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Project Approach 
FCS teamed with Avenue Architects to perform on-site facility inspections and staff 
interviews. This approach, coupled with a detailed benchmark analysis of nine other 
government agency golf courses, has resulted in our recommendations contained below. 

Executive Summary 
FCS is recommending that the City of Englewood change the type of technology used at 
the Broken Tee Golf Course to electric. The cost to implement the program is estimated 
to be $325,540 including most facility modifications. The purchase price for electric or 
gasoline cars is estimated to be the same. Therefore, the actual cost to use electric cars, 
less facility cost, is the same as using gas powered cars. FCS is recommending that this 
program be implemented over the next three to five year period.  
FCS found that all nine of the agencies contacted are planning to or have implemented 
electric car programs. The reasons for changing range from emissions issues, complaints 
from the customers (about emissions), noise, customer perception, and reduced annual 
maintenance and energy cost. Within the industry, electric cars are perceived to be more 
up scale. Of the remaining gasoline powered cars in the agencies interviewed 49% are 
planned for replacement within the next few years. That will leave only a small 
percentage of gas powered golf cars in the Denver area. 
Facility modifications include the installation of additional electrical panels and charging 
stations. The majority of the existing facility can be used. However, additional storage is 
highly recommended due to the manufacturer’s parking requirements. There is a 
possibility that expansion of the existing storage facility could be performed. However, 
this option would require additional structural analysis. Additional or replacement 
ventilation equipment will also be required. 
The results of the benchmarking analysis clearly indicate an industry trend to change the 
type of technology used on the courses today. While some agencies have postponed their 
implementation of the change to electric cars due to economic hardship, they still have 
plans to implement the program as soon as financially possible. 
FCS also suggests that a multi-phased approach be implemented during the next three 
years. This will lessen the financial cash requirements. However, the facility 
improvement should be completed as soon as the decision is made to change to an 
electric fleet. 

The Local Government Golf Car Inventory 
Of the nine agencies interviewed, FCS found the 1

• Total number of gas powered cars in inventory 2009 =  1,007 
following: 

• Total number of electric powered cars in inventory in 2009 =     776 

                                                 
1 The total number of cars for 2009 and the future do not equal the same amounts as some agencies are 
planning a decrease and some agencies are increasing fleet size. 
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However, the percentage of local, government-owned gas powered cars that will be 
changed to electric during the next 1 to 3 years is 49%. After the planned change, the new 
local government inventories will report as follows: 

• Total number of gas powered cars in inventory (planned) =      512 
• Total number of electric powered cars in inventory (planned) =  1,288 

Financial Recap 
The total investment to change the current fleet of gas-powered cars to an all-electric fleet 
is $325,540, which is the cost to complete facility improvements. The purchase price of 
an all electric car fleet is estimated to be $287,000 that is the same cost for gas powered 
cars. There are some offsetting savings that can be documented to repay this investment. 
Most all agencies interviewed said there is a notable reduction in maintenance. FCS 
findings support small saving to offset the increased cost for facility conversion to 
electric.  

• The cost of electricity required to power an electric car for one round of golf is 
$.34. 

• The cost to power a gas car is $.546 per round, (actual city cost). 
• Fuel, or cost of energy, may save $10,480 / Yr. based on total rounds of 2

The maintenance cost could be reduced by as much as 60% (current cost is $73.35 / YR.). 
Items such as oil filters, are cleaners, oil and spark plugs will not be required. This may 
account for a savings of $44.00 per car / YR. or approximately $3,000 per year total. 

52,622.  

The total cost savings could reach $13,840.24 per year. This would place the payback to 
convert to an electric facility at almost 3

Additionally, some agencies said that they felt there was an increase in customer base 
after changing to electric. 

24 years. 

Emissions Impact 
Should the city elect to change to an all electric, (70 cars), fleet the positive impact to 
local clean air efforts would be considerable. It would be the equivalent to reducing the 
city’s fleet by 180 full size sedans.  
 
Basics About Electric Golf Cars 
FCS has assembled some basic facts about industry electric golf cars. The information 
listed below was provided by one manufacture and other manufactures data may vary. 

