Z_Deratﬂwor: }zgziw [ 6| 570 | asas | 64328
o e ‘F_D;EdTﬂt | 7] s61 | 4714 | 65242
‘AH:Tif ' By | s 528 | 4437 | 61408
‘Aﬁ;%um ‘18'0 - | 9|  as5 | 409 | seeso
' ' 10 4.90 4400 £08.96
‘Encrgy Specifications I 1 } 3 53 I 3240 } 445,69
| Clost of Elecricity: 13.2 g | 25 |z |z
| Tear | 466 | 49111 | 679696

Figure 7.5: PV WATTS Calculation Results for 40 kW array

To calculate the energy production of a solar array in the Maryland region, a program developed by the
National Renewable Energy Laboratory was used. The PV Watts Calculator determines the cost of
electricity a solar array produces given the location of the array and the tilt. For this analysis, two
different tilt angles are shown. This is partly due to the construction costs of tilting the array. For all
intensive purposes, the maximum solar gain with the tilt of 39.2 degrees will be used in the calculations.

As for C02 emissions otherwise known as greenhouse gases (GHG) , the EPA reports that each kilowatt-
hour of electricity produced from coal creates 2.3 Ibs. of carbon dioxide.
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(7.10) Constructability of Support System

It is important to note that the array on the roof will be a fixed tilt array set at 39.2 degrees in order to
maximize energy absorption. This also allows the array to partially shade the section of the roof that it is
on while letting air pass underneath.

In this case a lightweight structural aluminum frame for each row will be constructed prior to mounting.
The array could in fact be placed flush with the roof at a 0 degree tilt. When this scenario was run in the
PV WATTS calculator it was determined that the overall (AC) output of the system would be
approximately, 42,009 kWh per year. This is 7,102 kWh or 14% less than if it were mounted on tilted
support structure.

Constructability issues of flush mounted system:
e Reduced initial investment in structural support system and installation
e Agreater area available for PV array because the panels would not need spacing between them
e Lighter load on the roof itself because no structural support necessary
e Maintenance becomes an issue when trying to access panels in the center of the array
e Higher heat gain conducted through the roof due to lack of air circulation under the panels

Constructability issues of structural tilt mounted system:
e Higher initial investment due to support material and labor costs
o Slightly higher load on roof due to support system
e Shading effect comes into play which reduces solar gain on the roof

Structural Materials and Cost of Installation

A quote from Tubular Steel Inc was maintained outlining the design and labor cost of a structural
support system needed to house the proposed 39.2 degree fixed tilt array. It was determined that a
$4700 total implementation price would be incurred. This resulted in an additional $1.50 per square
foot be added to the base amount of $6.50 for flush mounted system, making the total panel and
installation cost of a tilted array system $8.00 per square foot. The initial investment of

Post-Report-Completion Analysis (Angels and Spacing)

Due to a realization at the end of the report, | decided to add this section just to clear up my thinking
process and mistake. It was determined after a quick geometry calculation and sun angle calculation
that the spacing required between rows of panels would need to be 50” as to not cast shadows on the
panels behind them during the winter months. Due to the relatively low energy loss compared to a flush
mount system and the fact that 1.5 more panels could be placed in the same area with a flush mounted
system, it is only logical that a flush mounted system be used. However, this stage of enlightenment was
realized after the completion of the report, and therefore should be noted, but the final results will be
given with the tilted fixed support system.
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(7.11) PV Impact on Building Cost and Environment

After considering the shadow analysis of GrandView’s rooftop and the incentive to keep the solar array
hidden from pedestrian and adjacent views for aesthetic purposes, the following cost and power
analysis provides initial cost estimates and environmental impacts.

It is assumed the area provided on the roof will not take GrandView off the grid. That is, it cannot
provide enough power to all the residencies by itself. Therefore, it is proposed that the solar array
system be specifically tailored to power the rooftop amenities such as the lounge, area pool area, club
and interior corridor lighting. A solar energy system is ideal for this type of situation because the peak
energy production occurs during the summer when this area is used the most. During the winter, solar
energy production decreases with the use of the area.

The first thing that needs to be analyzed is the potential solar radiation gain that an array system of this
size and location can produce. Using the PV Watts software seen on the previous page the following
results were obtained.

Power Data (kWh/m2day) Angled Array- Annapolis, MD

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Power 3.49 4.41 4.79 5.11 5.26 5.67 5.59 5.27 4.95 4.91 3.59 2.86

Table 7.3: Generated Power Data per Month

For Annapolis, MD a 40 kW array system can produce a total of 49,111 kWh per year (AC), with the
maximum gain occurring in June and the minimum occurring in December.

The initial investment of a system is often one of the main detracting points when thinking about
installation. It is important to remember that while the initial investment may be significant, the overall
life-cycle cost and environmental impact should also be considered and weighed greatly. This is due to
the fact that over time, if properly maintained and utilized, the system should pay for itself. After that
point it is considered savings.

Cost Offset: When analyzing the amount of power
generated by the solar array, the following figures
where used in accordance with the Power Data shown
in Table 7.3 above:

e Panel Power: 200W (Max Power)

e Panel Voltage: 30.8V (Open Circuit Voltage)
e Maryland Energy Price: $0.138/kWh

e Coal CO2 equivalent of 1.6 Ibs./kWh

e Panel and Installation: $8.00 / watt
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Initial Investment

While researching the cost of photovoltaic system and installation, it was determined that the overall
cost of would amount to about $8.00 per watt including the installation and support structure for the
incline of 39.2 degrees needed for maximum solar gain. This is relatively low due to some other figures
that were found. It was assumed that the lowest cost found would be used due to rapid technological
advances in solar technology including thin film. The following is the initial investment cost of the
system:

INITIAL INVESTMENT

ltem Quantity | Cost/ Unit Total Cost
PV Panels| 40000 W $8.0/W $320,000.00
Inverters 10 $3,060 $30,600.00
Savings Federal: $10,000 -$10,000.00
State: $3,000 -$3,000.00

Table 7.4: Initial Investment

Assumptions on incentives were made on the fact that the Maryland Energy Administration is
considering revising its clean energy grant programs for fiscal year 2010 (which starts July 1, 2009.) This
enables residents to claim 30 percent of the total installed cost of solar PV, solar hot water, and
geothermal heat pump systems against their federal income tax.

For photovoltaic property the maximum incentive was taken totaling $10,000 because the size of the
system exceeds per watt incentive calculations.

Conceptual Array View (West Corner) Conceptual Array View (East Corner)

- Clear Area

Figure 7.6: Conceptual West Array Figure 7.7: Conceptual East Array
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(7.12) Savings and Life-Cycle

Using the data provided by the PV Watt Calculator and environmental factors, the following power and
CO2 savings was calculated:

SAVINGS PER YEAR

Month (AC) kWh/month Savings(S) Savings(lbs of CO,)
JAN 3390.00 $469.18 5424
FEB 3862.00 $534.50 6179
MAR 4469.00 $618.51 7150
APR 4520.00 $625.57 7232
MAY 4630.00 $640.79 7408
JUN 4648.00 $643.28 7437
JUL 4714.00 $652.42 7542
AUG 4437.00 $614.08 7099
SEP 4096.00 $566.89 6554
oCT 4400.00 $608.96 7040
NOV 3242.00 $448.69 5187
DEC 2704.00 $374.23 4326

TOTAL SAVINGS $6,797.10 78,579

Table 7.5: Electrical Cost Savings and CO2 Savings

The addition of the 40 kW solar array would essentially save $6,800.00 on electricity cost and keep
39.3 tons of CO2 from entering the atmosphere annually. This equates to a total of $136,000 of energy
produced (assuming the cost of energy stays the same) and 786 tons of CO2 saved over the span of 20
years.

This would reduce its total carbon footprint due to electricity consumption by %13.

Considering the Initial Investment of $337,600 and the fact that the array provides $6,800.00 per year in
savings, the total payback period for the system would be approximately 49 years. However, this did not
take into account the inflation of energy price over time. Therefore, the payback period would most
likely be less the 49 years. Assuming that the life cycle of the building is 50 years, the initial investment
would in the end pay off. However, newer and more efficient technologies are likely to emerge that
surpass the existing solar technologies.

Knowing that only a small amount of energy can be produced due to the limited roof area and cast
shadows, | wondered if it would be possible to provide GrandView with enough solar power that it did
not need to tap into the grid for energy. GrandView provides parking in the adjacent 4 story parking
garaged that is connected to the lobby by a bridge. Most of the upper lever is open except for a small
‘shade’ roof centered in the middle. The question posed was would | be able to erect a solar array that
would provide both shade for the cars beneath it as well as enough energy to power GrandView’s
electrical load.
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(7.13) Quick Analysis: Feasibility of Utilizing Adjacent Parking Structure

An adjacent parking garage that provides 4 levels of parking for the tenants of GrandView provides a
perfect area to install a large additional array. The 4™ floor of the structure is open air space; therefore,
a shading structure could be erected for the cars parked on the roof that incorporates solar panels. An
array of this size using 200 watt PV panels would result in 43,900 ft2 which is equivalent to the area of a
football field not including the end zones. Obviously, there is not nearly this much available space on the
roof of GrandView so taking the residencies off the grid using solar power in this case is highly unlikely.
Therefore, the goal of PV panel implementation would be to reduce the monthly energy consumption
costs and provide clean renewable energy.

Theory: In theory, if an efficient layout was used on the roof of GrandView for a solar
array, and the following was neglected; rooftop views, aesthetics, structural loads, and
cost, a potential 4000 ft2 solar array collected could be constructed. In addition to the
roof area, the attached parking garage could be utilized. Adding a solar array to the roof
of the garage would not only give an additional 43,900 ft2 of collective surface, but
would also provide protection to the parked cars which currently are only protected by a
small shading roof that already exists. The total collective area provided by both the roof
and garage would be 46,900 ft2, which would provide 10 times the amount of energy as
just a roof array system alone as well as shade for parked vehicles.

INITIAL INVESTMENT

Item Quantity | Cost/ Unit Total Cost
PV Panels 630000 W S7/W $4,410,000.00
Inverters 3 $100,000 $300,000.00
Structure Support $180,000.00
Total Cost $4,890,000.00

Table 7.6: Initial Investment

Total Area: 46,900 ft2
Number of Panels 3116

Power Provided 630 kWh
Total System Cost S 4.9 million
Payback Period 46 years
Amount of CO2 saved 618 tons/year

Figure 7.8: Solar Array above Parking Deck

Assumptions:
e Best Case Scenario With incentives and Tax Credit in Maryland
e Assume 13.8 cents per kWh does not inflate over time
e Payback Period accounts for $107,000 energy savings per year
e (CO2 savings is equal to 1.6 Ibs of coal burned per kWh
e (CO2 savings accounts for 774,000 kWh of AC produced per year
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(7.14) Constructability Review

In order to determine the feasibility of construction and the impact the installation of the panels would

have on the design of the building, some key areas of constructability were looked at.

/

Panel Weight
In order to ease the concern of whether
or not solar panel addition would
require a structural re-design, BP solar
panels are extremely lightweight (34
Ibs). as to not exceed load limitations.

-

\

4 )

Mounting
A fixed mounting system at a 39.2
degree tilt is the optimal design. Each
row would need its own support system
which would consist of simple steel

J

-

Inverters
Since the inverters tie directly into the
panels, there are no batteries to deal
with which alleviates added construction
and maintenance time as well as cost

~

tubing or wood.

- J
4 )

Wiring
The system is set up so each panel is
pre-wired. All that needs to be done
once they are in place is a quick
connection.

- J
/ Maintenance \

Solar PV systems are considered highly
durable and require a minimal amount
of maintenance. Since, the panels are at
roof level and have gaps between each
row, if a panel does malfunction, it can
be accessed extremely easily.

.

J

/ Utility and Inspector Requirements \
A local inspector would need to be
contacted in order to evaluate the

system and determine if it meets the

area requirements. The utility company

would need to be notified prior to
connection into the grid.

. J

. J

Transport

Due to the lightweight nature of the panels, the elevators can be used to transport them to
the roof. At 34 Ibs, a roofer should have no trouble carrying and placing each panel by
themselves. A system of this size could easily be installed in a day.

Schedule Impact

The impact that this type of system would have on the schedule is minimal. It can be installed at any

point after the completion and water tight test of the roof. It is not considered to be on the critical path

and therefore trades can work on the installation virtually unimpeded.

April 7, 2009



Matthew Karle

AT ANNAPOLIS TOWNE CENTRE Construction Management — Dr. Anumba

Results and Recommendations

Through the analysis the following results overall results were determined:

e A 40kWh solar array would occupy ft of roof space and provide 49,111 kWh annually

e An array system of this is would require a $337,600.00 initial investment

e Through a savings and life cycle cost analysis, it was determined that $6,797.00 worth of
electricity would be produced annually. This equates to an approximate annual savings of
$49.00 per apartment unit.

e The environmental impact of this system prevents 39.3 tons of CO2 from entering the
atmosphere annually and reduces its total carbon footprint due to electricity consumption by
%13

e The payback period of a 40 kWh array system would be 49 years.

e |f the adjacent parking garage was utilized a 630 kW solar array system could be erected that
would generate power for GrandView as well as provided shade and protection for the cars.

These results have led me to recommend that the array system not be installed at this time. From an
owners view, the benefits do not outweigh the initial investment and environmental impact.

However, solar technology has been advancing exponentially in the last few years with thin film
technology and more efficient designs. New government incentives and energy acts bring down initial
investments costs in the near future. Based on these facts, it is my recommendation that an eventually
solar array be installed in 5 years after new low cost panels are introduced into the market and
government incentives allow for a greater reduction in initial investments.

Since the roof will remain unused in the areas specified in the analysis, quick installation would be
possible and there would be minimal disturbance to the tenants.

The Alternative Thermal Window Design in the following analysis also got me thinking of a way to create a larger
surface area for the solar array on the roof while simultaneously providing a shade curtain for the south facing wall
during the summer months to cut down on solar heat gain through the fenestrations. If | had another chance to do
a solar analysis redesign, | would definitely look into this option. Please see Figure 7.9 for a rough idea of how the
cantilevered shading system would work.

The blue area indicates a cantilevered glass curtain design that
has solar cells implemented in it with spacing to allow light
through. This would both collect and shade the southern fagade
of the building letting some light through in hopes of reducing
the cooling cost incurred from solar heat gain.

Of course this would have a great structure impact and would
require a whole new breadth in this area.

Figure 7.9: Proposed Solar Curtain
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Analysis 2: Alternative Thermal Window Design

(8.1) Problem Statement:

In the first analysis, the cost and environmental impacts of the addition of solar PV panels to the roof of
GrandView was determined. Keeping with the theme of solar energy and minimizing schedule impact
and the fact that the building employed an advanced Henry air/moisture skin, it was determined that
the windows installed in the residential units were not meeting the overall envelope purpose of saving
energy. What would happen if alternative thermal window designs were substituted, and what affect
would this have on conductive and solar heat gain relating to the cooling system?

(8.2) Research Goals:

The goal of this analysis is to compare the energy savings and environmental impact the substitution of
more energy efficient windows has on the building. Three aspects of the windows will be analyzed and
then combined to produce the final results. First, a low E glazing will be added to prevent solar heat gain
through the windows as well as help with moisture control. Second, a more advanced double pane and
triple pane system will be substituted to help lower the overall U-Value of the unit. Finally, the current
aluminum frame will be replaced with a fiberglass insulated frame. It is my hope that the life cycle costs
of the energy saved by this substitution will offset the initial investment.

(8.3) Background

Pairing energy efficient windows with an efficient building skin maximizes energy savings. The current
skin of GrandView consists of a Henry Air and Moisture Barrier system, which was used to enhance the
air leakage and insulation properties of the system.

Controlling moisture is critical to maintaining the durability of a building as well as the health of its
occupants. When moisture condenses it can damage finish materials, reduce the R-value of insulation,
and lead to decay. High moisture levels are necessary for the growth of molds and dust mites which can
endanger human health.

The current windows account for 36% of the building’s overall fagcade area. Low-E glass improves the
energy efficiency of windows and can improve interior comfort and reduce the occurrence of
condensation on windows. This glass allows high levels of natural light to enter the home, reducing the
need for supplementary artificial lighting during the daytime. Solar control glass also reduces interior
surface reflectivity which can prevent occupants from seeing outside at night. In some cases, using solar
control glass can reduce cooling loads so greatly that cooling system capacity can be reduced or that
glass area can be added without increasing cooling loads. It offers the greatest energy savings in areas
where cooling costs are higher than heating costs.

The current window package for the residential portion of the building amounts to $1,875,430.00.
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(8.4) Design Methodology
There are three fundamental elements of window design that affect the thermal performance:

e Glass — Affects the thermal loss out of the building and the solar gain into the building.
e Glazing — Affects the solar heat gain through the glass
e Frame - Affects the thermal loss out of the building through conduction and air loss.

The current window system that makes up the residential portion of the building consists of simple
thermally broken frames and double pane glass, high solar gain glazing.

