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1. EXECUTIVE SUMMARY 
Long Island has been called the “Green Capital of America,” and with Long Island having above 
average grid costs and generous tax incentives for implementing renewable resources, Element 
Engineering Consultants has an innovated “green” design that will set an example for the rest of 
America.  Element Engineering Consultants are faced with a challenge of designing a state of-
the-art building for State University of New York (S.U.N.Y) using renewable resources and 
hydrogen to produce electricity for the building’s energy needs, using renewable technologies, to 
lessen the dependence on the grid. 
 
The proposed design focused on a few key aspects including: using renewable resources, using 
hydrogen, adding green technologies (while adhering to the LEED standards) and promoting the 
building’s green renewable resources and technologies to the surrounding community and nation. 
Element Engineering Consultants have selected two renewable resources.  A total of 700 solar 
panels will be mounted to produce an average of 577.5 ⁄  throughout the year.  The 
energy from the solar panels will feed directly into our building.  The building’s energy needs 
totals 1773  / , so the remaining energy must come from our second renewable energy 
source, horizontal wind turbines.  The design includes 10 horizontal wind turbines producing a 
total of 1200  / . With our renewable resources producing more energy than the building 
requires, the excess energy produced can be fed into the steam methane reformer to generate 
hydrogen. 

On some days there may be no sun or no wind so the design must account for an alternate way of 
supplying the building its energy needs.  Excess energy produced by renewable resources will 
run the steam reformer (mixed with renewable natural gas from a landfill) and PEM fuel cell to 
produce 75   of power.  The PEM fuel will run when the renewable resources fail to meet the 
buildings energy needs.  With the two alternative ways to supply the building’s energy needs the 
proposed design will be independent of the grid, but will be connected for backup purposes. 

Green technologies will be implemented in the building to save energy.  The architecture of the 
building is designed to maximize daylight using large window spaces. The mechanical design 
provides efficiency through the use of CHP. The electrical design focuses on active day lighting 
fixtures, fiber optic lights, and occupancy density controls. The plumbing design incorporates 
low flow fixtures, no flow urinals, rainwater collection, and sewage recycling in order to 
supplement the gray water demand.  With renewable resources and green technologies the LEED 
rating will be 48 points out of 69 possible points which will certify the design as a gold rating. 

Long Island has been ahead of the curve when it comes to the green movement and Element 
Engineering Consultants hope to continue community awareness of the importance of saving the 
environment through our green student center.  The advertising plan will highlight the building’s 
key green features such as the use of renewable resources, fuel cell and other green technologies 
that save water and energy.  Another important aspect to promote will be the economics of the 
building.  It costs less to supply the building’s energy needs using renewable resources and PEM 
fuel cell than being connected to the grid. 
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2. TECHNICAL DESIGN 

2.1. Design Documentation/ Drawing 
The function of the architectural design is to create an environment. The environment has both 
physical and physiological effect in the occupants, which impacts human productivity, building 
operational efficiency and effectiveness of natural resource use. Building orientation and 
geometry, building envelope, arrangement of spaces and local climatic characteristics are all 
elements that are addressed in the building design. 

2.1.1. Site Orientation 
Building orientation affects many aspects of green design including ranging from energy 
performance. Considerations of the solar orientation; 
prevailing winds; availability of natural light; shading 
created by natural light; vegetation; and views –all 
impacted our design choice. Our site orientation will also 
have impacts on landscape choices and irrigation water 
consumption. Buildings that minimize east and west 
exposures, especially where lots of glass is used are 
generally more energy efficient because of large solar 
heat gains associated with east and west facing 
elevations. In our design we have chosen to be 
symmetrical with the current campus, bicycle spoke shape, 
geometry but this does limit the east and west exposure to a degree. 

2.1.2. Building Geometry 
A buildings overall geometry has a significant impact on a buildings functionality, energy 
efficiency, and occupant performance. One of the most important considerations is the effect 
form has on natural lighting. Glazing size, orientation, and occupant’s distance from glazing 
determine the quality and quantity of natural light. The most desirable natural light comes from 
the north (which we have utilized in our placement); it has the least solar heat gain and is 
composed of diffused light. The distance natural light will travel into the interior is dependent on 
window and ceiling height. The quantity of light is then dependant on the glazing area. The 
quality of light is determined by the glazing characteristics. The usefulness of natural light to 
meet task lighting requirements is a function of light quality on task surfaces.  

2.1.3. Building Envelope 
The building envelope performs the primary functions of keeping the weather out (and, when 
feasible, letting its good aspects in), and its design is a key factor that defines how well a 
building and its components perform Construction materials and techniques of the building 
dictate the usefulness of service life to the building, HVAC sizing, structural design and 
maintenance costs. 

2.1.4. Arrangement of Grouping Spaces 
The architectural design calculations also have adverse effects on the HVAC system 
performance. The objective is to avoid unnecessary energy use by providing the capability to 
shut down or scale back system operations serving areas of the building used. We want to avoid 

Figure 1: Arial View of the Proposed Site 
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the need to use multiple air handling systems for the building because we do not want to power 
one system for only one small zone of the building. 

2.1.5. SUNY-Farmingdale Architectural 3D Design & Floor Plan 

 

 

 

 
 
 
 

 
 
 
 

 

 

 

 
 
 
 
 
 
 
 
 
 

 
Figure 2: Floor Plan & 3D Rendering of Element Student Union 

2.2. Mechanical Design Documentation 

2.2.1. Building energy loads 
In early stages of a building design such as is the purpose of Element Engineering, one needs to 
design and analyze the building’s energy loads. The buildings energy loads will be measured and 
compared in how many kilowatt-hour of electricity and BTU’s of natural gas usage throughout 
the year. To conduct the estimated energy loads for a year for the building, a freeware software 
name eQuest Quick Energy Simulation Tool will be utilized.  Heating, Ventilation, Air 



 

6 | E l e m e n t  S t u d e n t  U n i o n  
 

Conditioning, Water system, Kitchen, and Equipment loads will be analyzed as well when 
considering the building energy loads. 

2.2.1.1. Lighting Calculation  
There are several factors that must be considered in lighting design. The following is the step by 
step process in solving for the exact number of lighting fixtures to be used in the building. First 
we must find the room cavity heights hcc, hrc and hfc. This is done by considering the luminaire 
plane, working plan and floor cavity. In our case we will estimate.  

   
Next we calculate the different cavity ratios:CCR , RCR and FCR . This is solved by the 
equation. 

( )
WidthLength

WidthLengthhoCavityRati
×
+

=
5 . 

Then, estimating the ceiling and floor reflectances: 
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After using tables and interpolating for the coefficient of utilization. Then, considering moderate 
life and use, the LLD = 83% and the LDD (luminaire dirt depreciation) = 70%. 

