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Introduction 

Golf courses consume a surprisingly large amount of energy, water, and gasoline 

in order to operate well.  With such high uses of resources, there are often opportunities 

to reduce usage, conserve energy, and increase sustainability.  In my project, I set out to 

examine the energy use of both the Taconic Golf Course and Waubeeka Golf Links, to 

compare and contrast their methods of operation, and search for possible energy saving 

solutions.   

The Taconic Golf Course is located at 19 Meacham Street in Williamstown and is 

a semi-private club.  Students from the Williams College Golf team practice on the 

course in addition to the members and non-members—who can play on a pay-as-you-

play system.  Waubeeka Golf Links is located at 137 New Ashford Road in 

Williamstown, and it open to the public.  Both courses have small restaurants, pro-shops, 

and locker rooms, but for the purpose of this project I will be focusing only on the course 

itself and not the clubhouses.   

 It is easy to play a round of golf and to enjoy being surrounded by nature and to 

overlook all the work that goes into keeping a golf course in good condition.  Significant 

amounts of work go into golf courses behind the scenes.  There are all of the mowers that 

cut all the fairways and rough several times a week, the green mowers that are used every 

day, machines to smooth and rake the bunkers, range ball collectors, leaf blowers, 

tractors and other general maintenance vehicles.  There are sprinklers which can be found 

on every hole and by every green, which require an extensive irrigation system.  The 

grass must be kept green and full, which results in large amounts of pesticides and 

fertilizers to be sprayed and placed on the grounds.  Players will often chose to drive a 
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cart rather than walking, and many clubs will have snack carts that drive around the 

course all day catering to the players.   

 Golf courses located in New England certainly have different needs than courses 

in the rest of the country.  One of the main factors is that these courses are closed for the 

winter, which obviously means they will use less total energy in a given year compared to 

courses in warmer locations.  Also, the northeast experiences a fair amount of rain, and 

unlike courses in places like Arizona, the courses here in Williamstown require much less 

water and are less of a burden to the community with regards to their water use.  In 

addition, at this latitude, the sun is only strong for a portion of the year.  While this may 

make for more comfortable golfing conditions, it does lessen the benefit and payoff 

period of implementing solar powered energy options.   

    
Method 

First I decided that I wanted to look into three different aspects on each course: 

golf cart and maintenance vehicle energy use, water use, and how much fertilizers and 

pesticides are used.  I met in person with Kent Lemme, the superintendent at Taconic, 

who talked about how the course operates, how often mowers are used, how electricity is 

divided among the buildings, how the water is pumped from the pond near the 18th hole 

and used for irrigation, and how the heating in the maintenance building operates.  He 

provided me with data on how much fertilizers are used and where on the course they are 

placed (for 2009), how much gasoline and diesel Taconic uses in a year (2008) and how 

much water is pumped and used on the course (for 2009).  Kent also referred me to Jim 

Morocco, the Office Manager at Taconic, who was able to provide me with electricity 
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bills for the past 12 months for the shed that is used only to power up Taconic’s electric 

carts. 

 I also went to Waubeeka golf links where the pro showed me where they store 

their golf carts, and the gasoline and diesel tanks near the shed that is used to refill their 

gas carts and other course vehicles.  I had a phone interview with Greg Tudor, 

Waubeeka’s superintendent, who was able to give me data for the amount of water used 

in the past year, the quantities of gasoline and diesel used for the maintenance vehicles 

(but unfortunately not the carts) and how much fungicides, growth regulators and 

insecticides were used in 2009.   

 With this data I did many calculations to try to get a better understanding of just 

how much energy and resources are being used at the different courses, and if 

alternatives, such as solar powered golf carts would be beneficial.  I did research to find 

the price for solar powered carts or solar additions and to see how much energy they 

would actually be saving.  I also looked in to electric mowers to see if they might be 

helpful or not. 