Existing Window Type: Double Glazed
Clear with Aluminum Frame

U-Factor 0.43
SHGC 0.58
VT 0.68

Table 8.1: Existing Window Type

Figure 8.1: Double Glazed Aluminum Window

In order to achieve better energy efficiency through solar and convective gain, the following two
window types are going to be analyzed. The addition of a Low-E, low solar gain glazing will be applied to
both a double and triple pane window system with a fiberglass frame. Fiberglass frames have a far
better U-factor than aluminum frames when it comes to convective and solar heat transfer. The Low-E
glazing will help lower the solar heat transfer as well as maximize light transmittance.

Figure 8.2: Double Glazed Fiberglass Window

Proposed Window Type 1: Double- Proposed Window Type 2: Triple-
Glazed with Low-Solar-Gain Low-E, with glazed with Low-Solar-Gain Low-E with
Fiberglass Frame Fiberglass Frame

U-Factor 0.26 U-Factor 0.18
SHGC 0.31 SHGC 0.26
VT 0.55 VT 043
Table 8.2: Design 1 Table 8.3: Design 2
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Definitions

U-factor (U-value). A measure of the rate of non-solar heat

loss or gain through a material or assembly. It is expressed in

LEnorasy units of Btu/hr-sq ft-°F (W/sgq m-°C). Values are normally given

for NFRC/ASHRAE winter conditions of 0° F (18° C) outdoor

temperature, 70° F (21° C) indoor temperature, 15 mph wind,

SHGC = 0.58
58% of solar heat @nd no solar load. The U-factor may be expressed for the glass

gain transmitted )6 or the entire window, which includes the effect of the

frame and the spacer materials. The lower the U-factor, the

greater a window's resistance to heat flow and the better its

VT =078 : :
78% of visible insulating value.

light transmitted

Figure 8.3: Solar Heat Gain Values

Solar heat gain coefficient (SHGC). The fraction of solar radiation admitted through a window or
skylight, both directly transmitted, and absorbed and subsequently released inward. The solar heat gain
coefficient has replaced the shading coefficient as the standard indicator of a window's shading ability. It
is expressed as a number between 0 and 1. The lower a window's solar heat gain coefficient, the less
solar heat it transmits, and the greater it’s shading ability. SHGC can be expressed in terms of the glass
alone or can refer to the entire window assembly.

Visible transmittance (VT). The percentage or fraction of the visible spectrum (380 to 720 nanometers)
weighted by the sensitivity of the eye, that is transmitted through the glazing.

High-performance windows not only provide reduced annual heating and cooling bills; they reduce the
peak heating and cooling loads as well. This has benefits for the homeowner, in that the size of the
heating or cooling system may be reduced, and it also benefits the electrical utilities, in that load factors
are reduced during the peak times in summer.

(8.5) Fenestration Heat Gain Analysis

[ SOLAR AND MECHANICAL BREADTH ]

In order to determine the heat gain through solar rays, building orientation, surface area of the
windows, surface irradiance bust be determined. Utilizing previous calculations done by Todd Povell, the
solar irradiance of each side of the building was determined. It is important to note that in order to
create an accurate heat fenestration excel sheet, building orientation needed to be adjusted. In
Grandview’s case, the following changes needed to be made to the fenestration data provided.

North irradiance becomes GrandView’s East
South irradiance becomes GrandView’s West
East Irradiance becomes GrandView’s North
West irradiance becomes GrandView’s South
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WEST EAST
SOUTH
Figure 8.3:
STEP 1 Determining Total Fenestration Area

~

area consists of all the windows and glass facades that are present in floors 2-12. The first floor is retail and has

/In order to determine the area of fenestration, a simple hand take-off was calculated from the drawings. This

not been included in this analysis due to different window type and energy consumption requirements.

Window Area by Facade Face: North = 16380 ft’ South= 14976 ft*
East = 3159 ft? West = 3861 ft’

- J

STEP 2 Estimating Exterior Temperature

-

N

With this type of analysis, the exterior temperature is needed to determine whether heat will be transferred
into or out of the building. Data for the DC area was found with the help of the National Oceanic and
Atmospheric Administration (NOAA) and the United States Naval Observatory (USNO). Together they provided
minimum, maximum and mean temps for the area along with sunrise and sunset times. Through these sets of
data, a temperature gradient was determined for one day of each month (21*). The data can be found in

\ Appendix E. /

STEP 3 Calculating Total Surface Irradiance

Now that the area of fenestration for each face of the building is known, surface irradiance for each face needs
to be calculated. Fortunately, these calculations have been provided. It is important to note that a re-
orientation of the irradiance was done in order to apply them to GrandView. The basic footprint is almost
identical in orientation to the provided data. See the previous page for a detailed explanation.

- J
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STEP 4 Calculating Fenestration Heat Gain

-

A fenestration is defined as the openings in a building’s envelope including windows, doors, and skylights. The
following analysis will only deal with windows.

In order to determine the instantaneous heat transfer through the window system, the following equation was
utilized from the 2005 ASHRAE Handbook of Fundamentals (page 31.3, equation 1)

- J

Equations Definition of Terms
Q = Qeongt+ Qo Q Instantaneous Energy Transfer BTU/hr
U Overall Coefficient of Heat Transfer BTU/(hr*ft**F)
Q= AU(Tour — Tin) + SHGC(A)(E+) A Area of Fenestration ft?
tout, tin Exterior and Interior Temperatures F
SHGC Solar Heat Gain Factor -
[ Incident Total Irradiance BTU / (hr*ft?)

e  The indoor air temperature was set at a comfortable 72 degrees F for the whole year. The scope of this breadth focuses
specifically on the energy transfer through the windows, a constant temp. removes variables such as tenant’s specific
requirements. Because GrandView is a luxury apartment complex, it is assumed that cooling and heat loads would be
constant.

e  While the heating load was calculated in Appendix E, it was omitted for the sake of cooling load calculations. Only net heat
gains through the windows were accounted for because variables such as computers, lights, humans, and mechanical
equipment are essentially all part of the heating load.

e  Both residential common windows and the large curved glass facades were taken into account. However, since the glass
facades all face north, there is no significant solar heat gained through them as compared to southern facing windows.

e  The two design types, double pane with Low-E glazing, and triple pane with Low-E Glazing were compared to the current
window type. Cumulative Cooling Savings are based off of this comparison.

e It was also assumed that the windows were unobstructed, that is, no curtains or drapes were over them as to detract from
solar gain. Also, in order to calculate the maximum energy possible. It is assumed that there is no cloud cover during the day.
In reality, it is more than likely that a certain percentage of the calculated solar gain would be obtained.

The following page contains a condensed table of the Monthly Cooling Loads as found in Appendix E as
well as a graphical representation of the Monthly Cooling Loads of Design 1 and 2 compared to the
current window system shown in Figure 8.7. The Cumulative Monthly Energy savings of Design 1 and 2
can be found in Figure 8.8.

HL1dv3dd anN3
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(8.6) Cooling Load Cost and Life Cycle Analysis

Monthly Cooling Load Values

Total Daily (Million Btu's) Total Monthy (Million Btu's) Total Savings (Million Btu's)

| Time Days Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design 2 |
JAN 31 14.6 6.0 4.1 454.1 185.0 128.1 269.1 326.1
FEB 29 19.3 7.9 5.5 560.9 230.0 159.3 330.9 401.7
MAR 31 24.2 10.2 7.1 748.8 316.3 219.0 432.5 529.8
APR 30 29.4 12.8 8.9 882.6 385.2 266.7 497.4 616.0
MAY 31 31.8 14.1 9.8 987.0 437.3 302.8 549.7 684.3
JUN 30 34.7 15.8 10.9 1040.3 472.8 327.4 567.5 713.0
JuL 31 36.1 16.7 11.6 1119.1 518.2 358.8 600.9 760.3
AUG 31 30.4 13.6 9.4 943.8 420.8 291.3 522.9 652.4
SEPT 30 26.8 12.0 8.3 805.1 359.1 248.6 446.0 556.5
OoCT 31 211 9.1 6.3 654.4 282.3 195.4 372.0 458.9
NOV 30 15.9 6.7 4.7 477.4 201.7 139.7 275.6 337.7
DEC 31 13.0 5.3 3.7 402.7 163.5 113.2 239.2 289.5

[ Yearly Totals 9076.2 3972.4 2750.1 5103.8 6326.1 |
Percent Savings Percent Savings 56% 70%

Table 8.4: Monthly Cooling Loads

. . Monthly Cooling Savings
Cumulative Monthly Energy Savings Cumulative Savings (Million BTU')
7000 - | Design 1 Design 2
E 6000 sl 269 326
_,-—""—--— 600 728
§ o000 //—/' 1033 1258
S 4000 // 1530 1873
2080 2558
E 3000 Design 1
s // 2647 3271
E 2000 Design 2 3248 4031
[+]
8 1000 / 3771 4683
o : 4217 5240
JAN FEB MAR APR MAY IJUN IUL AUG SEPT OCT NOV DEC 4589 2699
4865 6037
Months 5104 6326
Table 8.5: Cumulative Cooling
Figure 8.7: Cumulative Monthly Savings
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Figure 8.8: Monthly Cooling Load
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Magic-Pak AHU Implementation

In order to reduce wall and floor penetrations, it is proposed that
GrandView employ the use of individual Air Handling Units in each
apartment. The MAGIC-PAK MCB model is design so it can have direct
access to the outside though a penetration in the fagade. Reducing the floor
and wall penetrations needed for duct work would reduce the need for
coordination between trades and save on material costs of duct work due to
a smaller size.

Typically, these units are placed on a vibration reducing pad in a closet. The
SEER Rating for this particular AHU is 11.4.

Advantages of a MAGIC-PAK System:

e Unobtrusive design — small footprint and
e wall-opening requirement
e Low operating sound levels

e Standard and high-efficiency cooling models

e Fully insulated cabinet
e Low installed, maintenance and life-cycle costs
e Individual Tenant Control

In order to determine the Cooling Load a SEER Rating of 11.4 is used to determine the efficiency of the
cooling unit.

In Table 8.4 the annual savings of both the single and double pane windows were established. These
values can be applied to the following financial savings equation:

S/year = [(BTU/year)(S/kWh)] / [(SEER)(1000w/kW)]

The higher the SEER rating, the lower the cooling cost.

. Difference in Cost Initial Cost Magic-Pak Annual Annual Cooling | Percent
Design Area (SF) . . . .
per SF Difference SEER Cooling Cost Savings Savings
Current | $ - 38,376 | S - 11.4 S 109,870 | $ - 0%
Designl [ $ 2.41 38,376 | §  92,486.16 11.4 S 48,087 56%
Design2 | $ 5.22 38,376 | S 200,322.72 11.4 S 33,291 70%

Table 8.6: Cost Comparison

April 7, 2009



Matthew Karle

AT ANNAPOLIS TOWNE CENTRE Construction Management — Dr. Anumba

An additional payback period of 1.5 years would be required for the double pane fiberglass windows.
The triple pane windows would require an extra 2.6 years.

A life cycle analysis of ten years gives the following CO2 impact when considering 1 kwh = 3412 BTU’s
and 1 kWh = 1.6 Ibs of CO2 equivalent of coal burned.

Table 8.7: CO2 Savings

According to the Sightline Institute, based on Boeing 747 emissions and the average occupancy of USA
flights, every 2,062 miles travelled accounts for 1 ton of CO2 emissions per person.

A 1200 ton CO2 savings is equivalent of a 400 Passenger Boeing 747 making a round trip from DC TO LA.
Therefore, over a period of ten years, installing Design 1 would be equivalent of canceling 10 round trip
flights of a 747 across the country.

(8.7) Constructability and Schedule Review

In order to determine the feasibility of construction and the impact the installation of the panels would
have on the design of the building, some key areas of constructability were looked at.

/ Window Weight \ / Mounting \

The weight of the window weight
would only affect constructability for
the triple pane windows. Since they are
relatively heavier than the standard
double pane, a structural analysis
would need to be done in order to
determine load impact.

o

Mounting of the double pane fiberglass
windows would be identical to the
current double pane aluminum
windows. However, the triple pane
windows have a slightly different
configuration that would need to be

)

taken into account.

o /

/

reduce maintenance costs

-

Moisture Control
Glazing provides an additional moisture control system that would be paired with the Henry

AIR/Moisture building skin. In a residential unit, moisture can warp and ruin many aspects.
Therefore, the substitution of a Low-E window type would help protect the building and

~N
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Schedule Impact

The only impact that this type of window substitution would have is the installation time of the triple
pane windows and a possibly larger lead time. Since they are heavier and have a different mounting
layout than the double pane windows, they would be expected to take longer to install due to mobility
and placement detail.

Results and Recommendations

Through this analysis the following overall results were determined:

e The substitution of a fiberglass, double pane window with a LOW-E glazing reduced the cooling
costs by nearly 56% and saved an annual $61,783. When considering the initial cost, an
additional payback period of 1.5 years would be added to the overall payback period of 30
years.

e The substitution of a fiberglass, triple pane window with a LOW-E glazing reduced the cooling
cost by nearly 70% and saved an annual $76,579. When considering the initial cost, and
additional payback period of 2.6 years would be added to the overall payback period of 30
years.

o The double pane window design prevented 1197 tons of CO2 from entering the atmosphere per
year.

e The triple pane window design prevented 1483 tons of CO2 from entering the atmosphere per
year.

It is my recommendation that GrandView install the double pane window design with the Low-E solar
glazing. However, it is not necessary to use the fiberglass frame because the conduction through a frame
of this type is minimal compared to the solar energy gain. Plus, aluminum frames are lighter and less
expensive. While triple pane windows provide a slightly better result, in the long run they cost more and
are much heavier. These types of windows would better be suited for a harsher environment that has a
vastly different inside and outside temperature difference.

The use of a Magic-Pak AHU reduces the schedule impact when coordinating partition and floor
penetrations. The ease of installation and small size makes it ideal for GrandView. It is my
recommendation that these units continue to be used.

After going through the all of the calculations, it would have been more advantageous to analyze one
specific aspect of the window rather than 3. | would have focused specifically on just the glazing and
kept the double pane window with the aluminum glazing because the solar gain was the dominant heat
transfer method.
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Summary and Conclusion

In the words of Niels Bohr, “An expert is a man who has made all the mistakes which can be made in a
field”. This thesis assignment to me was largely successful in the sense of learning.

The fenestration heat gain analysis produced favorable results for the addition a Low-E, low solar gain
glazing layer. Since the southern face of the building makes up a large amount of the total fenestration
area, it is only logical that a total annual savings of $61,783 would be accrued. Maintaining a schedule
that was not lengthened by the addition of a sustainable design was also accomplished though the
glazing since it can be installed and the window manufacturer. Overall, the choice of a double pane,
Low-E, low solar gain glazing is highly recommended.

The solar panel analysis on the other hand did not yield the desired results as expected. However, there
was an incredible amount of information gained. A 40Kw solar panel array in Annapolis, MD can yield
49,111 kWh annually. It was determined that the support structure needed to tilt the system would add
$1.50 to the overall cost of the panels and installation. It was later determined that by lying the panels
flush against the roof a 17% reduction in energy absorption would occur. However, since the panels
would be able to lie side by side, 150% more panel could be installed on the roof. The initial cost of
$337,600 offset by an annual savings of $6,797 would yield a 49 year payback period. It was determined
that at this time, installing a 40kW solar array would be financially irresponsible and could not complete
with cheaper available energy. It is the hope of the industry that future advancements in solar
technology and better government incentives makes it more competitive in terms of electricity cost and
payback period.