From this, we calculate the total lumens 
LDDLLDCU
areasFootcandleLumens

××
×

=   and therefore we divide 

the total lumens by the specified lumen output for the selected lamp. From this we find the 
number of fixtures and maximum watts from lighting. 
One possible light selection is the following: 

Lamp Type Hot Cathode Fluorescent  
Length 64  
watts 30  
LDD at 18 months 0.75  
LLD 0.83  
Current (amps) 0.2  
Volts 233  
Life 7500  
Cool White (Lumens) 3000  
Lamps/Luminaires 4  

Table 1: Lighting Fixture Sample 
 

From the calculations, the demand is 11498027 lumens and therefore 2874 lamps. Estimating at 
a liberal factor (considering daylighting, 70% occupancy load and the possibility to select other 
more efficient lamps) our building load could be as low as 10-15 kW. 

2.2.1.2. Energy Simulation 
The eQuest energy simulation is a basic energy analysis tool that is simple to use but yet 
powerful enough to provide detail calculations for each element of the building system. Input 
information for eQuest analysis is extensive. The input parameter are but not limited to: Building 

0.1=cch 0.6=RCh 0.6=FCh
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shape, zoning by activity area, construction materials, insulation attributes, windows and doors 
glass definitions and placement, sky lighting, occupancy schedule, HVAC system definition and 
set points, and domestic hot water heating system.  Most valuable output that eQuest produces is 
a monthly energy consumption spreadsheet as shown below: 

 

 

 
Figure 3: eQuest Output Results 

2.2.1.3. Heating, Ventilation & Air Conditioning  
HVAC equipment contributes greatly to the energy footprint of any building. As simulated in the 
eQuest simulation, one can clearly see that ventilation fans contribute 50% of the buildings 
electricity usage during any given month and heating and cooling use an abundant resource of 
natural gas.  
 
Heating – The building will be heated through use of a natural gas boiler which produces hot 
water for a heat exchanger, which supplies the energy to heat up the outside air supplied by a 
ventilation fan. The boiler will need to be rated at -906kBTU/hr and maintain a flow of 45 
gal/min.  These design values are obtained from the eQuest simulation. 
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Cooling – The building will be cooled through use of an absorption chiller. An absorption chiller 
is selected over a conventional chiller because of its use of natural gas as a fuel. Using natural 
gas as an energy source will help alleviate the electrical load on the overall electrical system. A 
description of how an absorption chiller differs from conventional chiller is well described by the 
Carrier website as following: 

The refrigeration cycle for a conventional vapor compression chiller and an absorption 
chiller are similar in that both produce chilled water via the evaporation and condensation 
of a refrigerant at different pressures within the machine. However, a conventional chiller 
uses a mechanical means to compress and transport the refrigerant vapor to the condenser, 
while an absorption chiller depends on a thermo-chemical process involving lithium 
bromide and water to establish the pressure differential in lieu of mechanical compression. 
While most vapor compression chillers utilize electricity as its energy source to operate 
the machine, absorption chillers use heat, typically in the form of steam, hot water or 
through the direct combustion of natural gas.  

 
eQuest design simulation states the chiller will require a chilled water loop capacity of 1.56 
MBTU/hr and a flow of 315 gal/min. A Carrier 16DJ 108 ton absorption chiller meets these 
requirements and is approved to meet ASHRAE 90.1 building energy standards. The absorption 
chiller also is capable of supplying hot water heating; this feature of the absorption chiller will be 
used as a backup heating source of hot water.  
 
An absorption chiller needs to be connected in series with a cooling tower to condense the water 
and dissipate heat to the environment. This cooling tower must be sized according to the chiller 
that it is connected to. It is calculated through simulation that the rated capacity of the cooling 
tower needs to be 2.97MBTU/hr with a flow rate of 600 gal/min. 
 
Ventilation – Air flow and fan control is an important part of a building design. Each area and 
zone of the building must have proper ventilation according ASHRAE 62.1 ventilation 
guidelines. The guideline gives minimum/design air flow requirements for each type of zone, for 
example a corridor should be designed to have an outside supply air (OSA) ventilation of 50 
CFM / person. Table 2 below shows the design OSA flow rates for each zone as simulated by 
eQuest. The ventilation fan system will be designed to supply 10,000 cfm of outside air while 
having supply flow of 41,000 cfm into the overall system. 

 
Table 2: Zone CFM 

 
Please see the Appendix A for the section on Heat Loss & Heat Gain 



 

9 | E l e m e n t  S t u d e n t  U n i o n  
 

2.2.1.4. Water System 
Because of the amount of rainfall that Farmingdale, NY sees every year, our design will account 
for rainwater collection into our system. First, we must do some calculations to find the daily 
water demand in order to select a cistern size. 
 
First, reduce values by 25%, assuming simple conservation measures such as low flow toilets 
and waterless urinals. Then reduce values by 50% for partial recycling. Estimating the 
population at the buildings capacity for one day we will assume that there are 2100 students and 
faculty per day and that the building is zoned as a daytime building with cafeteria, but no 
gymnasium or showers (Stein, Reynolds). We receive a number of about 6500 gal/day. We will 
try and utilize as much of the rainwater as possible to cover the grey water use in the building. 
Also, assuming a flat roof with a catchment yield of approximately 40000 square feet and the 
average rainfall for Farmingdale, NY taken from NOAA, we can calculate the possible amount 
of rainwater to be used by the building. [34] Rainfall Detail is shown in the Appendix E 
 
To summarize this, we can save approximately 1,574,880 additional gallons of water by 
choosing the appropriately sized cistern tanks. 
 
Since NY does not see too many dry days, we will select the cistern size to be that equal to the 
greatest average monthly rainfall for the averages from 2007. This means 6 - 50,000 gallon 
tanks. These can be stored in the basement of the building or underground in the surrounding 
area. 
 
The following system comes with Function: Medium capacity rainwater system with vortex 
rainwater fine filter, storage tank floating filter, smoothing inlet, multi-functional overflow 
device, level indicator, float switch, purification kit and pump for residential and commercial 
use. The package works on roof areas up to 5,500 square feet to collect rainwater for site 
irrigation, toilet and urinal flushing, janitorial use, fire protection, evaporative cooling tower 
make-up, process water, showers, washing machines, dishwashers, and other potable or non-
potable uses.  
Please see the Appendix G for the section on Black Water Treatment [29] 

2.2.1.5. Kitchen / Equipment Loads 
In a building that will be serving and preparing food for a large body of people, electricity usage 
in such area is significant and must be accounted for. Kitchen and office equipment use a large 
amount of electricity in a building, and to confirm that the building is not excessively loaded by 
such equipment Element Engineering conducted a quick analysis of proposed equipment in the 
building. Appendix C shows variety of equipment used throughout the kitchen, office and 
multipurpose room, a generic operating time period for a day, and energy consumption for a day. 
The analysis shows total equipment of 36kW and an average daily consumption of 236 kWh. 
Assuming operation of the equipment of 22 days a month, the average monthly consumption is 
5200 kWh. The theoretical calculated value of 5200 kWh falls within the range of our simulated 
results from eQuest of 4600 – 5600 kWh. Kitchen Load Summary is provided in Appendix C 
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2.3. Mechanical Schematic 
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2.3.1. Wind Turbine 
One of the renewable sources that will provide power for the building and hydrogen generation 
is a series of wind turbines.  Several factors were considered including rate of power generation, 
size, price, and local area conditions.  The area of Farmingdale experiences an average wind 
speed of 6 m/s.  Since larger wind turbines require wind speeds in excess of 10 m/s to generate 
electricity, smaller wind turbines will be used to guarantee power generation.  Several models 
were considered but ultimately the Bergey 10 kW AXIAL turbine with a self-supporting lattice 
tower was chosen.  This tower has a cut in speed of 3.1 m/s which produces electricity rated at 
240 VAC at 60 Hz.  The price for the turbine is $29500 and the tower is $22700.  In our design 
we will be using 10 wind turbines, with will be placed in the empty space next to the 
maintenance building. See appendices for pictures.  

