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ABSTRACT: 

Ski resorts are increasingly concerned about the impact global warming will have on the 

future of the ski industry and many recognize their role as net contributors of greenhouse gasses 

to the atmosphere.  The majority of North American ski resorts have signed the non-binding 

Sustainable Slopes Charter, a voluntary industry-wide commitment to reduce greenhouse gas 

emissions where technologically and economically possible.  Jackson Hole Mountain Resort is a 

signatory to the Sustainable Slopes Charter and has been tracking environmental performance 

statistics to analyze where improvements can be made to operations, equipment and patron 

behaviors to reduce CO2 emissions in accord with the Charter.  The following report focuses on 

propane use in buildings, fuel use in operations and vehicle miles traveled to the resort as the 

primary areas for immediate and effective CO2 emissions reduction at Jackson Hole Mountain 

Resort. 
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I. Introduction 

The North American ski industry, which included 478 ski resorts operating in the United 

States during the 2005 through 2006 ski season, has traditionally been a climate dependent 

industry reliant on winter precipitation and persistent cold temperatures.1  Due to recent warming 

trends and the threat of global climate change, North American ski resorts face an uncertain 

future and are poised to lose their primary tourist allure, the promise of virgin snowfall and 

provision of uncompromised winter-sport pursuits.  In an effort to stave-off this impending 

challenge, many resorts have elected to take action by reducing or offsetting greenhouse gas 

(GHG) emissions produced through resort operations, by educating resort patrons on the effects 

of global climate change in an effort to raise public awareness and by sponsoring legislation to 

control GHG emissions in the United States.  

Of the 478 resorts currently operating in North America, 180 of those resorts, 

representing approximately 75% of the ski industry in North America by skier-visits, have 

endorsed and signed the “Sustainable Slopes: Environmental Charter for Ski Areas”, a voluntary 

industry-led initiative designed to improve the environmental performance of operating ski 

areas.2 The Sustainable Slopes Charter is effectively a non-binding commitment to move beyond 

                                                
1 National Ski Areas Association. (2007). Industry Statistics: Number of Ski Areas 1982-2005. [online] 
http://www.nsaa.org/nsaa/press/operating-ski-areas.asp 
2 National Ski Areas Association. (2006). Sustainable Slopes Annual Report 2006. [online] 
http://www.nsaa.org/nsaa/environment/sustainable_slopes/SustainableSlopes-Annual-Report-2006.pdf 



 6 

compliance with federal, state and local environmental laws and regulations, “where those 

improvements make environmental sense and are economically feasible.”3   

1.1 Sustainable Slopes Charter 

The Sustainable Slopes Charter officially recognizes the adverse impacts of climate 

change associated with increased levels of atmospheric GHGs, and identifies the role, albeit a 

limited one, that ski resorts play as net producers of GHG emissions.  Included within the 

Sustainable Slopes Charter is a section regarding Climate Change Policy, where signatories 

“collectively address the long-term challenges presented by climate change”.4  The signatories of 

the Sustainable Slopes Charter, within the Climate Change Policy section, make several 

commitments towards combating climate change, including participation in public climate 

change education, greater involvement in political awareness, as well as “partner[ing] with 

appropriate organizations and agencies to assess opportunities to reduce resort emissions and 

increase energy efficiency; invest in new, more efficient products, practices and technologies; 

and measure emission reductions”.5  Provided within the Sustainable Slopes Charter are listed 

environmental ‘principals’ which are intended as a tool for ski areas to “provide overall guidance 

for ski areas in achieving good environmental stewardship”6 and include recommendations for 

improving environmental performance. 

Incorporated within the eleven divisions of the Charter, is a section titled Energy 

Conservation and Clean Energy.  This section of the charter pays specific attention to the major 

energy use sectors of ski resorts, made up of Energy Use in Facilities Operation, Energy Use in 

Snowmaking Operations, Energy Use in Lifts Operations and Energy Use for Vehicle Fleets.  

                                                
3 National Ski Areas Association. (2005). Sustainable Slopes: The Environmental Charter for Ski Ares. [online] 
http://www.nsaa.org/nsaa/environment/sustainable_slopes/Charter.pdf 
4 Id. 
5 Id. 
6 Id. 
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These operations have been identified within the Sustainable Slopes Charter as the primary areas 

of energy consumption and CO2 production by ski areas, and are therefore the primary target for 

GHG emissions reduction strategies.  Several of these areas will be examined in closer detail in 

this report to determine where technology and efficiency improvements may be found 

specifically at Jackson Hole Mountain Resort, Jackson, Wyoming. 

1.2 Background on Jackson Hole Mountain Resort 

Jackson Hole Mountain Resort (JHMR), originally founded as the Jackson Hole Ski 

Corporation, officially opened the Jackson Hole Mountain Resort outside of Jackson, Wyoming 

in the winter of 1966-1967.  The Jackson Hole Ski Corporation was privately owned and 

although ownership of the Corporation changed hands in 1992, the resort continues to be a 

privately held, family owned operation.7  JHMR is one of the largest ski resorts in North 

America, it is spread over two mountains, operates 2,500 acres of bounded skiing terrain and 

provides access to more than 3,000 acres of backcountry ski and snowboard terrain.8  JHMR 

holds a lease agreement with Bridger Teton National Forest to operate on 2,100 acres of the 

National Forest, which is immediately adjacent to Grand Teton National Park, Wyoming.9 

The resort boasts 4,139 feet of vertical drop, attracts 400,000 ski visits per winter10 and is 

equipped with an uphill capacity of 15,423 skiers per hour.11 JHMR currently operates 10 

chairlifts, one gondola and one ‘magic carpet’ located in close proximity to the ski school 

                                                
7 Jackson Hole Mountain Resort. (2007). Historic Dates. [online] 
http://www.jacksonhole.com/info/faq.history.dates.asp 
8 Jackson Hole Mountain Resort. (2007). Jackson Hole Mountain Resort Fact Sheet. [online] 
http://www.jacksonhole.com/info/faq.facts.asp 
9 Jackson Hole Mountain Resort. (2006). 2005 Sustainability Report. [online] 
http://www.jacksonhole.com/images/pr/environmentalReport.pdf 
10 Id. 
11 Jackson Hole Mountain Resort. (2007). Jackson Hole Mountain Resort Fact Sheet. [online] 
http://www.jacksonhole.com/info/faq.facts.asp 
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meeting location.12  Around 50% of the runs included inbounds at JHMR are classified as 

‘expert’ level while 40% are classified as ‘intermediate’ level and 10% of the runs are classified 

as ‘beginner’ level terrain.13  The typical operating Winter or Ski Season lasts from early 

December to early April.14 

1.3 Weather at JHMR 

The lowest base elevation at JHMR is reported at 6,311 ft.15  The climate at the resort is 

predominantly cool and it is not uncommon to have temperatures below zero for extended 

periods of time during the winter months.  It is also not uncommon to heat buildings well into the 

summer months. Average monthly temperature statistics and daily temperature readings from 

2004-2006, are displayed in Figures 1 and 2 respectively.  

Figure 1: Jackson Hole Mountain Resort Monthly Average Temperatures ºF 16 

Month

Aveage Monthly 
High 
Temperature 
(°F)

Average 
Monthly Low 
Temperature 
(°F)

Mean 
Temperature  
(°F)

Average 
Precipitation 
(in.)