April 7, 2009



vand OVew Matthew Karle

AT ANNAPOLIS TOWNE CENTRE Construction Management — Dr. Anumba

APPENDICES

April 7, 2009



vand OVew Matthew Karle

AT ANNAPOLIS TOWNE CENTRE Construction Management — Dr. Anumba

APPENDIX A

Detailed Project Schedule

April 7, 2009



Matthew Karle

Construction Management — Dr. Anumba

w
o
T
=
Ll
(®)
[T
2
=
(@)
T
(%)
—_
@)
o
<
P
P
<
<

| afing

& OB BUIDITT ) ASBLING: Paf0 L] auo|sa|y e B nds BOZAL U #ea
i oujpeag ([T s)stl Buixy ([ EE— ABWLNG e— ssaboyy  (E— ¥l 8INpaLIS Japag oafld
puz - uryBnoy Gujqunid pue 43 EET——— BOGLZUS  LOWBUS  iskep gl puz - uj-ubnoy Buiguinid pue d3n EZ| s
15 1-SRDy AR URG /ULIOIS 1OWAIING Preyseng |y (T LOFCLEZE TNL  OMBLL YON  iSKEp BOL I5L-SREAIE|URE LU0 IBIBWEN] PRI WSAT 1Y E
L ) SOEWE UL (08K UOW  eSARP BDE upylnoy 43w 15
A4 WIZL S (BAA UOIELE G Bu e DU s weq awery | BOELIE UL GOZWEPSM  J8AEp g 4 WIZ L St Lolied/Bue BusRE SLURi EZ| o5
jooy = 1 Amiosew 10) Bujwey elineg - JONLTEL U4 LOEMLL USI LsAEp gT ooy - £| Auosely Ky Buwiesd sBnes 1 EZ| ep
13 UILL S [BA uoniped u e Bu s weg awe:y SOCHENUL  SOWZ UOW  ¢SKEP 6T 4 Uik L SR, uoniEg/fule rfiuswag suwey E v
YIZ 1= Uik Auosep soj Gujwelg ebnes, - (E—— RO U 100G/ L uoW  gsAED o8 Uiz| - w4 Auos ey o) Buaues abines 1 B
IOL SIIEA UONILE DU DBUIS [Weq suir)j I SOVE/ MUL  JOMVZLNUL  asAEp |y 214 U0 L SIRM, LORMEC/BUIIE D/DUSIWSE SUWaId E| _ov
UikE- Wik Auosew o) Gujiueld ebnes <7 T— L= E] LOMZEOL ol LSAED O HIkL = Wil Auosely ) Busuesd sBnes 1 EZ| sk
114 UIG S{EA UopedBuesyiusiweg suresy EEN POFPTIL NUL  JONG/ZL POAN  JSAEp JC 114 UIG SR, WO RIEG/AUINE DB R LRl EZ|
ik = WiE Atuoseyw soj Bujwely efines 7 ETT————— RO U LVZMODL U sfEp By i, - us Aluoseyy Joj Buwuess abines 1 EE| cr
13 Y18 SIEA Lo e g e Bujs|weg euesy BOVEZIL PAAL  LOVBZ/LL WOl JSKEp ER 114 WG SIEM, Uon e/ BUe /Bus wag awely B e
16 - Ui Auose ) 10) Bujuely siineg ) EE————— BOFEZIL P3N JOVI/DL O (SAEP gR g - Uig Aluosepy o) uwwes afines 1 El ¥
314 UIE S11EA O dBujo2/BU|s e ausy I LOFOTIEL ML LOVGML PML gsREp 9T 114 Wi SR, wonieg/BunE D/Bus eg awely EE| _or
Wig - Y, Muose 1o) Bupurey afneg 77 ——— FO'CTIL Pa  LOGIGANL  ¢sAEp i g - U Awos ey o) Busuelg afines 1 ED &
14 Y siep uoppegriiugE Buisiweg swey I LOGEL UL Lo Ud eskep oz 114 UG SIEM, wonmeg/Buie o/Buisueg aweiy E| et
Wiz + g Aosely so} Gujwe g sbneg ) I LOPHLTE ML LOMOWE YOW  gskep i Ut - uig Auosayy s} Gusueiy abneg 1) B
14 Y15 SIRA, uopRg Ul D/Bu s wag owesy BN LOMGTILE MML  LOMETI0)L WO £SAEp $T 114 HIS SIRA, Uenmed/iU)@ /Bus g awey E=| s
W19 + L5 Asuosely 1o Gujuelg abneg 1) Em—— LOPHIZE ML JOIOWE UON  LSAEp L 9 - Uig Aosaly o) BusRlg 36n0S 1 B s
114 Wi SI1eA Loijeg AUy ey Buspueg ausely B LOMGIHL VO LDMDWOL PO oSAEp gL 114 U SIEN, Uonmeg/Buie 3/Bus g swe.y EZ| e
i - Wi Aosely 1o} Bujwe.y sbneg ) ——— LOPHLEE L AOLER N cSAEp gL UG - Uy Auuoseyy o) Buauely afines 1 B ge
Hd PIE SHEA U0 ) HEd/Bu e Bujspusg swey LOFOTI0N ML LOMZ/DLONL  gSKEp i 414 PAE SIEM, WoRHE/BUlo /BUIs wag SLEy B8 e
iy - pig Auoseyy Joj Bujwely sbneg | SN JOMGIOL MY L0PTBMA  eshEp g i - pig Aosty so} Busueig sBneg T E| e
14 I SR Lo jHeg/Ou e D Bupspiag swesy B2 LODTOL SPL  LOZ/0LSPL L8RP 4T 414 PIE SIRM, W00 R BUI /BUS S SR EE| oe
I - puz Auesei so) Bujwed abnep 7 D L0501 Ud LofrwEeNL  isAEp gE Pig - PUZ Aluosuyy 1o Buaue.g sOnes ‘1 ES| sz
oujuezzay Sujwely ebineg 1 B JOVELA VO JOVZ/B ML shep g suiuezzap Buweid sbines 1] B sz
/N ssjseld Bujwesg aineg - EET— LOfELL U LME/B PN, iSAEp gy MNE ST Buaueag afines 1) B
€ ] BUCHE UL LOZ/BNUL  ¢sAep ig) Buywely 9
qegg Bupddo) jood aseld B LOGHL ML JOME/LLNA iskepg qus Bupddo | pod $99id B s
jooy qnig [ejoag pue suwnjed aoelg O AO'OLI0L SRL  AOMR/0L VO cshEp g 00K QNID) (91908 PUEB SLAUNIOT S38| B vz
oLoE ¢ LOFOLIOL PIM LOMDWOL POM R8P O Ing do, ajaiou0n B ez
W39 [oed ‘sun|og esely B9 LOFLLIOLPIM 0SB POAL  isAEp 9L 290 1094 ‘SLLnieD 78Iy B ez
Bupddoy wjodng 8 JOFOEIE UNS  JOISTESNL  isAEpy Buiddo ] edng B 1z
o0y uo Jeys SIS pue Jopsg LOMRI0L WOIN  LOPB WO LsAEp 1L JO0Y VS YRS J|RIS PUR JOIRAS[T EZ| oz
Haeq Jany pue suwnjo) saeld B9 LOTPEIG VO L0IYE Ud eskep gy ¥93(] Jo0Y PUE SLUN|OT 398l E| sl
ce @ LOEG YoM JoiE uol sfepp 19915 9fipug |daoay o) Apeay abaien Buieg ES| &
#9200 YiZ4 pue suwnjoy saelg B LOFRLGENL  JOEZ/BONL  sAep L 98] Uiz | PUe SLunjos) 838 B 4
4200 YLk PuR suwnio) eaeld B OB Y JoRWEMd  sfep Ly #2301 LIk | Pue swunios s3eid B sl
HI8Q YigL pue suwnjod aaejgd IH LOPETI PR, LOM/E PAM, sRep L) HOBQ UID | PUB BLLINIOD 898 B s
§aaQ i pue suwnjos eseld M JOYELIG VO JOVOESL VO sAEp L) OB YI§ PUE SLAUNICD 398)o EEl %1
¥200 g pue suwnjo) soed B9 JOTEOUL  loiEWinuL skepyy 4230 1@ PUE SN0 898|d ES| &
H38q Uiz pue suwnjog eavid B9 LOreziivd siEwiud skepyy 4230 U}/ PUE SLLNOT 8I8|d A
%30 Yig pue suwnjoed soerd B JOFEHL MWL JoiEzEnuL  sAep g 4330 413 PUE SLLNOT) 88| B8
H39Q Y15 pue sulnge) soeg B0 LO'6TI0 Ud L0518 ud shep || $08(] Y15 PUE SLLUNIOS 898Id EZ| o
%200 i pue suwn|ad eveld BB LOMKEI UL LOMMa TML askep gL $98Q Uik PUE SLLNIOT 298|d El s
%280 PIE pUE suWnjo3 saeld B9 LOFEL/A POAL  LDDE/S POAN  SAEp LY #2900 PIE PUE SLLNIOT 298| ||
puz - soeq eoeld B LOPAE ML JDIDE/S PO SRR L PUZ - %390 39%jel B8l ¢
Hooq sujuezzoy edvid B9 LOMPTIG NUL  JOR/S anL sfap gy HS0 AU|URERIW SO0 Eg 8
SULINIOD 030J3U03 JOOT4 154 1203 [ LOMSHS ANL  JOM/E ML isAEp T SULNOD 3132000 Joold 161 19993 B s
L ) JOGHERNUL L0/ UL esAep gl INENASIOENG (9I0UOT )
£
e ® LOPUE POMA LOM4E POM  sfepo (din) souedoacy ped Jouno  BE| 7
. . ) R ) . F— L P . R i & LOPLEML BRAN LOILEIL PO SRR D panaeid peawen  FEl
| 8O TdEg B | [ AN i IR B8 UeT | a0 [Roh] B0 | ains | B i | U AW | Jd | TRIN T6aT URF (380 T AGN | DG e B inr | URT TAEIN] TG TEN | ged [ UEF 38 & T 0“
) o HEMy JEH 51 iEH P JEH 51| HeH PUz JEH B
BO0Z BOGZ o0z s uers wnena awen xsel| al

2npaYI5 Pafoid poleRa




AT ANNAPOLIS TOWNE CENTRE

T #bed
& ORI EURET e——y LG ek @ ausisam B ng SOATIOL U4 B1Ra
) supEa() (I spe) Ewepry  (— ARUANG  e— e, ] LTt rPHDG Paad spabig
i - wopuiAy (esy I GOMENUL  EOUDCRUL  sAeDELL g = SHOpUIAA 15U E o
L - Swopug ey sy (S I HOGE U] BOSUTONL  LSAeRELL - E su
W9 - Seopu (esy | (I GG VN GORICHY  isKep gLl g - E m
UG = SMOPUA (s [ E——— GOEE SNL EOUTIL AL isKEpELL us - E
Ly - SMOpU | 215U [ E— GVLME ML GOIOWYPUL (SRR LLE - E o
PUE = SMOpUIA s S E— SVOWEPR  EOOr UL SAER DL B - B
© Pz - s puy, ey S EE— GV P GOZZpanL  iskep 2 ez - E on
Qo 151 - sopuyy, eiswy SN FUOLLL ML BASTOLUY  iSKEpOE 51 - SHODUUA IEISU| E &8
e m P S S SNOZLLOWL  BOSIICenL  sskep gl Bupze s pue ssepn 9
[re— S 180d pue Jioy Auosey [Em— GVIE ML GMELTPOM  iSKED 2p |00 PUE Jo0Y ARSI E i
S c s ¢ SVELGId TG Hd  sfepg Jewod 398 E %
< WIZ) - 20 40 pre Bupue:j (I GOENE N GO sakep 45 @I - DU4D pus Bueg E s
a Iz |- Wy Auoseyy I GOUL ML GRE 48480 05 UL - e Amos e |
o WIkE- JH4D Pue Dujuesy [N SVELEANL  fOTr P sfEp Sl WLl - DM pus Buwtiy E s5
K [a) Uik~ U3p Aauosey [EE— FWIMP ML oSyl enL  usfepgy Ykt - e Amosepy E =
0L - D40 pue Dupue:y N GUOZG WO O PIM SAED 6D 1201 - DHAS puE By E s
| UiD} Aniosejy S SVELE PO EOGL/LONL  iSAED 43 WO ARos B E o
W +— B - S0 puw Bupuey EENES VIS W gowreny isAepop WG - DYID pus Bunumiy |
c ug Asviosey SN GUOZETMIL GG ANL  SKepEp g fwosen E _®
e (O] g - A0 (pue Bupwery NI VIS WN BT UON  isAep Ly WG - DU 4D puE Dunely E &
m g Lauosey [ SUOWE N S ONL  SKRpOF g fmosery E =
h O i - S0 pue Bupue [N GOOTE U LD UoW  IsKep Ly W - U4 pue Suuely E e
Yy Amosey GV P LT wow  psKep gp . Amosey E m
_ ) M.u% g - DD pue Bupesy EESETD AETG WO FONDITUOW  LSKep by g - SH4D pue Buely E
c Ui Anuosey [ GUEZT I JOMTA0L LW fSAED 08 e Amos oy E
t © UG = D40 pue Bupue:y NI GUOTS WN  GOUTICIUL  iSKEp G = Y4 pue ey E 12
a g Anioseyy T SOTITUA  JOTHOL U LSARR 05 g Amosery E o
M - 3HA0 pioe Gujue) ) [ E—— GVELE ML coMLs oW iskep ey # - SUAD pu Buug E &
iy Auose )y EES———— SUSLENY  JONRAILUON  ISARDSS \ay A E s
= PO - DY pue Bupuesy (I IUIUS N EOPDITVON  (SARDEp PIg - DUAD PUs Bunumiy B i
m put Asuosey EE— AOTWTLML  JOw0LPUL  sAEp s pag Ao e B s
+ PUZ = S pue Dupuesy TN GULLEUWN  GO0BaNL iSRRGy PUZ = DUAS pus Buim.d B o
=] pug fauosey NS LVTHORUY  AOETE PN LSARDED Pug Amos ey B
m T2ap Ao sy EEEN LELOL U JOSG P sAED i ol Lot e B
o} P Auosey 59 LATEENL  j0RMPIM iSKEDGL P Amos ey B z
(%] - ANEWENYL  LDBEPOW  LSARP 26T Hi59 pue Luosey (13
[ Sqe MojensE o Wiy BN BOBIL UM EOLL P iskep SG0D OIS NG WL E o
(@) squd Jojesa|3-ng ping B FVELS ML isfmpg QR OIRAIEHNG PING E
(@) SuDpEId JojaeE s N SOV WE ML L3AeP O SUIOPRL] SIS FS E
£'2's syrug ey S AT Py sshep gz £1 Sy eisu E o
‘ ] BVIZ/ | UON LskEp 9T UO[IERR SU] J0/EAS ]
00 190d - UFyEney Buiqungg pue g3 Eomm BVELE ML T ] #290 PO - UI-uBNaY Busunid Pue 43N El s
1eoy - urulinoy Bupuinid pue g3y EE—— GVIVE WO JCIZUTL oW ishepog Pon - ul-uBnoy Busunid pus 3N E mw
2L - Ut UBe0N Dukieriid pue 3 (I E— — GIOLE P O LW JSKED B0 W) = Ul-uBnoy Buunid Pus dN E o
Uik - UGN Buganid pue 3 i I E— GUEULUA  LOTLL N (SARR SR ik b - U-Bne Y SuKnid FUE 3N B o
wioL - vrybnoy Buunid pue 43 (S SO PR IOET0L oW LSAED EE) b - ul-uBney Busawnid pus dsn E 1
b5 - UPyBnoyY Bujqunig pue g3y I COTIY L TR T TEL TR L ]+ W6 = ul-ubnoy Buigunid pus 43n E_ o
435 - Uy Bncy Bujquinid pue 43y SO0 LY ML LsAEp i) g - ul-uBnay Bugunid pue 43N B s
bt - urgBnoy Bupquang pue g3 T VR sekep gy g - ul-uBnay Busgunid pue 4N E w
g ul-ynoy Guiguinig pue o3y EE—— FLdL 9nL KD 44 g - Uj-LBnoy BULTid PUB J3N Bl i
Wi - urubnion B jqunid pue g3y LVTWTL PORY shEp pg is - ul-uBnay Bururic Fus g3 E %
i urylinoy Bupquinig pue g3y EE——— LU o shep g5 iy - u-uBnay Busgurig pue g3n E s
PUE - UI-UBNOY Bupquini gl pue 43y [I—— FUELT o isAep 121 R - Ul-uBnoy Busumnid pue 43N | T
PO [ dag By | I°F | URr | ey Oy il gaJ Uer | 2aQ | aon| PO deg By | nr | Unr Ay | ody se [ Qa5 umer | 530 aop| 190 | da5 By | nf | unr Aeyy | ady | Jewy| 0a g uer (580 ; 0
HYH PUT HEH =) HEH P B FL JIEH BuZ HEH ML
500Z G002 2002 g e wiang 3umy oo, a
SIreayRs Palold Paeag

, 2009

April 7



Matthew Karle

Construction Management — Dr. Anumba

i
o
s
P
i
(@
i
P
=
O
=
(%2}
)
o
[a 8
<
P
=2
<
[
<

g sdeg

& avorss (Bwag

4 sujpeag [ syse [Ruepg

aE——

#  Assung pabig

LU —

BWFINL Y ‘e
ANpRLES PaLR ek

LIzl = RS0 dinb3 43w EREEE
Wke - ISyl dnb3 g3y EEEmE———

b g3 ———
dinby g3y [ —
- IfEsu) “dinbg o3y (I E—
PIE - ([2FsU) ‘dinb3 43 S
PUE - [ 15U dinb3 g3y I E——
ULz = eS| dinbg gz ENEE
181 - s U dinba daw 8

sqRpg J00|4 jodng dxodg B
SIPM QRED 91303 Joay Uy SN
SIIEM 10014 LIZ | LSIILE/ (e oLy [ S—"
SRAL 0014 YISl upTdeuy T E——
SEAL J00] 4 LML S U ATURe sy | E—
SIEM JC01 Y16 US|l dnUjEg Bl (I S—
SIRA 20014 Y HHU|dnuR doy (i m—
SIRM 10015 U E US|U| e iy (I —
S 10014 U US RLd/URdeay,y S I
SIEM 1004 LIS LS e owg e I
SHIEAY 0013 Wi USIUN AL L0 iy I —
SR, 10014 PIE USIULrUIE o)y (I E——
SHEM 1003 PUZ USIAE Y el v I p—
SIFEM 001 IS L US |U|dALm i [—
B - ]
6 ¢
WD w03 Joay - (ewkig ysiug pus Buny B
WIZL - A usiung pue Guey S
k- IEAIG gspuid pue Duey D
Uig k= (M Aag ysiulg pue Jupy [
15 - [RMAMT Ys (Ul 4 puk Jupy [
18 = femdag yspad pue Ouey I
Wig e (kg Us g pue Buey [—
118 = HEw A ySIg pue Gug gy [T
Ul - IlemAig ysild pue fuey EES
iy - [emag ys|u g pue Guey SN
pIg- (RMAg ysiu| g pue Buey IS
Pug- IewAig usiud pue fuey EEEED
54 - lemdig ysiu)g pue Guey IR

