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Executive Summary

In Technical Report 2 analyses of the design load, energy consumption, and cost of operation
for the Water Bottling Facility were run. All of these calculations were found using the Carrier
program HAP. Information to perform these calculations was gathered form drawings and
specifications provided by the Water Bottling Facility’s engineer.

The first calculation of loads used a combination of building materials, area, solar loads, and

interior loads. With all of this information it was found that the building uses 21,745,119 kBTU
annually.

The energy consumption analysis used the total building load to find how much energy is used to power
the building. After running the numbers through HAP it was found that the building uses 19,103,240
kWh annually. This estimate is low because it does not account for the power drawn for two
thirds of the manufacturing equipment.

The cost analysis used the energy consumption to find that the energy bill of the Water Bottling
Facility should add up to about $2.09 million annually. Because the energy consumption was
missing the electricity drawn by the manufacturing equipment this number is also low. The
actual electricity bill of the Water Bottling Facility comes to about $3.7 million annually.

Based on the energy consumption the amount of emissions from the fuel burned to generate
electricity can be calculated. Since the building sector uses the majority of energy used in the

United States it is not surprising that the facility energy use produces 6.9 million pounds per year
of gaseous and particulate waste.

Mechanical System Summary

The Water Bottling Facility’s mechanical systems are comprised of 6 roof top air handling units,
a humidifier, 5 electrical and 4 gas unit heaters,17 VAV boxes, 35 exhaust fans, 16 supply fans, 8
indirect fired make-up air handling units, and 2 gravity hoods. In the mechanical rooms of the
facility there are 3 chillers, 4 heat exchangers, 5 compressors, and 3 boilers. Outside of the
mechanical rooms are 3 cooling towers. All of these systems contribute to maintaining an
acceptable environment within the spaces. There are 14 spaces with load and equipment
specific HVAC requirements.

WATER BOTTLING FACILITY JUSTYNE NEBORAK
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System Design Load Estimation

To analyze the load on the Water Bottling Facility, Carrier Hourly Analysis Program v4.6 (HAP)
was used. This allowed the loads to account for loads based on location, building materials,
occupancy, and equipment. HAP was selected over other load calculating programs because of
previous experience and availability. The energy analysis accounts for an entire year’s worth of
data, finding the peak design cooling and heating loads for the system.

Block Load Elements

Block analysis was used to minimize the amount of inputs into the load calculation program.
The increased speed for entry, minimization of mis-entry, and smaller file size which block
analysis makes it a good choice compared to space by space analysis especially because it
provides accurate results. Blocks for this analysis were selected based on location and zone
requirements resulting in 10 blocks.

0
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A-127

Figure 1: Block Load Calculation Boundaries

The figure above shows the breakdown of blocks. Orange represents the main office, blue the
production area, green the warehouse, purple the mechanical rooms, brown the Q.C. lab, and
red the H-3 essence room. The pink represents both levels of the shipping office and the yellow
both levels of the maintenance area.

WATER BOTTLING FACILITY JUSTYNE NEBORAK
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Load Sources and Modeling Information

Outdoor Air Ventilation

The outside air ventilation rates fulfill LEED requirements by using a 100% outside air enthalpy
economizer cycle. Several of the spaces go so far as to only have supply fans that bring in
outside air directly.

Design Occupancy

Design occupancy is relevant in the office spaces but used as a guide for the production and
warehouse. The number of occupants is extremely exaggerated based on the large area of
those spaces. The total number of people in each space can be found in the emergency egress
plan. This plan used such a large number of people based on how many people could
potentially be there.

The load was also influenced by this facility running on a 24 hour schedule. Although areas
within the Main Office are not occupied for the whole day, they make up a small percentage.
All other spaces, including the shipping office, operate on an around the clock basis.

Electrical Loads

Actual loads based on lighting were calculated. Computer loads were estimated in office spaces
based on one lap top per person. An estimation of production space load was made based on
information given in the specifications. Information for all production equipment was not
provided.

Weather Information
Design conditions for the Mid Atlantic town were given in the mechanical drawings and
confirmed using ASHRAE Handbook of Fundamentals 2009.