• Electric golf cars consume about .34 cents of electricity per round of golf. 
• It requires 8.1 kilowatts to recharge a golf car after 2.5 rounds of golf. 
• Some agencies interviewed use golf cars for 4 years and trade in for new cars 

prior to replacing the first set of batteries. 
• There are approximately 4 to 6 batteries per car. 
• The life of a battery is 4 to 6 years depending on usage. 
• The cost to replacement a set of batteries is about $510.00 per car. 
• Most batteries are a lead acid design very similar to what is used in a family car. 

                                                 
2 Combination of par 3 and long course. Par 3 course was divided by 50% to equal a full round. 
3 This is based on 2009 dollars. 
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In general the parts used to build an electric car are the same parts used to build a gas 
powered car. The price to purchase an electric car is the same as a gas car. 

Other Considerations 
The operating weight should not be an issue as a gas powered car weighs 630 LBS and 
the electric car weighs 815 LBS. The existing turf maintenance equipment is 
considerably heaver than either of these vehicles.  
The City of Denver recently completed a cost analysis for the option of using gas or 
electric. The analysis basically indicated that the life cycle cost of the electric car was 
slightly less expensive if gas prices remained high. Their facility change costs were not 
included. 
FCS could not find a local government golf fleet that has repair or maintenance records 
for electric cars. Records for gas powered cars address scheduling of oil changes. 
There are some additional cost benefits, regarding inventories, for using electric cars. 
There would be a reduction in motor parts, oil filters, oil, gasoline and other small parts. 
However, grounds maintenance equipment will still require an inventory of oil and 
gasoline. 
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Detailed Findings and Recommendations 

Golf Car Analysis 
Manufacturer Analysis 
Findings 
The majority of the interviews conducted with other Colorado golf agencies revealed that 
Club Car was the preferred and recommended make. The agencies have no documented 
cost savings or extended life data to support this finding. 
FCS found a wide range for the replacement ages; they appeared to be based strictly on 
how much maintenance each agency wished to perform on-site during the life of the car 
and trade in values. Three of the agencies will target a four-year replacement cycle. Three 
other agencies will target a six to seven year replacement age that also ties directly to the 
end of the second battery life. The remaining agencies are at ten to 12 years; these longer 
life agencies stressed an aggressive maintenance program. 
 
 
 
 
 
 
 
 
 
 
 

 

Ownership by Brand 

 
FCS is recommending a seven to eight year replacement target. Based on our 
conversation with the other agencies, the major portion of component wear commences 
just after the third battery replacement cycle; replacement at that time is financially sound 
because of the recent second battery replacement. We also think that with many other 
agencies going all electric, the market for used electric cars will be highly competitive. 
Cars with an average age of six to eight years will be the most desirable due to the 
remaining battery life of three to five years in private (non golf course) use. 
 
Local Sales and Service Evaluation 
Findings and Recommendations 
The loyalty to an agency’s vendor is very evident. FCS found that most golf agencies 
support the vendor that they purchased the cars from. FCS recommends developing a 
close professional relationship with the successful vendor for the purchase of the future 
replacement cars. In the bid documents, the issues regarding employee training, 
specialized tools or diagnostic equipment, and repair and operations documentation 
should all be included. 
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An extended warranty option should also be required and evaluated. One of the 
interviewed agencies stated that the vast majority of the maintenance and repair was 
performed at the storage facility during the normal workday, and they were always able 
to fill the tee time requirements. 
 