Bupyneg (Eisu) (E—
epe SN
el e o B
(N —
|30y pUR jBOY - SACRUA (e ) B
UR - SopuyA (eisy| (I
U1LL - SaopLI, (ejsy) (T E—
0} - swapuy), jjeysu) SIS
116 = M OpULY (1L I E—

PO [de5 By [ JAr | Unr TR iy [ J6N Gad Uir | sagAon jag g [Bry | InF | N AR idy ey G930 Uer |98 ABH | 150 disg| B | Ir | Unr AR | v | TEN | G4 e Sag

HEHpUZ HEH Pl JEHPUZ | HEH 151
S00T 2000

HEH DUz

HEH S|
1037

PWEITL uOoN
GOROTIL BNL
PV oM
PWILZL oM
SOFLIL PYL
LT
BOPGLIL I
GORITIL ML
SOAGTIL IYL
BORGIZ ML
SOFZLIT L
FUOLL | vy
BOAGLIL UOWY
BOIZLIT UL
0L Nl
SOAILIL M
BT eNL
SUOLT Nl
FWSTIOL PN
FWASLL AN,
PO N
AR ]
VL Wy
ST PRAY
SVET PO
SOARLIT PAAY
G LWL PRAY
SWETT Wiy
B0 LIT PEM
FOEE P
PW0L L
L vl
LM VO
PWILE WL
SOPLIG YL
BUHTG WL
PWSTE WO
ALOL AL
FRO0L PN,
CC A |
FFTIOL AL
BWILLBAL
FOITT U
BWATIZL U4
WSO PN
PWGLE 1
PWIL9 L
BOFGLIOL PO
PG U
VLG W
LG o
BTG 9nL
UG DI

U

* [T —— i
ssoufory 8

HATENS  LSAEp g

DAL BA  LSAOR 07

oL ed  slep g

FSLEVIN  ishEp L)

FELE VN Lsiep 5L

FONTE VO ishep ps

LT TR T

DTG VAN LSNP b

FOALPa  ishep g

SOAALBAA  isAEp 26

FO/CLEWA LSRR 6

FUSHEVAN  ishop by

BOALLEMA  Zshup i

B0/ UOW  LskEDESL

90/1/5 ssfopg

DO/ LOL SO LEARP 0L LU

WATEEMA  LSUEp 06

DUETE VN LSO oG

ALINS  Fshep g

AT PWA  LSREP 05

0N LSAep 06

POALTPMA  IshEp ge

FRLANLL  LSEp S

FOOWEPAA  Lshep 96

HUATIE VSN ishep 2e

QAZEUON  LsREp 0L

FOBLE VAN LHP L SIRV, 2001 S PUT WS

O LTE Do LSREp Gy

BOELLNE  LSéRDEL

S0/E PO SReRg

WATENS AP oL

WELENS  shEp e

SOAONOL 4 LSRR LT

FUATS PMA  LSAEp TS

VL TR

ATINAL LSRR 9

ALV LSRR g

QATLPMA LSOO SE

MG VI LSEp Ry

G oL Lshep gl

WALELON  iskep I

F0MCLUIN  LSEp ZE

FOOLOE S EsAepag

082S PO L8R 6L

FELLVON LSEp ES

L TTELE TR LT T

MATE PN isEp T

BORLIS PN 28D LOL

AWG VO ishep T g pue oy -

LT DWA  SSKED b gl -

QAT DA LSAED pE L -

FATCONL  LshEp gl i -

ATCONL  L5Rep il A -
e e |ng

WiZL - RIS U dnb3 g3
UiLL - s E NS g3
ok - s dnb3 g3
UE - s N3 g3
Y - s e dnbs g3
Y - sy deb3 g3
4| - IWisE EN03 J3M
45 - s e dnbs g3
i - sy dnb3 g3
R = R
DUT - IS U GN03 o3
suuezzy - RiSY dnb3 gIN
B - s dnb3 J3N
un e su) juswdinta 43w
$quS o)y wedng Axndg

[BI234: Jodi 18

SIEA 005 UL YSIUIS ALIREBU e
SIPM 20013 Ui+ HSIUL A iy
SIRAA 003 UL YSIUI AUECBL U
SIIEM S001d YIS YSIUL AUIRA/W U
SB35 LI YSIUL TR g
SYITA 3081 UL YSIUL AUIRBLW U
SIEA 10013 UIG USIUL (/2B ek
SIEN D01 YIS HSILL fRC/BU Uh
SIEAM 1001 Uke USIULL AU DU Led
SIIBAN 1001 J DIC USIUL AUIR/ I U

R ]

SIIBAL JO0KS 15 . YSIULS IUITel/DU el

Hujuey

USIEZIIINIA SH

QNI (81905 o0 - IMWARD usus pus Busyy
MIZL - IRWAXD LSS puE Busl

Wik L - IRAAAD usIS PUE CusH

M0 - WA s puE Busly

ks - IR0 LRI PUE BuRH

g - a0 usiuL e Busy

u - mawdag usiug pue Busy

U - IRAA LI puE BuRH

Ui - IR0 uSIUS PUE Duel

gy - Iwag using pue Busy
BIE - IRMAK] UsiUl pUE Busy

PUZ- IR s pue Busy
1 - wdag usiug pue Busy
US|UlS pum | [EISu) kg

Gupgneg e
armn
e B 129
IEh BN
SRSPUL, 8IS
SRAPULA [BISLY
SMOPUL [R5
SROPL S0
ERSPUM (S

WY yew )

%1 1 191 50 0 7 ) ) L L

NEEANEEEREEMNEEER

FEE AEEREAEREAEEEEEEE

ommEmm

651
a5

il

]}
vl
1)
ovl
6L
8l
iy
T
st
L8
=11
=1
1L
oth
a2l
::4}
1}
9z
=4}
¥Zl
]!
Z
(4
02
BLi
gLl
£kb
aLi
=11}
Ll
=13
<4}
(133
oLk
601
80k
01

al

airpausg Pekid BaERg

, 2009

April 7



Q
—
(q0)
AV
=
Q
-
Jri)
)
(q0)
=

— Dr. Anumba

Construction Managem

AT ANNAPOLIS TOWNE CENTRE

¥ 88y

@ BUDISAWN (FUSpE
UL VLSBT

aupuan

— AR 130K

(— et —

(-] ;A

]

L] BORZAL L 11RO
¥ HNPIPS Bk PRy

51 %
uc o
6L @

Wd dopvan(g jocucaien §

Buponidisgep sadns sjues |

A4 UIZL IROD PUZ P 15| Bupea $96q Auoa ey N I

1 WIEE TROD PAE PUE 5] Duneog yoeq Aucajeg [ IE—_:"

A4 W0k w93 puz pue 151 Bugeos yoeg Suoseg (BT EE—

A4 W15 10D PUE puR 151 DUReaD yae0 Auodjrg [ m—

di3 Y 0D pUZ puE §5 | DujeoD ¥2eg Auospg NI E———

A i weD pug pu s ) Bujmos yosg Aucopg [ E—"

114 g 103 pUZ pue 161 Bupees Y200 fuosjeg (N I E—
14 5 B0 PUZ pUe 18 Bupieas yieq Aucapy (T I
14 uiy W) pug pue 5 Bupeos poeg Auaojeg [ E— ——
4 PIE ROD PUZ PUR 151 DUROD 4900 Auoajeg [ S m—
PUE B0 puZ puE 15| BuIeo] Haag Augojeq (T IE—

Y500 |00 YIRS WU K| LL SRR un eisy) S|
WIZ L~ I eUOIS BILL 3 s 263 Jun (e psu) SR
Ul bk JedieDmeu0ige | o) jun (s NN

yig- wediegeuoig ey apueies yun ey S
g Rdmneunigel L apueien un esu) EEENE
WG WA DMLIOIS/ L SRUEISD Nun Heisy I
ur pedieD uayg e e jun sy (NI
Pig- i e U0 Ll HiLeEs sy S
UZ- 10D BUOKS/ #ILL JIWES63 TN [Eisy | EE—
151 jodieg puog o pueies jun (eisw B
(S

W0 (00d - EISU dinia 43 m—

Jo0y - [reisu) ks 43 EREEN

Gl L]
BWILAE NUL
AWET| ang
LVOTT) MUl
B0/ PAM
LGSR |
BOVGTILL anL
WL ML
SWLLT UL
SIVELTL UL
AVEZT) vori
Bvg/Lang
BV ELL AnL
AWOT AL
£V2/L an)
BuZ anL
L1UHE BE
VLU
BVELAL ang
BT/ AnL

BOVRLLL U
SVAZL v
SWRTL W
BWIHL N
VL L DI
B0V ST DI
G OLT LN
BNSZZ DAL
BONE NUL

B ELEL PO

| V50 @8 | b | IR | URF XN K| eGR4 LBF | e |AGH | 150 | 085 | BTy | T | URFAEN] By TN | GRS UEr 380 AON | B0 |06 By | AT | UAF AR 55 | TBN 0ad | U 594

B puz | N Bl HEH puz|

BODZ

B
002

e pUZ HeH 18]
3L ysiung

Barsa
BATIE ML

BO/RLE WO
BB E Word
BORYE WO
BOMRLE W
BOMRLE Ry

LORLHER oW
BOSTLL arL
BOBLL. 8L
BOrST 4 U4

BO/PLIE ML
BOMZ B ML
BOBLE ud
B0AL0. ML

BOMLWE P,
BORLA UL
BOrL von
BOBIE 04

Heeg

shep g
en o
sfEg
LSAIp ¥
AP T
iSAwp 99
LA T
iskwp 62
SR vg
LSAHP 65
iKW 96
SEIp L
iSAEp 101
SAP T
LSRIp LLL
SR TTL
¢shep pag
SKTp vE
iSKD Ly
LSAWPEE
sk o
5K 65
LSAEP 95
SAEp Ly
iskupgg
iSAp 15
LSAIp oy
SR gy
iSAED 95
LSAp
ishep crl
LSREp r
LSA0P ¥E

U NG

voRadwer (8l E

LR Ee D) Semans E

w000 acaiuT Buping = o6t

Tid SOJRASE JoosLaEM Bl e

Susosdiziam 8pdn Liuas E e

<14 UIZL P00 PUZ FUR 15| BURROD) a0 AUodlig B s
14 WLk SO PUE FUB 35} BunesD) speq Auoajeg B
.14 W0k e puz puR s, Bugee s weg Kuoamg B so
A4 W5 1ROD PUZ FUR 15| BURRSD) a0 AUodlEg B m
A4 W8 1D PUE FUB 15| BueeD weg Awoaren B @
A4y weopug pue st Bugee D spag Aucamg B
A4 WG s pug puR is; Cugee D yaag Auoajeg = e
14 W5 1D PUZ FUB 15| DURESD 5ag AUoIlEs E
Ad Wy S0 PUg puR 35} BueeD weg Auoajeg E s
J14 PIE W00 PUZ FUR 151 BUNBED ¥aeq KUoaieg B s
JI4 PUZ IS0 PUE FUB 15| BURED ¥eg Auoajeg B
Gugoosdiomm 221

W28 [0 1IEBUNISA) | JLRISS I (@S ﬂ 113
WZ L IR YRUDISIR) L IURISD I (11Ul B na

G b OIEYPUOIS/PY | IUIRISD T (1#1SU B s
W0 IR DS | SLRID JUn ﬂ ZiL

UM RAIEDYRUIEA) | RIS i B

UK WLED/PUISIPN L SIWRISD UM IIBISY B o

Uhi- PRI DY UREa) | SRS UMY JiRE E e

U AR VAUDISA) | JWRISD JUr (@IS H 291

UIS RIS | SULRIED JU ||eSu =l 9

Uhy e Dyeungsya) | SIS JUr) ||ejsu) E =

PIC- IBLIED/OUNISR) )L S (=) ot

PUZ: RAIED/IUOIS) | SALIED U B L

15 4 PAINDRUER) | ILRIED JUr j1eEY E o

Bupiooid 01

3280 0O - [EsU| dinb3 3N B 1o
004 - [e5su| dinb3 53K (T

o
BB MEE] al

BNEBYSS Rebid palBeq

, 2009

April 7



vand OVew Matthew Karle

AT ANNAPOLIS TOWNE CENTRE Construction Management — Dr. Anumba

APPENDIX B

BP Solar SX 3200 Specifications

April 7, 2009



‘.Q“,'

SX 3200

< 2 &
2 * p
" s ’..‘ 200 watt photovoltaic module

High-efficiency photovoltaic module using silicon nitride multicrystalline silicon cells

Performance
Rated power (Pmay) 200W
Power tolerance +9%
Nominal voltage 16V
Limited Warranty* 25 years

Configuration
B Bronze frame with output cables and polarized Multicontact
(MC) connectors

Electrical Characteristics? SX 3200 SX 3195
Maximum power (Ppax)® 200W 195W
Voltage at Pryay (Vimp) 24.5V 24.4
Current at Py (Imp) 8.16A 7.96A
Warranted minimum P4 182.0wW 177.5W
Short-circuit current (Igc) 8.7A 8.6A
Open-circuit voltage (Vo) 30.8V 30.7V
Temperature coefficient of I (0.065+0.015)%/°C
Temperature coefficient of V. -(111£10)mV/°C
Temperature coefficient of power -(0.5+£0.05)%/°C
NOCT (Air 20°C; Sun 0.8kW/m?, wind 1m/s) 47+2°C
Maximum series fuse rating 15A
Maximum system voltage 600V (U.S. NEC rating)

Mechanical Characteristics

Dimensions Length: 1680mm (66.14”)  Width: 837mm (32.95”)  Depth: 50mm (1.97”)

Weight 15.4 kg (33.95 pounds)

Solar Cells 50 cells (156mm x 156mm) in a 5x10 matrix connected in series

Output Cables RHW-2 AWGH# 12 (4mm2), cable with polarized weatherproof DC rated Multicontact connectors;

asymmetrical lengths - 1250mm (-) and 800mm (+)

Diodes IntegraBus™ technology includes Schottky by-pass diodes
integrated into the printed circuit board bus

Construction Front: High-transmission 3mm (1/8th in) tempered glass; Back: White or BlackTedlar;
Encapsulant: EVA

Frame B Anodized aluminium alloy type 6063T6 Universal frame; Color: bronze

1. Module warranty: 25-year limited warranty of 80% power output; 12-year limited warranty of 90% power output; 5-year limited warranty of materials
and workmanship. See your local representative for full terms of these warranties.

2. This data represents the performance of typical SX 3200 products, and is based on measurements made in accordance with ASTM E1036 corrected
to SRC (STC.)

3. During the stabilization process that occurs during the first few months of deployment, module power may decrease by up to 1% from typical P4y

©BP Solar 2007 6802.0037 REV A 06/07



Quality and Safety
ESTI

Module power measurements calibrated to World Radiometric

Reference through ESTI (European Solar Test Installation at Ispra, Italy)

®

(Class C fire rating)

UL Listed by Underwriter’s Laboratories for electrical and fire safety

Qualification Test Parameters
Temperature cycling range
Humidity freeze, damp heat
Static load front and back (e.g. wind)
Front loading (e.g. snow)
Haiilstone impact

Module Diagram

-40°C to +85°C (-40°F to 185°F)
85% RH

2,400 pa (50psf)

5,400 pa (113psf)

25mm @ (1 inch) at 23 m/s (52mph)

a1

SX 3200 I-V Curves

Dimensions in brackets are in inches. Un-bracketed dimensions are in millimeters. Overall tolerances +3mm (1/8”).

//—SOOmm MC CABLE

O )
2% BACK VIEW
O
3« ) 12.7 X 9.5
MTG. SLOTS
x/—8 PLACES
_>’ r11.1 [0.44]
|
- S
9o FRONT VIEW o,
3O 3 2.4[0.09]
22 S [
J 27 (1] |«
SECTION A-A
Yy 1250mm
_—" MC CABLE
08 “
Tzu a GROUND HOLE
O
=5z % BACK VIEW |, 2PLACES
g2l N
=87 \m GROUND MARK

L7802 [31.57] —>|

Included with each module: self-tapping grounding screw, instruction sheet and warranty documents.

Note: This publication summarizes product warranty and specifications, which are subject to change without notice.
Additional information may be found on our web site: www.bpsolar.us

©BP Solar 2007

6802.0037 06/07
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Smart choice for power™

Xantrex™ GT Series Gri :

.
Grid Tie Solar Inverter

HE xantrex

=4

The Xantrex™ Grid Tie Solar Inverter (GT Series) is designed to convert photovoltaic (PV) electricity
produced by solar modules into utility-grade power that can be used by the home or sold to the local
electrical utility. Offering high efficiency (up to 96.0 %), clean aesthetics, high reliability, and a low installed
cost, through ease of installation and integrated features, the GT Series is a proven, high-frequency design
in a compact enclosure.

The GT Series may be installed as a single inverter, for a single PV array, or in a multiple-inverter
configuration for large PV systems.