2.3.2. Solar Power 
New York adopted a Renewable Portfolio Standard in 2004, making it one of the first states to 
participate in a mandated effort to move its public utility companies toward alternative energy 
sources. The targeted goal is a 24% reliance on clean energy by the year 2013 for all investor-
owned utilities. To help the state of New York reach this goal, solar energy is one of two 
renewable energy supplies to the building.  The proposed plan calls for solar energy to provide 
power for the buildings.  Element Engineering consultants will select the GEPV –165, from 
General Electric as the solar panels.  The panels will produce 1   per 93  .  Each panel will 
have a voltage rating of 25 Volts and a current rating of 6.6 Amps.  There will be a total of 700 
solar panels equaling a total of 10,850  .  This will produce 115.5  per “sun hour/day.”  On 
average, the Long Island area receives 5 “sun hours/day,” thus creating an average 
of 577.5 ⁄ .  To ensure that the panels receive the 5 “sun hours/day” the panels will be 
mounted on a rotating rail system.  A small motor of 2 hp will rotate the panels on a 15° 
parabolic path to face the sun to receive the maximum amount of energy.    The current will flow 
from the panels to four main batteries 500 kW before being inverted into A.C. current. 

2.3.3. Steam Methane Reformation 
Element Engineering consultants will be using Steam Methane Reformation to generate 
hydrogen.  Steam Methane Reformation is a process of separating chemical compound and 
element by chemical reaction.  In our design we will be using methane (we can also use natural 
gas from renewable source) and water reaction to generate hydrogen. Below it shows the 
chemical reaction that is used in steam Methane Reformation: 

2     
:  1 &  4 

3  
In this project Element Engineering group decided to use H2Gen Innovations, Inc. as our 
supplier for HGM3000, which generates 3000scfh (80.4 Nm3/hr). The Hydrogen Generating 
Module (HGM) is a skid built, turn-key steam methane reforming plant that converts natural gas 
and de-ionized water into hydrogen. The HGM includes an on-board gas purification system that 
provides up to 99.9999% pure hydrogen. The cost of this unit is $550,00.00 that includes the 
installation cost of the following unit.  In this design it will need a maintenance done every year 
that will be costing about $2000-$5000 each year.  Below it shows some input and output data 
for HGM 3000 [25]: 
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Figure 4: Steam Reformation Schematic [25] 

2.3.4. Hydrogen Compressor & Storage 
In this design we will need a hydrogen compressor and storage device. Hydrogen compressor 
will increase the pressure of the hydrogen gas to 5000 psi, which then will be stored in the 
hydrogen tank capable of storing 500 kg of compressed hydrogen gas. It will be filled as it is 
used by PEM Fuel Cell. The hydrogen cylinder will be located outside above ground 25 ft from 
the building as per Chapter 12 of building standard commission (2209.3.1 Separation from 
Outdoor Exposure Hazards).  In addition there will be certain safety measure that will be used 
for keeping track of hydrogen storage. It will include hydrogen detection equipment and monthly 
inspection of the cylinder.   

2.3.5. PEM Fuel Cell 
There are many different kind of fuel cells that can take hydrogen and converted it into 
electricity.  Polymer Electrolyte Membrane (PEM) fuel cells are the type typically used for 
industrial purposes. A PEM fuel cell uses hydrogen fuel and oxygen from the air to produce 
electricity.  PEM fuel cell is widely used in automotive industries and in some cases used in the 
building projects.  PEM fuel cell technology is currently maturing as a system. So in future it 
will be used widely in the industries to overcome their energy need.  PEM Fuel Cell uses 
Hydrogen Gas, Air (Oxygen), and water to generate electricity.   
 
In our student center design we used 150kW rated fuel cell called HyPM-HD150 by Hydrogenics 
Corp. This product is currently under design phase and will be ready to use in 2009.  If run at 
maximum capacity this fuel cell can generate about 3600 kWh/day.  In our design our Steam 
Methane Reformer is generating 1333 L/min of hydrogen and this fuel cell needs 2137 L/min. So 
we have to run reformer 1.6 hrs to generate the enough hydrogen to run a fuel cell for 1 hr of.  
Also the cost of running the fuel cell is coming out to be $1/kWh, which is very expensive 
comparing to the Grid electricity ($0.15/kWh)   Therefore we will be running our fuel Cell as our 
back-up power unit.  We will be running the fuel cell when there is no solar energy or no wind 
energy.  Our estimation includes Fuel Cell running for 120 hr/ Yr = 2 weeks/ year. In the figure 
below it shows the process of the PEM Fuel Cell, technical input and output data, cost & 
Efficiency of the system: 
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Figure 5: PEM Fuel Cell Diagram 

2.3.6. Batteries 
The batteries there are used in this building is manufactured by American Power Conversion 
Corporation (APC). Element Engineering Group will be using “APC Symmetra MW 600kW 
Frame, Input 400V 3PH / Output 400V 3PH, Interface Port RJ-45 10/100 Base-T” batteries.  We 
will be using 5 X 600 KW of batteries, which is equal to 3000 KW.  2400 kW battery will be 
used to store the energy from the wind and solar power and 600 kW batteries will be used to 
store the energy from PEM Fuel Cell.  The cost of the battery is $7,904.00/ per battery. The total 
cost of the battery in this design will be approximately $50,000. The following cost includes the 
installation cost [26]. 

 
Figure 6: Energy Efficiency Chart 

2.4. Electrical Plan Documentation 
Effective electrical distribution is vital for building performance and safety.  The first step is to 
convert all power sources to the appropriate voltage.  The HGM 3000 hydrogen reformer has an 
input voltage of 480 volts of AC current.  A step-up transformer will convert the 240 volts of AC 
current to the proper 480 volts.  The three sources of electricity for the building are the PEM fuel 
cell, the photovoltaic panels, and standard grid power.  The PEM fuel cell will be converted from 
450 volts to 208 volts three phase AC current.  The photovoltaic panels need a step-up 
transformer to convert from 25 volts of AC current to 208 volts of three phases AC current.  Grid 
power must be transformed from 1200 volts AC current to 208 volts AC current.  Each AC 
source will have its own switchboard for a network distribution.  This will allow for continuous 
power to be supplied to the building without interruption if one source malfunctions.  
Switchboards will be used instead of load centers because they can handle higher amperages and 
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are more appropriate for larger buildings. The three switchboards will supply the service panels 
for the main loads of the building.  Two service panels will be used for the kitchen and another 
two will supply the student lounge area.  Two will be necessary to handle the higher loads 
associated with those areas.  Single service panels will be used for the HVAC system, the 
multipurpose room, the office area, and lighting.  From the service panels wiring will be installed 
for the various outlets throughout each area.  Molded conduit will be used in areas where behind 
the wall wiring is not feasible, such as on brick or stone.  The below figure is a one-line diagram 
showing the electrical system.  