Survey Information 
FCS surveyed nine agencies in Colorado. Eight locations are in the Denver area. We 
included Grand Junction as the ninth location because they built facilities for electric cars 
in 2006. 
Of the nine locations, two use gas cars, four use electric, and three use both. The two 
locations that use gas cars will start switching to electric in 2009 and 2010. Electric will 
be phased in as gas cars are replaced. 
The reasons for preferring electric cars include the following: 

• Ease of maintenance 
• No fueling responsibilities or fuel spills 
• No oil changes or associated maintenance costs 
• No noise pollution 
• No or low emissions 
• Smaller carbon footprint 
• Increased revenue 
• Provides an “upscale” appearance 

Those that use electric feel that the cars are cheaper to maintain, although we could not 
obtain documented records for comparison. One of the largest eliminated costs is fuel site 
maintenance and associated costs to meet federal, state, and local regulations. 
Additionally, cars will no longer run out of fuel, nor will there be a need to fuel cars 
when a surge of customers arrives.  
Agencies that lease electric cars and turn them in at the end of their lease like the fact that 
maintenance is minimal. They ensure the lease term includes warranty and turn in the 
cars before they need batteries. To ensure even battery usage they rotate car usage.  
Below is a summary of our questions with each location’s response. 
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Warranty Analysis 
Findings 
One of the agencies interviewed recommended purchasing the extended warranty (4 year 
warranty) and replacing the cars at the end of the warranty period. They stated the 
maintenance that was required, while under warranty, was performed on site by a trained 
dealership technician and was very minimal. They also opted for a trade in when 
replacement units were needed. They stated that having the cars dealer maintained added 
to the trade in value. 

Recommendations 
FCS recommends that the first purchase of electric cars should have an extended 
warranty option and a buy back guaranteed amount at the end of the warranty period. In 
the heavy equipment industry this is called a guaranteed maintenance and buy back 
option. The one draw back to this type of purchase agreement is that the second round of 
purchasing is very attractively set for the previous vendor 

Car Replacement Program Recommendations 
Recommendations 
FCS is recommending that a portion of the newly acquired electric cars be considered for 
an optional extended warranty period of four years and that an additional option be 
shown on the bid for a trade in at that time. The bid document should not lock the city 
into a formal agreement, but rather allow the city to see what the cost of ownership would 
be compared to keeping the cars for the recommended six to eight year life. 
Additionally, the bid should have an option to extend the bid award for a multi-year 
period so that the fleet can be standardized, thus reducing repair parts and batteries. The 
extended bid award would also make the customer interface, (golfers), a more pleasant 
experience.  
 
Optional Test Period 
Should the city be apprehensive regarding the recommendation to change the fleet to an 
all-electric fleet then a test period should be conducted. FCS would recommend that 
approximately 4 to 6 electric cars be acquired on an annual lease program with an option 
to extend the lease to four years. Then the data collected by the city on the electric cars 
should be compared to data collected to gas powered cars. This comparison must include 
the following criteria: 

1. The daily usage must be the same. 
2. Strict records must be kept for all costs. 
3. Interviews must be conducted with the golfers after completing their round and 

using both electric and gas powered cars. 
4. The results must be open to review at any time. 
5. An emissions impact analysis should be completed by city staff at the end of golf 

season. 
After the test period the city can draw their own conclusions. 
 
 



 9   

Battery Specifications 
Recommendations 
FCS is recommending that a performance specification for battery options be developed 
and presented by each vendor as part of the bid process. A desired four-year battery life 
should be the target. It should be the responsibility of the vendor to meet that 
performance specification. Should the battery fail prior to the desired or specified time 
frame, the vendor must replace the battery on a prorated scale that is equivalent to the 
percentage of life specified in the bid divided by the life realized.  

Storage Facilities Analysis 
Charging System for Electric Cars 
Please refer to Attachment B for specific details regarding facilities and electrical 
requirements. 
The bid specification will require a charging unit to be part of each car. An additional 
charging unit will be made part of the bid requirement so that one new part will be in 
stock the first day of operations. 
 
Fire and Safety Requirements 
FCS recommends that a fire inspection be performed prior to the starting date should the 
city convert to electric cars. 

Emissions Analysis - Electric Versus Gas 
Findings 
FCS requested the city’s fleet maintenance division to perform a series of tests on city 
vehicles and golf cars. The results, listed below, are quite startling.  
 