Technology

» An NEC compliant, integrated DC/AC disconnect, standard in the GT Series, eliminates the need
for external DC (PV) disconnects, and in some jurisdictions, AC disconnects

» Large heat-sink offers extraordinary heat dispersion without the need for a cooling fan

» Liquid crystal display (LCD) provides instantaneous information — power level, daily and lifetime
energy production, PV array voltage and current, utility voltage and frequency, time online “selling”,
fault messages, and installer-customized screens

» LCD vibration sensor allows the tap of a finger to turn backlight on and cycle through display screens

Installation

» Flexible module selection and sizing due to wide PV input MPPT tracking voltage range
» Lightweight and versatile mounting bracket

» Easy access DC (photovoltaic) and AC (utility) terminal block simplifies wiring

» Rugged NEMA 3R inverter enclosure allows reliable indoor and outdoor installations

Performance

» Best-in-class efficiency to maximize solar system return on investment

» Accurate MPPT tracking ensures maximum energy harvest under any conditions
» FCC Part B compliance provides less external electronic interference

Serviceability
» 10-year standard warranty

» Sealed inverter enclosure can be quickly separated from the wiring box allowing DC/AC connections
to remain intact in the unlikely event the inverter needs to be serviced

© 2008 Xantrex Technology Inc. All rights reserved. Xantrex, Xanbus, and Smart choice for power are trademarks or registered trademarks of Xantrex International.

Printed in Canada.

Xantrex WY
GT SERIES WARRANTY 1 o_yea r

warranty

“pmw PHOTOVOLTAIC
p CSAOT:101 POWER INVERTER

c

Xantrex Technology Inc.

Customer Service/Technical Support
customerservice@xantrex.com
Toll free: 1-800-670-0707

www.Xantrex.com




Smart choice for power™

Xantrex™ GT Series Grid Tie Solar Inverters

Electrical Specifications - Output

Models GT5.0 GT4.0N GT3.8 GT3.3N GT2.8
Maximum AC power output 5000 W 4500 W 4000 W 3800 W 3800 W 3500 W 3300W 3100 W 2800 W 2700 W
AC output voltage (nominal) 240V 208V 240V 208V 240V 208V 240V 208V 240V 208V
AC output voltage range 211-264 Vac 183-229 Vac

AC frequency (nominal) 60 Hz

AC frequency range 59.3 - 60.5 Hz

Maximum continuous output current 21A 22A 16.7A 183A 15.8A 16.8A 13.8A 149A 1.7A 13.0A
Maximum output over-current protection 30A 25A 20A 25A 20A 15A
Maximum utility backfeed current 0A

Total harmonic distortion (THD) <3%

Power factor > 0.99 (at rated power), > 0.95 (full power range)

Utility monitoring, islanding protection UL1741-2005 / IEEE 1547

Output characteristics Current source

Output current waveform True sine wave

Electrical Specifications - Input

Maximum array open-circuit voltage 600 Vdc

MPPT voltage range (CEC & CSA) 240 - 550 Vdc 240 - 480 Vdc 195 - 550 Vdc 200 - 400 Vdc 195 - 550 Vdc
MPPT operating range 235 - 550 Vdc 235 - 550 Vdc 195 - 550 Vdc 200 - 550 Vdc 193 - 550 Vdc
Maximum input current 22.0 Adc 20.0 Adc 18.0 Adc 17.0 Adc 20.8 Adc 19.5 Adc 17.5 Adc 16.5 Adc 15.4 Adc 14.9 Adc
Maximum array short-circuit current 24.0 Adc

Reverse-polarity protection Short-circuit diode

Ground-fault protection GF detection, IDIF > 1A

Maximum inverter efficiency 95.9% 95.5% 96.0% 95.7% 95.9% 95.6% 95.9% 95.6% 95.0% 94.6%
CEC efficiency 95.5% 95.0% 95.5% 95.0% 95.0% 95.0% 95.5% 95.0% 94.0% 93.5%
Night-time power consumption 1w

Environmental Specifications

Operating temperature range -13°F to 149°F (-25°C to 65°C)

Enclosure type NEMA 3R (outdoor rated)

Inverter weight 58.0 Ib (25.8 kg) 58.0 Ib (25.8 kg) 58.0 Ib (25.8 kg) 49.0 Ib (22.2 kg) 49.0 Ib (22.2 kg)
Shipping weight 65.0 Ib (27.2 k) 65.0 1b (27.2 kg) 65.0 Ib (27.2 kg) 57.0 b (25.9 kg) 57.0 Ib (25.9 kg)
Inverter dimensions (H x W x D) 281/2x16 x5 3/4" (72.4 x 40.3 x 14.5 cm)

Shipping dimensions (H x W x D) 34x201/2x105/16" (86.6 x 51.8 x 26.2 cm)

Mechanical Specifications

Mounting Wall mount (mounting bracket included)

Input and output terminal AC and DC terminals accept wires sizes of #14 to #6 AWG

PV / Utility disconnect Eliminates need for external PV (DC) disconnect. Complies with NEC requirements

Cooling Convection cooled, fan not required

Display Backlit, two-line, 16-character liquid crystal display provides instantaneous power, daily and lifetime energy production, PV array voltage
and current, utility voltage and frequency, time online “selling”, fault messages, and installer-customizable screens

Communications Integrated RS232 and Xanbus™ RJ45 communication ports

Wiring box PV, utility, ground, and communications connections. The inverter can be separated from the wiring box.

Warranty 10-year standard

Model number (negative ground) GT5.0-NA-240/208 UL-05 GT4.0N-NA-240/208 UL-05 GT3.8-NA-240-/208 UL-05 GT3.3N-NA-240/208 UL-05 GT2.8-NA-240/208 UL-05

Part number (negative ground) 864-1009 864-1008 864-1032 864-1006 864-1001

Positive ground inverters are also available

Regulatory Approvals
Certified to UL1741 1st Edition: 2005 version CSA 107.1-01 CSA 2 C22.2 No.107-1-01 general use power power supplies.

© 2008 Xantrex Technology Inc. All rights reserved. Xantrex, Xanbus, and Smart choice for power are trademarks or registered trademarks of Xantrex International. Printed in Canada.
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Final
Report

Matthew Karle

Construction Management — Dr. Anumba

January 21 Fenestration Analysis

Conduction = Q o,q = UA(AT) Solar Radiation = Q,, = SHGC(A)(E,)