      
Data 

I will now present the data I used and worked with for my project.  Jim Morocco 

provided me with the receipts from the National Grid which outline the exact dates and 

how much energy was used to power the Taconic’s golf cart shed.  They show each 

month’s use in kWh and the associated cost, found below, with the yearly totals at the 

bottom.   
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Table 1. Taconic Golf Club Energy and Cost of 40 Electric Carts by Month 

 
 
Predictably, the energy use is higher during the warmer months of the year when more 

people are out on the course golfing.  There is still energy used in the winter because it is 

necessary to keep the battery charger plugged in during the storage process, and the carts 

should be started at least once a month to ensure the battery is still operating as intended 

(“Preparing Golf Car Fleet for Winter/Extended Storage”).    

Waubeeka, however, does not record or monitor the amount of fuel their gas carts 

use each year.  They have 49 gas carts (29 old, and 20 new) and workers will check the 

fuel tanks periodically to see if they need to be refilled.  The fuel tanks are translucent 

tanks stored under the seats, and when the tanks are about half way empty, they will refill 

them from their gasoline pump, which is located right next to the cart shed. These Club 

Car golf carts get an estimated 25 miles per gallon, and have gas tanks that hold 6.7 

gallons.  It is estimated that electric carts cost $0.02 per mile, where as gas carts (at $3.00 

per gallon) will cost $0.12 per gallon (“How to Decide Between a Gas or Electric Golf 

Car”). 

Month Energy Use (kWh) Cost ($) 
May 2009 1267 237.47 
June 09 1623 276.32 
July 09 2443 411.34 
August 09 2259 381.01 
September 09 1890 323.87 
October 09 1084 189.56 
November 09 618 109.26 
December 09 326 59.32 
January 2010 176 35.95 
February 10 168 34.66 
March 10 127 28.91 
April 10 247 50.72 
  Total      12,237 kWh        $ 2,138.39 
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Figure 1. Waubeeka’s Gasoline and Diesel Pumps 

Working with this estimate, and assuming the same number of rounds are played with 

carts at Waubeeka as are played at Taconic, and taking the different yardages into 

account, (6640 and 6314, respectively) I find that Waubeeka would use 4,061 gallons of 

gasoline per year on carts, costing approximately $12,183.  This in turn means that 

Waubeeka’s cart use results in emissions of 78,787 lbs of CO2 annually.   
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 Both courses need mowers, leaf-blowers, tractors and other vehicles for various 

jobs around the course.  Below is a chart of the amount of gas each course’s maintenance 

vehicles use though a year, and the CO2 emissions they generate.   

Table 2. Gasoline and Diesel use at both golf courses 
Course Gasoline (gallons) Diesel (gallons) Total CO2 

emissions (lbs)* 
Taconic (2008) 2060 3299 103,964 
Waubeeka (2009) 2000 2800 93,120 
(*Assuming each gallon results in 19.4 lbs of CO2) 

 Additionally, Kurt Lemme and Greg Tudor provided me with the amount of water 

used in the past year (2009), and I found approximate total area of the courses on Google 

Maps.  The data is below: 

Table 3. Water use at Taconic and Waubeeka per Area per year (2009) 
Course Water Use (gallons) Total Area (acres) Water (gallons) per acre 
Taconic 5,325,270 96 55,471 
Waubeeka 3,000,000 121 24,793 
 
 The Taconic golf course keeps better documentation of fertilizers and pesticide 

use than Waubeeka does.  Fortunately, this has allowed me to understand how much 

fertilizers are used, and more specifically the general locations, on the Taconic golf 

course.  All fertilizer is in the form of Nitrogen, either granular or liquid.  Additionally, I 

used the fact that 1 acre = 43,500 sq feet to find the total amounts of Nitrogen used.  

Table 4. Taconic’s use of Fertilzer for 2009 
Location How many Acres Granular 

Nitrogen per 
1000 sq ft (lbs) 

Liquid Nitrogen 
per 1000 sq ft 
(lbs) 

Total 
Nitrogen 
(in lbs) 

Greens, collars, 
approaches 

4 3.56 2.15 994 

Fairways 24 1.1 3.2 4,489 
Tees 1.75 2.85 .75 274 
Rough 10 (usually 50, but 

they spot-treat it) 
2.7 0 1,174 

Total 39.75   6,931 
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Interestingly enough, fertilizer use does not need to be reported to the state, which may 

be one of the reasons that Waubeeka does not keep track of this.  The total amount of 

Nitrogen per acre used here at Taconic is 174 lbs/acre, however, fertilizer is not used on 

all of the property that Taconic owns.  So, if we consider the entire course (including 

wooded areas, water, bunkers and other parts that are not such integral parts of the 

course, Taconic uses 72 lbs/acre (over a total of 96 acres).   

