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Executive Summary 
 
The purpose of this project is to design a green student center for State University of New York - 
Farmingdale Campus on Long Island, NY that incorporates hydrogen produced from renewable 
sources.  Our building, the Green Center, integrates a variety of energy efficient strategies and 
renewable energy technologies to drastically decrease our dependency on fossil fuels and natural 
resources. We have several objectives to achieve with our design including the following: 
 

1.) to use hydrogen to power the building as much as possible 
2.) to be sustainable and environmentally friendly 
3.) to stay within our $28 million USD budget 
4.) to use practical and commercially available technologies 

 
Initial demolition of two current buildings will make way for the new 45,000 square foot student 
center and will follow all applicable standards and codes for disposing and recycling of 
demolished materials.  Following site work, building construction will include environmentally 
friendly building materials and practices that will have minimal impact on the environment.  The 
building uses significantly less city water than traditional buildings and the electric grid is 
available only as a backup or supplemental power source.   
 
The primary energy sources for the building are a combination of five 50 kilowatt wind turbines 
and a large 150 kilowatt photovoltaic system. Frequently, these power systems will produce 
excess energy (i.e. weekends, holidays, summer months, etc.).  During these periods, the surplus 
of electricity will be put to good use by operating an electrolyzer to produce on-site hydrogen. 
The electrolyzer is powered only by renewable energy and will produce approximately 6,500 
kilograms of hydrogen per year to be used in a PEM fuel cell when the wind and photovoltaic 
power systems are not producing a sufficient amount of energy. This extensive and sophisticated 
energy system allows the Green Center to be powered by 98% renewable energy, which in turn 
will save $23,234.63 annually and will give the building a total of $580,786.26 in CO2 credits 
over its 25 year life cycle. 
 
The Green Center has many green features that will contribute to the goal of obtaining the 
USGBC’s top honor of LEED platinum certification. The building is a single story design to 
maximize the potential for skylights and space for photovoltaic panels and a vegetative roof. 
Some additional notable green aspects of the building are ground source heat pumps, a rainwater 
collection system, waterless urinals, efficient lighting fixtures and lighting controls. Furthermore, 
hot, humid water emissions from the hydrogen fuel cell will be collected and transported to the 
nearby greenhouse.   
 
The largest constraint in this project is the budget.  The building can be as green as green gets; 
however it will be a matter of determining the most cost effective approach to deliver the most 
practical building for the university while simultaneously keeping students safe. The goal of the 
marketing and education campaign will be to inform the public of the safe and practical use of 
hydrogen and alternative energy technologies.  All of the specified equipment is presently 
commercially available to allow construction of the Green Center to begin in the summer of 
2009. 
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1.0   The Design 
 
The Green Center will be designed to run independent of the electrical grid.  The building’s 
primary source of power comes from renewable sources, including a 150 kilowatt photovoltaic 
system and 250 kilowatts of wind generation. The electricity will first be used to satisfy the 
building’s energy load.  Any excess electricity will be used to run an electrolyzer to produce on-
site hydrogen. The hydrogen will be stored until there is a lack of renewable power.  During that 
time, the stored hydrogen will be supplied to a polymer electrolyte membrane fuel cell (PEMFC) 
to provide sufficient power to the Green Center.  The design also includes a closed-loop ground 
source heat pump system to reduce the energy demand of the building.  Figure 1.1 demonstrates 
the sequence of operation for the Green Center and figure 1.2 represents the system diagram: 
 

 
 

Figure 1.1 – Operational Control Logic for the Green Center 
 

               
 
    Figure 1.2 - System Design Block Diagram  



5 
 

The technologies previously mentioned as well as many other energy efficient technologies 
allow for a very independent and sustainable building. The following sections of this report 
describe the Green Center and all of the cutting edge technologies in detail. 
 
 
1.1 Design Documentation/Drawings 

The existing Bookstore and Java City buildings will be demolished to provide space for the new 
state-of-the-art Green Center. Several roads and parking areas must also be demolished.  Refer to 
figure 1.3 for a detailed site demolition plan. 

Figure 1.4 illustrates the new project site. New roads and pervious walkways will be constructed 
as shown.  Each public entrance is equipped with a bike rack and preferred parking is provided 
for alternative fuel vehicles. The orientation of the building is directly north and south.  
Locations for four of the wind turbines are also shown. There is sufficient space on campus to 
locate the fifth wind turbine close to the Green Center; however spacing requirements have 
prevented the turbine to be shown directly on this plan. 

The Green Center is a single story building with a variety of architectural features. The 
substructure consists of standard poured concrete foundations with spread and strip footings, a 
four inch reinforced concrete slab on grade with vapor barrier and granular base. The shell 
comprises an exterior brick face cavity wall with environmentally friendly R-30 cotton batt 
insulation enclosed in 5/8 inch drywall and a triple pane, low-e glass and aluminum curtain wall 
system. The curtain wall is the south facing and will provide abundant natural daylight.  The roof 
includes highly reflective roofing materials, 15,500 sq ft of vegetation, 20,000 sq ft of area 
reserved for solar panels and multiple, large skylights. Interior partitions are standard 5/8 inch 
drywall on metal studs.  Environmentally friendly paints, carpeting and coverings decorate the 
various rooms and spaces within the Green Center.  Refer to figures 1.5 and 1.6 for isometric and 
plan views of the building. Also refer to section 4.2 of this report for sustainable building 
features. 