Temperature (F) Total Conduction (Btu) E, Total Solar Radiation (Btu) Total Energy Transfer (Btu) Savings (btu)
[Time ] T T AT Current Design 1 Design2 | North  South East West Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design2 |
0:00 | 41 72 -31.0 -511605 -309343 -214160 0 0 0 0 0 0 0 511605 -309343 -214160 -202263 -297445
100 | 40 72 -32.0 -528109 -319322 221069 0 0 0 0 0 0 0 528109 -319322 -221069 -208787 -307040
2:00 | 39 72 333 -549563 -332294 -230050 0 0 0 0 0 0 0 549563 -332294. -230050 217269 -319514. E
3:00 | 38 72 345 -569367 -344269 -238340 0 0 0 0 0 0 0 569367 -344269 -238340 225099 331028 2
400 | 36 72 -35.7 -589171 -356243 -246630 0 0 0 0 0 0 0 589171 -356243 -246630 232928 342542 @
5:00 | 36 72 -36.5 -602374. -364226 252157 0 0 0 0 0 0 0 602374 -364226 -252157 -238148 350218 2
6:00 | 35 72 -37.0 610626 -369216 -255611 0 0 0 0 0 0 0 -610626 -369216 -255611 -241410 355015
7:00 | 35 72 -36.7 -605675 -366222 -253538 0 0 0 0 0 0 0 -605675 -366222 -253538 -239453 -352137
8:00 | 37 72 -35.2 -580920 -351254 243176 6.73 86.02 6.73 54.81 946186 424152 293644 365266 72898 50468 292367 314798
9:00 | 39 72 -32.7 -539661 -326307 -225905 2232 18916 2232  172.80 | 2282968 1023399 708507 1743307 697093 482603 1046214 1260704
10:00] 43 72 295 -486850 -294375 203798 3209 18169 3209 24155 | 2482760 1112961 770512 1995910 818587 566714 1177323 1429196 | =)
11:00| 46 72 2655 -437340 -264438 -183073 3821 13382 3821  283.70 | 2230703 999970 692287 1793363 735532 509214 1057831 1284148  |<)
12:00] 50 72 -22.0 -363075 -219534 -151985 42,93 68.28 4097 302.54 | 1753506 786054 544191 1390431 566521 392207 823910 998224 |
13:00| 51 72 -20.8 -343271 -207559 -143695 41.41 92.24 4037 298.46 | 1936948 868287 601122 1593677 660728 457427 932949 1136250 |5
14:00 | 51 72 -21.0 -346571 -209555 -145076 3642 15380 3642 27143 | 2356488 1056357 731324 2009917 846802 586247 1163115 1423669 |51
15:00| 50 72 217 -358124. -216540 -149912 2907 19075  29.07 22048 | 2480048 1111745 769670 2121924 895205 619758 1226718 1502166
16:00 | 49 72 227 -374627 -226519 -156821 17.68 17265  17.68 13867 | 2010547 901280 623963 1635920 674761 467142 961159 1168778
17:00| 49 72 235 -387830 -234502 -162347 0.37 5.59 0.37 3.12 59735 26778 18538 -328095 207724 -143809 -120371 -184286
18:00| 47 72 -24.7 -407634 -246476 -170637 0 0 0 0 0 0 0 -407634 246476 -170637 -161158 236997
19:00| 46 72 -25.8 -425788 -257453 -178237 0 0 0 0 0 0 0 -425788 -257453 -178237 -168335 247551 3
20:00) 45 72 -27.0 -445592 -269428 -186527 0 0 0 0 0 0 0 -445592 -269428 -186527 -176164 259065 &
21:00) 44 72 -28.0 -462095 -279406 -193435 0 0 0 0 0 0 0 -462095 -279406 -193435 -182689 268660 o
22:00] 43 72 -29.1 -480249 -290383 201034 0 0 0 0 0 0 0 -480249 -290383 -201034 -189866 279215 &
23:00) 42 72 -30.0 -495102 -299364 207252 0 0 0 0 0 0 0 -495102 -299364 -207252 -195738 -287850
Averages Totals Totals 14,649,713 5,968,127 4,131,780 8,681,586 10,517,933 Cooling Load
43 72 29  -11,501,219 | 6,954,226 -4,814,464 | 267 1,274 264 1,988 18,539,887 8,310,984 5,753,758 7,611,045 4,611,368 ,486 2,999,677 4,418559 | Heating Load
February 21 Fenestration Analysis
Conduction = Qg4 = UA(AT) Solar Radiation = Qg = SHGC(A)(E,)
Temperature (F) Total Conduction (Btu) E, Total Solar Radiation (Btu) Total Energy Transfer (Btu) Savings (btu)
| Time To T AT Current Design 1 Design 2 North South East West Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design 2 |
0:00 | 37 72 -35.5 -585871 -354247 245248 0 0 0 0 0 0 0 585871 -354247 -245248 231623 -340623
100 | 35 72 -36.7 -605675 -366222 -253538 0 0 0 0 0 0 0 -605675 -366222 -253538 239453 -352137
2:00 | 34 72 -38.0 627129 -379194 -262519 0 0 0 0 0 0 0 627129 -379194 -262519 247935 -364610 E
3:00 | 32 72 -39.6 -653535 -395160 273573 0 0 0 0 0 0 0 -653535 -395160 -273573 -258374 379962 2
400 | 32 72 -40.4 -666737 -403144 279099 0 0 0 0 0 0 0 -666737 -403144. -279099 -263594 387638 2
5:00 | 31 72 -41.3 -681590 -412124 -285317 0 0 0 0 0 0 0 -681590 412124 -285317 -269466 306274 8
6:00 | 32 72 -40.5 -668388 -404141 279790 0 0 0 0 0 0 0 -668388 -404141 -279790 -264246 388598
7:00 | 34 72 -383 -632080 -382188 -264592 0 0 0 0 0 0 0 -632080 -382188 -264592 249892 -367489
8:00 | 37 72 355 -585871 -354247 245248 17.14 19174  17.14 95.45 2073459 929482 643487 1487588 575234 398239 912354 1089349
9:00 | 39 72 -33.0 544612 -329300 227977 30.53 25343 3053 17577 | 2940914 1318341 912697 2396302 989040 684720 1407261 1711582
10:00) 42 72 -303 -500053 -302358 209325 3990 21074 3990 23398 | 2806646 1258152 871028 2306593 955794 661704 1350799 1644890
11:00] 45 72 -27.5 -453844. -274417 -189981 4603 15418 4603 27268 | 2471494 1107911 767016 2017651 833494 577035 1184157 1440616
12:00] 46 72 -25.7 -424137 -256455 -177546 50.80 81.01 4892 291.00 | 1927571 864084 598212 1503434 607629 420666 895805 1082768
13:00| 47 72 -25.4 -419186 -253462 -175473 4961 10146 4847  288.17 | 2086734 935433 647607 1667548 681971 472134 985577 1195414
14:00| 46 72 -25.8 -425788 -257453 -178237 4472 17134 4472 26433 | 2587003 1159691 802863 2161215 902238 624626 1258977 1536589
15:00| 46 72 2655 -437340 -264438 -183073 3773 22127 3773 22039 | 2843086 1274487 882337 2405746 1010048 699264 1395697 1706481
16:00 | 44 72 -27.7 -457144. 276413 -191363 2744 23321 2744 15690 | 2688007 1204968 834209 2230862 928556 642846 1302307 1588016
17:00| 43 72 -28.7 -473648 -286392 -198271 1246 15484 1246 68.42 1639375 734892 508772 1165728 448501 310501 717227 855227
18:00 | 42 72 -30.0 -495102 -299364 207252 0 0 0 0 0 0 0 -495102 -299364 -207252 -195738 -287850
19:00 | 41 72 -31.2 -514906 -311339 215542 0 0 0 0 0 0 0 -514906 -311339 -215542 -203568 299364 E
2000 | 41 72 312 -514906 -311339 -215542 0 0 0 0 0 0 0 -514906 -311339 -215542 -203568 299364 2
21:00) 40 72 324 -534710 -323313 223832 0 0 0 0 0 0 0 534710 -323313 -223832 211397 310878 @
22:00] 39 72 335 -552864 -334290 -231431 0 0 0 0 0 0 0 552864 -334290 -231431 218574 321433 §
23:00] 38 72 -34.5 569367 -344269 -238340 0 0 0 0 0 0 0 569367 -344269 -238340 -225099 331008 °
Averages Totals Totals 19,342,667 7,932,506 5,491,735 | 11,410,162 13,850,933
39 72 33 13,024,483 | 7,875,269 -5,452,109 356 1,773 353 2,067 24,064,290 | 10,787,440 7,468,228 8,302,861 5,020,334 3,475,616 3,282,526 27,245 Hea
March 21 Fenestration Analysis
Conduction = Q g4 = UA(AT) Solar Radiation = Qg = SHGC(A)(E,)
Temperature (F) Total Conduction (Btu) Ee Total Solar Radiation (Btu) Total Energy Transfer (Btu) Savings (btu)
[Time ] 1o T AT Current Design 1 Design2 | North  South East West Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design 2
0:00 | 46 72 -25.8 -425788 -257453 -178237 0 0 0 0 0 0 0 -425788 -257453 -178237 -168335 247551
100 | 45 72 -27.2 -448892 -271423 -187908 0 0 0 0 0 0 0 -448892 271423 -187908 -177469 260984 T
2:00 | 43 72 -29.0 -478599 -289385 -200344. 0 0 0 0 0 0 0 -478599 -289385 -200344 -189213 278255 G
3:00 | 42 72 -30.5 -503354 -304353 -210706 0 0 0 0 0 0 0 -503354 -304353 -210706 -199000 292648 Z
400 | 40 72 -32.0 -528109 -319322 -221069 0 0 0 0 0 0 0 528109 -319322 -221069 208787 307040 &
5:00 | 39 72 -33.2 547913 -331296 229359 0 0 0 0 0 0 0 547913 -331296 -229359 216617 318554 &
6:00 | 38 72 -33.7 -556165 -336286 232813 0 0 0 0 0 0 0 -556165 -336286 -232813 -219879 -323352
7:00 | 39 72 -33.0 544612 -329300 227977 1203 15464 1279 3039 1548994  694376.6544 480722 1004382 365076 252745 639306 751637
8:00 | 41 72 -31.4 -518207 -313334 216924 2823 25623 2823 98.74 2766671 1240232 858622 2248464 926897 641698 1321566 1606766
9:00 | 43 72 -28.8 -475298 -287389 -198962 39.89 26031  39.89  160.62 | 3072821 1377471 953634 2597523 1090082 754672 1507441 1842851
10:00| 46 72 -26.0 -429088 -259449 -179618 4852 22161 4852 21023 | 2945566 1320426 914141 2516477 1060977 734523 1455500 1781955 | )
1:00) 49 72 235 -387830 -234502 -162347 5416 15817 5416  243.76 | 2533523 1135717 786266 2145693 901216 623918 1244478 1521775 <
12:00| 51 72 -20.9 -344921 -208557 -144386 58.96 81.11 56.64 25872 | 1947821 873161 604496 1602900 664604 460111 938296 1142789 |
13:00] 54 72 -17.8 293761 -177623 -122970 56.74 11913 5586  253.98 | 2244931 1006348 696703 1951170 828726 573733 1122445 1377437 |5
14:00| 56 72 -15.6 -257453 -155669 -107771 51.84 19089  51.85  229.88 | 2760376 1237410 856668 2502923 1081741 748897 1421182 1754025 | )
15:00| 57 72 -14.6 -240950 -145690 -100863 4475 24408 4475 18825 | 304879 1366702 946178 2807847 1221011 845316 1586835 1962531
16:00| 57 72 -14.8 -244250 -147686 -102244. 3471 25644 3471 13221 | 2916882 1307568 905239 2672632 1159882 802995 1512750 1869637
17:00| 56 72 -15.6 -257453 -155669 -107771 2129 22704 2129 66.21 2361628 1058661 732919 2104175 902992 625148 1201184 1479027
18:00] 55 72 -17.0 -280558 -169640 -117443 1.62 25.21 1.82 2.83 244039 109396.7082 75736 -36519 60243 -41707 23724 5188
19:00 | 54 72 -183 -302012 -182612 -126424 0 0 0 0 0 0 0 -302012 -182612 -126424 -119400 -175589 E
20:00) 52 72 -19.8 -326767 -197580 -136786 0 0 0 0 0 0 0 -326767 -197580 -136786 -129187 189981 2
21:00| 51 72 215 -354823 -214544 -148531 0 0 0 0 0 0 0 -354823 214544 -148531 -140279 206293 @
22:00] 49 72 -23.0 -379578 -229512 -158893 0 0 0 0 0 0 0 -379578 229512 -158893 -150066 220685 £
23:00) 48 72 243 -401033 -242485 -167874. 0 0 0 0 0 0 0 -401033 242485 -167874 -158548 233150 °
Averages Totals Totals 24,154,186 10,203,203 7,063,756 13,950,983 17,090,430 Cooling Load
48 72 24 9,527,413 | -5,760,761 -3,988,219 | 453 2,195 451 1876 28,392,048 12,727,470 8,811,325 5,289,551 3,236,495 2,240,650 2,053,056 3,048,901 Heating Load
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Temperature (F) Total Conduction (Btu) E, Total Solar Radiation (Btu) Total Energy Transfer (Btu) Savings (btu)
Time | o T AT Current Design 1 Design2 | North  South East West Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design2 |
0:00 | 57 72 -14.6 -240950 -145690 -100863 0 0 0 0 0 0 0 -240950 -145690 -100863 -95259 -140087
100 | 56 72 -16.4 -270656 -163652 -113298 0 0 0 0 0 0 0 -270656 -163652 -113298 -107003 -157358 E
2:00 | 54 72 -18.5 -305313 -184608 -127805 0 0 0 0 0 0 0 -305313 -184608 -127805 -120705 177508 2
3:00 | 52 72 -20.2 -333369 -201572 -139550 0 0 0 0 0 0 0 -333369 201572 -139550 -131797 193819 @
400 | 50 72 -22.0 -363075 -219534 -151985 0 0 0 0 0 0 0 -363075 219534 -151985 -143541 211000 £
5:00 | 49 72 227 -374627 226519 -156821 0 0 0 0 0 0 0 -374627 226519 -156821 -148108 217807
6:00 | 50 72 223 -368026 222527 -154057 6.36 82.82 2037 6.64 831995 372963 258205 463970 150436 104148 313533 359821
7:00 | 51 72 -21.0 -346571 -209555 -145076 2456 23701 3032 26.83 2407653 1079293 747203 2061082 869738 602126 1191344 1458955
8:00 | 53 72 -18.8 -310264 -187601 -129878 3767 27401 39.07 76.13 2980022 1335872 924834 2669758 1148270 794956 1521487 1874801
9:00 | 56 72 -16.0 -264054 -159661 -110534. 4797 25997 4797 12749 | 3087245 1383937 958110 2823190 1224276 847576 1598914 1975614
10:00| 58 72 -13.8 227747 -137707 95336 55.68 21513 5568  169.42 | 2879032 1290601 893493 2651286 1152893 798157 1498392 1853129 | =)
11:00| 60 72 117 -193090 -116752 -80828 6059 15056 6059  197.22 | 2436070 1092031 756022 2242980 975279 675193 1267701 1567787 |
12:00| 63 72 9.0 -148531 -89809 62176 65.53 75.15 6249 20821 | 1856077 832034 576024 1707546 742225 513848 965321 1193698 | -
13:00| 66 72 6.3 -103971 62866 -43523 6131 13338 6139  201.37 | 2304443 1033026 715172 2200471 970160 671649 1230312 1528822 |5
14:00| 68 72 -4.0 66014 -39915 27634 57.09 20145  57.09 17732 | 2793877 1252428 867065 2727863 1212512 839432 1515351 1888432 |5
15:00| 69 72 2.7 -44559 -26943 -18653 5001 25177 5001 13800 | 3062673 1372922 950485 3018114 1345980 931832 1672134 2086282
16:00| 70 72 22 -36307 21953 -15198 4031 27427 4141 88.65 3039686 1362618 943351 3003378 1340664 928152 1662714 2075226
17:00| 69 72 3.0 -49510 -29936 20725 27.94 25224 3031 3530 2591003 1161484 804104 2541492 1131548 783379 1409945 1758113
18:00| 68 72 42 69314 -41911 -29015 1133 137.1 29.71 11.97 1379742 618505 428196 1310427 576594 399180 733833 911247
19:00| 66 72 5.7 -94069 -56879 -39378 0 0 0 0 0 0 0 -94069 -56879 -39378 -37190 -54692
20:00| 64 72 76 -125426 -75839 -52504 0 0 0 0 0 0 0 -125426 -75839 -52504 -49587 72922
21:00| 63 72 9.4 -155132 -93801 -64939 0 0 0 0 0 0 0 -155132 -93801 -64939 -61331 -90193
2200 61 72 115 -189789 -114756 -79447 0 0 0 0 0 0 0 -189789 -114756 79447 -75033 -110343
23:00| 59 72 -13.0 -214544. 129724 -89809 0 0 0 0 0 0 0 214544 -129724. -89809 -84820 -124735
Averages Totals Totals 29,421,558 | 12,840,577 8,889,630 | 16,580,982 20,531,928
60 72 12 4,894,908 | 2,959,712 -2,049,031 546 2,545 586 1,465 31,649,517 14,187,715 9,822,264 2,666,949 1,612,574 1,116,397 1,054,375 1,550,552 Heating Load
May 21 Fenestration Analysis
Conduction = Q.4 = UA(AT) Solar Radiation = Qg = SHGC(A)(E,)
Temperature (F) Total Conduction (Btu) E, Total Solar Radiation (Btu) Total Energy Transfer (Btu) Savings (btu)
Time To T AT Current Design 1 Design 2 North South East West Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design 2 |
0:00 | 63 72 9.0 -148531 -89809 62176 0 0 0 0 0 0 0 -148531 -89809 62176 -58721 -86355
100 | 61 72 -11.0 -181537 -109767 -75992 0 0 0 0 0 0 0 -181537 -109767 75992 -71771 -105545 E
2:00 | 59 72 -13.0 -214544 129724 -89809 0 0 0 0 0 0 0 214544 -129724 -89809 -84820 124735 2
3:00 | 56 72 -16.0 -264054 -159661 -110534. 0 0 0 0 0 0 0 -264054 -159661 -110534 -104394 153520 @
400 | 55 72 -17.0 -280558 -169640 -117443 0 0 0 0 0 0 0 -280558 -169640 -117443 -110918 -163115 g
5:00 | 55 72 -17.0 -280558 -169640 -117443 0 0 0 0 0 0 0 -280558 -169640 -117443 -110918 -163115
6:00 | 56 72 -16.0 -264054 -159661 -110534. 1566 16238 59.4 15.66 1703124 763470 528556 1439070 603809 418021 835261 1021049
7:00 | 58 72 -14.0 -231048 -139703 96718 3074 25035 6251 3215 2653131 1189334 823385 2422083 1049631 726668 1372452 1695415
8:00 | 60 72 -12.0 -198041 -119746 -82901 4259 27073 4559 50.60 2953048 1323780 916463 2755007 1204035 833562 1550973 1921445
9:00 | 62 72 -10.0 -165034 -99788 69084 5211 25251  53.65 96.01 3001689 1345585 931559 2836655 1245797 862475 1590858 1974181
10:00| 64 72 8.0 -132027 -79830 -55267 59.26 20817  59.26 13335 | 2778374 1245478 862254 2646346 1165647 806987 1480699 1839360
11:00| 66 72 6.0 99020 -59873 -41450 6378 14643 6378  158.03 | 2348586 1052815 728872 2249566 992942 687421 1256624 1562145
12:00| 68 72 -4.0 66014 -39915 27634 68.84 75.09 6547  167.44 | 1801163 807418 558981 1735149 767502 531348 967646 1203801
13:00| 70 72 20 -33007 -19958 -13817 6424 13542 6424 16062 | 2263966 1014881 702610 2230959 994924 688793 1236035 1542166 §
14:00| 72 72 0.0 0 0 0 60.17 19922 6017 13825 | 2721919 1220171 844733 2721919 1220171 844733 1501748 1877185 |5
15:00| 74 72 2.0 33007 19958 13817 5343 24690 5470  102.70 | 2982406 1336941 925574 3015413 1356898 939391 1658515 2076022 {2
16:00| 75 72 3.0 49510 29936 20725 4427 26999  47.02 58.18 2982176 1336837 925503 3031686 1366774 946228 1664912 2085458 |4
17:00| 74 72 2.0 33007 19958 13817 3282 257.04  59.09 3453 2730065 1223822 847261 2763072 1243780 861078 1519292 1901993 |
18:00| 73 72 1.0 16503 9979 6908 1841 18362 6343 18.41 1927285 863955 598123 1943788 873934 605031 1069854 1338757
19:00| 72 72 0.0 0 0 0 0.36 4.66 2.27 0.36 48863 21904 15164 48863 21904 15164 26959 33698
20000 70 72 -19 -31356 -18960 -13126 0 0 0 0 0 0 0 -31356 -18960 -13126 -12397 -18231
21:00| 68 72 4.0 66014 -39915 27634 0 0 0 0 0 0 0 -66014 -39915 27634 -26098 -38380
22:00| 66 72 6.0 99020 -59873 -41450 0 0 0 0 0 0 0 -99020 -59873 -41450 -39148 57570
23:00| 64 72 8.0 -132027 -79830 -55267 0 0 0 0 0 0 0 -132027 -79830 -55267 -52197 -76760
Averages Totals Totals 31,839,576 | 14,107,747 9,766,902 Cooling Load
65 72 7 2,754,417 | -1,665,462 -1,153,012 607 2,663 761 1,166 32,895,794 1,369,782 828,240 573,397 Heating Load
June 21 Fenestration Analysis
Conduction = Q g4 = UA(AT) Solar Radiation = Qg = SHGC(A)(E,)
Temperature (F) Total Conduction (Btu) Ee Total Solar Radiation (Btu) Total Energy Transfer (Btu) Savings (btu)
Time | o T AT Current Design 1 Design2 | North  South East West Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design2 |
0:00 | 73 72 0.6 9902 5987 4145 0 0 0 0 0 0 0 9902 5987 4145 3915 5757
100 | 71 72 12 -19804 -11975 -8290 0 0 0 0 0 0 0 -19804 -11975 -8290 -7830 -11514 E
2:00 | 69 72 33 54461 -32930 22798 0 0 0 0 0 0 0 -54461 -32930 22798 -21531 -31664 2
3:00 | 67 72 5.0 -82517 -49894 -34542 0 0 0 0 0 0 0 -82517 -49894 -34542 -32623 -47975 e
4:00 | 66 72 6.2 -102321 -61869 -42832 0 0 0 0 0 0 0 -102321 -61869 -42832 -40453 -59489 2
5:00 | 66 72 6.2 -102321 -61869 -42832 0.19 2.27 133 0.19 24385 10931.1228 7568 -77936 -50937 -35264 -26999 -42672 °
6:00 | 67 72 53 -87468 -52888 -36615 17.3 166 71.48 17.3 1775955 796118 551158 1688487 743230 514544 945257 1173943
7:00 | 68 72 4.0 66014 -39915 27634 3176 24495 7668 32.64 2642976 1184782 820234 2576962 1144867 792600 1432095 1784362
8:00 | 70 72 21 -34657 -20955 -14508 4331 26495 5779 46.06 2921869 1309803 906787 2887212 1288848 892279 1598364 1994933
9:00 | 72 72 02 -3301 -1996 -1382 5266 24894  55.07 78.63 2939587 1317746 912286 2936286 1315750 910904 1620536 2025382
10:00| 74 72 15 24755 14968 10363 59.75  207.69 6096  114.69 | 2740187 1228360 850403 2764943 1243328 860766 1521614 1904177
00| 75 72 3.0 49510 29936 20725 6433 14933 6433 13913 | 2337685 1047928 725488 2387195 1077864 746214 1309331 1640981
12:00| 77 72 4.9 80867 48896 33851 69.37 81.25 66.18 14924 | 1820248 815973 564905 1901115 864869 598756 1036245 1302359
13:00| 79 72 6.9 113873 68854 47668 6521 12844 6521 14397 | 2177044 975916 675634 2290917 1044770 723302 1246147 1567615 §
14:00| 81 72 8.7 143580 86816 60103 6149 19067 6149 12387 | 2630410 1179149 816334 2773989 1265965 876437 1508025 1897552 |=
15:00| 82 72 102 168335 101784 70466 5517 23818  57.15 91.09 2901684 1300755 900523 3070019 1402539 970988 1667480 2099030 |13
16:00| 83 72 112 184838 111763 77374 4651 26318 5030 49.94 2931861 1314283 909888 3116700 1426045 987262 1690654 2129437 |4
17:00| 83 72 112 184838 111763 77374 3567 25616 7198 37.09 2778847 1245690 862401 2963685 1357453 939775 1606233 2023910 |
18:00| 82 72 104 171635 103780 71847 2233 20005  78.04 2233 2142786 960559 665003 2314421 1064339 736850 1250083 1577571
19:00| 81 72 9.0 148531 89809 62176 4.63 51.45 2734 4.63 551347 247156 171108 699877 336965 233283 362913 466594
20:00| 80 72 75 123776 74841 51813 0 0 0 0 0 0 0 123776 74841 51813 48935 71963
21:00| 78 72 5.5 90769 54883 37996 0 0 0 0 0 0 0 90769 54883 37996 35885 52773
22:00| 76 72 35 57762 34926 24179 0 0 0 0 0 0 0 57762 34926 24179 22836 33583
23:00| 74 72 2.0 33007 19958 13817 0 0 0 0 0 0 0 33007 19958 13817 13049 19190
Averages Totals Totals 34,677,121 15,761,439 10,911,766 Cooling Load
75 72 3 1,033,113 624,673 432,466 630 2,694 865 1,051 33,316,871 | 14,935,149 10,339,718 327,138 201,617 139,581 Heating Load
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Conduction = Qyng = UA(AT)

July 21 Fenestration Analysis
Solar Radiation = Q,, = SHGC(A)(E,)