 As for pesticide use, which does need to be reported, and both Taconic and 

Waubeeka had data on this.  Waubeeka uses 462lbs of fungicides, 17.5lbs of growth 

regulators, and 119lbs of insecticides.  Taconic’s data is in the form the product name and 

the amount used, so it is harder to decipher what category each product falls into, but 

Taconic uses 34 different types of pesticides, and at least 1,700lbs of which are 

fungicides (compared to Waubeeka’s 462lbs).  However, the total amount of pesticides 

used, regardless of their more specific purpose, adds up to 1,563lbs of liquid concentrate 

and 1,975lbs of dry concentrate.  

Discussion 

 I will now reasons through the data, and provide possible explanations for why 

they are as such.  Starting with the golf carts, as mentioned before, it is easy to see that 

there is much more energy used in the warmer months because more players are using 

carts during their rounds.  This would undoubtedly be the same for the gas use at 

Waubeeka, and also for the gas use in general for maintenance vehicles at both courses.  

Aside from the electric carts costing far less than gas carts and not directly contributing to 

CO2 emissions, electric carts have other benefits.  First, they are much quieter, allowing 

for a nicer golfing experience.  They are slower, and a little less powerful, but on the golf 
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course, power is not necessary.  Some of the main reasons for buying a gas golf cart are 

related to power for activities that are not golf related at all.  While it is true that you 

cannot easily tell how much energy is left in an electric cart, whereas for a gas cart you 

can simply look at the tank under the seat cushions, the electric cart will easily get you 

through an entire round, which is all you need before charging it up again.  Additionally, 

electric carts have regenerative breaking, which allows the battery to recharge as the cart 

slows or goes downhill.  This is a great energy-saving trick that is not applicable to gas 

carts.  Lastly, electric carts allow for the possibility to buy greener electricity, and 

depending on how much you are willing to pay, you can have carts that run on 

completely renewable energy.  For golfing purposes, electric carts are by far the better 

and more environmentally friendly choice.   

 Taconic uses 11.6% more gasoline and diesel than Waubeeka did in a year 

(although the data was from 2008 for Taconic and 2009 for Waubeeka).  A likely reason 

for this is that Taconic is generally regarded as a nicer course, and therefore needs to put 

in more work to maintain its status.  In addition, it is likely that since Taconic is a semi-

private course it has more money from the members to work with to make the course 

conditions as nice as possible.  Taconic and Waubeeka both mow their greens every day 

and their fairways three times a week (although Taconic mows tees twice a week while 

Waubeeka mows them three time a week), so the difference in gas use probably does not 

come directly from mowing (Lemme and Tudor).  It could be because Taconic is more 

likely to use their leaf-blowers, repair various sections of the course, and use vehicles in 

order to spray their greater amounts of pesticides.   
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 Next, Taconic used 77.5% more water in 2009 than Waubeeka did.  Although 

Taconic is a slightly longer course, which may mean that there is more fairway and 

playing holes to be watered, Waubeeka has a greater overall area in acreage than Taconic.  

It is possible that since Taconic’s water use falls below the amount at which it needs to be 

reported (9 million gallons in 3 months), and since Taconic gets its water from the pond 

at the end of the turf field, water is relatively inexpensive and the amount used remains 

private information.  According to Lemme, the biggest cost associated with Taconic’s 

water use is not the water itself, but the electricity needed to pump the water through the 

irrigation system.  Waubeeka also has a similar set up, however, with a pond and pump 

house near their 6th hole that is fed by gravity from the Green River.  This pumping 

system can essentially be shut off, but it remains active in order to keep the pressure 

where is should be in the off-season months.  It will start up when the pressure gets to 

110psi, and it will pump until the pressure in the pipes rises to 120psi (Tudor). 