 
 
 
 

 

 

 

 
 
 
The chart above lists the results of emissions tests performed by the City’s Fleet 
Maintenance Division. This test was performed on a 2009 golf car and a 2009 full size 
police sedan. 
Basically the results show that one new golf car is more polluting, depending on usage, 
than ten full-size police sedans. When compared to an older golf car, the results are even 
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more startling. FCS estimates that the current inventory of gasoline powered golf 
cars in service during a prime use, (summer day), period could equal the emissions, 
depending on usage, of 180 full size police sedans daily. However, this information 
must be tempered with the fact that golf is not played year around and the use of golf cars 
during weekdays is less. 
The pollution produced by an electric car is very marginal compared to a gas-powered 
car. The carbon footprint is even smaller for an electric-powered car. Some reasons for 
this are listed below:  

1. The elimination of use of gas, (for golf cars). 
2. The delivery vehicle that fills the gas tank at the course uses diesel fuel. 
3. The maintenance of a gasoline-powered car generates used oil and engine parts 

such as spark plugs. These parts and spent fluids must be hauled away, most 
likely in large trucks, powered by diesel. 

4. The vehicle used to deliver and pick up the cars is a delivery truck. This can be 
addressed in the bid process (all delivery and support vehicles used to service the 
successful bidder’s cars shall be powered by an alternative fuel). 

5. When sold, the used gasoline-powered car will continue to operate using gasoline, 
parts, and spent fluids. 

This could be compounded locally if the cars are disposed of by using local auction 
services. 

Recommendations 
It would be in the best interest of the City of Englewood to demonstrate its stand on local 
clean air initiatives and follow the recommendation to convert during the next three to 
five years to an all-electric golf car fleet. While the start up cost (please refer to cost 
benefit analysis below) will be more than standard operating cost for a gas powered fleet, 
the clean air issue cannot be overlooked. 

Cost Benefit Analysis 
FCS outlines the cost analysis below. As noted the repayment time is considerably longer 
than would be desired for any business investment; the impact analysis is even harder to 
determine. Intangible benefits include the following: 

1. Customers appreciate the use of an upscale car. 
2. Clean air golf players will support your effort. 
3. The word will spread in the golfing community. 
4. There is an opportunity for marketing for additional golfing. 

FCS is confident that the switch to an all-electric golf car fleet will benefit the city, 
overall, in the long term. However, the cost is considerable. 
 
 

Investment in Electric Fleet 
Facilities = $325,540 
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Purchase of electric cars = $287,000 ($4,100 each @ 2010 prices) 
Other cost = $0. 
Total estimated cost = $612,540. 
 

Investment in Gas Fleet 
Facilities = $0 
Purchase of replacement gasoline cars = $287,000 ($4,100 each @ 2010 prices) 
Other cost = $0 
Total estimated cost = $287,000. 
There is no additional cost projected for electric cars over gasoline cars except facility 
costs. In fact, there is an annual savings of $13,840.24. There is a reduction in energy 
cost, however there is an increase in electric service charges. These costs can only be 
estimated at this time due to the charging time requirements of the cars (depending on 
daily use), and the peak verses off peak rates in effect at the time of charging. 
 
Basic About Electric Golf Cars 
FCS has assembled some basic facts about industry electric golf cars. The information 
listed below was provided by one manufacture and other manufactures data may vary. 

• Electric golf cars consume about .34 cents of electricity per round of golf. 
• It requires 8.1 kilowatts to recharge a golf car after 2.5 round of golf. 
• Some agencies interviewed use golf cars for 4 years and trade in for new cars 

prior to replacing the first set of batteries. 
• There are approximately 4 to 6 batteries per car. 
• The life of a battery is 4 to 6 years depending on usage. 
• The cost to replacement a set of batteries is about $510.00 per car. 
• Most batteries are a lead acid design very similar to what is used in a family car. 
• In general the parts used to build an electric car are the same parts used to build a 

gas powered car. 
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Attachment A 

 
Specifications 
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Attachment B 

Architect’s Report 

Facilities Findings and Recommendations 
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City of Englewood, Colorado 
Broken Tee Golf Course 
Clubhouse Golf Car Storage Analysis 
November 6, 2009 
 
1. Purpose of the study 
The goal of this effort is to provide a preliminary analysis of the impacts of electric golf 
car storage in the existing clubhouse storage area. Presently, gasoline-fueled golf cars are 
utilized. The City of Englewood Department of Parks and Recreation owns and operates 
the Broken Tee Golf Course and its associated clubhouse facility. The City requested this 
analysis so that it can better understand the facility implications of converting from gas to 
electric golf cars.   
 