Record High 
Temperature 
(°F) 

Record Low 
Temperature  
(°F)

January 25°F 1°F 13°F 2.56 in. 50°F (1974) -46°F (1979)
February 31°F 3°F 17°F 2.11 in. 55°F (1963) -42°F (1982)
March 40°F 12°F 26°F 1.65 in. 63°F (2004) -25°F (1965)
April 49°F 22°F 36°F 1.43 in. 75°F (1987) -10°F (1970)
May 61°F 31°F 46°F 2.02 in. 88°F (2003) 7°F (1988)
June 71°F 37°F 54°F 1.70 in. 90°F (2001) 20°F (1966)
July 79°F 42°F 61°F 1.41 in. 97°F (2002) 26°F (1986)
August 78°F 41°F 60°F 1.43 in. 97°F (2003) 22°F (1992)
September 69°F 34°F 51°F 1.32 in. 88°F (1998) 9°F (1983)
October 55°F 25°F 40°F 1.26 in. 82°F (1992) -3°F (1991)
November 37°F 14°F 26°F 2.21 in. 67°F (1999) -20°F (1993)
December 26°F 2°F 14°F 2.46 in. 53°F (1995) -43°F (1978)
 

 

                                                
12 Id. 
13 Id. 
14 Id. 
15 The Weather Channel.(2007) Forecast and Snow Conditions for Jackson Hole Mountain Resort.[online] 
http://www.weather.com/outlook/recreation/ski/weather/tenday/307008?from=search_vert 
16 The Weather Channel. (2007). Monthly Averages for Jackson, Wyoming. [online] 
http://www.weather.com/outlook/recreation/ski/wxclimatology/monthly/USWY0088 
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Figure 2: Daily Temperatures (˚F) at Jackson, Wyoming 2004-2006.17 
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1.4 Sustainability at Jackson Hole Mountain Resort 

JHMR has been a signatory to the Sustainable Slopes Charter since the Charter’s 

inception. In 2004, JHMR developed an Environmental Management System (EMS) to 

document activities for planning, implementing and reviewing environmental initiatives.18 Along 

with creating the EMS, JHMR has developed a number of resort wide objectives, published in 

the 2005 Sustainability Report, including the reduction by 5% or more of 1) electricity, fuel, 

propane use; 2) water consumption; 3) vehicle use within, and to and from resort; 4) annual 

waste production, both solid and hazardous waste; 5) fuel/petrochemical spills; 6) total CO2 

emissions of 2004 levels by 2011.19 

 

 

 

                                                
17 Integrated Plant Protection Center, Oregon State University.(2007) Table of Online IMP Weather Data. [online] 
http://pnwpest.org/WY/ 
18 Jackson Hole Mountain Resort. (2006). 2005 Sustainability Report. [online] 
http://www.jacksonhole.com/images/pr/environmentalReport.pdf 
19 Id. 



 10 

1.5 Objective of Masters Project 

Recently, JHMR has made a public commitment to purchase renewable energy credits to 

offset CO2 emissions from 100% of its energy use, beginning June 1, 2007.20  While purchasing 

carbon offsets may make JHMR operations effectively carbon neutral, the purchase of carbon 

offsets will not actively reduce CO2 that is generated at the resort or through the resort’s 

operation.  

The objective of this Masters Project is to analyze CO2 production through JHMR 

operations independent of carbon offsets and to identify innovative methods and strategies for 

attaining the 5% reduction in CO2 emissions from 2004 levels by 2011 in accord with EMS goals 

identified within the 2005 Sustainability Report. This Masters Project will use data provided by 

JHMR on energy consumption and CO2 emissions in normal mountain operations.  The data will 

be used to identify target areas for technology improvement and operations strategy to reduce 

CO2 emissions. Where cost measures may be determined they will be included, and net present 

value of technology improvements will be made where possible.  

II. Materials and Method 

2.1 Energy Consumption and CO2 Emission Totals 

Energy Consumption and CO2 production data for the full year December 1, 2004 

through November 30, 2005 are demonstrated in Figure 3. Data on CO2 emitted by JHMR during 

yearly operations has been provided by, Jackson Hole Mountain Resort Environmental 

Management. The data for CO2 emissions have been organized into the following categories 1) 

Electricity; 2) Fuel; 3) Propane; 4) Solid Waste; and 5) Vehicle Miles Traveled. All CO2 

calculations reported in U.S. short tons (2000 lbs.). Skier-visits are a standard ski industry 

                                                
20 Jackson Hole Mountain Resort. (2007). Jackson Hole to Offset 100% of Energy Use.[online] 
http://www.jacksonhole.com/info/jhpressreleases/jhpressreleases.011907.release.asp 
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measure representing one person participating in the sport of skiing or snowboarding for any part 

of one day at a mountain resort.21 Ratios using skier-visits have been calculated based upon 

2004-2005 JHMR totals of 397,500 skier visits. 

Electricity 

CO2 emissions for electricity is based upon 0.0001 tons CO2/KwH for ‘common’ electricity.  

This measure has been calculated based upon the standard .001 tons CO2/Kwh and 10% coal in 

electricity mix from Lower Valley Energy.22  Lower Valley Energy reports 88% hydroelectric 

generation, 2% wind generation and 10% coal generation.23 CO2 emissions for wind electricity 

based upon 0.0 tons CO2/KwH. All data have been collected by JHMR. 

Fuel 

All CO2 emissions calculated for fuel, both gasoline and diesel are based upon 0.01 tons 

CO2/gallon.24  CO2 emissions calculated for biodiesel were derived by calculating the total 

amount of biodiesel consumed, then multiplying the emissions based upon 0.01 tons CO2/gallon 

as well as the % of regular diesel fuel burned. Ex. 10,000 gal (B-20) * 0.01 tons CO2/gal * .8 (% 

diesel burned) = 80 tons CO2 produced. All data have been collected by JHMR. 

Propane 

All propane CO2 emissions calculated for propane based upon 0.0065 tons CO2/gallon.25 All data 

have been collected by JHMR. 

 

 

                                                
21 Colorado Ski Country USA.(2007). Skier Visits.[online]  
http://www.media-coloradoski.com/index.cfm?cid=7547,7549 
22 Jackson Hole Mountain Resort. (2007) Personal Communication [email] with staff at JHMR on Feb.5, 2007. 
23 Id. 
24 Id. 
25 Energy Information Administration. (2007). Fuel and Energy Source Codes and Emission Coefficients.[online] 
http://www.eia.doe.gov/oiaf/1605/factors.html 
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Vehicle Miles Traveled 

CO2 emissions calculated for Vehicle Miles Traveled (VMT) were based upon on 9 mile per 

gallon (mpg) buses, 13 mpg executive Chevrolets, 24 mpg other vehicles.26 Parking lot counts 

were taken and multiplied by associated distances traveled, assuming the town of Jackson as the 

standard destination. Trip distances included 26 miles roundtrip from town of Jackson to Teton 

Village and back and 13 miles from Jackson to Stilson parking lot and back.27 Odometer 

readings were taken and included from executive Chevy lease cars. START public transit bus 

standard routes and mileages were calculated and included.  CO2 emissions calculated based 

upon 0.01 tons CO2 per gallon of fuel.28 All data has been collected by JHMR. 

Solid Waste 

CO2 calculated for solid waste assumes 0.27 tons of CO2 per ton of refuse.29 All data collected 

by JHMR. 

Figure 3: CO2 Production at JHMR (December 1, 2004 through November 30,2005)30 

Figure removed 

2.2 Data Breakdown and Focus Areas 

Using the data breakdown for CO2 emissions in Figures 3 and 4, Propane use, Fuel use 

and Vehicle Miles Traveled which combined account for 94.7% of CO2 emissions at JHMR, 

have been selected as the primary target areas for CO2 abatement and reduction measures. The 

data collected in the following sections and the associated ratios included have been collected, 

calculated and inserted into spreadsheets by JHMR staff for the purposes of monitoring and 

inclusion in annual sustainability reports.   