Realistically, there is no reason why Taconic should use almost twice the amount of 

water that Waubeeka used this past year.  Their greens were damaged in 2009, but the 

greens alone cannot account for the extra 2 million gallons of water.  It is difficult to 

know how much Taconic can reduce without starting to compromise the course’s 

condition.  I would argue, however, that Taconic could bring its water use down closer to 

Waubeeka’s without causing the course to suffer much, seeing as Waubeeka is still lush 

and green.    

 Taconic uses nearly 7,000lbs of nitrogen and over 3,000lbs of other pesticides 

each year.  Waubeeka did not have perfectly comparable data, but from what Greg Tudor 

was able to tell me, Waubeeka uses about 600lbs of pesticides (unfortunately no figures 



 11 

for fertilizers).  It may be significant that in this past year, Taconic had serious problems 

with the greens in particular, and had to cover them with tarps and stop play.  It is most 

likely that as a result, the greens received more fertilizer and pesticides than they would 

have normally.  However, this is only the greens that had to recover, and it seems 

doubtful that the greens alone could have received almost 2,500lbs of extra fertilizer, 

which means that Taconic uses more fertilizer on the rest of the course than Waubeeka 

does.   

 This is also problematic when it is paired with the higher amount of water 

Taconic uses in their sprinklers.  The extra amounts of pesticides and the high quantity of 

water that is used will result in more runoff into the stream and pond on Taconic’s 

course, and also into the Green River which parallels several holes on the course.  Again, 

similar to the amount of water used at the two courses, it seems that scaling back on their 

fertilizer and pesticide use would not hurt Taconic, seeing as Waubeeka is thriving with 

less.  These issues are difficult, however, because a decrease in certain resources (such as 

water, or adding fertilizer) will almost certainly correspond with decrease in quality.   It 

is not necessarily a matter of how much resources the golf course can save, but how 

much they are willing to let the conditions of the course change in order to reduce 

resource use.   

Conclusion 

 In general, both courses do a good job of being conscious of their effects on the 

environment, but there seem to be areas where each can improve.  First, I would 

recommend for Waubeeka to keep track of how much gas their carts use.  This would be 

very easy since the pumps they use to fill the tanks have meters on them, and the amount 
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of gas used could be easily filed in a logbook near the pump after each cart is filled.  I 

believe that Waubeeka would be surprised to see how much money and gas they could 

save if they switched to electric carts.  They did just purchase 20 new gas carts this year, 

so it is unlikely that they will want to switch in the very near future, but their next fleet of 

carts should certainly be electric (not to mention, the purchasing price of electric carts is 

often less than gas carts!) (“Gas Vs. Electric Golf Carts”).   

I also looked into the possible advantage and payoff period for solar powered 

carts, hoping that they might be beneficial for Taconic, which already has electric carts 

and only needs to set up the solar panel.  One can either buy a new roof with a solar panel 

already in it, or a peel-and-stick solar panel that will attach to the existing roof of any cart 

(“Peel and Stick Tops”).  However, buying a new roof or peel-and-stick solar panel will 

cost approximately $1,600 or more (depending on the brand), and they only reduce about 

30% of the energy use during a sunny day (“Solar Roof Kits”).  It is true that you can 

leave the cart out in the sun for about 3 days, by which point the battery will be fully 

recharged, (“Solar Roof Kits”), however for the Taconic’s purposes this is unrealistic.  In 

addition, when Taconic only spends approximately $2,000 each year on energy for golf 

carts, spending $1,600 to buy one single new solar cart is not cost effective.  Lastly, I 

asked Lemme about the possibility of solar powered carts at Taconic, and he raised the 

point that at this latitude, the sun is not very strong and when the season is so short, this 

will essentially double the payoff period that other golf courses in sunnier and more 

southern locations would experience.   

Another possible way to save resources and eventually costs would be to replace 

old gas mowers with new electric mowers.  Deere has recently come out with a line of 
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mowers which would be great for golf courses and work just like the electric carts, 

needing to be plugged in at the end of the day.  Again, the main issue here is the initial 

cost, but if either course is looking to replace an old mower, they should consider the 

savings they could have from an electric mower.   