 
Figure 7: Electrical Schematic Diagram 

2.5. Plumbing Plan 
The Intent of our water system design is to minimize, by selecting low flow fixtures, the water 
demand. Our building will consist of water closets (toilets), urinals, lavatories (bathroom sink), 
kitchen sinks, dishwashers, drinking fountains and the HVAC system. 
 
To begin, we will focus on the bathroom demand, which accounts for most of the buildings water 
needs. Using existing data we are able to calculate the water demand by estimating the occupant 
density of the building for males and females, per zone of the building, then multiplying by a 
demand factor. 

 
While the urinal uses no water, the toilet uses just 1.28 gallons per flush, saving as much as 
3,200 gallons of water annually over a traditional 1.6-gallon toilet. 
 
Using these fixtures we can compare the data for Average and LEED standards for water 
demand. 

 

 
The 
Element US Average 

LEED 
Baseline 

Your estimated water use*  
Gallons per person per day: 34.6 48.3 50.9 
Gallons per day: 34,600.00 48,300.00 50,880.00 
Gallons per month: 1,052,428.20 1,469,141.10 1,547,617.00 
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Gallons per year: 8,650,000.00 12,075,000.00 12,720,000.00
% Reduction vs. average: 28.40% 
% Reduction vs. LEED 
Baseline: 32.00% 

Table 3: Water Savings Chart [33] 

Our proposed selections save an additional 32% more water than a LEED Certified building. 
This equals about 4 million gallons per year. 

2.6. Energy Conservation Attributes 

2.6.1. Daylighting 
Daylighting is one of the best options to reduce lighting load. Though the building will still need 
to be designed for lights during the night time there are several reasons why we should choose 
daylighing. In addition to the buildings night lighting we can use active daylighting fixtures and 
Fiber Optic Solar Lighting. This could potentially reduce energy costs by 20 – 25 percent and the 
emission of greenhouse gases by 10 – 15 percent [36]. Facts and figures are shown in Appendix 
D  

2.6.2. Room Control Systems 
Several companies have begun leading the way in optimizing energy demands in buildings. One 
of the systems is the CN100 created by Leviton Manufacturing. It helps build a complete 
integrated energy management lighting control system. Detail for each feature used will be 
mentioned in Appendix B 

2.7. Structural Design Documentation 
The following design considerations must be made in order to comply with the 
Building Structure for code, the following minimum calculations should be determined: 
• Itemized dead & live loads used in the gravity design. 
• Snow loading and snow drifting loads. 
• Seismic design criteria, site class, and seismic data. 
• Wind loading criteria including minimum wind design speed and exposure category. 
• Geotechnical report and values used in design.  
• Wood, steel, concrete, and masonry grades and stresses (bending, shear, compression) need 

to be documented. 
• Load combinations. 
Gravity Design: Design of the Primary Structural Components. This design should document 
the location, tributary area, span, loading and controlling condition for each member designed.  
Calculations should note the final member size as shown on the plans, including the support 
condition. 
Lateral Design:  Base shear and seismic design criteria. Overall wind load, comparison between 
wind loads vs. seismic load, Clearly defined type of lateral-force resisting system used and the 
primary structural components of the system. 
Footing & Foundation Design: loading conditions and locations for reference. Design of the 
primary footing and foundation components. Effects of lateral loading including uplift, 
overturning and shear transfer to soil. A geotechnical and soil investigation and report. [30, 31] 
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3. SAFETY ANALYSIS 

3.1. Building Safety 
General safety requirements are standard for all buildings in the U.S.  The International Code 
Council (ICC) created the International Building Code (IBC) to regulate the safety of buildings 
in the U.S.  The IBC does not cover fire protection and safety standards.  This is handled by the 
National Fire Protection Association, which has over 100 different codes.  Some of these codes 
would be particularly applicable to the building, such as NFPA 2 which governs hydrogen 
technologies fire safety.  Other codes deal with residential homes and will not be considered in 
fire safety.  The Americans with Disabilities Act also must be considered for safety concerns.  
The building must be wheel-chair accessible and have bathrooms equipped for the handicapped.  
All these safety standards must be reviewed prior to construction, but that is beyond the scope of 
the project due to the length of each safety standard. 

3.2. Mechanical Safety 
It is important to maintain a safe power generation system to ensure uninterrupted power 
generation and to keep the campus community safe.  The main modes of failure need to be 
analyzed and addressed to ensure public safety. 
 
The first mode of failure is wind turbine malfunction due to high winds.  The average wind speed 
at the turbine height is 6 m/s and the turbine will function safely below 13 m/s.  Wind damage 
could cause damage to the turbine resulting in loss of power generation as well as potential 
detachment from the tower which could fall and hurt those near the tower during failure.  The 
Bergey Wind Turbine is equipped with the tail assembly, which turns the turbine into the wind 
during safe operating conditions and will turn the turbine out of the wind when wind speeds 
exceed the maximum allowable speed.  The tail assembly and regular preventative maintenance 
will ensure that catastrophic failure does not occur. 
 
The second mode of failure can occur at the HGM 3000 Hydrogen Reformer.  System 
parameters such as temperature and pressure must be kept within an acceptable limit for the 
system to produce hydrogen without failure.  Fluid flow issues, leaks, and mechanical wear can 
all lead to variation in the operating conditions.  The main control on the system is electronic 
monitoring of all parameters and the computer controlled ability to automatically shut down the 
system.  There are also manual emergency stops that an operator can activate if the system does 
not automatically shut down. 
 
The third failure mode is hydrogen leaks at the HyPM HD-150 PEM Fuel Cell.  These leaks are 
a concern because they can lead to loss of pressure and loss of power as well as posing a 
combustion hazard.  To prevent this problem several hydrogen sensors will be placed with the 
unit to detect leaks and shut down the system if one should occur.  Preventative maintenance and 
regular inspections will be performed to catch these problems before they become an issue. 
 
The fourth and final failure mode is an unsafe build-up off pressure between the hydrogen 
storage system and the fuel cell.  This can be caused by mechanical failure or a malfunction in 
the computer control system.  A safety relief valve will be in place between the storage system 
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and the fuel cell to vent pressure if it rises to unsafe levels.  There will also be an alarm system 
that alerts technicians to a problem. 
 