                                                
26 Jackson Hole Mountain Resort. (2007) Personal Communication [email] with staff at JHMR on Feb.5, 2007. 
27 Id. 
28 Id. 
29 Id. 
30 Id. 
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Figure 4: Carbon Production through JHMR Operations Percent of Total CO2 Production 

(December 1, 2004 through November 30,2005)31 

Figure removed 

2.3 Fuel Data 

Fuel data was collected and catalogued by JHMR and includes all unleaded gasoline, 

diesel #1 and diesel #2 used within the operating year beginning December 1, 2004 and closing 

on November 30, 2005.  Fuel has been quantified based upon seasonal use, with the seasons 

being split into the ‘Winter Season’ or primary operating season for JHMR, which begins on 

Dec.1, and ends on March 31, and the ‘Off’ or ‘Summer Season’ which begins on April 1, and 

ends on November 30.  Fuel use data includes all fuel used by the resort through operations, but 

does not include fuel used by the local public transit operations nor fuel consumed by resort 

patrons traveling to the resort.  The data have been categorized into Gallons of Fuel Used, 

Gallons per Skier Visit, Tons of CO2 Emitted and Total Cost. Total fuel use data does not include 

data on fuels blended with biodiesel.  Complete data on biodiesel use was not available at the 

time of table compilation. Tons of CO2 emitted are based upon 0.01 tons CO2/gallon.32 Data 

calculated per skier visit based upon 2004-2005 season of 397,500 skier visits.33 

2.4 Propane Data 

Propane data have been quantified based upon seasonal use, with the seasons being split 

into the ‘Winter Season’ or primary operating season for JHMR, which begins on Dec.1 and 

ends on March 31 and the ‘Off’ or ‘Summer Season’ which begins on April 1 and ends on 

November 30. Calculations have based upon 0.0065 tons of CO2 per gallon of propane.34  JHMR 

                                                
31 Jackson Hole Mountain Resort. (2007) Personal Communication [email] with staff at JHMR on Feb.5, 2007. 
32 Jackson Hole Mountain Resort. (2007) Personal Communication [email] with staff at JHMR on Feb.5, 2007. 
33 Id. 
34 Energy Information Administration. (2007). Fuel and Energy Source Codes and Emission Coefficients.[online] 
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further details the level of 2004- 2005 propane use as a 5% increase per skier-visit from 2003, 

directly resulting in 581 additional tons of CO2 emitted from the resort.35   

2.5 Vehicle Miles Traveled 

Vehicle Miles Traveled (VMT) data have been quantified based upon seasonal use, with 

the seasons being split into the ‘Winter Season’ or primary operating season for JHMR, which 

begins on Dec.1 2004 and ends on March 31, 2005 and the ‘Off’ or ‘Summer Season’ which 

begins on April 1, and ends on November 30, 2005. CO2 emissions calculated for VMT were 

based upon on 9 mile per gallon (mpg) buses, 13 mpg Chevrolet vehicles, leased to JHMR 

executives and 24 mpg other vehicles.36 Parking lots counts were taken and multiplied by 

associated distances traveled, assuming the town of Jackson as the standard destination. Trip 

distances included 26 miles roundtrip from town of Jackson to Teton Village parking lots and 

back and 13 miles from Jackson to Stilson, a satellite parking lot, and back. All distances have 

been measured by staff at JHMR. Odometer readings were taken and included from executive 

Chevy lease cars. START public transit bus standard routes and mileages were calculated and 

included.  CO2 emissions calculated based upon 0.01 tons CO2 per gallon of fuel.  

2.6 Calculating Infiltration 

Infiltrating air, for the purpose of this report, is defined as air that moves across a 

building boundary into the ‘conditioned’ air space. Energy content of infiltrating air is generally 

different from ‘conditioned’ air inside the building.37  Energy is primarily present in two forms 

within the ‘conditioned’ space, that of sensible heat- the energy in the air itself, measured with a 

                                                                                                                                                       
http://www.eia.doe.gov/oiaf/1605/factors.html 
35 Jackson Hole Mountain Resort. (2006). 2005 Sustainability Report. [online] 
http://www.jacksonhole.com/images/pr/environmentalReport.pdf 
36 Jackson Hole Mountain Resort. (2007) Personal Communication [email] with staff at JHMR on Feb.5, 2007. 
37 Landsberg, Dennis, and Robert Stewart. Improving Energy Efficiency in Buildings: A Management Guide. 
Albany, New York: State University of New York Press, 1980.   
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thermometer, and latent heat - energy of water vapor present in the air- is commonly expressed 

as relative humidity (RH)38.  RH represents the percentage of moisture present in the air in 

comparison to the moisture it can hold.39  The total energy content of air is known as enthalpy 

(h) and is measured in Btu/LB of air. 40  Heat loss (Btu) due to infiltration will be calculated for 

the purpose of this study is represented below: 

Heat Loss (Btu) = ∆ h (Btu/LB) * 1/13.5 LB/Ft3 * cfm * 60 M41 

∆ h is calculated by subtracting the enthalpy value of the interior ‘conditioned’ air, from 

the exterior unconditioned air.  To achieve the ∆ h value, temperatures and RH were taken for 

conditioned and unconditioned air using an Amprobe digital psychrometer, model THWD-1, 

provided by JHMR.  The enthalpy has been calculated by inserting the readings taken at JHMR 

into a psychrometric calculator provided by the Sugar Engineers Library42, located at 

(www.sugartech.co.za/index.php), retrieved from the internet on March 19, 2007.     

The infiltration rate, measured in Cubic Feet per Minute (cfm), has been calculated by 

monitoring the number of passages per hour through exterior opening doors to the downstairs 

Bridger Center.  Due to the restricted data collection timeframe and occasional door-way that 

had been propped open, the doors were monitored on only one occasion, receiving what could be 

loosely classified as moderate to light skier traffic. The skier passages into the observation area 

were tabulated during one 15 minute interval and multiplied by 4 to achieve an estimate for the 

total passages per hour.  This estimate was again multiplied by 2 to reflect skiers exiting the 

building. The calculated number of passages per hour was then used to determine the infiltration 

                                                
38 Id. 
39 Id. 
40 Id. 
41 Id. 
42 Sugar Engineers Library.(2007) Psychrometric Calculator. [online] www.sugartech.co.za/psychro/index.php 
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in cfm, using the infiltration due to opening and closing external doors chart provided in 

Appendix A.   

The infiltration rate (cfm) was calculated for single swing doors, currently in use at 

JHMR, vestibule (airlock) swing doors and revolving doors.  Heat loss, in Btu/day and 

gallons/day was determined for all three types of exterior opening door. 

III. Analysis  

3.1 Analysis of Carbon Emitting Feedstocks 

Figure 5 below has been calculated using Energy Information Administration feedstock 

Btu conversion factors 43 and biofuels Btu conversion factors published by North Dakota State 

University.44 It is apparent that the two largest sources of Btus consumed by the resort come 

from propane and electricity, and Btus derived from propane are seven times greater than those 

derived from electricity.  Btus derived from propane are greater than Btus derived from all other 

energy sources employed at JHMR.  These data suggest that converting that operate primarily 

with propane feedstock to an electricity feedstock would significantly increase JHMR demand 

for electricity. 