The structural design consists of steel columns on 30 foot by 30 foot centers with standard beam 
framing.  The roof loading is determined based on the amount of vegetation and quantity of solar 
panels.  With 4 inches of extensive mix soil with a saturated density of 91lb/ft3 a soil load of 
30.4psf is calculated.  Other loads include conventional roofing material at 10psf, a drainage 
layer at 3psf, and plants at 2psf the total dead load for the green roof is 45psf.  The live load is an 
additional 20psf for a total of 65psf.  For the section of solar panels the dead load is 1.725psf in 
addition to the 10psf of conventional roofing material and 10psf of live load for a total of 
21.725psf.  Refer to figure 1.6 for building floor plan and column grid. 
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Figure 1.3:  Site Demolition Plan 
 

 
 

Figure 1.4: Site plan 
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Figure 1.5:  Rendering of Building Interior 

 
Figure 1.6:  Building Floor Plan 
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1.2 Mechanical Design Documentation 
 
For the design of the student center, various energy solutions will be implemented to satisfy the 
buildings power load.  The systems used will incorporate power generation from renewable 
sources and the building will only rely on the electric utility if required. All systems shall be 
properly commissioned upon completion of the project to verify proper operating conditions. 
Scheduled maintenance and ongoing commissioning shall be performed to ensure all equipment 
and systems continue to operate accurately. The following sections describe the energy systems 
and technologies incorporated into the Green Center. 
 
1.3 Description of all Energy Supplies to the Building 
 
Polymer Electrolyte Membrane Fuel Cell 
 
Polymer electrolyte membrane fuel cells (PEMFC), also called proton exchange membrane fuel 
cells deliver high power density and offer the advantages of low weight and volume, compared 
to other types of fuel cells (15). PEMFC use a solid polymer as an electrolyte and porous carbon 
electrodes containing a platinum catalyst. They need only hydrogen, oxygen from the air, and 
water to operate and do not require corrosive fluids like some fuel cells. For stationary 
applications, they are typically fueled with pure hydrogen supplied from storage tanks. The 
Nedstack PS50 50 kW PEMFC was chosen for the Green Center for several reasons: 
 

1. PEMFC operate at relatively low temperatures, around 80°C (176°F) (15).  This low-
quality, high humidity waste heat can be used to heat and humidify the nearby 
greenhouse. 

2. Low temperature operation allows them to start quickly (less warm-up time) and results 
in less wear on system components, resulting in better durability. 

3. PEMFC operate on pure hydrogen from renewable sources resulting in a truly green 
power source. 

4. PEMFC have a simple design with less balance of plant (BOP) compared to high 
temperature fuel cells. 

 
Wind Turbine 
 
One of the two renewable sources of electricity the student center will use for power will come 
from five horizontal axis wind turbines.  The selected wind turbine is the Entegrity EW50 
horizontal axis wind turbine.  Each wind turbine has a maximum output of 50kW and requires a 
minimum wind speed of 8.9 mph to produce power.  The geographical area should support this 
number nearly 100% of the time, since the average wind speed for the area is about 13.5 mph (35).  
The specifications of the selected wind turbine are shown in table 1.1. 
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Horizontal Axis
15 m

31.1 m
50kW @ 25.3mph

8.9 mph
50 mph
133 mph

0.03
100 ft

Wind Speed Shut-down
Design Speed

Number of Blades
Tower Height 

Rotor Diameter
Centerline Hub Ht.

Rated Electircal Power
Wind Speed Cut-in

Entegrity EW50 Spec Summary
Configuration

 
 

Table 1.1 – Specifications for the Entegrity EW50 wind turbine 
 
Solar Power 
 
The student center design will also use a solar array to generate the electricity used in the 
production of hydrogen. The array will be mounted on the roof in a location that optimizes sun-
light exposure. The panels for the system will be supplied by Sharp; model number ND-224U1F 
224W (4). The solar system consists of 716 modules capable of generating 150 kW of electric 
power and will occupy a space of 20,000 sqft on the roof. The specifications for the panels are 
shown in table 1.2. 

 

Poly-crystalline silicon
7.66A
600V

Lead Wire w/ MC Connector
39.1"x64.6"x1.8"

44lbs
-40 to 194F

Type of Output Terminal
Dimensions

Weight
Operating Temperature

Sharp ND-224U1F Solar Panel Spec Summary 
Cell

Maximum Power Current
Maximum System Voltage

 
 

Table 1.2 – Specifications for the Sharp ND-224U1F panel 
 

Hydrogen Generation 
 
A hydrogen electrolyzer will be on site to generate pure hydrogen for the PEM fuel cells. 
Electric power for the electrolyzer will be generated from the solar array and wind turbines. The 
Hydrogenics HySTAT-60 will be used to generate hydrogen to feed into the PEM fuel cells and 
will be powered solely by the wind turbines and solar array.  The specifications are shown below 
in table 1.3. 
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4
24-60 Nm3/h

150psi
99.90%

4.8kWh/Nm3
Standard Purity

HySTAT Conversion Efficiency

Hydrogenics HySTAT-60 Spec Summany
Number of Cell Stacks

Flow Rate
Output Pressure

 
 

Table 1.3 – Specifications for the Hydrogenics HySTAT-60(1) 
 
Grid Power 
 
 A grid power interconnection will be used by the student center as a back-up system for electric 
power in case of a failure. Also during periods of intermittent power production, the grid will 
keep the building operating. 
 

1.4 Description of All Energy Loads 
 
Energy Load – Kitchen 

The energy load of the kitchen was estimated by taking a sum of the power consumption for each 
device that will be used in the final design.  Careful consideration was taken for selection of 
appliances with high efficiency, since the kitchen will consume more power in the building than 
any other room.  All appliances will have the Energy Star rating for efficiency.  Table 1.4 
displays the estimated load for the kitchen. 

286
0.6
172

Kitchen Appliance Load
Gross Equipment Load (kW)
Demand Factor
Total Load Capacity (kW)  

Table 1.4:  Kitchen Load. 

 

Energy Load – Office and A/V Equipment 

Office and A/V equipment were other loads considered in the building.  The building requires 
A/V equipment to be installed in the multi-purpose room.  In addition, the building will have a 
combined total of 40 computers for administrative and commuter use.  Table 1.5 illustrates the 
load calculation for office and A/V equipment. 
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20
0.6
12

Office and Multi Purpose Room Equipment Load
Gross Equipment Load (kW)
Demand Factor
Total Load  Capacity (kW)  

Table 1.5:  Office and A/V Equipment load 

Energy Load – HVAC 

The building will utilize a ground-coupled heat pump system (GCHP) in order to reduce the 
amount of energy used to heat and cool the student center. The GCHP is a subset of the more 
broadly used term ground-source heat pump (GSHP). A GCHP system consists of a reversible 
vapor compression cycle that is linked to a closed ground heat exchanger buried in soil (31).  Our 
unit is a water-to-air heat pump, which circulates water or a water/antifreeze solution through a 
liquid-to-refrigerant heat exchanger and an underground thermoplastic piping network (31). 