Additional concerns and standards for hydrogen safety must also be followed.  All storage 
vessels must meet ASME Boiler and Pressure Vessel Code (BPVC) (1995) and NMI 1710.3 
(1994), NSS/HP 1740.1 (1974), and NSS 1740.4 (1976).  All personnel who service the 
hydrogen system must complete appropriate safety training to eliminate accidents and lessen the 
severity of safety issues when they occur.  The system should also be equipped with an alarm 
system to warn the surrounding area of any failure, such as a hydrogen leak.  Additional 
ventilation should also be provided since hydrogen has a high diffusivity and will not explode 
unless it is allowed to build up in an isolated area.  It is important to design the system properly 
to avoid air backflow which could create a flammable mix of hydrogen and air.   
 
Another phenomenon of concern is hydrogen embrittlement.  This can weaken certain metals, 
such as high strength steels, through diffusion of individual atoms into the metal.  When the 
atoms form H2 molecules they create pressure inside the metal wall which eventually leads to 
cracking.  Certain materials, like aluminum, are less susceptible to this condition and should be 
used in the construction of the storage vessels.  Routine maintenance checks should include 
inspection for signs of embrittlement and a plan for replacing any parts that are damaged. 
 
Areas near hydrogen storage tanks should have warning signs for physiological effects, such as 
asphyxiation.  If a leak occurs hydrogen is not toxic, but it could replace enough of the air in the 
room to cause problems.  Below is a table of the percent oxygen in the air and the effects on the 
human body as is becomes lower and lower 

Oxygen Percent by 
Volume Physiological Effects 

15 to 19 

Decreased ability to perform tasks; 
may induce early symptoms in 
persons with heart, lung, or 
circulatory problems. 

12 to 15 
Deeper respiration, faster pulse, poor 
coordination 

10 to 12 
Giddiness, poor judgment, slightly 
blue lips 

8 to 10 
Nausea, vomiting, unconsciousness, 
ashen face, fainting, mental failure 

6 to 8 

Death in 8 min; 50 percent death and 
50 percent recovery with treatment in 
6 min, 100 percent recovery with 
treatment in 4 to 5 min 

4 
Coma in 40 s, convulsions, 
respiration ceases, death 

Table 4: Physiological Effects of Decreased Oxygen [25] 

Below is a Design Failure Modes and Effects Analysis (DFMEA) spreadsheet for the four failure 
modes discussed above: 
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4. ECONOMIC / BUSINESS PLAN 

4.1. Construction Cost Analysis 
The total cost of construction will be $18,939,173.67. That include ever component of the 
building including all the electrical and mechanical system.  It does not include the energy 
system  

 
 

Figure 8: Cost Estimation Chart [37] 

4.2. Mechanical Design Cost Analysis 

4.2.1. Solar Power 
Solar Power cost analysis includes 700 Solar Panels, controllers, inverters, and wiring.  It also 
shows tax incentive than is provided by federal government in order to install solar renewable 
energy in the building. The component that is shown in the table below is quoted by General 
Electric. 

 
Table 5: Solar Power Costs 

Equipment capital cost installation cost tax incentives/rebates Total Cost
Panels (700) $723,888.00 $583,335.00 $38,333.00 $1,268,890.00
controllers (3) $270.27 $500.00 $0.00 $770.27
wires $2,000.00 $500.00 $0.00 $2,500.00
inverters (3) $9,000.00 $500.00 $0.00 $9,500.00
Totals $735,158.27 $584,835.00 $38,333.00 $1,281,660.27
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4.2.2. Wind Turbine 
Wind Turbine includes the price for 10 wind turbine with 43 meter tower and installation cost.  
Table show the total cost of capital cost, installation cost and tax incentives.  The cost below is 
quoted by Bergey Inc.  

 
Table 6: Wind Turbine Costs 

4.2.3. PEM Fuel Cell 
The table below show the cost of PEM fuel cell, which is under design stage at Hydrogenics 
Corp. This cost is the estimated cost of PEM Fuel cell quoted by Hydrogenics Corp.  It also 
shows tax incentive that is provided by Federal government. 

 
Table 7: PEM Fuel Cell Costs 

4.2.4. Mechanical System Total Cost  
Mechanical system cost shows the cost of all the proposed mechanical system that includes Wind 
Turbine, Solar Panel, Steam Reformer, PEM Fuel Cell, and the Battery.  The total cost of our 
proposed system will be $3.8 Million. All of the cost that are shown in table below are quoted by 
the companies show in each section. 

 
Table 8: Mechanical System Costs 

4.2.5. Fueling, Coolant & Maintenance Costs 
Fueling Coolant & Maintenance Costs include the fueling cost per day will shows the cost of 
running the proposed mechanical system per day our mechanical system will use natural gas and 
water.  The gas and water cost are taken by department of energy of New York. Coolant and 
Maintenance Cost of is shown for yearly use of the distill water that will be used as a coolant for 
PEM Fuel cell and Maintenance cost shows the yearly cost, which is based on hours of used. 

Equipment capital cost installation cost tax incentives/rebates Total Cost
Wind Turbine (10) $295,000.00 $227,000.00 $25,600.00 $496,400.00
Totals $295,000.00 $227,000.00 $25,600.00 $496,400.00

Equipment capital cost/ Install tax incentives/rebates Total Cost
PEM Fuel Cell (1) $1,500,000.00 $150,000.00 $1,350,000.00
Totals $1,500,000.00 $150,000.00 $1,350,000.00

Mechanical System Cost (Fixed Upfront Cost):

Cost Quantity Total Cost

Wind Turbine 49,640.00$         10 496,400.00$      
Solar Panel 1,830.94$            700 1,281,658.00$   
HGM 3000 556,000.00$       1 556,000.00$      
Hydrogen Storage 50,000.00$         1 50,000.00$        
PEM Fuel Cell 1,350,000.00$    1 1,350,000.00$   
Battery 10,000.00$         5 50,000.00$        
Total Cost 3,784,058.00$   
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Table 9: Other Costs/day 

 
Table 10: Other Costs/year 

4.2.6. Mechanical System Life Cost analysis  
Mechanical Life analysis shows the life of each component and the cost it will take to operate 
per day. It will be taking in consideration the estimated life of each product.  This cost will be 
used to calculate the cost in dollar per kWh. 

 
Table 11: Mechanical System Life Cycle Analysis 

NOTE: Grid cost is about 50% more but currently Fueling, Coolant & Maintenance cost is not 
added yet. In this calculation replacement cost is not added because this calculation is consider 

over 15 year period and minimum life of each mechanical unit is at least 15 years. 