Heating Design Cooling Design Temperature No. Hrs.
Temperature Dry-bulb Wet Bulb 8 AM -4PM
99.6% 1.0% 1.0% 55 < Tdb <69
5°F 88°F 72°F 710

Table 1: Location Design Criteria

Space Requirements

The Water Process Area has design conditions of 80°+ 2°F maximum cooling dry bulb with a
cooling dew point of 48°F with a maximum of 50°F. For heating conditions, 60°F is the
minimum temperature. The space is generally not in need of heat due to the equipment load in
the space. The Water Process Area also requires about 0.05 CFM/SF for ventilation based on
ASHRAE 62.1, and a positive pressurization of 0.01” to 0.02” W.G. to the warehousing and 0.01”
W.G. to the outdoors. The space is designed to use an air enthalpy economizer cycle that
utilized 100% outside air

WATER BOTTLING FACILITY JUSTYNE NEBORAK
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The Injection Mold/Blow Mold/Filler Area has the temperature and humidity requirements as
the Water Process Area and also has a 0.01” W.G. positive pressurization relative to the
warehousing.

The Packaging Area has a cooling dry bulb design of 104°F or 10°F above ASHRAE’s 1% summer
design dry bulb. This is determined based on which temperature is closer to 90°F. Heating
design requirements has a minimum temperature of 55°F. Ventilation required in 5,000 CFM
per forklift, of which there are usually 2. The Packaging Area should have a positive
pressurization of 0.01” to 0.02” W.G. to the outside.

The Warehouse has the same cooling and heating design requirements as the Packaging Area.
The air changes required per forklift is also the same, but there is typically 1 forklift per 200,000
ft? of warehouse space. Pressurization is also the same.

The Utilities Room has minimum and maximum design temperatures of 50°F and 95°F
respectively. It also requires up to 12,000 CFM of outside air make-up for the compressors.

The Chiller Room has the same design temperatures as the Packaging Area for heating and
cooling. The chillers in the Chiller Room are connected to pieces of equipment with high heat
load to prevent overheating as well as to the roof top units.

The Boiler/Water Treatment Room also follows the specifications of the Packaging Area but is
cooled by ventilation only, not cooling or air conditioning. The boilers, like the chillers, are used
by specific pieces of equipment, as well as the roof top units.

The Electrical Room follows the same guide lines as the Packaging area with a max temp of
104°F or 10°F above the 1% summer design dry bulb. This space also is only ventilated, not
cooled.

The Chemical Storage Room follows the requirements of the Packaging Area for cooling, but has
a minimum temperature of 50°F with temperature sensors to prevent extremes of
temperature. The room is also negatively pressurized at 0.01” W.G.

The Q.C. Lab has a minimum temperature requirement of 68°F and a maximum of 75°F. The
humidity should be in the range of 35% to 45% in winter and 45% to 55% in summer with
positive 0.01” W.G. pressurization. All air in this space is make-up and cannot be recirculated.
This space has the most critical load of the entire facility.

The Maintenance Shop has a maximum temperature of 104°F or 10°F above outside air dry bulb
on the 2.5% design condition, depending on which value is closest to 95°F. The minimum
temperature for the space is 60°F.

The Shipping Office is conditioned to have a heating temperature of 68°F and a cooling
temperature of 74°F. The ventilation in this office space meets minimums required of local
code and LEED.

WATER BOTTLING FACILITY JUSTYNE NEBORAK
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The Main Office has the same design requirements as the Shipping Office.

Fire Pump Room follows the same requirements for cooling as the Packaging Area. The
Minimum temperature for the space is 45°F which is maintained by electric or gas heaters.

System Load Analysis Results

The table below shows the cooling, heating, supply, and ventilation requirements for the Water
Bottling Facility. The supply data was gathered from the AHU schedule within the drawings.
There were no calculations provided by the engineers.

Cooling Heating Supply Air Ventilation Air
(ft*/cfm) (Btu/hr*ft’) (cfm/ft?) (cfm/ft?)
Block Calculation 17.99 0.25 0.78 0.04
Data Supplied 3.33 2.80 0.57 0.14
Table 2: Block Load Calculation vs. Actual Rates

The variations seen in this table compared to those found in the mechanical schedule could be
a result of missing information and a very low cooling requirement for most spaces.

Monthly Mechanical Load
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Figure 2: Monthly Mechanical Load

As seen in the graph above the summer requires a much greater mechanical output while the
cooler months do not have any load requirements. This is because the processing produces
such a large amount of heat that heating is unnecessary unless that facility is not running in the
case of a holiday or other scheduled shutdown. These days were neglected in the load

calculation because they only occur about twice a year. This results in a total demand of
21,745,119 kBTU annually.

WATER BOTTLING FACILITY JUSTYNE NEBORAK
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System Energy Consumption & Operating Cost

Energy cost and consumption were taken into account in the HAP model based on the load
calculation. The cooling for the roof top units was provided by chillers which run on electric.
The heating via mechanical systems had very little impact on the total energy usage because of
the amount of heat generated by the equipment in the production portion of the facility.