Figure 5: Total Btus Consumed at JHMR Dec. 1,2004-Nov. 31, 200545 

Figure Removed 

Examining the total Btu consumed at JHMR from Dec. 1, 2004 through Nov. 31, 2005 on 

a logarithmic scale in Figure 6 below, it appears that Btus from gasoline, biodiesel and diesel #1 

are all within the same order of magnitude. Additionally it appears that Btus consumed from 

                                                
43 Energy Information Administration (2007) Energy Glossary [online]  
(http://www.eia.doe.gov/glossary/glossary_b.htm) 
44 Hoffman et al..(2006) “Biodiesel Use In Engines” North Dakota State University Extension Service. Retrieved 
from the internet on Apr. 22, 2007.[online] http://www.ag.ndsu.edu/pubs/ageng/machine/ae1305.pdf 
45 Jackson Hole Mountain Resort. (2007) Personal Communication [email] with staff at JHMR on Feb.5, 2007. 
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diesel #2 are the greatest of all the fuels, and are approximately an order of magnitude above 

those produced by B-20.  

Figure 6: Total Btu Consumed Dec.1, 2004-Nov. 31 2005 on Log Scale46 

Figure Removed 

Figure 7 below indicates that the relative cost structure of energy inputs is drastically 

different from the Btu structure. Propane, the leading source of Btus consumed on the mountain 

and the leading source of CO2 emissions, is the lowest total cost energy feedstock used at JHMR.  

The cost of total electricity use and diesel #2 are far greater than that of propane, diesel #1 or 

gasoline.  Data on biodiesel cost was unavailable. 

Figure 7: Total Cost of Energy Feedstocks at JHMR Dec.1, 2004-Nov. 31 200547 

Figure Removed 

Data published by the National Propane Gas Association indicate a stark discrepancy in 

pricing of electricity and propane in 2005.  The average cost per million Btu of propane in 2005 

was approximately $10 less than the average cost per million Btu of electricity, demonstrated in 

Figure 8. 

 

 

 

 

 

 

 

                                                
46Jackson Hole Mountain Resort. (2007) Personal Communication [email] with staff at JHMR on Feb.5, 2007. 
47 Jackson Hole Mountain Resort. (2007) Personal Communication [email] with staff at JHMR on Feb.5, 2007. 



 18 

 

Figure 8: National Propane Gas Association Cost per Million Btu in 200548 
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The data presented in Figures 7 and 8 suggest that although converting structures that 

currently heat with propane to electricity could reduce CO2 emissions, due to the low CO2  

content of electricity purchased by JHMR, such a conversion would multiply the Kwh use at 

JHMR by a factor of eight, and could ultimately prove to be a very costly endeavor. 

3.2 Propane Data Analysis 

Examining the propane data from December 1, 2004 through November 30, 2006, 

represented in Figure 9 below, it is apparent that propane use fluctuates with seasonal 

temperature, which is expected at JHMR, as propane is used primarily for heating purposes and 

seasonal temperatures fluctuate significantly.  Propane data for the 2004-2005 and 2005-2006 

operating years are featured in Figures 10 and 11.  During the Winter Seasons of 2004-2005 and 

2005-2006, the Operations Center consumed the most propane, followed by the Bridger Center 

and Nicks Café, respectively.  Propane usage between the 2004-2005 and the 2005-2006 Winter 

                                                
48 National Propane Gas Association. (2007). 2007 Representative Energy Costs. [online] 
http://www.npga.org/i4a/pages/index.cfm?pageid=914 
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Seasons in the Operations Building increased by 21%, while the propane use at the Bridger 

Center, during the same time period, increased by 32%.  This appears to be a highly significant 

change and may be due to colder seasonal temperatures or an extended operating period, though 

such high levels of propane variability may merit further, more intensive investigation.  

The change in propane usage from Winter Season to the Summer Season follows regional 

temperature fluctuations and usage patterns, with summer propane use significantly lower than 

winter propane use. Propane use from the summer of 2005 to the summer of 2006 in the 

Operations Building decreased by 25% while propane use in the Bridger Center decreased by 

15% in the same time period.  During the Summer Season 2006 the Bridger Center used more 

propane than the Operations Building, while the previous Summer Season, the Operations Center 

consumed more propane than the Bridger Center. The cause of this variability is unknown, and 

should be considered for future research. 

Data for Nick’s Cowboy Café (Nick’s) are not available for the 2004-2005 Winter 

Season or the 2005 Summer Season.  The data for Nicks show an interesting inverse relationship 

to the typical Summer Season to Winter Season Usage.  The data, which have been verified 

against monthly consumption statistics, show a tenfold increase in the amount of propane 

consumed in the Summer Season 2006 from the 2005-2006 Winter Season levels representing an 

852% increase in use.  The reason for this increase is unknown, though is not likely due to data 

entry error, as the statistics have been verified against month to month propane usage data from 

JHMR.  This usage increase should be considered an area for future research. 

Figure 9: Propane Use in Gallons Dec. 2004-Nov. 2006.49 

Figure Removed 

 
                                                
49 Id. 
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Figure 10: Propane Usage by Season December, 2004 through November, 2005 at JHMR .50 

Figure Removed 

Figure 11: Propane Usage by Season December, 2005 through November, 2006 at JHMR.51 

Figure Removed 

3.3 Infiltration Calculations 

Air infiltration data were collected on March 14, 15 and 17, 2007. The data were 

collected at 10 AM, 11:30 AM and 11 AM respectively.  The number of passages per hour were 

estimated based upon 45 passages into or persons entering, the Bridger center observed in 15 

minutes of monitoring on March 13, 2007 and have been multiplied by 4 to create the hourly 

estimate of 180 passages. Passages per hour were then multiplied by 2 to reflect persons exiting 

the Bridger center.  It is assumed that skiers did not spend more than an hour in the lower level 

of Bridger Center. The estimated number of passages per hour has been used in conjunction with 

the Infiltration due to Opening and Closing External Doors52 figure included in Appendix A.  

The calculations contained in Figures 12, 13 and 14 pertain only to the lower level of the 

Bridger Center, where the Mountain Sports School and the 6311 Café are located.   The data do 

not include the upstairs portion of the Bridger Center, where Jackson Hole Sports is located.  

 

 

 

 

                                                
50 Jackson Hole Mountain Resort. (2007) Personal Communication [email] with staff at JHMR on Feb.5, 2007. 
51 Id. 
52 Landsberg, Dennis, and Robert Stewart. Improving Energy Efficiency in Buildings: A Management Guide. 
Albany, New York: State University of New York Press, 1980.   
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Figure 12: Air Infiltration Calculations Downstairs Bridger Ce nter with Doors Closed   

Readings
Passages 
per Hour

Door 
Status

Temp. 
Outdoors 
(˚F)

Temp. 
Indoors 
(˚F)

RH 
Indoors 
(%)

RH 
Outdoors 
(%)

h 
Indoors 
(Btu/lb)

h outdoors 
(Btu/lb) ∆ h

heat loss 
per hour 
(Btu)

heat loss 
with 
vestibule 
per hour 
(Btu)

heat loss with 
revolving 
doors per hour 
(Btu)

Bridger Center 
(3/14/07) 360

All 
Closed 36 71.4 44.3 13.4 27.14 9.44 17.7 47,200.00 39,333.33 11,800.00

Bridger Center 
(3/15/07) Reading 1 360

All 
Closed 41 71.4 40 17.2 26.15 11.09 15.1 40,160.00 33,466.67 10,040.00

Bridger Center 
(3/15/07) Reading 2 360

All 
Closed 41 72 45 17.2 27.65 11.09 16.6 44,160.00 36,800.00 11,040.00

Bridger Center 
(3/15/07) Reading 3 360

All 
Closed 41 72.2 31.1 17.2 24.49 11.09 13.4 35,733.33 29,777.78 8,933.33

 