 
Figure 9: Energy Sources Used (kWh/day) 

Fueling Cost (per day):

Cost Quantity
Total Cost $/ 

day

Natural Gas 0.012$                 1449 17.39$                
Water 0.000537$          138 0.07$                  
Total Cost 17.46$                

Coolant / Maintenance Cost (/year):

Cost Quantity Total Cost

Distill water 0.200000$          26250 5,250.00$           
Maintenance  7,000.00$           
Total Cost 12,250.00$        

Mechanical System Life ($ Cost):

Cost Life (hrs)
Total Cost 
$/hr of use

Cost $/day
Energy 

kWh/Day

Wind Turbine 496,400.00$       302400 1.64$               39.40$         1180
Solar Panel 1,281,658.00$    302400 4.24$               16.95$         577.5
HGM 3000 556,000.00$       129600 4.29$               6.86$          
PEM Fuel Cell 1,350,000.00$    10000 135.00$          67.50$         75
Battery 50,000.00$         129600 0.39$               9.26$          
Total Cost 145.56$          139.97$      
Monthly Cost 2,799.47$   1832.5
Grid Cost 0.15$                   /KWh 5,497.50$  



 

22 | E l e m e n t  S t u d e n t  U n i o n  
 

4.2.7. Comparing Our Mechanical System Vs. Grid Power Cost 

  
Table 12: Total Mechanical System Summary 

Looking at the total cost of the proposed mechanical system and comparing it to grid cost in New 
York. Our system is about 3.6 Cent/kWh cheaper then Grid.  Also there is additional saving of 
about $16,000.00 per year without including all the tax benefits (which is about 50% of the 
property tax for green building) and educational value that will be receiving because of green 
building.  
  

 
Figure 10: Mechanical System (Cost/year) 

4.2.8. 15 Year Pay-Back Summary 
The table below shows the 15 year pay back for our proposed mechanical design. It compares the 
cost of the electric generated by our mechanical system and cost if we would have bought it from 
the grid. So in 15 years we will be saving $237,492.00 by implementing our design alone 
without including any Tax Cut. 

 
Table 13: Total Mechanical System Summary 

 

Total Cost Mechanical System Cost Summary 

Cost $/Day
Cost 

$/month
Cost/Year

Energy 
kWh/yr

Cost $/kWh

Equipment Cost 139.97$               2,799.47$     33,593.62$    
Fuel Cost 17.46$                 349.24$         4,190.91$      
Coolant/ Main Cost 34.03$                 1,020.83$     12,250.00$    
Mechanical System 191.46$               4,169.54$     50,034.53$     439800 0.114$         

Grid Cost 274.88$               5,497.50$     65,970.00$     439800 0.150$         



 

23 | E l e m e n t  S t u d e n t  U n i o n  
 

5. ENVIROMENTAL ANALYSIS 

5.1. Green House Gas CO2 
The grid is the primary source of electricity in the United States.  The first step in calculating 
carbon emission savings is determining the emissions using grid power.  The department of 
energy released statistics for 2006 detailing the use of various fuels for generating grid power. 

 

Period Coal Petroleum 
Natural 
Gas Nuclear 

Hydroelectric 
Conventional 

Other 
Renewables Total 

2006 1,990,926 64,364 813,044 787,219 289,246 96,423 4,064,702
 48.98% 1.58% 20.00% 19.37% 7.12% 2.37% 99% 

Table 14: Grid production in Thousand megawatt hours 

 
Similarly the amount of carbon released per kilowatt hour was determined from Savannah 
Supplies Inc. 

 

.Fuel 

CO2 
emissions 
(g/kWh) 

Average 
(g/kWh) kg/kWh 

Gas 389 - 511g 450 0.09001147 
Coal 790 - 1182g 986 0.48295128 
Nuclear 2 - 59g 30.5 0.005907 
Oil 744 - 1126g 935 0.0148056 
Hydro 2 - 48g 25 0.00177901 
Other 
Renewable's 28 - 842g 435 0.01031908 

Table 15 - Emissions for selected fuels 

It was determined that each kilowatt hour produces roughly 0.6 kg of carbon dioxide. Carrying 
out a simple calculation, it was determined that for a 150 kW fuel cell reduces carbon dioxide 
emissions by 90 kg per hour.  The reformation process will produce very small amounts of 
carbon dioxide.  The system is rated at putting out less than on e part per million of carbon 
dioxide.  According to the Hydrogenics website for each kilogram of hydrogen produced 14 
kilograms of carbon dioxide are released.  This compares favorably to other forms of hydrogen 
generation and transportation, such as tube trailer transportation and hydrogen liquefaction. 
 
Tube trailer transportation introduces the problem of trucking in hydrogen to the site, which 
increases the carbon emissions due to the use of fossil fuels.  For tube transportation the 
hydrogen also has to be compressed into the storage device which consumes more energy and 
produces more carbon dioxide.  Hydrogen liquefaction also requires large amounts of energy to 
compress and store it.  The below table shows the advantages onsite steam methane reformation 
has over other methods of storing hydrogen. 
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5.2. Wind Turbine Emissions 
Wind power is a renewable green energy that produces very little emissions or pollutants.  All 
the carbon emissions associated with wind power occur during the initial construction and 
installation, after which no additional carbon is released.  The estimated carbon payback period 
is nine months, meaning after nine months of operation all CO2 produced in the construction of 
the turbine will have been made up in emission savings.  That is a relatively short period given 
the 20 year lifespan of the wind turbine. Noise pollution is a concern for any mechanical device 
and must be examined as well.  A study performed by third party consulting firm Wild Sanctuary 
indicated that at distances of twenty and fifty feet the sound level was approximately 50 dB and 
only 5 dB above the ambient noise of the area.  A decibel rating of 50 is within the hearing level 
of normal speech and is on par with the sounds of normal office activity.  Also of concern is the 
propensity of wind turbine blades to kill birds in the area of operation.  Several studies have been 
conducted that show that wind turbines in the United States kill only 70,000 birds compared to 
57 million by cars.  On average wind turbines kill 0.03 birds per year, or 1 bird per thirty 
turbines.  Other critics of wind power also note that wind turbines are not aesthetically pleasing.  
The nature of the project is to provide education and awareness for renewable technologies, 
which these highly visible turbines will provide.  This turns something that is normally a 
disadvantage into a benefit. 

5.3. Solar Emissions 
The emissions associated with solar power are similar to wind power.  Solar cells only contribute 
to carbon emissions during their initial construction and installation, but do not emit any carbon 
during operation.  The typical payback period for photovoltaic cells is three years, which is short 
compared to the 25 year expected lifetime of the product.  The solar panels do not provide any 
other environmental impact. 

5.4. Conservation Efforts 
Natural lighting will be used in the new student center via the glass domes throughout the 
building.  This will save on energy costs and emissions since natural light from the sun is free 
and does not contribute to the carbon footprint.  Natural lighting also contributes to productivity 
and has some health benefits.  Lighting can contribute to 25% to 40% of building energy costs, 
which can be reduced significantly by using natural lighting. 
 