We have chosen a vertical loop design for our GCHP system.  Vertical designs generally consist 
of two small diameter (0.75 – 1.5 inches), high density polyethylene (HDPE) tubes placed in a 
vertical borehole (4-6 inch diameter) and filled with a solid medium or grout to promote heat 
exchange (31). The tubes are fused at the bottom of the bore to a close return U-bend. Bore depths 
range from 50 to 600 feet (200 to 300 feet being typical) depending on local drilling conditions 
and should be spaced at least 20 feet apart to reduce thermal interference between individual 
bores (31). 

The biggest benefit of GSHPs are they use 25-50% less electricity than conventional heating or 
cooling systems (34).  According to the EPA, GSHPs can also reduce emissions up to 72% 
compared to electric resistance heating with standard air-conditioning equipment. 

GSHP systems have few moving parts and because those parts are sheltered inside the building, 
they are durable, quiet and highly reliable. System life is estimated at 25 years for inside 
components and 50+ years for the ground loop (34). 

On average, a geothermal heat pump system costs about $2,500 per ton of capacity or roughly 
$7500 for a 3-ton unit (a typical residential size) (34). Even though the price of a geothermal heat 
pump system can be several times that of a traditional HVAC system, the additional costs are 
returned to the user via energy savings in approximately 5-10 years (34).  Refer to figure 1.7 for 
HVAC schematic diagram. 
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Figure 1.7:  HVAC Schematic Diagram 

The particular system shown can be described as a sub-central system consisting of a main 
building loop supplying multiple branch loops (31).  The main advantage of the sub-central design 
is the individual zones and heat pumps are able to communicate and interact with each other.  
For example, if zone A is warm and zone B is cold, then zones A and B can interact and 
exchange heat to obtain the desired temperature. This concept is in contrast to a unitary system 
where all zones and heat pump systems operate independently resulting in decreased efficiency. 

During cold weather the heat pumps draws heat from the “constant-temperature” ground and 
supplies it to the building.  If additional heating is required, then an auxiliary boiler will provide 
the needed heat.  During hot weather, the loop operates in the opposite direction, rejecting heat 
into the ground.  If more cooling is required, then a fluid cooler or cooling tower will provide the 
additional cooling to maintain proper operating conditions.  

 

Energy Load – Lighting 

Next to heating and air conditioning systems, lighting accounts for the greatest energy 
consumption and costs in a building. A number of lighting strategies will be employed in the 
Green Center to help reduce consumption and cost. 
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As an abundant, renewable energy source, daylight is the most effective means of saving energy. 
There are large south facing windows, curtain walls and skylights throughout the building to 
harness as much natural daylight as possible. Energy savings are increased by combining 
daylight harvesting controls and photocells to dim lights when high levels of natural light are 
available. Occupancy sensors shall be used throughout the building to turn off lights when rooms 
are unoccupied.  

Interior light fixtures shall utilize the most efficient lamps available including light emitting 
diode (LED) technology for exit signs, accent lighting and downlights. T5 high efficiency (HE) 
lamps are an excellent choice for general purpose lighting. Task lighting with individual controls 
shall be used for workstations and office cubicles to allow lower levels of ambient light without 
jeopardizing occupant comfort, safety and productivity. All light fixtures shall be furnished and 
installed with the most efficient electronic ballasts in order to minimize luminaire input wattage. 

Exterior light fixtures shall be self-contained, solar powered luminaires, which require no outside 
electricity.  The chosen fixture shall have full cutoff optics and meet all requirements of the 
International Dark Sky Association (IDA) in order to reduce light pollution and light trespass. 

Table 1.6 summarizes the estimated total lighting load for the building based on ASHRAE 
lighting power densities for each type of room.  As a result of the techniques mentioned above, 
the lighting design is estimated to be 20% more efficient than ASHRAE standard values. 

Load/sq. ft. (kW) Size (sq. ft.) Load (kW)
Interior
Kitchen 0.00176 4100 7.22
Dining 0.00112 7000 7.84
Servery 0.00176 4400 7.74
Meeting Rooms 0.00112 1750 1.96
Administration 0.0012 120 0.14
Student Org. 0.0012 1675 2.01
Lounges 0.00112 800 0.90
Multi-Purpose Rooms 0.0012 5700 6.84
Bookstore 0.0012 3400 4.08
Restrooms 0.0008 3000 2.40
Maint./Storage 0.00104 3000 3.12
Hallways 0.00056 4000 2.24
Lobby/Entrance 0.00144 500 0.72
Other 0.00056 5707 3.20
Exterior
Sidewalks 0.00016 2000 0.32
Exterior Lighting (in ft)
Entrances 0.024 40 0.96

52Total (kW)

Building Lighting Load 

 

Table 1.6:  Lighting load for building 
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Energy Load – Total System Production and Building Consumption 

HOMER software was used to calculate the production of hydrogen that we will achieve based 
on average excess energy from the renewable sources to run the electrolyzer.  In addition, we 
were able to achieve building energy consumption using the software.  Table 1.7 summarizes the 
building energy load with all systems, hydrogen production, and our renewable energy fraction. 