 
Clubhouse, south side 
 
2. Building Data 
The golf course and clubhouse are located at 2101 W. Oxford Avenue, Sheridan, CO 
80110. The clubhouse building is wood-framed with painted wood siding on the exterior 
and a standing seam metal roof in a hip configuration. The main entry faces south to 
Oxford Avenue, with public parking located to the south of the building. The building is 
at the south end of the golf course.  It is a one-story building plus basement. On the main 
level there is a restaurant with commercial kitchen, meeting rooms, pro shop and 
restrooms.  Golf cars are stored in the basement, with access on the east and west sides 
provided by concrete ramps down to the lower level.    
 
Date of construction: March 1981, with major additions to the east and west in 1994.   
Building owner:  City of Englewood, Colorado 
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3. Project Participants 
The project participants met on September 15, 2009, at the golf course to discuss the 
project, followed by on-site observation of the clubhouse basement.   
 
Dave Lee, Manager of Open Space 
1155 W. Oxford Ave. 
Englewood, CO 80110 
(303) 762-2687 
dlee@englewoodgov.org 
 
Bob Spada, golf course manager 
2101 W. Oxford Avenue 
Sheridan, CO 80110 
(303) 762-2670 
bspada@englewoodgov.org 
 
Dave Henderson, Englewood Engineering Services 
1000 Englewood Parkway 
Englewood, CO 80110 
(303) 762-2506 
dhenderson@englewoodgov.org 
 
Jim Wright 
Fleet Counselor Services 
1655 N. Sundial 
Mesa, AZ 85205 
(480) 396-3636 
jwright@doitnow.com 
 
Kathy Lingo, AIA, NCARB, architect 
Avenue L Architects 
3457 Ringsby Court Suite 317 
Denver, CO 80216 
(303) 290-9930 
kathy@avenueLarchitects.com 
 
Mark Johnson, PE, mechanical and plumbing engineer 
McGrath, Incorporated 
5353 West Dartmouth Avenue, Suite 506 
Denver, CO 80227 
(303) 969-0220 
mjohnson@mcgrath-inc.com 
 
Jeff Nielsen, PE, electrical engineer 
JCN Engineering  
3281 Routt Street 
Wheat Ridge, CO 80033 
(303) 239-0736 

mailto:dlee@englewoodgov.org�
mailto:bspada@englewoodgov.org�
mailto:dhenderson@englewoodgov.org�
mailto:jwright@doitnow.com�
mailto:kathy@avenueLarchitects.com�
mailto:mjohnson@mcgrath-inc.com�
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jcneng@comcast.net 
 
4. Storage capacity of existing facility 
The existing facility stores 70 gasoline-fueled vehicles, including golf cars, three golfer 
fun vehicles, two player assistant vehicles, one driving range vehicle and one picker.  
Other existing storage in the basement will remain. Cars are parked three deep along the 
north wall and two deep along the central portion of the south wall.  There is insufficient 
vertical clearance for two-deep storage at the west end of the south wall.   

 
 
 
 
 
 
 
 
 
 

Ramp to basement, east side   Ramp to basement, west side 
 

The existing basement has unpainted cast-in-place 
concrete walls and a concrete floor slab.  The ceiling is 
gypsum wallboard with surface-mounted fluorescent 
light fixtures, surface-mounted exposed conduit, and 
exposed sprinkler piping.   
 