Additionally, the new student center will incorporate low flow fixtures to save on water costs.  
According to toolbase.org, “Low-flow toilets use a maximum of 1.6 gallons of water per flush 
compared with about 3.5 gallons of water used by a standard toilet. Low-flow shower heads use 
about 2½ gallons of water per minute compared to between four and five gallons per minute used 
by conventional heads. Low-flow faucet aerators can cut the water usage of faucets by as much 
as 40% from 4 gallons per minute to 2½”. Storm water run-off also contributes to local pollution 
by sweeping chemicals and other pollutants from the ground into the ground water system.  By 
using green landscaping techniques the amount of pollutants released into the water supply can 
be reduced and water can be conserved.  One technique is to avoid spray irrigation from 
sprinklers and use drip irrigation.  Drip irrigation requires less water and very little is lost to 
evaporation.  Drip irrigation combined with plants needing little water can save hundreds of 
gallons of water per year.  Mulch should also be used to trap moisture in the ground and 
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introduce organic matter into the ground to enrich plants.  Mulch also impedes storm water run-
off. 

5.5. Demolition 
In order to make room for the Element Student Union the Java City and Bookstore buildings 
must be demolished.  An element of green building design is to extract useful building materials 
before traditional demolition occurs.  These materials include doors, cabinets, windows, and 
appliances in addition to structural timbers, flooring, and drywall.  It will cost an estimated $6.47 
per square foot to recycle and demolish the two buildings.  Each building is roughly 5000 square 
feet for a total of 10000 square feet and a cost of $64700.  Part of the cost will be recouped when 
the recycled materials are used for the construction of the new student union.  After demolition 
the site needs to be prepared for construction.  This involves soil testing to determine its ability 
to support a structure and its absorption and drainage rate.  The site also has to be cleared and 
leveled off before construction can take place. 

5.6. Recycling 
In an effort to conserve resources and raise student awareness the Element Student Union will 
have a comprehensive recycling plan.  Located throughout student areas will be recycling bins 
for glass, plastic, and paper recyclables.  All possible waste from the kitchen will be recycled and 
all disposable items will be composed of recycled materials. 
 

 
Figure 11– Carbon Emissions 
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5.7. LEED Analysis  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 16: LEED rating analysis 
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6. MARKETING / EDUCATIONAL PLAN 

6.1. Educational Plan Overview 
Hydrogen technology, such as one used in the Element Student Union, is not a very well know 
technology to the public. An education plan must go in hand with the building design when 
introducing new technology. The educational plan will be geared toward introducing the public 
to the Fuel Cell Technologies and Green Building Design implemented throughout the building. 
The goal is to reinforce and show SUNY Farmingdale’s support toward these technologies. To 
help the public, student body and the faculty better understand this technology; Element 
Engineering will promote all the technologies in the building in the following three ways: 
 

1. Guided Tours of the Building 
2. Informational Movie  
3. Visual Ads 

 

6.1.1. Guided Tours 
SUNY Farmingdale offers campus tours to public and prospect students, the Element Student 
Union will be the center of the campus tour. The tour guide will show guest the hydrogen 
generating Steam Reformation process, operations of the PEM fuel cell, and the wind turbines. 
The guided tours will end at the retail gift shop section of the student center, where they can 
purchase souvenirs that promote green technologies, renewable resources and fuel cell 
technologies.    
 

6.1.2. Informational Movies 
Element Engineering has created a six minute movie that walks the viewer through a 3D model 
of the building, while show and educating the viewer on all technologies in the building. Four 
LCD screen will be purchased and placed in the four sections of the building. These screens will 
be dedicated to displaying the introduction movie and green technology news streaming through 
several internet website.  
 

6.1.3. Visual Ads 
A more barebones approach such as wall size posters will also be used throughout the building. 
The posters will focus on different “Elements” such as wind, solar, fire, and water. The wind will 
be promote the technology of wind turbines. Solar energy will be promoted by the solar panels 
and natural lighting. Fire energy will be promoted through the use Fuel Cell technology. Water 
will be promoted through water conservation attributes throughout the building. The poster 
design is shown in figure 12 below.   
 

6.2. Marketing Plan Overview 
The marketing strategy is geared to inform the public of SUNY Farmingdale’s support of fuel 
cell power plants as well as Green Building Technology. The objective is to convince the 
university that Green Building technology is not only efficient but environmentally friendly by 
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reducing CO2 emissions drastically and can provide great cost savings. The will revolve around 
Renewable Resources, Solar Resources, Fuel Cell Technology and energy efficiency, and water 
conservation. 
 
Renewable Resources: This includes Wind and Solar power. 
Solar Resources: Includes the windows used for natural lighting and active day lighting 
systems. This will also cover the occupancy density sensing system that can tie into the 
mechanical system. 
Fuel Cell and Efficiency: Includes steam reformation, PEM fuel cell, Mechanical system 
efficiency and IAQ and natural ventilation. 
Water Conservation: Water conservation includes the low fixture toilets and waterless urinals, 
rainwater collection and sewage recycling. 

6.2.1. Future Expansion 
The marketing plan will also need to consist of future ideas and ways of showing the public that 
green technologies are here to stay.  One way of promoting future expansion will be local 
commercials and fliers encouraging the advancement of the technologies.  Below is an example 
of what a commercial ad: 
 

 
 
The picture on the left shows a current fueling 
station for SUNY Farmingdale’s maintenance 
vehicles.  Notice, there are only gasoline and 
diesel dispensers.  
 
 
 
 
 
 

 
 
 
In the picture on the right, a hydrogen dispenser is 
shown.  Element Engineering envisions adding 
future hydrogen projects, such as the dispenser to 
the right, to supplement the existing student center.   
As hydrogen technology improves in efficiency and 
as prices become more competitive, Farmingdale’s 
campus will be the leaders of  tomorrows 
 green movement. 
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Figure 12: Display Ad for Element Student Union 
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8. APPENDCIES 

Appendix A: Heat Loss & Heat Gain 
 

Building Elements  
Walls    
 CMU Wall  R Value 
 Inside Surface  0.610 
 Gypsum Drywall, 1/2"  0.045 
 4" Fiberglass Insulation  11.000 
 8" Conc. Blocks  1.040 
 Outside Surface  0.017 
  Total R 12.712 
Roof  
 Metal with rigid Insulation  R Value 
 Inside Surface  0.610 
 Metal decking  0.001 
 4" Rigid Insulation  20.000 
 Outside Surface  0.017 
  Total R 20.628 
GLASS  
 U-value  0.49 

R-Values for Building Materials 

BtuhTAU =Δ××  

Furnace size and CFM: 
The total CFM should not be less than 400 CFM per 12000 Btu. 

CFM
Btuh

Loss
=× 400

12000  
 
The total heat loss per hour =Btuhr 917986.8379 
The appropriate fan size should then be =CFM 30599.56126 
 
Heat gain is calculated with a similar approach: 

Similarly, we must account for the transmission through the walls, ceilings and floors and 
the infiltration through the windows. There are also several other factors that must be 
considered 

1. Solar Radiation 
2. Heat produces in the space 
3. Latent Heat 

The total heat gain per hour is approximately =Btuhr  269996.1288 
This helps us conclude that the building will have the highest reasonable U values and a highly 
reflective roof. Another aspect of poor infiltration is that quality of construction so we must 
promote the greatest quality construction methods. [32] 
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Appendix B: Room Control System Features  
 
Energy Management Features: 
The CN100 Dimming Power Pack provides 0 to 10VDC fluorescent ballast dimming control and 
can be wired to several, peripheral components to add increasing levels of energy management. 
 