Renewable Source 
  PV Wind 
Rated capacity (kW) 150 250 
Mean output (kW) 26 73 
Hours of operation (hr/yr) 4,369 6,333 
Total production (kWh/yr) 226,293 643,128 
   

HySTAT-A-60 Electrolyzer 
Electrolyzer Load 353,618 kWh/yr 
Power Consumption 53.4 kWh/kg 
High Value Heating 39.44 kWh/kg 
High Value Heating 73 % 
Hydrogen Production 6,544 kg/yr 
   

NedStack PS50 PEMFC 
Hydrogen consumption 6,481 kg/yr 
Specific fuel consumption 0.06 kg/kWh 
Electrical production 108,021 kWh/yr 
Mean Electrical output 12.3 kW 
   

Energy Summary 
Production kWh/yr % 

PV array 226,293 23 
Wind turbines 643,128 64 
PEMFC  108,021 11 
Grid Purchases 21,623 2 

Total 999,065 100 
      

Consumption kWh/yr % 
Building Load 497,861 58 
Electrolyzer load 353,618 42 

Total 851,479 100 
      
Excess electricity (kWh/yr) 124,748   
Renewable energy fraction 0.978   

 

Table 1.7: Summary of energy demand and consumption. 
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1.5 Electrical Plan 
 
The Electrical systems shall comply with all local, state and federal ordinances and codes 
including the NFPA 70 - National Electrical Code (NEC). Incoming electrical service and 
distribution shall enter the site at a standard voltage and shall be coordinated with the electric 
utility. An 800 amp service has been determined to be sufficient for the Green Center. All 
equipment and systems shall be metered and furnished and installed with safety disconnect 
switches to reduce back feeding into the electric grid.  Variable frequency drives (VFD) shall be 
provided to control the speed of building mechanical units such as air handling units to improve 
the building’s overall efficiency.  High efficiency transformers shall be installed throughout the 
building and K-rated transformers shall be used for non-linear loads (computer/electronic 
equipment) to reduce harmonics within the electrical distribution system. Power factor correction 
equipment shall be installed as required to maximize electrical efficiency. See appendix for and 
electrical schematic of the building. 

 

1.6 Plumbing Plan 

The basic plumbing for the building was calculated based on information for codes described in 
the New York State Plumbing Codes.  The required number of fixtures was based on occupancy 
of 600 people in the student union.  Table 1.8 below illustrates the following requirements for the 
building based on code.   

24
8

24
6
1

Ice Maker (125 gal/100lb) 1

Kitchen Sinks (2.2 gpm)
Kitchen Dishwasher (2.5 gpc)

Restroom and Kitchen Fixture Requirements
Total Toilets (1.6 gpc)
Total Urinals (Waterless)
Restroom Sinks (2.2 gpm)

 

Table 1.8:  Restroom and kitchen fixture requirements  
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Safety Analysis: 

2.0 Safety Analysis – Hydrogen System 
 
Hydrogen has been extensively used in many industrial applications for more than 100 years. 
This includes the production, storage, transport, delivery and then on to the final use of hydrogen 
products.  Yet, these practices are not widely used outside of the industrial trade so these 
hydrogen technologies and properties fall on a public not familiar with them.  The path to the 
hydrogen economy is dependent on the development of safe practices in the production, storage, 
distribution, and use of hydrogen.  These issues are essential for hydrogen insurability because a 
catastrophic failure in any hydrogen project could damage the public perception of hydrogen 
technologies.   
 
Safety is a key issue for the development of a hydrogen economy, and a great effort has been 
done by experts in the field to develop suitable codes and standards concerning safety for all 
hydrogen technologies.  Hydrogen production from renewable energy requires suitable hydrogen 
storage systems, and safety requirements must play an important role in the choice of the most 
adequate solution for any project. The goal of this risk assessment will be to identify and assess 
the potential hazards in the production and storage of hydrogen from renewable energy. 
 
For the production and storage of hydrogen and natural gas, the following standards were 
followed, 

NFPA 497 Recommended Practice for the Classification of Flammable  
   Liquids, Gases, or Vapors and of Hazardous (Classified) Locations 
   for Electrical Installations in Chemical Process Areas 

NFPA 55 Standard for the Storage, Use, and Handling of Compressed Gases  
   and Cryogenic Fluids in Portable and Stationary Containers,  
   Cylinders, and Tanks 

NFPA 54 National Fuel Gas Code 
ASME B31.8 Gas Transmission & Distribution Piping Systems 
CGA G-5.5 Hydrogen Vent Systems 
 

2.1 Preliminary Hazard Analysis – Failure Modes and Risks to Public Safety.   
 
Although hydrogen is non-toxic,  some of hydrogen's properties require additional controls to 
guarantee its safe use.  Hydrogen has a much wider range of flammable concentrations in air and 
lower ignition energy than gasoline or natural gas, which means it can ignite more easily.  After 
extensive research on many types of hydrogen failure modes, the five most significant to public 
safety have been identified as the most potentially damaging.   
 

1.)  Accident causing combustion/explosion of hydrogen gas 
2.)  Failure of storage tank  
3.)  Failure in hydrogen distribution lines 
4.)  Natural gas pipeline failure causing fire 
5.)  Shutdown of the PEMFC 
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2.2 Location.   
 
All hydrogen systems will be placed outdoors under a pavilion and will resemble a small 
hydrogen park.  This keeps away the weather but also provides excellent ventilation that is 
necessary if hydrogen is accidentally released.  The area will be protected and completed 
enclosed with a ten foot fence.  Only operators and trained maintenance personnel will be 
allowed to enter the area.  In addition, there will be tours through the facility led only by 
competent, trained guides.   
 
2.3 Piping.   
 
Hydrogen is less dense than some other materials typically transported in piping, such as natural 
gas, so better seals are required to prevent leaks.  Piping, tubing, and fittings must be suitable for 
hydrogen service and have a melting point above 1000°F.  According to ANSI/ASME B31.3 
stainless steel 33, 304, or 316 is preferred for hydrogen tubing, piping, and fittings and the 
maximum hardness is 80 Rb.  For natural gas, carbon steel lines can be used.  Natural gas is 
infused with  a mercaptan odorant from the energy company.  In addition, in this design, the 
hydrogen gas will also be odor infused on-site for easier detection of leaks. 
 