Existing Basement 
 
Conversion to electric vehicles will result in fewer 
vehicles being stored in the clubhouse basement.  
Electric vehicles are about the same size as gasoline-
fueled vehicles, but they require more clearance between 
them when parked.  This is because a person needs to be 
able to walk between the vehicles to access the ceiling-
mounted battery chargers and plug-ins. E-Z-Go, a 

leading manufacturer of electric golf cars, recommends parking stalls 8’-6” deep by 5’-0” 
wide, with no double-stacking; in other words, all vehicles would be immediately 
adjacent to a drive aisle (see diagram p. 5).  Since the Broken Tee clubhouse storage 
configuration will only work with double and triple stacking, additional clearance is 
needed between parked vehicles for access to the chargers and plug-ins.   

mailto:jcneng@comcast.net�
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Broken Tee Clubhouse Basement, Proposed New Car Storage Layout  
(note:  drawing not to scale) 
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E-Z GO Recommended Layout 
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Proposed Location of 
New Structure 

 

A stall layout of 8’6” deep and 5’6” wide will provide about 18” of clearance between 
vehicles. With this layout, the existing facility will accommodate storage of 60 electric 
cars. One gate to the existing chain-link fence enclosure on the north side will need to be 
relocated in order for this layout to work (see Basement Plan p. 4).   
This results in a deficit of ten vehicles that will need to be stored elsewhere on the site in 
a new freestanding structure. Using E-Z-Go’s recommended layout, this would be a 
building of about 27 feet by 35 feet, or 945 square feet. The preferred location is just west 
of the building, where paved car circulation already exists.  The new building would 
require electrical service sufficient to support the battery chargers for ten vehicles, and a 
ventilation system to exhaust the hydrogen gas resulting from batteries out-gassing (see 
mechanical description below).  Thus it is more sophisticated than a simple garage. The 
building does not require sprinklers and does not need to be fire-rated construction.  The 
City may wish to consider a larger building to accommodate other storage needs.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Electrical  
Electrical Service and Distribution:  The existing underground electrical service for the 
building is located in the basement and is a 400-amp, 120/208 volt, 3 phase service. The 
service entrance conductors consist of two sets of 4 #4/0 copper conductors in conduit 
from a 75 kva pad mounted transformer located on the southwest side of the building.  
Located in the basement at the service entrance location is a meter, CT enclosure, a 400-
amp panel B, and a 200 fused disconnect tapped ahead of panel B.  The existing electric 



 21  

demand meter #44324T has a recorded peak load of 76 kw in August of 2008.  This 
converts to approximately 211 amps of peak load on our existing 400-amp service.  
Based on a design for 60 cars and the suggested calculation by Club Car, our new cars 
will require 200 amps of 120/208 volt, three-phase power. A new 20-amp simplex 
receptacle in a cast weatherproof box will be required above each car located on the 
ceiling. Each car requires a dedicated 20-amp circuit and neutral conductor. This assumes 
the cars purchased include a built-in battery charger and cord. All of the new boxes and 
conduit will be surface mounted on the ceiling and will be watertight to avoid water 
contamination from leaks in the building above. 
With a new total load of approximately 411 amps (200 amps for cars and 211 amps existing 
load) we recommend replacing and upgrading the existing 400-amp service to a 600-amp 
service. This will require a larger transformer by Xcel Energy (150 kva), new service entrance 
conductors and conduit from the transformer to the basement (2 sets of 4#350 kcmil in 3” 
conduit), a new transient voltage surge suppression device and a new 600-amp rated, main circuit 
breaker panel to replace the existing 400-amp panel and 200-amp fused disconnect. 

The new 600-amp panel would include a 200-amp breaker to feed the existing 200-amp fused 
switch feeder, a 225-amp breaker to feed existing panel B, and one new 20-amp single pole 
breaker to feed each car-charging receptacle (a total of 60). This panel would also include three 
breakers for new make up air unit and two exhaust fans, which will all be three-phase loads. 

It is recommended that a professional engineer be contracted to produce the construction 
documents for a contractor to install this system.  
Lighting:  The existing fluorescent lights in the golf car storage area would be removed to 
allow for the installation of the new surface mounted conduit and then reinstalled. 
 