Daylight Harvesting: 
Daylight harvesting means using surrounding ambient (often natural) light to supplement 
artificial light in order to keep a constant lighting level while saving electricity. Daylight 
harvesting requires connecting the system directly to an active daylighting fixture, light fixtures, 
and a dimming controller. The system will receive the fixture’s light 
Measurement and, when necessary, adjust its own output to keep steady the light level. 
 
Occupancy Sensing: 
For maximum energy savings, the entire zone can be monitored by connecting occupancy 
sensors to a dimmer. As a result, lighting will automatically turn off after the room is left 
unoccupied. 
 
Additional Savings: 
For additional energy savings, the system can be tied to HVAC systems, which can be turned off 
automatically after a room is left unoccupied for a period of time. The system can also 
administer a load shed policy that reduces electric bills by lowering consumption during utility-
defined peak periods. And it can be driven by a time-clock function that turns lights off 
automatically. 

 

 
Occupancy Sensor [36] CN100 System[36] 

Flow Chart of CN100 Control System[36] 
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Appendix C: Kitchen Load Analysis 
 

 
Building Power Usage Analysis 

Appendix D: Daylighting Facts & Example 
• Represents 40 – 50 percent of the energy consumption in commercial buildings. 
• Contributes 25 – 30 percent of the emission of greenhouse gases generated in commercial 

buildings. 
• Productivity increases by 6 – 16 percent when natural light is added to a workplace. 
• A 1 percent productivity increase equals the total energy cost in offices. 
• Pure sunlight is dynamic and has a full spectrum that triggers the ganglion cells, which 

controls levels of melatonin and cortisol, thereby synchronizing the body clock. 
• Sunlight gives improved visibility from improved light, better color rendering, and the 

absence of flickering from electrical lighting. 
• In a 1999 study, students in the classrooms with most natural light progressed 20 percent 

faster on math tests and 26 percent faster on reading tests. 
 

Food Service: Quantity
Power 
(kW)

Operation 
Hours

Rate 
(kWh/day) Lounges: Quantity

Power 
(kW)

Operation 
Hours

Rate 
(kWh/day)

Cooking Range 1 5 1 5 Computer 50 10 8 80

Electric Oven 1 2 4 8 Monitor 50 5 8 40

Electric Toster Oven 1 0.6 1 0.6
Multi‐Purpose 
Printer 2 0.8 1 0.8

Freezer 1 1.5 24 36 Total: 15.8 120.8

Hot Plate dual 1 1.65 1 1.65

Microwave 1 0.6 1 0.6

Dishwasher 1 1 1 1 Multi‐Purpose Room:

Food Processer 1 0.4 1 0.4 TV 1 0.12 11 1.32

Can Opener 1 0.2 1 0.2 VCR 1 0.02 2 0.04

Garbage Disposal  1 0.2 0.5 0.1 Stereo 1 0.04 2 0.08

Ice Disposer 1 1.3 10 13 Computer 1 0.05 8 0.4

Mixer 1 0.5 0.5 0.25 Projector 1 0.07 2 0.14

Toaster oven 1 0.16 1 0.16 Total: 0.3 1.98

Refrigerator – dorm size 1 1 24 24

Plug in Kettle 1 1.2 1 1.2

Horizontal, Spot Freezer 1 0.5 8 4

Freezer 1 0.8 8 6.4 Computer 5 1 8 8

TV 1 0.12 11 1.32 Cash Register 2 0.2 8 1.6

Total: 18.73 103.88 Total: 1.2 9.6

Summary Power (kW)

Total: 36.03

Note: All the services are open for 8 hours and 

Rate (kWh/day)

236.26

Student Organization & Admin. Offices & Bookstore

Building Power Usage Analysis
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Example of Fiber Optic Lighting System & Active Solar Light Fixture [35]  

Appendix E: Rainfall Data for Long Island 

Month 

Average 
monthly 
Rainfall 2007 
(inches)  

Catchment 
Yield Usage Net 

Cumulative 
Capacity 

January 3.64 90757.33 131240 -40482.66 -40482.66 
February 1.99 49617.33 131240 -81622.66 -80965.333 
March 5.35 133393.3 131240 2153.333333 -162588 
April 13.05 300000 131240 168760 -160434.66 
May 1.88 46874.66 131240 -84365.33 8325.333333 
June 6.55 163313.33 131240 32073.33 -76040 
July 6.89 171790.66 131240 40550.66667 -43966.66 
August 7.2 179520 131240 48280 -3416 
September 1.81 45129.33 131240 -86110.66 44864 
October 4.65 115940 131240 -15300 -41246.66 
November 3.47 86518.66 131240 -44721.33 -56546.66 
December 5.22 130152 131240 -1088 -101268 
Total 61.7  1574880 -61873.33 -713765.33 

Cistern Design Information 
 

Appendix F: Bathroom Fixture Summary 

Bathroom Fixture Count 

Room 
Type 

Fixture/ SF 

Total 
WC 

Total 
Urinal 

Total 
Faucet

Total 
Fountain

Male Female Faucet/ 
WC 

Drinking 
Fountain  WC Urinal WC 

Office 0.007 0.007 0.013 0.500 0.007 4 1 1 2 
Conference 0.007 0.007 0.013 0.500 0.007 2 1 1 1 
Kitchen 0.007 0.007 0.020 0.500 0.007 7 2 2 3 
Lecture 0.003 0.003 0.007 0.500 0.007 7 2 4 3 
Storage 0.003 0.003 0.003 0.003 0.003 0 0 0 0 
Food 0.003 0.003 0.007 0.500 0.007 5 2 3 3 
Bookstore 0.020 0.020 0.020 0.500 0.007 7 4 1 4 
          Total 31 11 12 15 

Plumbing Fixture Count 
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Appendix G: Blackwater Treatment 
Another viable option is blackwater treatment as opposed to only greywater. Blackwater is waste 
collections from toilet flushing and urinals. One case study in Australia showed that a blackwater 
treatment system can potentially save about 4.5 million liters or about 1.15 million gallons per 
year. The following are approximate the financial expenditures of a proposed system. 
 
 

• 75% for toilet and urinal flushing 
• 13% for showers 
• 12% for basins and sinks 

 
Capital Cost is $550,000 

• Plant $400,000 
• Associated services and building works $150,000 

Operations Cost (per year) is $9,000 
• Energy cost $2,000 
• Water treatment & regular maintenance $7,000 

 
Design Process 
System Design Methodology 

1. Primary Treatment 
a. Mechanical Filtration 

i. Solid screening 
ii. Sedimentation 

2. Secondary Treatment 
a. Biological Treatment 

i. Nutrient and organic water reduction 
ii. Filtration 

3. Tertiary Treatment 
a. Disinfection 

i. UV disinfection 
ii. Chlorine dosing 

 
The Final Product is potable water. 