2.4 Storage Tanks.   
 
The hydrogen storage tank is equipped with a safety pressure release valve in accordance with 
CGA G-5.5 to prevent any pressure overload virtually eliminating the risk of explosion under 
normal non-fire related conditions.  The tank, along will all park components will be secured to 
non-flammable concrete foundations and be enclosed with 3 ft concreted barriers.  In addition, 
the tank will be positioned with 15ft radial clearance of any other components to meet code.  
Should a collision with the storage tank occur, catastrophic failure could take place and endanger 
anyone near the site.  Vehicle speed in this area of the campus is very low so the risk of a 
collision is also low.  However, the consequences would be devastating so this safety precaution 
is essential. 
 
2.5 Accidental Combustion of Hydrogen.   
 
An uncontrolled combustion or explosion is considered the most dangerous to the system and to 
the public.  A control panel with a gas and flame detection system will be included and leak 
detection equipment will be installed along the path of the entire system and will report to the 
panel so any leaks can be quickly found and repaired.  Since hydrogen burns with a nearly 
invisible flame, special flame detectors will be required at any entry/exit points of the system and 
will also report to the control panel.  In addition to the already mentioned aspects of the outdoor 
park, to further prevent a fire, all ignition sources will be eliminated within 200ft from the area.  
Many highly conspicuous warning signs of the flammability of hydrogen and no smoking signs 
will be placed on the premises in accordance with NFPA 55. 
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2.6 Shutdown of the PEMFC.   
 
If the fuel cell experiences any excess pressure or temperature it is equipped with internal safety 
aspects and will shutdown.  If this happens the electrolyzer needs to shutdown as well to prevent 
any buildup in the feed lines.  Each component will be equipped with alarms that will sound and 
automatic trips that will turn off the system if any abnormal conditions are sensed.  In addition, a 
manual emergency stop (E-stop) button will be installed to shut down the electrolyzer and 
dispenser functions.  This overrides the system should an internal trip function fail and alarms 
sound.  If the E-stop button is pulled all systems will shut down to prevent any damage. 
 
2.7 Safety Analysis – Building Fire Prevention.   
 
The building design incorporates all required safety aspects.  Fire alarms, fire extinguishers, 
sprinkler systems, carbon monoxide detectors and emergency exits are incorporated in 
accordance with NYC Fire Code Local Law No. 26 of 2008.  Fire protection systems shall be 
inspected, tested, serviced and otherwise maintained in accordance with this law and in addition 
be in accordance with the standards listed in the table below.  The buildings natural gas supply is 
kept separate from the fuel cell system and can be regulated by the energy company just as in 
any new building.   
 
Fire Protection System Maintenance Standards 
 
System      Standard 
Portable fire extinguishers     NFPA 10 
Low, medium and high expansion foam systems  NFPA 11 and NFPA 25 
Carbon dioxide fire extinguishing system   NFPA 12 
Halon 1301 fire extinguishing systems   NFPA 12A 
Foam water sprinkler and spray systems   NFPA 16 and NFPA 25 
Dry chemical fire extinguishing systems   NFPA 17 
Wet chemical fire extinguishing systems   NFPA 17A 
Water based fire protection systems    NFPA 25 
Fire alarm systems      NFPA 72 
Water mist fire extinguishing systems   NFPA 750 
Clean agent fire extinguishing systems   NFPA 2001 
 
2.8 Building Safety.   
 
The building itself will be built according to New York State Building Code and all safety 
requirements must be met in order to obtain a certificate of occupancy.  The building’s natural 
gas supply is kept separate from the fuel cell system and can be regulated and maintained by the 
energy company just as in any new building.  The solar and wind connections are protected 
underground and are connected directly to the electrolyzer so the building is as isolated as 
possible from the hydrogen systems.  The electricity supplied to the building from the MCFC 
and the grid is an above ground wire connection in the same fashion as any conventionally 
powered building. 
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3.0 Economic and Business Plan Analysis.   
 
This section is broken down into capital costs of the building and operating costs in addition to 
annual savings using renewable sources versus the standard method of a grid connection. 
 
3.1 Capital costs of the building.   
 
This section is broken down into structural costs, services and other furnishings, site preparation, 
and additional taxes and fees to give a total estimate of the building cost.  All of these estimates 
were based from the RS Means Building Construction Cost books (16, 29).  
 
Structure Cost 
 
The structure cost is broken down into three subcategories.  These include the substructure, the 
shell, and interior.  These subcategories include all major components of the building with the 
exception of services and furnishings.  The cost breakdown is shown in table 3.1. 
 
   

Item Description Quantity Units Unit Cost Total Cost
A.

1. Standard 
foundations

Poured concrete; strip and spread footings 45152 SF $2.05 $92,562

2. Slab on grade 4" reinforced concrete with vapor barrier and sub-base 45152 SF $2.23 $100,689
$193,251

B.

1. Roof Construction
Steel Joists, beams and deck on columns and walls 30x30 
bay 45152 SF $6.34 $286,264

3. Exterior Walls
Brick face cavity wall - insulated backup 
Double-glazed aluminum curtain wall

6030
8070 SF

25.75
48.60 $547,475

4. Exterior doors Glass door including hardware, 6'x7' opening
Double steel door with frame, 6'x7' opening

7
1

per door 3890
2775

$30,005

5. Roof coverings
Vegetative roof (45152-8000 sq. ft. for solar panels then 
divided in 2 for leed credits give 18,500 sq. ft. 18500 SF $13.00 $240,500

6. Roof openings Skylights (1175) 1175 SF $66.50 $78,138
$1,182,381

C.
1. Partitions 5/8" gypsum board installed on metal studs, 24" OC SF $3.71 $167,514

2. Interior Doors
Double acting, swing aluminum door, 6'x7' opening (4)
Double solid wood oak door, 6'x7' opening (6) 
Single solid wood door, 3'x7' opening (20)

4
6
20

per door
5275
834
417

$34,444

3. Fittings
Toilet Partitions
(8) partitions for urinals
(24) toilet fixtures

8
24

per 
partition

504
874

$25,008

4. Wall finishes Paint and coverings SF $2.84 $128,232
5. Floor Finishes Carpet/tile/wood SF $5.92 $267,300
6. Ceiling finishes Suspended fiberglass board SF $3.45 $155,774
7. Stair Construction Cast in place concrete 1 Flight $6,650.00 $6,650

$784,922
$3,536,184

Subtotal - Substructure

Subtotal - Shell

Subtotal - Interior
Total - Structure

Structure Cost

Substructure

Shell

Interior 

 

Table 3.1:  Structure Cost 
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Equipment and other furnishings 

The equipment and other furnishings category is broken down into five subcategories.  They 
include plumbing, HVAC, fire protection, electrical, and equipment and other furnishings.  Table 
3.2 breaks down the cost of the components of these subcategories. 