Temperature (F) Total Conduction (Btu) E, Total Solar Radiation (Btu) Total Energy Transfer (Btu) Savings (btu)
| Time To T AT Current Design 1 Design 2 North South East West Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design2 |
0:00 79 72 6.7 110573 66858 46286 0 0 0 0 0 0 0 110573 66858 46286 43715 64287
1:00 77 72 5.4 89118 53886 37305 [ 0 0 0 0 0 0 89118 53886 37305 35233 51813
2:00 76 72 37 61063 36922 25561 [ [ 0 0 0 0 0 61063 36922 25561 24141 35502
3:00 74 72 2.0 33007 19958 13817 0 0 0 0 0 0 0 33007 19958 13817 13049 19190
4:00 73 72 0.8 13203 7983 5527 0 0 0 0 0 0 0 13203 7983 5527 5220 7676
5:00 72 72 0.0 0 0 0 0 0 0 0 0 [ [ 0 0 0 0 [
6:00 72 72 0.2 3301 1996 1382 13.11 134.86 53.68 13.11 1423667 638195 441828 1426968 640191 443209 786776 983758
7:00 73 72 13 21454 12972 8981 28.91 236.28 65.77 30 2514690 1127275 780421 2536144 1140247 789402 1395897 1746743
8:00 75 72 3.0 49510 29936 20725 41.10 264.86 47.56 44.24 2877272 1289812 892947 2926782 1319748 913672 1607034 2013111
9:00 77 72 5.2 85818 51890 35924 50.91 252.70 52.84 86.19 2968464 1330691 921248 3054282 1382581 957171 1671701 2097111
10:00 79 72 7.3 120475 72845 50431 58.38 213.14 58.38 124.28 2791260 1251254 866253 2911734 1324100 916684 1587635 1995050
11:00 81 72 9.0 148531 89809 62176 63.27 155.12 63.27 150.62 2401695 1076622 745354 2550226 1166431 807529 1383795 1742696
12:00 83 72 111 183188 110765 76683 68.29 86.45 65.40 162.31 1882995 844101 584378 2066183 954866 661061 1111317 1405122 o
13:00 86 72 135 222796 134714 93263 65.78 123.20 64.64 158.14 2167632 971697 672713 2390428 1106411 765977 1284017 1624451 8
14:00 88 72 155 255803 154671 107080 61.05 187.26 61.05 138.54 2628655 1178363 815790 2884458 1333034 922870 1551424 1961588 E
15:00 89 72 16.8 277257 167644 116061 54.78 236.64 56.09 105.58 2915109 1306773 904689 3192366 1474417 1020750 1717949 2171616 E
16:00 89 72 17.2 283858 171635 118824 46.07 263.14 48.78 63.14 2954109 1324256 916792 3237967 1495891 1035617 1742076 2202350 g
17:00 89 72 16.7 275607 166646 115370 35.06 256.26 66.20 36.14 2761203 1237781 856925 3036810 1404427 972295 1632383 2064514 S
18:00 88 72 15.6 257453 155669 107771 21.28 196.16 15.8 37.05 2017948 904597 626260 2275401 1060267 734031 1215134 1541370
19:00 86 72 14.4 237649 143695 99481 2.87 33.35 6.3 21.28 376144 168616 116734 613793 312311 216215 301482 397578
20:00 85 72 129 212894 128727 89118 0 0 0 0 0 0 0 212894 128727 89118 84167 123776
21:00 83 72 112 184838 111763 77374 0 0 0 0 0 0 0 184838 111763 77374 73076 107464
22:00 82 72 9.5 156782 94799 65630 [ [ 0 0 0 0 0 156782 94799 65630 61984 91153
23:00 80 72 8.2 135328 81826 56649 0 0 0 0 0 0 [ 135328 81826 56649 53502 78679
Averages Totals Totals 36,100,347 16,717,640 11,573,751 19,382,707 24,526,596 Cooling Load
81 72 9 3,419,504 2,067,607 1,431,420 611 2,639 726 1,171 32,680,843 14,650,033 10,142,330 0 [ ] 0 [ I Heating Load I
August 21 Fenestration Analysis
Conduction = Qg = UA(AT) Solar Radiation = Qg = SHGC(A)(E,)
Temperature (F) Total Conduction (Btu) E¢ Total Solar Radiation (Btu) Total Energy Transfer (Btu) Savings (btu)
| Time To T AT Current Design 1 Design 2 North South East West Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design 2
0:00 66 72 -5.6 -92419 -55881 -38687 0 0 0 0 0 0 0 -92419 -55881 -38687 -36538 -53732
1:00 65 72 -7.0 -115524 -69852 -48359 0 0 0 0 0 0 0 -115524 -69852 -48359 -45672 -67165 E
2:00 64 72 -8.0 -132027 -79830 -55267 0 0 0 0 0 0 0 -132027 -79830 -55267 -52197 -76760 g
3:00 62 72 -10.0 -165034 -99788 -69084 0 0 0 0 0 0 0 -165034 -99788 -69084 -65246 -95950 2
4:00 61 72 -11.0 -181537 -109767 -75992 0 0 0 0 0 0 0 -181537 -109767 -75992 -71771 -105545 )O>
5:00 61 72 -11.0 -181537 -109767 -75992 0 0 0 0 0 0 0 -181537 -109767 -75992 -71771 -105545 °
6:00 61 72 -11.0 -181537 -109767 -75992 23.94 64.28 17.26 5.49 829699 371934 257493 648162 262167 181500 385994 466661
7:00 62 72 -10.0 -165034 -99788 -69084 37.36 2207 33.18 36.06 2413498 1081913 749017 2248464 982125 679933 1266339 1568531
8:00 65 72 -7.0 -115524 -69852 -48359 47.81 263.63 39.04 69.53 2971359 1331989 922146 2855836 1262137 873787 1593698 1982048
9:00 67 72 -5.0 -82517 -49894 -34542 55.62 254.23 47.81 119.61 3092125 1386125 959625 3009608 1336231 925083 1673377 2084525
10:00 68 72 -4.0 -66014 -39915 -27634 60.66 213.28 55.62 161.10 2891534 1296205 897372 2825520 1256290 869739 1569230 1955781 8
11:00 71 72 -1.0 -16503 -9979 -6908 65.75 15211 60.66 189.14 2480590 1111988 769838 2464086 1102010 762930 1362077 1701157 'Q
12:00 73 72 1.0 16503 9979 6908 61.73 79.73 62.72 200.88 1843764 826515 572203 1860268 836494 579111 1023774 1281157 g
13:00 74 72 2.0 33007 19958 13817 57.72 127.57 61.73 195.20 2206676 989200 684831 2239683 1009157 698647 1230526 1541036 1)
14:00 75 72 3.0 49510 29936 20725 50.85 193.64 57.72 172.65 2657453 1191272 824727 2706963 1221208 845452 1485755 1861511 )U>
15:00 74 72 2.0 33007 19958 13817 41.32 242.79 50.85 135.44 2897920 1299068 899354 2930927 1319025 913171 1611902 2017755
16:00 74 72 2.0 33007 19958 13817 29.06 264.86 42.85 87.64 2851447 1278235 884932 2884453 1298192 898749 1586261 1985705
17:00 73 72 1.0 16503 9979 6908 12.65 244.01 31.60 36.25 2378753 1066337 738234 2395256 1076316 745142 1318940 1650114
18:00 71 72 -1.0 -16503 -9979 -6908 10.12 139.02 31.25 13.36 1390858 623488 431646 1374354 613509 424737 760845 949617
19:00 70 72 -2.0 -33007 -19958 -13817 0 0 0 0 0 0 0 -33007 -19958 -13817 -13049 -19190 z
20:00 70 72 -2.0 -33007 -19958 -13817 0 [ 0 0 0 0 0 -33007 -19958 -13817 -13049 -19190 ;
21:00 68 72 -4.0 -66014 -39915 -27634 0 0 0 0 0 0 0 -66014 -39915 -27634 -26098 -38380 5
22:00 67 72 -5.0 -82517 -49894 -34542 0 0 0 0 0 [ 0 -82517 -49894 -34542 -32623 -47975 )
23:00 66 72 -6.0 -99020 -59873 -41450 [ 0 0 0 0 0 0 -99020 -59873 -41450 -39148 -57570 )U>
Averages Totals Totals 30,443,580 | 13,574,862 9,397,081 | 16,868,718 21,045,509
68 72 -4 -1,643,739 -993,888 -688,077 555 2,460 592 1,422 30,905,675 13,854,268 9,591,416 1,181,643 714,482 494,641 467,161 687,002 Heating Load
September 21 Fenestration Analysis
Conduction = Qg = UA(AT) Solar Radiation = Q,, = SHGC(A)(E,)
Temperature (F) Total Conduction (Btu) £ Total Solar Radiation (Btu) Total Energy Transfer (Btu) Savings (btu)
I Time T T AT Current Design 1 Design 2 North South East West Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design 2
0:00 66 72 -5.6 -92419 -55881 -38687 0 0 0 0 0 0 0 -92419 -55881 -38687 -36538 -53732
1:00 65 72 -6.7 -110573 -66858 -46286 0 0 0 0 0 0 -110573 -66858 -46286 -43715 -64287 z
2:00 64 72 -8.0 -132027 -79830 -55267 0 0 0 0 0 0 0 -132027 -79830 -55267 -52197 -76760 ;
3:00 63 72 -9.2 -151831 -91805 -63557 [ [ 0 0 0 0 0 -151831 -91805 -63557 -60026 -88274 5
4:00 62 72 -10.3 -169985 -102782 -71157 0 0 0 0 0 0 0 -169985 -102782 -71157 -67203 -98829 )
5:00 61 72 -111 -183188 -110765 -76683 0 [ 0 0 0 0 0 -183188 -110765 -76683 -72423 -106505 )U>
6:00 61 72 -11.3 -186488 -112760 -78065 0 0 0 0 0 [ 0 -186488 -112760 -78065 -73728 -108424
7:00 61 72 -10.6 -174936 -105775 -73229 16.22 179.68 16.92 44.22 1844838 826996 572536 1669902 721221 499307 948681 1170595
8:00 63 72 -9.1 -150181 -90807 -62866 31.13 249.80 3113 110.17 2769280 1241401 859432 2619099 1150594 796565 1468505 1822534
9:00 65 72 -7.0 -115524 -69852 -48359 42.00 244.09 42.00 168.21 2972841 1332653 922606 2857318 1262801 874247 1594516 1983070
10:00 67 72 -5.0 -82517 -49894 -34542 49.85 201.00 49.85 213.24 2788359 1249954 865353 2705842 1200060 830811 1505782 1875031
11:00 69 72 -3.0 -49510 -29936 -20725 54.67 136.36 54.67 241.79 2345448 1051408 727898 2295938 1021471 707172 1274466 1588765 g
12:00 71 72 -1.0 -16503 -9979 -6908 59.72 60.57 56.32 251.69 1760300 789100 546300 1743797 779121 539392 964675 1204405 E
13:00 73 72 1.0 16503 9979 6908 54.74 134.89 54.74 242.19 2334368 1046441 724459 2350872 1056420 731368 1294452 1619504 ,e
14:00 74 72 2.4 39608 23949 16580 49.98 199.92 49.98 214.01 2782175 1247182 863434 2821783 1271131 880014 1550652 1941770 g
15:00 75 72 29 47860 28939 20034 42.20 24351 42.24 169.29 2972562 1332528 922519 3020422 1361466 942554 1658955 2077868 S
16:00 75 72 2.7 44559 26943 18653 31.39 250.23 31.39 11147 2778872 1245701 862409 2823432 1272644 881061 1550787 1942370
17:00 74 72 19 31356 18960 13126 16.95 182.53 17.29 45.60 1880297 842892 583540 1911653 861851 596666 1049802 1314987
18:00 73 72 1.0 16503 9979 6908 0 [ 0 0 0 0 0 16503 9979 6908 6525 9595
19:00 72 72 -0.2 -3301 -1996 -1382 0 0 0 0 0 0 0 -3301 -1996 -1382 -1305 -1919 z
20:00 71 72 -13 -21454 -12972 -8981 0 0 0 0 0 0 0 -21454 -12972 -8981 -8482 -12474 ;
21:00 70 72 -2.5 -41259 -24947 -17271 0 0 0 0 0 0 0 -41259 -24947 -17271 -16312 -23988 %
22:00 68 72 -3.7 -61063 -36922 -25561 0 0 0 0 [ 0 0 -61063 -36922 -25561 -24141 -35502 )
23:00 67 72 -4.6 -75916 -45902 -31779 0 0 0 0 0 0 0 -75916 -45902 -31779 -30013 -44137 )5
Averages Totals Totals 26,836,559 11,968,760 8,286,065 14,867,799 18,550,494 Cooling Load
68 72 -4 -1,622,284 -980,916 -679,096 449 2,083 447 1,812 27,229,340 12,206,256 8,450,485 1,229,503 743,421 514,676 486,083 714,828 I Heating Load I
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October 21 Fenestration Analysis

Conduction = Q4 = UA(AT) Solar Radiation = Qg = SHGC(A)(E,)
Temperature (F) Total Conduction (Btu) E, Total Solar Radiation (Btu) Total Energy Transfer (Btu) Savings (btu)
| Time To Ti AT Current Design 1 Design 2 North South East West Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design2 |
0:00 56 72 -16.5 -272306 -164650 -113989 0 0 0 0 0 0 0 -272306 -164650 -113989 -107656 -158318
100 54 72 -17.8 -293761 -177623 -122970 0 0 0 0 0 -293761 -177623 -122970 -116138 -170791 z
2:00 53 72 -19.1 -315215 -190595 -131950 0 0 0 0 [ 0 0 -315215 -190595 -131950 -124620 -183265 ;
3:00 51 72 -20.6 -339970 -205563 -142313 0 0 0 0 0 0 0 -339970 -205563 -142313 -134407 -197657 5
4:00 50 72 -22.0 -363075 -219534 -151985 0 0 0 0 0 0 0 -363075 -219534 -151985 -143541 -211090 )
5:00 49 72 -23.0 -379578 -229512 -158893 0 0 0 0 0 0 0 -379578 229512 -158893 -150066 220685 &
6:00 49 72 -23.5 -387830 -234502 -162347 0 0 0 0 0 0 0 -387830 -234502 -162347 -153328 -225483
7:00 49 72 -23.3 -384529 -232506 -160966 7.26 95.31 7.26 37.28 993629 445420 308368 609100 212914 147402 396186 461698
8:00 50 72 -21.6 -356473 -215542 -149221 2413 217.13 2413 131.86 2454749 1100405 761819 2098276 884863 612597 1213413 1485679
9:00 53 72 -19.0 -313565 -189597 -131260 35.36 222.06 35.36 199.55 2776421 1244602 861648 2462856 1055005 730388 1407851 1732468
10:00 56 72 -15.7 -259103 -156667 -108462 43.12 181.63 43.12 247.75 2621122 1174986 813452 2362018 1018318 704990 1343700 1657029 8
11:00] 59 72 -13.0 214544 129724 -89809 4765 11771 4765 27634 2181268 977810 676945 1966724 848085 587136 1118638 1379588  |=)
12:00| 63 72 95 -156782 -94799 -65630 51.65 61.40 4891 28429 1750268 784603 543187 1593486 689804 477557 903682 1115929 g
13:00 65 72 -7.0 -115524 -69852 -48359 46.85 134.65 46.85 271.26 2307968 1034606 716266 2192444 964755 667907 1227690 1524537 1)
14:00 66 72 -5.8 -95720 -57877 -40069 41.53 194.18 41.53 237.81 2689854 1205796 834782 2594134 1147919 794713 1446215 1799421 )U>
15:00 66 72 -6.0 -99020 -59873 -41450 32.98 226.31 32.98 184.98 2753737 1234434 854608 2654717 1174561 813158 1480156 1841559
16:00 64 72 -7.8 -128727 -77835 -53886 20.74 203.68 20.74 112,02 2255075 1010896 699851 2126348 933061 645965 1193287 1480383
17:00 63 72 -9.0 -148531 -89809 -62176 31.26 31.26 2.15 10.78 596589 267437 185148 448059 177627 122973 270431 325086
18:00| 62 72 -10.2 -168335 -101784 -70466 0 0 0 0 0 0 0 -168335 -101784. -70466 -66551 -97869
19:00| 61 72 115 -189789 -114756 -79447 0 0 0 0 0 0 -189789 -114756 79447 -75033 -110343
20:00 59 72 -13.0 -214544 -129724 -89809 0 0 0 0 0 0 0 -214544 -129724 -89809 -84820 -124735
21:00 58 72 -14.3 -235999 -142697 -98790 0 0 0 0 0 0 0 -235999 -142697 -98790 -93302 -137209
22:00 57 72 -15.4 -254152 -153674 -106389 0 0 0 0 0 0 0 -254152 -153674 -106389 -100479 -147763
23:00] 56 72 -16.0 -264054 -159661 -110534 0 0 0 0 0 0 0 -264054 -159661 -110534 -104394 -153520
Averages I Totals Totals 21,108,162 5,106,014 6,304,786 | 12,001,248 14,803,375
57 72 15 5,951,126 | 3,598,355 2,491,169 383 1,685 351 1,994 23,380,680 | 10,480,994 7,256,073 3,678,608 2,224,275 1,539,882 1,454,333 2,138,726 Heating Load
November 21 Fenestration Analysis
Conduction = Q o,q = UA(AT) Solar Radiation = Q,, = SHGC(A)(E,)
Temperature (F) Total Conduction (Btu) E Total Solar Radiation (Btu) Total Energy Transfer (Btu) Savings (btu)
[TimeT T T AT Current Design 1 Design2 | North South East West Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design2 |
0:00 48 72 -23.6 -389480 -235500 -163038 0 0 0 0 0 0 0 -389480 -235500 -163038 -153981 -226442
47 72 -24.6 -405984 -245478 -169947 0 0 0 0 0 -405984 -245478 -169947 -160505 -236037
46 72 -26.0 -429088 -259449 -179618 0 0 0 0 0 0 0 -429088 -259449 -179618 -169640 -249470 E
45 72 -27.0 -445592 -269428 -186527 0 0 0 0 0 0 0 -445592 -269428 -186527 -176164 -259065 %
44 72 -28.0 -462095 -279406 -193435 0 0 0 0 0 0 0 -462095 -279406 -193435 -182689 -268660 E
43 72 -29.0 -478599 -289385 -200344 0 0 0 0 0 0 0 -478599 -289385 -200344 -189213 -278255 g
43 72 -29.0 -478599 -289385 -200344 0 0 0 0 0 0 0 -478599 -289385 -200344 -189213 -278255 °
44 72 -28.0 -462095 -279406 -193435 0 0 0 0 0 0 -462095 -279406 -193435 -182689 -268660
46 72 -26.0 -429088 -259449 -179618 1439 15119 1439 11157 1726172 773801 535709 1297084 514353 356090 782731 940994
49 72 -23.0 -379578 -229512 -158893 2699 19131 2699  202.26 2420538 1085069 751202 2040960 855557 592308 1185404 1448652
52 72 -20.0 -330068 -199576 -138168 35.13 163.57 35.13 258.61 2398023 1074976 744214 2067955 875400 606046 1192555 1461909
56 72 -16.0 -264054 -159661 -110534 39.81 106.85 39.81 290.64 2030113 910050 630035 1766058 750390 519501 1015669 1246558
58 72 -14.0 -231048 -139703 -96718 43.82 50.92 41.17 299.85 1605513 719713 498263 1374466 580010 401545 794456 972921
58 72 -14.0 -231048 -139703 -96718 39.18 118.96 39.81 286.34 2119686 950204 657834 1888639 810501 561116 1078138 1327523
58 72 -14.0 -231048 -139703 -96718 33.86 171.71 33.86 249.91 2434853 1091486 755644 2203805 951783 658926 1252023 1544879
58 72 -14.4 -238309 -144094 -99757 2502 19099 2502  188.37 2364329 1059871 733757 2126019 915778 634000 1210242 1492020
55 72 -17.0 -280558 -169640 -117443 1120 12714 11.20 87.66 1427578 639949 443041 1147020 470309 325599 676711 821421
54 72 -18.0 -297061 -179618 -124351 0 0 0 -297061 -179618 -124351 -117443 -172710
53 72 -19.0 -313565 -189597 -131260 0 0 0 0 0 -313565 -189597 -131260 -123967 -182305 z
52 72 -20.0 -330068 -199576 -138168 0 0 0 0 0 0 0 -330068 -199576 -138168 -130492 -191900 ;
51 72 -21.0 -346571 -209555 -145076 0 0 0 0 0 0 0 -346571 -209555 -145076 -137017 -201495 5
50 72 -22.0 -363075 -219534 -151985 0 0 0 0 0 0 0 -363075 -219534 -151985 -143541 -211090 )
49 72 -23.0 -379578 -229512 -158893 0 0 0 0 0 0 0 -379578 -229512 -158893 -150066 -220685 )S
48 72 -24.0 -396082 -239491 -165802 0 0 0 0 0 0 0 -396082 -239491 -165802 -156590 -230280
Averages I Totals Totals 15,912,007 6,724,079 4,655,131 9,187,928 11,256,875 I Cooling Load |
50 72 -22 -8,592,330 -5,195,362  -3,596,789 269 1,273 267 1,975 18,526,805 8,305,120 5,749,698 5,977,531 3,614,321 2,502,222 2,363,210 3,475,309 I Heating Load |
December 21 Fenestration Analysis
Conduction = Q4 = UA(AT) Solar Radiation = Qg = SHGC(A)(E,)
Temperature (F) Total Conduction (Btu) E, Total Solar Radiation (Btu) Total Energy Transfer (Btu) Savings (btu)
| Time To T AT Current Design 1 Design 2 North South East West Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design 2 |
0:00 42 72 -30.1 -496752 -300362 -207943 0 0 0 0 [ 0 0 -496752 -300362 -207943 -196390 -288810
100 41 72 -31.2 -514906 -311339 -215542 0 0 0 0 -514906 -311339 -215542 -203568 -299364
2:00 40 72 -32.5 -536361 -324311 -224523 0 0 0 0 0 0 0 -536361 -324311 -224523 -212050 -311838 E
3:00 38 72 -33.7 -556165 -336286 -232813 0 0 0 0 0 0 0 -556165 -336286 -232813 -219879 -323352 g
4:00 37 72 -35.0 -577619 -349258 -241794 0 0 0 0 [ 0 0 -577619 -349258 -241794 -228361 -335825 E
5:00 36 72 -36.0 -594122 -359237 -248702 0 0 0 0 0 0 0 594122 -359237 -248702 -234886 345420 2
6:00 36 72 -36.3 -599073 -362230 -250775 0 0 0 0 0 0 0 -599073 -362230 -250775 -236843 -348299 °
7:00 36 72 -36.0 -594122 -359237 -248702 0 0 0 0 0 0 0 -594122 -359237 -248702 -234886 -345420
8:00 38 72 -33.9 -559465 -338281 -234195 5.94 7331 5.94 54.53 826206 370368 256409 266740 32087 22214 234654 244527
9:00 42 72 -30.0 -495102 -299364 -207252 21.00 170.53 21.00 179.19 2120497 950568 658085 1625395 651204 450833 974191 1174562
10:00 46 72 -26.5 -437340 -264438 -183073 30.18 160.96 30.18 248.04 2295586 1029056 712423 1858246 764617 529351 1093628 1328895 8
11:00 50 72 -22.0 -363075 -219534 -151985 35.62 112.86 35.62 287.24 2027218 908753 629137 1664144 689219 477152 974924 1186992 =}
1200 52 72 -20.0 -330068 -199576 -138168 40.18 48.00 37.67 30177 1543455 691894 479003 1213387 492318 340835 721070 872552 g
13:00 53 72 -19.2 -316865 -191593 -132641 36.35 99.68 36.35 292.44 1932653 866362 599789 1615788 674769 467148 941019 1148640 1)
14:00 52 72 -19.6 -323467 -195584 -135405 31.66 152.77 31.66 258.55 2264755 1015235 702855 1941288 819650 567450 1121638 1373838 )U>
15:00 52 72 -20.5 -338320 -204565 -141622 23.36 173.63 23.36 197.35 2214836 992857 687363 1876516 788292 545741 1088224 1330775
16:00 51 72 -21.4 -353173 -213546 -147840 9.95 111.63 9.95 89.46 1282722 575013 398086 929549 361467 250246 568082 679303
17:00 50 72 -22.5 -371327 -224523 -155439 0 0 0 0 0 0 0 -371327 -224523 -155439 -146804 -215888
18:00 48 72 -23.7 -391131 -236498 -163729 0 0 0 0 0 0 0 -391131 -236498 -163729 -154633 -227402 z
19:00| 47 72 -24.8 -409284 -247474 -171328 0 0 0 0 0 0 0 -409284 247474 -171328 -161810 237956 3
20:00 46 72 -25.6 -422487 -255457 -176855 0 0 0 0 0 0 0 -422487 -255457 -176855 -167030 -245632 E
21:00 45 72 -27.1 -447242 -270425 -187218 0 0 0 0 0 0 0 -447242 -270425 -187218 -176817 -260025 o
22:00 44 72 -28.2 -465396 -281402 -194817 0 0 0 0 0 0 0 -465396 -281402 -194817 -183994 -270579 )s
23:00| 43 72 -29.2 -481899 -291381 -201725 0 0 0 0 0 0 0 -481899 -291381 -201725 -190518 -280174
Averages I Totals Totals 12,991,053 5,273,623 3,650,970 7,717,330 83
7] 72 28 -10,974,761 | 6,635,902 -4,594,086 234 1,103 232 1,909 16,507,928 7,400,105 5,123,150 7,457,886 4,509,420 3,121,906 2,048,067 81 Heating Load
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Daily Cooling Load Values (tor the 21st day ot Each Month)