Figure 13: Air Infiltration Calculations Downstairs Bridger Ce nter with Doors Open 

Readings
Passages 
per Hour

Door 
Status

Temp. 
Outdoors 
(˚F)

Temp. 
Indoors 
(˚F)

RH 
Indoors 
(%)

RH 
Outdoors 
(%)

h 
Indoors 
(Btu/lb)

h 
outdoors 
(Btu/lb) ∆ h

heat loss 
per hour 
(Btu)

heat loss 
with 
vestibule 
per hour 
(Btu)

heat loss with 
revolving 
doors per hour 
(Btu)

Bridger Center (3/17/07) 
Reading 1 360 2 Open 41.9 61.5 40 32.4 21.1 12.51 8.59 95,444.44 19,088.89 5,726.67
Bridger Center (3/17/07) 
Reading 2 360 2 Open 40.4 62.8 33.5 34.5 20.63 12.16 8.47 94,111.11 18,822.22 5,646.67
Bridger Center (3/17/07) 
Reading 3 360 2 Open 41.7 63.9 36.5 36.5 21.64 12.75 8.89 98,777.78 19,755.56 5,926.67

 

Figure 14: Expected Average Gallons of Propane Lost Day -1 for the Month of March 

downstairs Bridger Building  

Average gallons of propane lost 
per day with doors open

Average gallons of propane 
lost per day doors closed

Average gallons of propane lost 
per day with vestibule

Average gallons of propane 
lost per day with revolving 
door

7.4 3.2 2.7 0.8

 

Measurements conducted indicate that the scale of propane losses due to air infiltration 

through opening and closing external doors is quite low, although this measurement will change 

with the ambient outdoor temperatures, relative humidity and skier passage rates.  The 

measurements conducted indicate that an energy savings can be realized with simple building 

modifications, such as the presence of a vestibule (airlock) or revolving doors.  The 
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measurements also suggest that leaving the doors open to the exterior to vent excess heat is an 

extremely inefficient practice and results in a high rate of energy loss.  

3.4 Limitations of Air Infiltration Model 

The modeling area used for this study represents the downstairs of the Bridger Center, 

encompassing 13 % of the total building area, by square feet. An estimate that accounts for 

average daily losses from closed doors during morning hours and open doors during the 

afternoon has been created for downstairs Bridger Center.  This averaged estimate assumes that 

the rate of passage remains constant, that the doors to the outside remain closed for the first 3 

hours of the day and that the doors are opened for the remaining 4 hours of the operating day, as 

was observed during data collection.  The average estimate indicates 509,884 Btu lost per day or 

5.5 gallons lost per day. Comparing the average propane gallons lost per day with the average 

daily consumption of propane during March, 2005 we see that the losses represent .1 % of the 

total building use per day.  Although this estimate is quite low, losses will fluctuate with outdoor 

temperatures as well as skier passage rates and therefore losses will be greater during the colder, 

busier months.  It is unknown how often the doors to the downstairs Bridger Center are open 

throughout the year.  The calculations cannot be extrapolated out to the entire year due to lack of 

data.  Calculating the CO2 losses per day, we see that the average 5.5 gallons lost per day 

translates to 71.5 pounds (5.5 gal*13 lbs/gal) of CO2 lost per day and 2216.5 lbs or 1.1 tons of 

CO2 produced for the month, which translates to .1% of the total use for March 2005, but less 

than .001% of the total CO2 produced during the 2004-2005 operating season. 

The calculations performed do not account for several variables that may increase the 

losses of propane from the area modeled, notably multiple doors being open at the same time and 

other building characteristics such as stack effect.  Stack effect being simply defined as the effect 
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of air escaping out of the top of the building envelope due to natural rise, thereby drawing in air 

from lower levels of buildings, often where doorways are located.53   

3.5 Vehicle Miles Traveled 

Examining the total Vehicle Miles Traveled (VMT) data to and from JHMR from 

December 1, 2004 through November 30, 2005, Figure 15, it appears that the majority or 59%, 

of VMT occurred during the Winter Season, when JHMR is operating its ski facilities.  Private 

transportation VMT during the Winter Season, as represented by parking lot counts, far exceed 

the amount of VMT by public transportation systems, representing 96.4% and 3.6% respectively. 

Winter Season Carpool VMT represented approximately 19% of the total Winter Season VMT, 

while vehicles parked at the Teton Village Parking Lots represented approximately 70% of 

Winter Season VMT.  Vehicles driven to the satellite Stilson Parking Lot represented 

approximately 6.7% of Winter VMT. 

Figure 15: Vehicle Miles Traveled by Season, Dec. 1 2004 through Nov. 30, 200554 

Figure Removed  

The 2005 Summer Season total VMT fell by 30%.  The proportional relationships of 

VMT during the summer season enumerate drastic changes in driver behavior, with the Carpool 

and Public Transportation VMT declining to 0.1% and 1.3% of total VMT respectively.  Private 

Transportation to the Teton Village parking lots climbed to 96.7% of total summer VMT 

although Private Transportation to the Teton Village Parking Lots decreased by 6,409 cars or 

157,274 VMT (6.5%). 

 

                                                
53 United States Department of Energy. Infiltration of Outside Air in Winter.2007.[online]. 
http://www.eere.energy.gov/weatherization/wxtech_infiltration.html 
54 Jackson Hole Mountain Resort. (2007) Personal Communication [email] with staff at JHMR on Feb.5, 2007. 
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Figure 16: Private and Public Transportation by Season 2004-200555 

Figure Removed 

Examining the VMT data from the 2004-2005 operating year, several key statistics have been 

highlighted as target areas for performance improvements as well as reduction of total VMT. 

• Public transportation one way ridership fell from 220,273 to 39,813 (82% decrease) from the 

winter to summer months and the total Public Transportation VMT fell from 121,680 miles 

to 30,420 miles (75% decrease), indicating a drastic decrease in both ridership as well as 

public transportation availability. 

• Private transportation Teton Village Parking Lot Counts fell from 92,368 cars (2,401,568 

VMT) during the Winter Season to 86,319 cars (2,244,294 VMT) during the Summer 

Season, indicating only a slight (6.5%) decrease in the numbers of persons driving to JHMR.   

•  The data collected for seasonal parking lot counts and % makeup of VMT indicate that the 

number of drivers to JHMR falls only slightly from the Winter to Summer Seasons, that 

personal automotive transportation is the most common form of transportation during both 

seasons, and personal transportation makes up a higher proportion of the total VMT for the 

Summer Season than the Winter Season.   

• Carpooling and Stilson Commuter lot transportation, by VMT and number of cars, fall off by 

99.5% between the Winter and Summer Seasons.  

3.6 Fuel Use Data Analysis 

Examining the fuel use at JHMR from December 1, 2004 through November 30, 2005, 

displayed in Figure 17 below, it appears that 57% of total fuel consumption during the 2004-

2005 operating year occurred during the Winter Season. The majority of the fuel used during the 

                                                
55 Id. 
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Winter Season was Diesel # 2, representing 64% of the Winter Season total fuel consumption, 

55% of the Summer Season fuel consumption and 60% of the total fuel consumed by the resort 

during the 2004-2005 operating year.  Diesel #1 represented 25% of the fuel consumed during 

the Winter Season, but only represented 7% of the Summer Season use, due to an increase in the 

use of B-20 biodiesel.  Diesel fuel #1 represented 17% of total fuel consumed at JHMR during 

the 2004-2005 Winter and Summer Seasons.  Unleaded gasoline represented 11 % of fuel used 

during the Winter Season, 22% of the fuel used during the Summer Season and 16% of the total 

fuel consumed at JHMR.  Biodiesel represented 14% of the total fuel use during the Summer 

Season and 6% of the total fuel used during the 2004-2005 operating year. 