No. Item Description Quantity Units Unit Cost Total Cost
A.

1. Plumbing fixtures Toilet and service fixtures, supply and drainage 45152 SF $1.81 $81,725

2. Domestic water 
distribution

Gas fired water heater 45152 SF $0.49 $22,124

3. Rain Water drainage Roof drains 45152 SF $0.24 $10,836
$114,686

B.
1. Boiler 45152 SF $6.55 $377,935
2. Air Handling Unit 1 Each $24,640.00 $24,640
3. Pump, water source 45152 SF $9.52 $429,847

$832,422
C.
1. Sprinklers Wet pipe sprinkler system 45152 SF $2.16 $97,528

$97,528
D.

1.
Electrical 
Service/Distribution 800 Amp Service 45152 SF $2.53 $114,235

2.
Lighting and branch 
wiring

Flourescent fixtures, receptacles, switches, A.C. and 
misc. power 45152 SF $10.88 $491,254

3. Communications and 
Security

Alarm systems, internet wiring, communications systems, 
and emergency lighting

45152 SF $2.11 $95,271

$700,759
E.

1. Commercial equipment

Waste handling, compactor
Bake Oven
Broiler
dishwasher 50 racks/hr
Cooler, reach in
Food warmer
Double Fryer
Ice maker
Kettles
Range
Range hood 
Walk in Refrigerator

1
2
2
1
4
4
2
2
1
2
2
2

Each

8660
4996
3371
8620
4312
600
2594
5320
6119
4387
4250

148 (sq.ft)

$163,923

2. Institutional Equip.
Sound System Dolby
Projection Screen Electric operation 100 S.F.
Projector Deluxe

1
1
1

Each
18100
2480

15500
$36,080

Seating Auditorium 163 Each $1,927 $313,138
Office Furniture Deluxe 6 per/emp. $2,425 $14,550
Cafeteria tables 129 per table $1,927 $248,583
Seating, meeting rooms 75 per seat $160 $12,000

$788,274
$2,533,669

3.

Equipment Services and Furnishings

Subtotal - HVAC

Subtotal - Plumbing

Subtotal - Fire Protection

Subtotal - Electrical

Total Services and Furnishings

HVAC

Plumbing

Fire Protection

Electrical

Equipment and furnishings

Other equipment

Subtotal - Equipment and Furnishings

 

Table 3.2:  Equipment and other furnishings 
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Site Preparation 

Site preparation consists of the cost necessary to prep the area needed for building construction.  
This consists of the demolition of buildings on the site, outdoor lighting needs, and possible 
trenching that would be required.  Table 3.3 illustrates these costs. 

No. Item Description Quantity Units Unit Cost Total Cost
1. Trenching Utilities 12300 L.F. $19 $233,700
2. Outdoor lighting Selux Solar 30 each $1,980 $59,400

3. Demolition
Demolition of 2 buildings with 
recycling 4000 SF $6 $30,000

$323,100

Site Preparation

Total - Site Preparation  

Table 3.3:  Site Preparation 

Energy Sources 

Table 3.4 includes the capital costs for all energy sources that will power the building in addition 
to grid power.   

No. Item Description Quantity Unit Cost Total Cost
1. PV system 90 kW array 1 $1,500,000 $1,500,000
2. PEM Fuel Cell 50 kW each 2 $71,000 $142,000
3. Electroylzer HY-Stat 60 1 $500,000 $500,000
4. Hydrogen Storage Tank 200 kg storage tank 1 $1,000,000 $1,000,000
5. Wind turbine, horizontal axis 50 kW each 5 $218,000 $1,090,000

$4,232,000

Capital Energy Source Cost

Total - Energy Sources/Storage  

Table 3.4:  Capital costs of energy sources 

Summary of Total Capital Costs 

Table 3.5 illustrates the estimated total capital costs for the building.  This includes other 
additional fees associated with building construction.  The location factor is a factor that 
accounts for additional material costs due to the site location.  The contractor and architectural 
cost is to account for additional fees that they would include with building design and 
construction.  The additional fixture factor is a factor the team used to account for miscellaneous 
fixtures unaccounted for such as toilet paper holders etc.   The total cost was then derived based 
from these additional costs and totaling the other tables. 
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$4,232,000
$2,507,029
$2,533,669

$323,000
$1,000,000
$2,225,097
$2,648,925

$741,699
$2,648,925

$18,860,342Total Capital

Capital Summary
Energy Systems
Structure
Services
Sitework
Marketing
Location Factor (21%)
Contractor Factor (25%)
Architechtural Factor (7%)
Additonal Cost Factor (25%)

 

Table 3.5:  Total capital of the building with additional costs included 

3.2 Operating Costs and Annual Savings. 

Based on our project life of 25 years and 6% interest, the initial cost for the system $4,323,000. 
The net present cost is $5,769,710 total. Over all, the levelized cost of energy is $ 0.907 per 
kWh. The operating cost was calculated to be $120,290 per year. We are expecting to save 
$23,234.63 annually from the CO2 credit, which will reduce our operating cost from $120,290 to 
$97,055.37 annually. See table 3.6 below for the energy cost summary 

 

 

Table 3.6 Energy Cost Summary 
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4.0 Environmental Analysis 