Aside from cutting water use and pesticide use, there are a few way that the 

courses could see the same benefits but be more environmentally friendly.  First, while it 

is often necessary to water the course during the daytime, watering at night would mean 

less water would evaporate, and therefore less would have to be used.  Greg Tudor 

mentioned that they run their sprinklers during the day, but perhaps changing the 

schedule so that some watering happens at night would allow for a reduction in water use.  

As for pesticides and the repercussions of runoff, scientists have been studying runoff on 

golf courses and have been looking for solutions.  Golf courses have a higher pesticide to 

area ratio than any other type of land, including farms and parks, and so it is very 

important that we work to find ways to reduce the impact and runoff (“Scientists Measure 

Pesticide Runoff from Golf Courses”).  One possible solution is to strategically plant 

vegetation near and around areas that receive high amounts of pesticides in order to act as 

a buffer that intercepts pesticide runoff (“Scientists Measure Pesticide Runoff from Golf 

Courses”). 

As I mentioned earlier, it is not easy for golf courses simply to cut back on 

resource use since it will lead to lesser conditions.  For many golfers and clubs, this may 

not be a compromise that they are willing to make.  Improvements on the golf course 

front will come not from reductions, but from finding alternatives so that quality is not 

compromised, but more environmentally friendly solutions are reached. 
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Appendix 

Calculations for Waubeeka’s gas golf cart fuel use: 

Assumptions:  

Taconic and Waubeeka had the same number of carts drive the same number of rounds.  

Also, assuming that electric carts cost $0.02 per mile, and the distances for Taconic and 

Waubeeka are 6640 yards and 6319 yards, taken from Championship Tees total playing 

distance. 

Calculations: 

Taconic’s Electric carts cost a total of $2,138.39, which means they drove a total of 

106,919 miles.  Taconic is 6640 yards long, or 3.77 miles, so there were 28,360 rounds 

made by carts.  The same number of rounds at Waubeeka corresponds to a total distance 

of 101,530 miles driven.  At 25 miles per gallon, I arrive at 4,061 gallons of gasoline 

used for Waubeeka’s gas carts.   

*note that carts are often driven by staff and workers for reasons other than playing the 

course which contributes to the total mileage.   

 

Acknowledgements 

I would like to thank Greg Tudor, Kent Lemme, and Jim Morocco for their help in this 

project.  They provided me with the data that I needed for this paper, which would not 

have been possible without their help.  

 

 

 



 15 

 

Works Cited 

 

“2009 Massachusetts Pesticide Use Report for Taconic Golf Club”.  Department of 
Agricultural Resources. 

 
 “Account Statement (Electrical) for Taconic Golf Club: Billing Period May 2009 to 

April 2010.” National Grid.  
 
Geske, Dawn M. “Deere redesigns golf course mowers; new E-Cut Hybrid fairway 

mowers reduce leak points, fuel usage and noise using electrically powered cutting 
units”.  Diesel Progress North American Edition. 1 October 2009. 
<http://www.allbusiness.com/sports-recreation/sports-recreation-facilities-venues-
golf/13345967-1.html>. 

 
“How to Decide Between a Gas or Electric Golf Cart”. eHow.com.  

<http://www.ehow.com/how_4818084_between-gas-electric-golf-cart.html >. 
 
Lemme, Kent.  Personal Interview.  May 10, 2010. 
 
 “Peel and Stick Tops”.  EarthCare Solar. <http://peelandsticksolarenergy.com/golf-cart-

tops/peel-and-stick-tops>. 
 
“Preparing Golf Car Fleet for Winter/Extended Storage”. ClubCar.  

<http://www.clubcar.com/winterizing/Pages/default.aspx>. 
 
“Solar Roof Kits”. Electric Cart Warehouse. 

<http://www.electriccartwarehouse.com/Solar.html>. 
 
Than, Kur. “Scientists Measure Pesticide Runoff from Golf Courses”. LiveScience. 9 

September 2005. 
<http://www.livescience.com/strangenews/050909_golf_pesticides.html>. 

 
Tudor, Greg.  Phone Interview.  Mayy 11, 2010.   
 
White, Ron.  “Gas Vs. Electric Golf Carts”.  eHow.com. 

<http://www.ehow.com/about_5463167_gas-vs-electric-golf-carts.html>. 
 

 

  