Figure 17: Fuel Usage by Season Dec. 1 2004 through Nov. 30, 200556 

Figure Removed 

3.7 Biodiesel Use at Jackson Hole Mountain Resort 

No ethanol usage has been noted within fuel consumption statistics for the 2004-2005 

operating year.  However, during the Summer Season of the 2004-2005 operating year, JHMR 

reports consuming 10,000 gallons of biodiesel, replacing much of the summer diesel #1usage.57 

The most significant limiting factor for the use of biodiesel at JHMR is the extreme 

seasonal variation of temperatures.  Figure 18 below displays the seasonal temperature averages, 

the mean temperature and the record low temperatures recorded in Jackson, Wyoming in degrees 

Celsius.  The climate is indicative of high elevation northern latitudes, where many of the 

monthly mean temperatures are below 15.5ºF (60ºF).  This low-range of seasonal temperatures is 

the primary limiting factor for the consumption of biofuels, specifically biodiesel, due to its 

                                                
56 Jackson Hole Mountain Resort. (2007) Personal Communication [email] with staff at JHMR on Feb.5, 2007. 
57 Id. 



 26 

tendency to cloud (develop waxy solids) and congeal (become gelatinous) at higher temperatures 

than petroleum based diesel, causing fuel filter plugging and poor engine performance. 

Figure 18: Jackson Hole Mountain Resort Monthly Average Temperatures ºC 58 

Month

Aveage Monthly 
High 
Temperature 
(°C)

Average 
Monthly Low 
Temperature 
(°C)

Mean 
Temperature  
(°C)

Record Low 
Temperature  
(°C)

January -3.9 -17.2 -10.6 -43.3
February -0.6 -16.1 -8.3 -41.1
March 4.4 -11.1 -3.3 -31.7
April 9.4 -5.6 2.2 -23.3
May 16.1 -0.6 7.8 -13.9
June 21.7 2.8 12.2 -6.7
July 26.1 5.6 16.1 -3.3
August 25.6 5.0 15.6 -5.6
September 20.6 1.1 10.6 -12.8
October 12.8 -3.9 4.4 -19.4
November 2.8 -10.0 -3.3 -28.9
December -3.3 -16.7 -10.0 -41.7  

Figures 19 and 20 below have been adopted from a study completed by Shrestha et al. 

titled Cold Flow Properties of Biodiesel and Effect of Commercial Additives, presented at The 

Society for Engineering in Agricultural, Food and Biological Systems conference, July 2005. 

The conclusion of feedstock portion of the study was that mustard ethyl ester (MEE) performed 

the best of all biodiesel feedstocks tested, meaning it had the lowest cloud point (CP) (indicating 

the beginning of wax development) and pour point (PP) (indicating gelatinous state) 

temperatures when blended with cold weather additive, displayed in Figure 19 below, and 

therefore was the best choice feedstock for biodiesel use in colder climates. MEE blends loaded 

with Power Service’s Artic Express fuel additive (PS) were shown to have the lowest CP and PP 

in the study and therefore have been included in this report to extrapolate the best possible 

                                                
58 The Weather Channel. (2007). Monthly Averages for Jackson, Wyoming. [online] 
http://www.weather.com/outlook/recreation/ski/wxclimatology/monthly/USWY0088 
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performance window for the use of biodiesel blends at JHMR. Figure 20 below includes cloud 

point performance for MEE at different biodiesel blends and concentrations PS additive.   

Figure 19: Average cloud and pour point temperature of four feed stocks under study ºC 59 

Figure Removed 

Figure 20: Fuel type with additive, blend, cloud and pour point ºC60 

Figure Removed 

The biodiesel and diesel temperature performance plots produced in Figure 21 below 

have been created using the cloud points for MEE determined by Shrestha et al., displayed in 

Figure 20. The average monthly temperatures and record monthly low temperatures plotted in 

degrees Celsius (Figure 18), have been reproduced from data published by Weather.com. Figure 

20 displays the CP and Pour Point PP temperatures in degrees Celsius of MEE at differing blend 

levels and percent loading of cold weather additive. Each biodiesel blend listed in Figure 20 will 

be discussed with regard to its potential for use at JHMR given the seasonal temperature 

restrictions found at the resort.  It also appears from the data in Figure 20 that B-20 and B-5 

perform similarly in CP temperatures as well as PP temperatures at 100% loading of cold 

weather additive.  It is reported by Shrestha et al. that 200% loading of cold weather additive will 

further improve cold flow properties over 100% of the recommended additive level in most 

blends.  Figures containing 200% loading data from the study by Shrestha et al. have been 

reproduced in Appendix B.  

 

 

                                                
59 Shrestha et al. (2005) Cold Flow Properties of Biodiesel and the Effect of Commercial Additives. American 
Society of Agricultural Engineers, Annual Meeting Paper. July 17-20, 2005. Paper Number 056121. 
60 Id. 
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Figure 21: Biodiesel Cloud Point Seasonal Use Guidelines 
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Figure 21 above illustrates the complex relationship that develops between biodiesel blends 

with cold weather additives when compared with average and record low monthly temperatures. 

Individual fuel performances plotted against average monthly lows and record low temperatures 

indicates strong temperature performance differences depending upon biodiesel blend level and 

cold weather additive.  Fuels that do not perform well against both average and record monthly 

lows are not recommended for use at JHMR.  CP temperatures are used as the “fail-safe” 
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measure of operability adopted by the petroleum industry61 and as so is the primary temperature 

measurement included in Figure 21.  

• 100% MEE without any cold weather additive has a CP just above 0 ºC (32 ºF) and has low 

potential for use at JHMR.  100% MEE has a cloud point below the average low 

temperatures for the months of June, July and August.  100% MEE does not perform well 

against record monthly low temperatures, which could result in fuel filter plugging and poor 

vehicle performance should they reoccur.  100% MEE without CP additive is not 

recommended for use at JHMR. 

• 100% MEE at 100% loading of PS cold weather additive has a CP of -4.6 ºC (24 ºF) which is 

at or below the average monthly low temperatures from April-October.  100% MEE has a CP 

at or below the record monthly lows from June through August.  It is therefore recommended 

that 100% MEE with PS cold weather additive at 100% loading only be employed at JHMR 

during the months of June, July and August, where possible.  200% loading of cold weather 

additive my drop the CP and PP temperatures by a few ºC, and should be examined further. 

• 20% MEE at 100% loading of PS cold weather additive has a CP of -18 ºC (0 ºF) which is at 

or below the average monthly temperature throughout the year.  20% MEE has a CP at or 

below the record low temperature from May through October.  It is therefore recommended 

that 20% MEE at 100% PS cold weather additive be used at JHMR from May through 

October where possible. 200% loading of cold weather additive my drop the CP and PP 

temperatures by a few ºC, and should be examined further. 

• 5% MEE at 100% loading of PS cold weather additive has a CP of -18.5 ºC (-1 ºF) which is 

at or below the average monthly temperature throughout the year.  20% MEE has a CP at or 

                                                
61 Phase Technology. (2007).Cloud Point Analyzer. [online] www.phase-technology.com 
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below the record low temperature from May through October.  It is therefore recommended 

that 5% MEE at 100% PS cold weather additive be used at JHMR from May through October 

where possible. 200% loading of cold weather additive my drop the CP and PP temperatures 

by a few ºC, and should be examined further. 