4.1 Emissions Summary 

With 98% of renewable energy, we are able save the $23,234.63 annually and $580,786.26 life 
cycle (25 years) for CO2 credit based on the International Carbon Trading of $50 per ton. The 
emissions summary for our building is tabulated both per year and a for a 25 year life cycle in 
table 4.1 below: 

                                      

Renewable Source   

Reductant kg/yr 
Life-Cycle 
(25Y) 

CO2 421,562.06 10,537,608.69
SO2 1,024.28 25,603.58
NOx 884.78 22,116.49

   
Natural Gas (hot 
water/kitchen)  

Pollutant kg/yr 
Life-Cycle 
(25Y) 

CO2 7,956.65 198,852.65
SO2 64.21 1,604.80
NOx 9.38 234.36

   
Grid Electricity   

Pollutant kg/yr 
Life-Cycle 
(25Y) 

CO2 19,140.51 478,447.15
SO2 46.51 1,162.50
NOx 40.17 1,004.17

  
Table 4.1 – Annual and 25 year life cycle building emissions 

 
4.2 Energy Conservation and Environmental Green Building Attributes 

In addition to the fuel cell, solar and wind technologies, the building design will incorporate 
several green building techniques.  The single story building will be oriented on the property to 
maximize opportunities for passive solar heating and daylight. To reduce the amount of solar 
heating in the hot summer months, motor operated window shades, sun shelves and window 
tinting will be included in the design.  In addition, energy star rated equipment will be used for 
all applications.   
 
To detail the green aspects, a set of performance standards outlined by LEED™, a registered 
trademark of the U.S. Green Building Council (USGBC), will be followed.  This consists of a 
Green Building Rating System for New Commercial Construction and Major Renovation 
(LEED-NC).  Credits are issued in various categories and certifications are awarded according to 
the following scale (14):     
                        

Certified 26-32 points                                                                                                   
  Silver  33-38 points                                                                                                    
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  Gold  39-51 points                                                                                                   
  Platinum 52-69 points    

     
Any building that achieves one of these levels will be recognized by the USGBC as a LEED 
building. 

Sustainable Sites 

This category emphasizes on not disturbing the natural landscape and wildlife habitats as well as 
limiting the vehicle use to get to the site.  Erosion while constructing and demolishing, external 
lighting systems and solar heat absorbed by dark buildings and paved surfaces are to be avoided.  
The building expects 13/14 points in sustainable sites detailed below. 
  
1pt  Site Selection                                                                                                                                                   
1pt  Community Connectivity:  10 community services are available by foot within a half- 

mile radius. 
4pts   Alternative Transportation 

(1)  Public Transportation Access:  Building is within a 1/4 mile of bus lines.                                             
(2)  Bicycle Storage:  Covered storage facilities for bikes for 15% of the buildings users.  
(3)  Low-Emission and Fuel-Efficient Vehicles:  Parking is provided for low-emissions 
and fuel-efficient vehicles.   The spaces must cover 5% of the entire parking lot. 

 (4)  Parking Capacity:  The parking area should meet, but not exceed minimum local  
 zoning  requirements and provide 5% preferred parking for carpools. 
2 pts Site Development  
    (1)  Protect or Restore Habitat:  Provide 50% of the site area with native vegetation.  
 (2)  Maximize Open Space:  An area equal to the total footprint of the building of 
 vegetated open space will be provided. 
2 pts   Storm water Run-off Design   

(1) Quantity Control:  The building will have a storm water run-off collection area to be 
used to water landscaping.  The impervious portion of the roof equals 22500SF or 
around 50%.  90% of that water will be collected.  The average annual rainfall on 
Long Island is 49.68 in putting it in the humid watershed category which corresponds 
to 1in.  The volume of water available for collection is:  
 

   Vcaptured = ,  where Rv is a runoff coefficient equal to 0.95   

       and  A=22500 sf 

 Vcaptured=1781.25 cf = 13324.675 gallons 

  (2)  Quality Control:  Pervious pavers will be used for all new walkways. 
2 pts Heat Island Effect, Roof and Non-roof:  50% of the site's hardscape (excluding building) 
 will use paving materials with a Solar Reflectance Index (SRI) of at least 29.  The 
 site will use white concrete for any new roads/walkways with an SRI of 84 when new 
 and 45 when weathered.  For  the roof, the portion that is not vegetative will be coated 
 white.   
1 pt    Light Pollution Reduction:  Interior lighting will be timed to turn off (except emergency 

lighting, if applicable) during closed hours and exterior lighting shall have full cutoff 
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optics and will be kept to a minimum.  No landscape or decorative lighting will be 
installed.  Only the entrances to the building will be lit and those lights will meet the 
minimum power density set forth in ASHRAE 90.1-2004.   

Water Efficiency   

This category focuses on reducing the use of potable water in all areas.  The design expects 4/5 
points in water efficiency detailed below.  

2 pts Water Efficient Landscaping:  Potable water will not be used for landscaping. The 
 rainwater collection system installed will provide irrigation when needed.  A drip water 
 system will be installed and connected to the tank.  A control system can monitor tank 
 levels and water when necessary.  
2 pts Water Efficiency Indoors:  To reduce the use of potable water indoors by 30%, the design 

calls for waterless urinals, low-flow sinks and low-flow toilets.  Waterless urinals use 
absolutely no water and the 8 waterless urinals used in the building will save 
approximately 363,000 gallons of water a year.  Dual flush toilets and low flow sinks 
with regulated timers will be installed.  1.6 gallon/flush toilets will be used and will save 
54%-77% of water per flush over standard toilets.   

 
Energy and Atmosphere  
 
There are 3 prerequisites that are required.  The first two state that all minimal energy loads must 
be calculated and documented.  In addition, all energy systems must perform according to project 
requirements.  The third calls reduced ozone depletion by using no CFC refrigerants. The design 
expects 15/17 points in Energy and Atmosphere detailed below   

8 pts Optimize Energy Performance:  The building will undergo an energy analysis  and be 
compared to a baseline building described in ASHRAE/IESNA “Standard  Building 
Performance Rating Method” in Appendix G of the standard.  The percentage of 
improvement determines how many credits are earned.  35% energy savings is expected. 