System Energy Classification

According to the Annual Energy Consumption estimate produced by HAP, the Water Bottling
Facility consumes about 19,103,240 kWh annually. The majority of this energy was used to
light the space and run the equipment used for processing. HVAC systems used a mere 6% of
the energy consumed by the facility.

HVAC

6% \

Equipment

28% N\

Lighting
66%

Figure 3: Percent Energy Consumption per System

Monthly Energy Consumption
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Figure 4: Monthly Electrical Energy Consumption

Although there are 4 gas unit-heaters used in the building, their usage is limited to times of
facility shut down in very cold weather.

WATER BOTTLING FACILITY JUSTYNE NEBORAK
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Building Energy Cost Analysis

Energy cost was found via the electricity provider. The cost per kWh varies based on the type
of building it is going to. Since the Water Bottling Facility is industrial it falls in a category of
businesses that pay $0.10346/kWH. While this value may seem to be low, the amount of
energy consumed at the Water Bottling Facility causes it to add up quickly.

Based on the HAP calculations the annual energy cost to run the building is about $2.09 million.
The actual energy cost for the Water Bottling Facility in about $3.7 million annually. This large
cost difference is likely attributed to the additional production equipment whose energy
information was omitted from the specifications.

Environmental Impact Analysis

The means by which the electricity is produced varies throughout the country based on
available resources. The different colors in the figure below represent electrical grid
boundaries of electric companies and the dotted lines indicate the area that use different ratios
of fuels to produce the electricity. The graph on the right displays the percent of each type of
fuel used in the Eastern Interconnection, which is where the Water Bottling Facility is located.
The percentage of each contributing fuel influence the emission generated by the facility’s
energy use.

. 100% +
QUEBEC
INTERCONNECTION

NERC INTERCONNECTIONS O Solar (PV)

B Wind
- | W Geothermal
H Renewable fuels
B Hydro
Nuclear
O Other Fossil
M Petroleum Fuels
Q Natural Gas
— | OLignite Coal
P4 Subbituminous Coal
K Bituminous Coal
== Total Fossil

i
il
80% T - 5y

60% + - |

40% 1 -

FRCC

WESTERN AL Vi
INTERCONNECTION , . Y EASTERN
2 S INTERCONNECTION 20% + -1
&
7 ™ ~
~
ERCOT -~
INTERCONNECTION

0%

Percent of Electricity Generation

Eastern

Figures 5 & 6: Boundaries of Electrical Grid & Percent Fuel Source to Produce Electricity

The table on the following page shows the total weight of particulate matter produced annually
by the Water Bottling Facility. This total is a result of the electrical use of the building. The
emissions are not necessarily being emitted into the air around the facility but emitted at the
power station where the electricity is generated.

WATER BOTTLING FACILITY JUSTYNE NEBORAK
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More emissions are generated by the use of the gas unit heaters but because they are used so

seldom their contribution to the total emissions is minimal.

Regional Grid Emission Factors 2007 Calculated Emissions

Pollutant (Ib/kWh) (Ib/year)
Coze 1.74E+00 3.32E+06
co2 1.64E+00 3.13E+06
CHa4 3.59E-03 6.86E+03
N20 3.87E-05 7.39E+01
NOX 3.00E-03 5.73E+03
SOX 8.57E-03 1.64E+04
co 8.54E-04 1.63E+03
TNMOC 7.26E-05 1.39E+02
Lead 1.39E-07 2.66E-01
Mercury 3.36E-08 6.42E-02
PM10 9.26E-05 1.77E+02
Solid Waste 2.05E-01 3.92E+05

Building Energy and Cost Analysis Results

Table 3: Emissions Analysis

The results of the building energy cost analysis indicate that the impact of the equipment used

in the building outweighs the mechanical systems. Based on the significant impact seen in this

calculation including less than half of these components, the production equipment will trump

the energy demand of the lighting. This significant increase in the energy consumption is likely

to increase the energy cost by %. This also means that the emissions are likely to be increased

by %. Because the facility functions partly as a factory this large cost of operation and high

emissions output is expected.
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Areas of Exterior Walls, Windows & Doors