It should be noted that according to data produced by Shrestha et al. included in Figure 20 

indicate that 20% MEE and 5% MEE at 100% loading of PS cold weather additive have similar 

CP and PP temperatures.  It also should be noted that 5% MEE and 20% MEE represented in 

Figure 20 at 100% PS cold weather additive had CP and PP temperatures superior to petroleum 

based diesel #2 that did not contain cold weather additive.  

IV. Conclusions 

4.1 Propane Use 

Propane use at JHMR is the largest source of CO2 emissions and therefore should be the 

preliminary target for CO2 emissions reduction. Data published by the National Propane Gas 

Association on the costs of propane per million Btu and electricity per million Btu for the past 8 

years is displayed in Figure 22 below.  The data show a steadily increasing trend in the cost of 

propane per million Btu, while the cost of electricity shows only a slight increase. The cost of 

electricity and propane per million Btu published by the National Propane Gas Association 

included within Figure 22 below are national averages and are not the actual cost of electricity 

and propane purchased by JHMR. 
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Figure 22: Propane Cost per Million Btu 1999-200662 
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Figure 22 clearly demonstrates an increasing trend during the past 8 years in the average 

cost of propane.  With the national cost of propane per million Btu trending towards the national 

average cost of electricity, the cost savings of substituting propane for electricity as an energy 

feedstock may become less pronounced in the future. However, as propane represents the 

majority of the Btus consumed at the resort, (Figures 5,6) it is not recommended that the resort 

convert the Bridger Center and Operations buildings to electric heat. While this course of action 

may seem to be a quick fix for CO2 emissions, it would most certainly lead to a significant surge 

in the demand for electricity, resulting in a very significant cost increase, and is therefore not 

recommended to immediately reduce CO2 emissions at JHMR. However, if switching the 

Bridger Center and Operations buildings to electricity became economically feasible in the 

future, this undertaking could drastically lower CO2 emissions at JHMR.  

 

 

                                                
62 National Propane Gas Association. (2007). Representative Energy Costs. [online] 
http://www.npga.org/i4a/pages/index.cfm?pageid=914 
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4.2 Building Operations 

Significant cost and CO2 emissions savings can be realized by adjusting the heating 

scheme and systems in the Bridger Center.  On several occasions during warmer weather, 

specifically during the week of March 11, 2007, the lower level doors at the Bridger Center were 

left open to relieve excess heat that built-up during the day.  On closer inspection, while the 

lower level doors were open, the heating system remained set and operating at 72ºF with the 

thermostat control locked. This practice produces significant energy losses as well as 

unnecessary CO2 emissions, which may be significantly larger than those detected in this report 

due to model limitations. Creating a building specific heating protocol with the building 

thermostat easily adjusted to optimize comfort levels may preclude opening doors to release 

excess heat buildup, which directly results in substantial energy loss, operations costs and CO2 

emissions. Monitoring systems for buildings that consume electricity would not create significant 

emissions savings due to the low carbon concentration of electricity purchased from Lower 

Valley Energy, but could result in significant cost savings.  Similarly, automatic or 

programmable thermostats can be optimized to avoid excess heat buildup during day, thereby 

eliminating the need to ventilate excess heat, resulting in CO2 emissions savings.   

Minor retrofits to facilities, such as converting propane consuming grills at Nick 

Wilson’s to a carbon neutral charcoal or electricity, could provide immediate CO2 reductions, 

thereby avoiding emissions comparable to the 174.6 tons of CO2 emitted from Nick’s during 

2006, representing a 1% reduction in total CO2 emissions.  Retrofits of this kind are not likely to 

substantially increase JHMR expenditures on electricity.   
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Minor building retrofits and operations protocol altogether represent a relatively low cost 

initiative and may produce substantial economic returns when implemented in buildings that 

consume propane generated heat as well as buildings that consume electrically generated heat. 

4.3 Architectural Modifications 

The simple calculations performed in the downstairs Bridger Center indicate that 

vestibules (airlocks) and revolving doors can provide an energy savings, and reduce propane 

based CO2 emissions at JHMR.  Due to the nature of the simplistic model used and the lack of 

comprehensive data, savings estimates for the entire year are unavailable.  It is therefore 

recommended that the resort commission a thermographic energy inspection or a 

PerFluorocarbon Test (PFT), focusing on buildings that consume propane for CO2 emissions 

savings, as well as buildings that consume electricity and have high levels of skier traffic, which 

may yield significant cost savings.  The output from these inspections will reveal areas where 

heat is escaping the building envelop and will help determine whether further insulation or 

building modifications such as vestibules (airlocks) are needed.63 Additional information is 

available on PFTs and thermographic inspections from the United States Department of Energy, 

Energy Efficiency and Renewable Energy, A Consumers Guide to Energy Efficiency and 

Renewable Energy, located at http://www.eere.energy.gov/consumer/. 

Due to the paucity of data collected on air infiltration and the inadequacy of the model to 

account for total building losses and infiltration rates throughout the year, net present values of 

building modifications could not be created.  However, it is expected that architectural 

modifications will incur moderate to high costs and further research on infiltration rates should 

be conducted before architectural modifications are made. 

                                                
63 United States Department of Energy.(2007).A Consumers Guide: Thermographic Inspections.[online]. 
http://www.eere.energy.gov/consumer/your_home/energy_audits/index.cfm/mytopic=11200 
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4.4 Vehicle Miles Traveled 

It appears from the data analyzed that total VMT fall off by 30% from the Winter to the 

Summer Seasons at JHMR.  Upon closer investigation, it appears that the majority of that 

decrease is in the number of Carpool Vehicle Miles Traveled and Stilson Commuter Lot Vehicle 

Miles Traveled, which both fall off by 99.5%. The actual decrease in vehicle miles traveled 

between the Summer and Winter Seasons for cars driven to Teton Village was 6.5%. 

 Public transportation One Way Ridership fell from 220,273 to 39,813 (82% decrease) 

from the winter to summer months and the total Public Transportation VMT falls from 121,680 

miles to 30,420 miles (75% decrease), indicating a drastic decrease in both ridership and public 

transportation availability. 

To effectively curb VMT to and from the resort, it is recommended that the resort take 

measures to discourage private transportation to the resort during both the Winter and Summer 

Seasons. The following recommendations are designed to reduce VMT during both seasons. 

Increase START Bus service 

• It is recommended that the resort coordinate with the Southern Teton Area Rapid Transit 

(START) to increase service to the resort during the Summer Season.  In the absence of 

additional public transportation provision, scheduling the JHMR tram to coincide with the 

arrival of currently provided public transportation to the resort could encourage patrons 

staying in the town of Jackson to ride the START Bus to the resort. 

Pricing Scheme for Lift/Tram Tickets 

• It is recommended that the resort set up a pricing scheme where summer patrons who take 

public transportation or carpool to the resort would receive a significant discount on tram 

fares.  This policy could help increase ridership of START buses, thereby supporting efforts 
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to increase service to the resort. Recently Arapaho Basin in Colorado instituted a program 

giving 40% off lift tickets to skiers who drive up with four or more people in their vehicles.64  

While not directly analogous to the public transportation or carpooling at the resort during 

the Summer Season, offering such an economic incentive could help to curb summer season 

VMT to the resort, given the limited availability of public transportation and poor carpool 

performance during the summer months. Similar cost incentive programs could encourage 

Winter Season visitors staying in town to ride the START Busses to JHMR, further reducing 

total VMT.  This initiative will require communication with the START bus company.  

Further research and perhaps cost benefit analysis could identify the economic feasibility of a 

START Bus incentive program.  