3 pts On-Site Renewable Energy:  The building will generate hydrogen through electrolysis 
 using solar and wind power for more than the required 12.5% renewable energy. 
1 pt Enhanced Commissioning: Verify all systems are operating properly. 
1 pt Enhanced Refrigerant Management:  No CFC's will be used anywhere in the building. 
1 pt   Measurement & Verification: Meter all mechanical/electrical systems. 
1 pt Green power:  Electricity from the grid will be provided by renewable sources. 

The Energy and Atmosphere category is far more detailed than described and many of the 
necessary calculations cannot be done until the building is up and running.  However, by the 
standards set above, the project team expects the design to do well in this category.   

 Materials and Resources  

The pre-requisite for this category is that the building must have 175 sq.ft. of recycling areas.  
The design expects 9/13 points in Materials and Resources detailed below  

2 pts Construction Waste Management:  75% of materials to be recycled or salvaged.  A 
 specific site will be allocated for all  materials to be recycled and any salvageable items 



26 
 

 from the two buildings being  demolished will either be included in the new building or 
 donated to charity.  
1 pts Materials Reuse:  Reuse 5% of demolished materials  
2 pts Recycled Content:  20% of the materials used will be made from recycled materials.   
2pts Regional materials:  20% of materials used must come from within 500 miles of the 
 project site.  
1 pt Rapidly Renewable Materials:    Use materials made from plants that are typically 
 harvested within a 10-year cycle or shorter for 2.5% of the total value of all materials 
 (based on cost).  Some examples that may be utilized are linoleum flooring bamboo 
 flooring, cork  flooring and wool carpeting.  Having all floors fit this category the credit 
 will be earned. 
1 pt Certified Wood:  50% of wood-based materials and products that are certified in 
 accordance with the Forest Stewardship Council's Principles and Criteria.   

Indoor Environmental Quality 

The building will be mechanically ventilated and the project must meet the minimum 
requirements of ASHRAE Standard 62.1-2004.  No smoking will be allowed inside the building 
or within 25 feet outside the building.  The design expects 11/15 credits in Indoor Environmental 
Quality. 

1 pt Outdoor Air Delivery Monitoring: CO2 monitoring and direct outdoor airflow 
 measuring.  
1 pt  Increased Ventilation:  30% above the standard.     
2pts Construction IAQ Management Plan:  All stored on-site absorptive materials must be 

protected from water  damage.  Filtration must be installed at all permanent and non-
permanent air handling units  during construction.  The construction plan must meet the 
recommended  Control Measures of the Sheet Metal and Air Conditioning Contractors 
National Association IAQ Guidelines.  Air quality testing must be done after construction 
and prior to occupancy. Ventilation systems must be completely flushed before 
occupying the building. 

4 pts Low Emitting Materials:  Reduce VOC and other harmful emitting materials. Follow 
strict  guidelines and do not exceed stated limits for adhesives, sealants, paints, coatings, 
carpet,  composite wood and agrifiber products. 

1pt Indoor Chemical and Pollutant Source Control:  Each building entrance will have a six 
foot long carpet/grate to capture dirt and other particles.  Vestibules have been provided 
at all public entrances. Also  ventilation filtration  must be provided. 

1pt  Controllability of Systems - Lighting:  Dimmers and individual switches for each 
workstation will be installed. 

1 pt Daylighting and Views:  75% of the spaces will be daylighted. 

Innovation in Design 

This category is set aside for those building designs that substantially exceed one or more LEED 
performance requirements.   

1 pt Educational Tours/Seminars: Offer guided tours of the facility to educate the public and 
raise awareness of renewable energy and sustainable design. 
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1 pt  Hydrogen Generation System: The hydrogen system is exceptional and should qualify for 
a credit.  

1 pt Renewable Energy: Exceptional performance should earn a credit. 
1 pt  LEED –AP:  Hire a LEED accredited professional to manage the sustainable effort. 
 
It is the project team’s intention to earn Platinum certification.  Refer to the Appendix for LEED 
checklist.  

5.0 Marketing and Education Plan 

5.1 On - Campus Advertising.   

An advertising campaign for the Green Center will be launched across the campus to inform 
students of the new student center. The advertising campaign will mainly involve on-campus 
advertising by using posters and flyers in high traffic areas as well as advertising in the student 
news paper. This will be used to inform student of the benefits of the Green Center and the 
technology that the building utilizes. 

5.2 University Website Advertising    

A page on the university website will be added to advertise to possible new students and others 
interested in the university information about the impact of the Green center on the environment 
and the green systems the building utilizes. The web site will also have real time visual displays 
of the buildings power and production loads. 

5.3 Green Court Yard.   

The Green Center will have a court yard located in the center of the building that students and 
anyone else who has access can tour an interactive learning display of the building. The display 
will showcase all the different technologies that have been employed in the development of the 
Green Center. The court yard will also have real time visual displays of the buildings power and 
production loads.  

5.4 Guided tours.   

As part of the education plan, guided tours of the building will be provided for students and 
interest groups. The tour will take the groups through different areas of the building and the court 
yard, while the tour guide presents the different facts and information about the technology and 
systems incorporated in the Green Center. The tour will also lead the groups through a tour of the 
fuel cell, wind turbines, electrolyzer, and solar array.  
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5.5 Advertisement 

 

The goal of the Education and Marketing plan is to educate people of the different technology 
that is available today that helps make buildings green and self sustaining. The plans will also 
showcase the State University of New York as a leader in employing green technology and 
minimizing environmental impacts. Since a majority of the general public has a lack of 
knowledge about green buildings and green energy the education and marketing plan will have a 
big hurdle to overcome. Through the use of guided tours and interactive displays however, this 
hurdle should be easily overcome.  
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Appendix:  LEED Checklist 
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Appendix:  Electrical Schematic - 800 amp service 
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