Conduction = Q4 = UA(AT) Solar Radiation = Q,, = SHGC(A)(E,)
Temperature (F) Total Conduction (Btu) E, Total Solar Radiation (Btu) Total Energy Transfer (Btu) Savings (btu)

| Time To T AT Current Design 1 Design 2 North South East West Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design 2 I
JAN 43 72 -29.0 -11,501,219 = -6,954,226  -4,814,464 267 1,274 264 1,988 18,539,887 8,310,984 5,753,758 14,649,713 5,968,127 4,131,780 8,681,586 10,517,933
FEB 39 72 -32.9  -13,024,483 = -7,875,269  -5,452,109 356 1,773 353 2,067 24,064,290 10,787,440 7,468,228 19,342,667 7,932,506 5,491,735 11,410,162 13,850,933

MAR | 48 72 241 -9527,413  -5760,761 3,988,219 | 453 2,195 451 1,876 28,392,048 12,727,470 8,811,325 | 24,154,186 = 10,203,203 7,063,756 | 13,950,983 17,090,430
AR | 60 72 124 4,894,908 | 2,959,712 2,049,031 | 546 2,545 586 1,465 31,649,517 14,187,715 9,822,264 | 29,421,558 = 12,840,577 8,889,630 | 16,580,982 20,531,928
MAY | 65 72 70 -2,754417 | -1,665462 1,153,012 | 607 2,663 761 1,166  32,895794  14,746390 10,209,039 | 31,839,576 = 14,107,747 9766902 | 17,731,829 22,072,674
WN | 75 72 26 1,033,113 624,673 432,466 630 2,694 865 1,051 33316871 14,935,149 10,339,718 | 34,677,121 = 15,761,439 10,911,766 | 18915682 23,765,356
e | 81 72 86 3,419,504 = 2,067,607 1,431,420 611 2,639 726 1,171 32,680,843 14,650,033 10,142,330 | 36,100,347 = 16,717,640 11,573,751 | 19,382,707 24,526,596
AUG | 68 72 42 -1,643739 = 993,888  -688,077 555 2,460 592 1,422 30,905,675 13,854,268 9,591,416 | 30,443,580 = 13574862 9,397,981 | 16,868,718 21,045,599
serT | 68 72 41 -1,622,284 = 980,916  -679,096 449 2,083 447 1,812 27,229,340 12,206,256 8450485 | 26,836,559 = 11,968,760 8,286,065 | 14,867,799 18,550,494
oct | s7 72 150  -5951,126 = -3,598355 -2,491,169 | 383 1,685 351 1,994 23,380,680 10,480,994 7,256,073 | 21,108,162 9,106,914 6,304,786 | 12,001,248 14,803,375
Nov | 50 72 217 8592330 & 5195362 -3596,789 | 269 1,273 267 1,975 18,526,805 8,305,120 5,749,698 | 15,912,007 6724079 4655131 | 9,187,928 11,256,875
DEC | 44 72 277 -10,974761 | -6,635902 -4,594,086 | 234 1,103 232 1,909 16,507,928 7,400,105 5,123,150 | 12,991,053 5273,623 3,650,970 | 7,717,430 9,340,083

ITotaISavings 297,476,530 130,179,477 90,124,253
Percent Savings 56% 70%

Monthly Cooling Load Values Monthly Cooling Savings
Total Daily (Million Btu's) Total Monthy (Million Btu's) Total Savings (Million Btu's) Cumulative Savings (Million BTU's)
| Time Days Current Design 1 Design 2 Current Design 1 Design 2 Design 1 Design 2 I I Design 1 Design 2 |
JAN 31 14.6 6.0 4.1 454.1 185.0 128.1 269.1 326.1 269 326
FEB 29 19.3 7.9 5.5 560.9 230.0 159.3 330.9 401.7 600 728
MAR 31 242 10.2 71 748.8 316.3 219.0 432.5 529.8 1033 1258
APR 30 294 12.8 8.9 882.6 385.2 266.7 497.4 616.0 1530 1873
MAY 31 31.8 14.1 9.8 987.0 437.3 302.8 549.7 684.3 2080 2558
JUN 30 347 15.8 10.9 1040.3 472.8 327.4 567.5 713.0 2647 3271
JuL 31 36.1 16.7 11.6 1119.1 518.2 358.8 600.9 760.3 3248 4031
AUG 31 30.4 13.6 9.4 943.8 420.8 2913 522.9 652.4 3771 4683
SEPT 30 26.8 12.0 83 805.1 359.1 248.6 446.0 556.5 4217 5240
ocT 31 211 9.1 6.3 654.4 2823 195.4 372.0 458.9 4589 5699
NOovV 30 15.9 6.7 4.7 477.4 201.7 139.7 275.6 337.7 4865 6037
DEC 31 13.0 53 By 402.7 163.5 113.2 239.2 289.5 5104 6326
[ Yearly Totals 9076.2 3972.4 2750.1 5103.8 63261 |
Percent Savings Percent Savings 56% 70%
June Surtace Irradiance December Surtace Irradiance

Time North South East West Time North South East West

5:00 0.19 2.27 1.33 0.19 8:00 5.94 73.31 5.94 54.53

6:00 17.3 166 71.48 17.3 9:00 21.00 170.53 21.00 179.19

7:00 31.76 244.95 76.68 32.64 10:00 30.18 160.96 30.18 248.04

8:00 43.31 264.95 57.79 46.06 11:00 35.62 112.86 35.62 287.24

9:00 52.66 248.94 55.07 78.63 12:00 40.18 48.00 37.67 301.77

10:00 59.75 207.69 60.96 114.69 13:00 36.35 99.68 36.35 292.44

11:00 64.33 149.33 64.33 139.13 14:00 31.66 152.77 31.66 258.55

12:00 69.37 81.25 66.18 149.24 15:00 23.36 173.63 23.36 197.35

13:00 65.21 128.44 65.21 143.97 16:00 9.95 111.63 9.95 89.46

14:00 61.49 190.67 61.49 123.87

15:00 55.17 238.18 57.15 91.09

16:00 46.51 263.18 50.30 49.94

17:00 35.67 256.16 71.98 37.09

18:00 22.33 200.05 78.04 22.33

19:00 4.63 51.45 27.34 4.63
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Thru-The-Wall Heating & Cooling Units

= magic pak

www.magic-pak.com « 1-866-282-7257




Designed and built for designers and builders

Simple installation makes Magic-Pak heating and cooling systems compatible with any
building design with multi-units. Our combination, through-the-wall units come in a
completely self-contained package, eliminating complicated installation procedures
associated with conventional systems. Building management is simplified with Magic-Pak
systems’ reliability and practical maintenance features. Service downtime is minimized, and
central-system shutdowns are entirely eliminated. Tenants have the option of convenient
individual controls. Building industry professionals such as architects, engineers and
builders have been requesting Magic-Pak heating and cooling products for over forty
years.We have a proven track record of successful and innovative products that keep
customers satisified. Magic-Pak units are well designed and prove that multi-unit heating
and cooling can be simple, easy and reliable.

GAS ALTERNATIVE

Magic-Pak Advantages

The MGE, MCE and MHP Magic-Pak units boast an
extensive array of features and product innovations,
and offer many valuable benefits to your customers:

MGE
Gas Heating &
Electric Cooling

- Unobtrusive design — small footprint and
wall-opening requirement

- Low operating sound levels

- Standard and high-efficiency cooling models

- Wide variety of louver colors — with custom colors
available

« Robust heating, cooling and air-side performance

- Antimicrobial insulation in air handling compartment
(MCE & MHP)

« Fully insulated cabinet

- Drain connection in chassis base for easy cleaning

- Large access panels — unit is serviced with chassis
in place

+ Low installed, maintenance and life-cycle costs

Maximizes energy-cost
efficiency in applications
where gas is available.
Uses only outside air

for combustion. Built-in
power vent eliminates
need for chimney.

Easy To Install, Simple To Service

Magic-Pak units come pre-wired and pre-charged with refrigerant. Simply place the self-contained combination unit,
attach the condensate drain, hook up power and thermostat connections (and gas line on our MGE). There are no
complications — no outdoor condenser units, no separate cooling coils, no external refrigerant lines, and no chimneys.

Once they're in place, building managers can virtually forget about them. Maintenance problems practically disappear
with the reliable design of Magic-Pak.



MCE
Electric Heating
& Electric Cooling

Provides the best
alternative to a heat
pump in all-electric
applications. A highly
efficient design.

MHP
Electric
Heat Pump

The energy-efficient
option for heating and
cooling where gas is
not available.

— Plenum

Exterior Wall Interior Wall

Front of Unit

C

(one each side)

|
| | Mounting Strap

Wall Sleeve ||| ——*
(one each side)

sill Plate —I3 - ‘:-4%‘3
T o

\ |

Platform (field supplied) - Must be level with sill plate of hole in exterior wall

— 3/4" Plywood Riser

Floor




Louvers

Polypropylene or aluminum
styles are available in four
standard colors, or can be
custom-painted to match

your exterior.

BONE WHITE

SANDSTONE

TAUPESTONE

SURREY BEIGE

Unit Specifications

Model

Heating
Capacities

Heating
Efficiency

Cooling
Capacities
(Nominal Tons)

Cooling
Efficiency
(EER)

Outdoor
Sound Power
(Decibels)

Air Volume

Range
(CFM @ .4" ESP)

Wall Opening

Footprint

Weight

Limited
Warranty

MGE

36 — 48 - 60 Mbtu

80% AFUE

1, 13, 2, 25

95-11.2

72-76

400-1030
29-1/8" W x 29-1/8"H
29-1/8" W x 32-7/8"H
28-1/16" W x 24-3/8" D x 58-7/8"H
28-1/16" W x 24-3/8" D x 59-7/8" H
28-1/16" W x 24-3/8" D x 64" H
220 - 300 Ibs.

5 Year Parts
10 Year Heat Exchanger

All specifications are subject to change without notice.
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MCE

3-5-7-10kW

100% AFUE

1,15,2,25

9.4-11.2

72-76

400-1030
29-1/8" W x 29-1/8"H
29-1/8" W x 32-7/8"H
28-1/16"W x 21-1/2" D x 43-7/8"H
28-1/16" W x 24-3/8" D x 47-13/16" H
28-1/16" W x 24-3/8" D x 55-13/16" H

165 - 235 lbs.

5 Year Parts

MHP

3-5-7-10kW

3.2-3.5COP
7.2 - 7.6 HSPF

1, 103, 2, 25

9.2-10.7

72-76

400-1030
29-1/8" W x 29-1/8"H
29-1/8" W x 32-7/8"H
28-1/16"W x 21-1/2" D x 43-7/8" H
28-1/16" W x 24-3/8" D x 47-13/16" H
28-1/16" W x 24-3/8" D x 55-13/16" H

185 - 255 Ibs.

5 Year Parts
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| Zmagicpak

www.magic-pak.com « 1-866-282-7257

©2008 Allied Air Enterprises Inc., a Lennox International Inc. Company

Printed in US.A.
D&S