Block Ar(-;a # of People Ceiling Height (ft) Length Facing Compass Direction (ftz) / Doors (ftz) / Windows (ftz)
(ft?) NE/W SE/S SW/E NW/N
H-3 Essence 1650 17 19.5 - - - 675 21 16 - - - - - -
Main Office 17414 395 8 2176 21 438 - - - 2176 0 680 3103 0 939
Maintenance Mezz. 6690 22 16 - - - 2893 0 0 - - - - - -
Maintenance Shop 5311 53 12 - - - 1050 42 0 - - - - - -
Mechanical 17385 58 23.5 - - - - - - 9600 100 0 - - -
Processing 245176 2452 23.5 - - - 1280 221 0 6400 121 0 12240 84 0
Q.C. Lab 1378 14 10 - - - 265 21 0 - - - - - -
Shipping Mezz. 1906 6 16 1930 0 0 - - - - - - - - -
Shipping Office 1906 19 8.5 1158 21 57 - - - - - - - - -
Warehouse 285530 571 30 9280 1926 0 16000 1105 0 24800 21 0 16000 105 0
Blocks
@ Space Properties - [H-3 Essence] @ @ Space Properties - [Main Office] @

General I Internals | wallz, Windows, Doors | Fioofs, Skylights | Infiltration' Floors | Partit\onsl

General | Internals | Wallz, Windows, Doors | Fioofs, Skylights | Infiltration' Floors | Partitionsl

Mame IH-?- Essence Mame IMain Oifice
Floor Area 1650.0 e Floor Area 17414.0 i
Avg Ceiling Height IT ft Avg Ceiling Height Igu— ft
Building ‘Weight Im— IbAfE I_ Building ‘weight Im— IbAfE I_
Light  Med. Heawy Light  Med. Heawy
0 %entilation Requirement: 04 %entilation R equirement:
Space Usage IEDUCATIDN: Science laboratary LI Space Usage IDFFICE: Office space LI
04 Requiement1  [10.0 |cPM/person =] D& Requirement1  [5.0 |cPMsperson |
04 Requirement 2 |[|_1 g ICFM,‘HZ LI 04 Requirement 2 |l].l]B IEFMJHZ ;I
Space uzage defaults: ASHRAE Std 62.1-2007 Space uzage defaults: ASHRAE Std 62.1-2007
Defaults can be chanaed via Yiew/Preferences. Detaults can be chanaed via Yiew./Preferences.
’TI Cancel Help | ’TI Canecel Help |

& Space Properties - [Maintenance Mezz] @ & Space Properties - [Maintenance Shop] @
General | Internalz I wialls, Windows, Doors I Foofs, Skylights I Infiltrationl Floars I Partit\onsl General | Internalz | wialls, Wwindows, Doors I Fioofs, Skylights I Infiltrationl Floars I Partitinnsl
Name |Maintenance Mezz Mame |Mainlenance Shop
Eloor Area W i Floar Area W ft
Avg CelingHeight 1.0 ft Avg Ceiling Height 12,0 ft
Building Y/ eight 70.0 bt I_ Building Y/ eight 70.0 Ibft I_
Light Med. Heawy Light  Med. Heawy
04 entilation Requirement; 04 Ventilation Requirement;
Space Usage | EDUCATION: Wood/metal shop | Space Usage | EDUCATION: wood/metal shop |
D4 Requiremert1  [10.0 |CFM/person =] 04 Requirement1  [10.0 |CrM/person =]
04 Requiement2  [0.18 |c|=wnz LI 04 Requiement 2 [0.18 |c|=wnz LI
Space usage defaults: ASHRAE Std 62.1-2007 Space usage defaults: ASHRAE 5td 62.1-2007
Defaults can be changed via View/Preferences. Defaults can be changed via View/Preferences.
’TI Canicel Help ’TI Canicel Help

WATER BOTTLING FACILITY
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& Space Properties - [Mechanical]

General | Internalz I wialls, Windows, Doors I Fioots, Skylights I Infiltrationl Floors I Partit\onsl

Bl

& Space Properties - [Processing]

General | Internalz | wialls, Wwindows, Doors I Fioofs, Skylights I Infiltrationl Floars I Partitinnsl

=]

Space usage defaults: ASHRAE Std 62.1-2007
Defaults can be changed via View/Preferences.

Name |Mechanical

Eloor Area W i

Avg CelingHeight  [23.5 ft

Building Y/ eight 70.0 bt I_‘J—

Light Med. Heawy

04 entilation Requirement;

Space Usage I <UserDefineds LI
04 Requirement 1 ||]_|] IEFM Jperson LI
04 Requiement 2 [0.00 FRG Ba

Space usage defaults: ASHRAE 5td 62.1-2007
Defaults can be changed via View/Preferences.