6. Mechanical  
The existing car storage area is located in a basement area beneath the clubhouse. There 
are roll up doors at each end of the garage area with ramps up to grade. 
The existing mechanical system consists of an exhaust fan located on the south side of 
the garage area, which is ducted to a louver on the south side of the building at grade.  
There are motorized dampers at each end garage near the roll up doors. The exhaust fan 
is controlled by a carbon dioxide detector located on one of the columns in the garage.  
The exhaust fan is not operational and appears to have not been operated in a long time.  
The existing ventilation system is not tempered, and there is no heat in the garage area. 
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Exhaust Fan     Motorized Damper 

 
The existing mechanical systems are beyond their useful life and require replacement. 
New mechanical systems will be required to prevent the accumulation of hydrogen gas 
from the batteries out gassing. The level of hydrogen gas must be kept at a concentration 
of one percent by volume of the room. 
We have reviewed the Club Car and the E-Z-Go vehicle storage facility ventilation 
requirements. Both manufacturers recommend a minimum of five air changes per hour 
(ACH) of ventilation air. The existing parking facility is 5,850 square feet with an eight-
foot ceiling height.  For the 5 ACH, 3900 CFM of outside air would be required. 
Section 608.6.1 of the 2006 International Fire Code (IFC) requires a ventilation rate of 
one CFM per square foot of floor area. This would require 5850 CFM of outside air.  
Since the IFC requires a higher ventilation rate, this will be utilized in lieu of the golf car 
manufacturer’s guidelines. 
The batteries in the golf cars will outgas year round. As such, the new ventilation system 
needs to be a tempered system. A new natural gas, indirect fired make-up air unit would 
be located at grade on the south side of the building and a screen wall or shrubbery used 
to hide the unit. 
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Proposed Make-up Air Unit Location 

 
Ductwork would be routed from the make-up air unit through the existing exterior louver 
and into the garage area. The make-up air unit would be sized for 5,850 CFM with a 60-
degree temperature rise on the heating section. The unit would have a 600,000 BTUH 
furnace section and a two horsepower supply fan at 208V/3p. New gas piping would be 
routed from the existing gas meter located at the southwest corner of the building. 
New exhaust fans would be mounted at the existing louvers at each end of the building 
and ductwork routed in between the fan and the louver. The exhaust fans would be 
interlocked with the make-up air unit. The ventilation system will be controlled from a 
hydrogen detector mounted in the space. The system will control to maintain the 
hydrogen level at less than one percent by volume.  The heating section on the make-up 
air unit will control to maintain a discharge air of 50 degrees F. 
These improvements should be designed by a professional engineer.   
 
 
7. Building Code 
The facility is located in the City of Sheridan, which currently uses the 2003 International 
Building Code (IBC).   
Building data (per 1994 addition drawings by Ohlson Lavoie Corporation): 
 Occupancy A3 Assembly, with B1 Golf Car Storage 
 Type of Construction VN (which would be called VB in the IBC)   
 Area:  First floor 8485 SF, Basement 5980 SF 
 Partially sprinklered on lower level 

Two-hour separation between the two floors was specified on the 1994 drawings 
with a floor/ceiling construction meeting UL G503: concrete slab on steel bar 
joists with Type X gypsum board ceiling on metal furring strips.   

Battery storage as required by the new electric golf cars is allowable in a B occupancy 
under current codes. The required separation to the A3 occupancy above is sufficient, but 
the two-hour separation has been breached in some locations as holes have been cut in 
the gypsum board ceiling. The breached areas should be repaired with Type X gypsum 
wallboard to re-establish the required fire separation between the two floors. 
 
8. Water leaks 
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The existing basement ceiling shows signs of water leaks. This is a safety hazard that 
would become even worse when electrical upgrades are installed, and it needs to be 
addressed as part of the conversion to electric golf cars.  
The first step is to identify the source of the water, which is outside the scope of this 
preliminary study. The commercial kitchen directly above has an old, worn-out floor and 
lacks a wrapped cove base on the walls. In some locations, it appears that leaks can occur 
around existing kitchen equipment floor drains. We recommend that the City contact a 
commercial kitchen contractor to walk through the kitchen and prepare a cost estimate to 
replace the flooring and base, and any other repairs required to stop water leakage from 
the kitchen into the space below.   
Another potential source of water leaking into the basement may come from water piping 
that runs in the ceiling cavity above the basement. This needs to be directly observed by 
cutting some new access panels in the ceiling. Since the original building was built in the 
1980s, there may be asbestos in the ceiling materials and/or on plumbing wraps. Thus we 
recommend a hazardous materials study first, so that adequate precautions can be taken if 
needed. Once these conditions are known, then access panels should be cut in order to 
observe whether or not piping above the ceiling is leaking into the basement. Any leaking 
pipes should be replaced. Holes cut in the ceiling should be repaired to maintain the 
existing fire separation. At a few locations, the holes should be replaced with fire-rated 
access panels to allow access to the ceiling cavity for future repairs.   
Another source of hazardous water leakage in the basement is an existing ice machine.  
This machine, currently stored in the basement, is leaking onto the floor.  It should be 
repaired or replaced before these electrical improvements are constructed. 

9. Summary of Recommendations  
A. Existing facility will park 60 vehicles.  New facility of 945 SF minimum needed 

to store ten additional vehicles. 
B. Identify and repair sources of water leaks. 
 1) Obtain hazardous materials study of ceiling and piping above ceiling. 
 2) Repair piping leaks found above ceiling. 

3) Replace kitchen floor and base and make other repairs as needed to stop 
leakage from kitchen.  

4) Repair or replace leaking ice machine in basement.    
C. Repair existing ceiling to maintain required fire separation. Add fire-rated access 

panels.   
D. Replace existing 400 amp electrical service with new 600-amp service.  New Xcel 

transformer, panel, service conductors, surge suppression, disconnect, and new 
20-amp ceiling-mounted receptacle on dedicated circuit for each of the 60 golf 
cars.   

E. New exhaust fans and tempered make-up air unit.   
F. New landscaping to screen make-up air unit.   
G. New building to store ten additional vehicles, including similar power, exhaust 

and make-up air requirements. A minimum of 945 square feet is needed.  
 
10. Cost Estimate 
This estimate does not include costs associated with investigation and repair of water 
leaks through the existing basement ceiling.  It does not include the cost of a hazardous 
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materials investigation, kitchen flooring replacement, kitchen floor drain repairs, piping 
repairs above ceiling if required.   
 
Modifications to existing building: 
 
Architectural: 
Re-stripe floor to new car layout       300.00 
Repair existing ceiling, allow     3,000.00 
New fire-rated ceiling access panels (4)   1,500.00 
Relocate gate in fenced storage area       425.00  
New concrete equipment pad         500.00 
for make-up air unit 
Landscaping to screen make-up air unit     600.00 
 
Mechanical: 
Mechanical demolition     1,040.00 
Make-up air unit    11,060.00 
Exhaust fans (2)      4,370.00 
New ductwork                500.00 
Controls       4,500.00 
Mechanical sub overhead & profit 15%   3,221.00 
 
Electrical  
Service entrance conductors and  
Conduit from xfmr      6,600.00 
New Cuts installed in existing CT can   1,000.00 
New 600 amp MCB panel with branch  
Breakers       5,100.00 
Connect existing feeders & circuits 
To new panel       1,000.00 
New receptacles & conduit for 
Each car plug (60)     15,000.00 
Remove & reinstall light fixtures       500.00 
New TVSS device on new 600A panel   2,950.00 
Mech equipment connections (3)    1,950.00 
Electrical sub overhead & profit 15%    5,100.00 
 
Subtotal        $70,216.00 
15% contingency        10,533.00 
GC General conditions 15%       12,112.00 
GC overhead & profit 15%       13,929.00 
Mechanical Engineering fees         3,250.00 
Electrical Engineering fees            4,500.00 
Architect fees           2,000.00 
 
Total Existing Building Modification cost     $116,540 
 
New Building: 
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945 SF @ $200/SF =       189,000.00 
Architect & engineering fees        20,000.00 
 
Total New Building cost       $209,000 
 
Grand Total         $325,540 
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