Mame |Pmcessing

Floor Area W ft

Awg Celing Height  [23.5 ft

Building Y/ eight 70.0 Ibft I_J—

Light  Med. Heawy

04 Ventilation Requirement;

Space Usage I <User-Defined: LI
04 Requirerment 1 ||]_|] IEFM /person ;I
04 Requiement 2 [0.00 crmame -

L ox |

Cancel

Help

o |

Cancel

Help |

@ Space Properties - [Q.C. Lab]

General I Internals | wialls, Windows, Doors | Roofs, Skylights | Infiltration' Flaors | Partit\onsl

(=]

& Space Properties - [Shipping Mezz]

General | Internals | wialls, Windows, Doors | Roofs, Skylights | Infiltration' Flaors | Partitionsl

(=]

Hame [a.C. Lab

1378.0 f

Ava Cailing Height I] 0.0 ft

Floor &rea

Space uzage defaults: ASHRAE Std 62.1-2007
Defaults can be chanaed via Yiew/Preferences.

Building '/ eight Im— Ib/fE I_
Light Med Heawy
04 %entilation Requirement:
Space Usage IEDUCATIDN: Science laboratary LI
04 Requiremert 1 [10.0 |EFMJperson LI
04 Requiremert 2 [0.18 IEFM /i =]

Name |Shipping Mezz

1960.0 ft

Avg Ceiling Height I] 0.0 ft

Floor &rea

Space uzage defaults: ASHRAE Std 62.1-2007
Detaults can be chanaed via Yiew,/Preferences.

Building ‘weight Im— IbAfE I_J—
Light  Med Heawy
04 %entilation Requirement:
Space Lsage [OFFICE: Dtfice space ~|
04 Requirement1  [5.0 |CFM Jperzon ;I
04 Requirement 2 [0.06 IEFM At |

Lo |

Cancel

Help

o ]

Cancel

Hep |

&8 Space Properties - [Shipping Office]

General | Internalz I ‘wialls, Windows, Doors I Fioots, Skylights I Infiltrationl Floors I Partit\onsl

Bl

&= Space Properties - [Warehouse]

General | Internals | wialls, WWindows, Doors I Fioofs, Skylights I Infiltrationl Floars I Partitinnsl

=]

Hame |Shipping Office

Il 906.0 f

85 ft

Floor Area

Awg Ceiling Height

Space usage defaults: ASHRAE Std 62.1-2007
Defaults can be changed via View/Preferences.

Building weight Im— IbFE I_
Light Med. Heawy
04 entilation Requirement;
Space Usage [OFFICE: Difice space |
04 Requirement 1 |5_|] ICFM /person LI
04 Requiement 2 [0.06 [crmsme =1

Name |W’a|ehuuse
Floor Area |28553l].l] it
Avg Ceiing Height (30,0 ft

Building weight

|7|]_|] Ib/fE

Light  Med.

04 Ventilation Requirement;

— S

Space Usage IMISCELLANEDUS: Warehouse

04 Requirement 1 ||]_|] ICFM.-’person

04 Requiement 2 [0.06 |crrste

Space usage defaults: ASHRAE Std 62.1-2007
Defaults can be changed via View/Preferences.

[ o |

Cancel

Help

[ o |

Cancel

Help
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@i Wall Properties - [Default Wall Assembly] @ & Roof Properties - [Default Roof Assembly] @
Wall Azsembly Mame: IDefauIl ‘Wall Azsembly ;I Fioof Assembly Mame: IDefauIl Roof Assembly j
Outside Surface Color: Inghl - Dbsorptivity: IU-450 Outside Surface Color: | Light vl Absorptivity: [0, 450

Lo oOusae (1o Dot TSl mite T Vet R
Inside surface resistance 0.000 0.0 0.00 0.68500 0. Inside surface resistance 0.000 0.0 0.00 0.6850 0.0
Gypsum board - 0.625 50.0 0.26 0.56000 25 } |Steel deck ;I 2.000 489.0 0.12 0.00011 1.4
8-in L' concrete - 6.500 40.0 0.200  5.41667 21.7) Board ingulation ~| 1000 20 0.22 6.94400 0.2
R-19 batt insulation - 1.500 0.5 0.20 4.80769 0.1 |Membrane - 0.250 70.0 0.35 0.22163 1.5
4-in HW concrete ~| 2250 1400 020 018750 £ | |Outside surface resistance | 0.000  0.0] 0.00 033300 0.0

| |Dutside surface resistance | 0.000) 0.0/ 0.00  0.33300 0o Totals | 3o | | g.1g 30
Totals 10875 | | 11.94 506 Dveral L ajue DA22BTU it /P

Overall - alue: a DE%BTU!hu‘fHF

o |

Cancel

Help

0K I Cancel Help
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Appendix B - Weather Information
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