Partnership with Grand Teton National Park   

• Currently, there is a planning study underway, funded by the Alternative Transportation in 

Parks and Public Lands Program (ATPPL), established under section 301 of the Safe, 

Accountable, Flexible, Efficient, Transportation Equity Act: A Legacy for Users 

(SAFETEA-LU), administered by the Federal Transportation Administration and the 

Department of the Interior.65 Under the ATPPL Program $99,934.00 dollars have been 

allocated to the National Park Service in a project categorized as a planning study, to create a 

business plan for public transportation service in Grand Teton National Park. 66 As JHMR is 

one of the principal summer tourist draws in the area, is located on predominantly public land 

and provides sweeping views of the Grand Teton National Park, it is possible that a 

                                                
64 Carlton, Jim. “Global Warming: Uncool on the Slopes.” Wall Street Journal. 21 Mar. 2007: B1 
65 Federal Transit Administration. (2007).Annual Report on Funding Recommendations: Proposed Allocation of 
Funds for Fiscal Year 2008. Appendix C: Alternative Transportation in the Parks and Public Lands Program, C-
3.[online] 
http://www.fta.dot.gov/publications/reports/reports_to_congress/publications_6048.html 
66 Federal Transit Administration. (2007). Projects Selected for FY 2006 Funding, August 28, 2006.[online] 
http://www.fta.dot.gov/documents/Projects_Selected_for_FY06_Funding-8-29-06.pdf 
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partnership to transport visitors from within the park to the resort to ride the aerial tram 

would significantly reduce Summer Season VMT.  Information is unavailable regarding the 

current status of the planning study and it is recommended that the resort contact Grand 

Teton National Park to learn more about the status of this project. 

Parking Lot Prices 

• As of the 2007 Winter Season, parking prices are $5 dollars for a vehicle containing 2 or 1 

individuals, and parking is complementary for those vehicles which qualify as ‘carpool 

vehicles’ containing 3 or more persons.  It is recommended that to reduce VMT the resort 

maintain its no fee policy for cars that qualify as ‘carpool vehicles’ and contain 3 or more 

persons.  However it is additionally recommended that the resort raise parking ticket prices 

for vehicles containing 2 or less persons.  The current parking lot rates are not discouraging 

drivers from parking directly at the mountain, directly resulting in high Summer and Winter 

Season VMT and CO2 emissions.  A pricing scheme to reduce VMT and CO2 emissions 

should be set up to encourage drivers to park at the resorts’ Stilson Lot or take public 

transportation from town.  A willingness to pay study could accurately identify the price 

threshold that will deter most drivers from parking at the mountain.  

• While raising parking prices will likely encourage drivers to park at the Stilson Lot, it is also 

probable that raising the prices will create resentment amongst repeat drivers.  It is 

imperative that modifications to the parking scheme do not alienate resort patrons and are not 

perceived as rent-seeking by the resort. It is recommended that along with any parking price 

increase the resort publicize its directive of raising prices as a method of reducing CO2 

emissions.  This could be done by publishing information regarding the reduction of VMT 

CO2 emissions at the resort on parking tickets, along with information on the Keep Winter 
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Cool campaign run by the National Ski Areas Association.  Publication of such material is in 

accord with the resort’s commitment to provide climate change education, as part of the 

Sustainable Slopes Charter.  It is additionally suggested that the resort consider publicly 

donating additional rents generated through parking lot price increases to local conservation 

programs in order to create local goodwill and offset development currently underway at the 

base of the resort.  

4.5 Biodiesel Feedstock Selection 

Figure 21 displays the CP and PP of the various feedstocks tested in a cold weather 

performance study by Shrestha et al.  The researchers concluded that MEE performed the best of 

all feedstocks tested, meaning it had the lowest CP and PP temperatures when combined with 

cold weather additive and therefore was the best choice feedstock for biodiesel use in colder 

climates.  Consequently, it is recommend that JHMR employ a MEE based biodiesel blend for 

use at the resort.  MEE derived biofuels display superior performance in cold weather, which is a 

constant concern at the resort, even during the Summer Season.  A MEE based biofuel will help 

to avoid the various cold weather flow difficulties that arise with biodiesel use in colder climates, 

as well as elongate the seasonal window for use of biodiesel, helping to maximize the potential 

for biodiesel based CO2 emissions reduction. 

4.6 Seasonal Biodiesel Blend Variation 

A complex relationship develops between biodiesel feedstocks, biodiesel blend levels with 

petroleum based diesel and cold weather additive levels when compared with average and record 

low monthly temperatures. This relationship is evident in Figure 20, which displays cloud and 

pour points of MEE derived biodiesel based upon fuel blend level and cold weather additive. 

Figure 21 has been constructed from MEE CP properties published by Shrestha et al. combined 
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with monthly average low temperature and monthly record low temperature data from 

Weather.com.  Both Figures 20 and 21 indicate that strong temperature performance differences 

exist between biodiesel blend levels and percent loading of cold weather additives.  Figure 21 

has been constructed to enable resort managers to employ various levels of blended biofuels and 

commercial additives by season, in order to optimize the percent biofuels employed at the resort 

and achieve the maximum possible CO2 emissions reductions through biologically based fuels.  

Figure 21 has been constructed around the more conservative CP temperature, which indicates 

when a fuel will begin to develop wax solids, although fuel performance is not significantly 

affected.  The following bullets highlight seasonal biodiesel use guidelines based upon Figure 

21, and have been reproduced from section 3.7 Biodiesel Use at Jackson Hole Mountain Resort. 

• 100% MEE without any cold weather additive has a CP just above 0 ºC (32 ºF) and has low 

potential for use at JHMR.  100% MEE has a cloud point below the average low 

temperatures for the months of June, July and August.  100% MEE does not perform well 

against record monthly low temperatures which may result in fuel filter plugging and poor 

vehicle performance.  100% MEE without CP additive is not recommended for use at JHMR. 

• 100% MEE at 100% loading of PS cold weather additive has a CP of -4.6 ºC (24 ºF) which is 

at or below the average monthly low temperatures from April-October.  100% MEE has a CP 

at or below the record monthly lows from June to August.  It is therefore recommended that 

100% MEE with PS cold weather additive at 100% loading only be employed at JHMR 

during the months of June, July and August, where possible. 200% loading of cold weather 

additive my drop the CP and PP temperatures by a few ºC, and should be examined further. 

• 20% MEE at 100% loading of PS cold weather additive has a CP of -18 ºC (0 ºF) which is at 

or below the average monthly temperature throughout the year.  20% MEE has a CP at or 
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below the record low temperature from May through October.  It is therefore recommended 

that 20% MEE at 100% PS cold weather additive be used at JHMR from May through 

October where possible. 200% loading of cold weather additive my drop the CP and PP 

temperatures by a few ºC, and should be examined further. 

• 5% MEE at 100% loading of PS cold weather additive has a CP of -18.5 ºC (-1 ºF) which is 

at or below the average monthly temperature throughout the year.  20% MEE has a CP at or 

below the record low temperature from May through October.  It is therefore recommended 

that 5% MEE at 100% PS cold weather additive be used at JHMR from May through October 

where possible. 200% loading of cold weather additive my drop the CP and PP temperatures 

by a few ºC, and should be examined further. 

In conjunction with seasonal biodiesel variation, employing a winter fuel optimizer to 

periodically test CP temperatures may aid in the precise management of seasonal biodiesel use 

by monitoring and testing of the cold flow properties of blended fuels employed at the resort.  

Periodically monitoring CP properties can help prevent fuel gelling, and will enable managers to 

make informed decisions on when idling is necessary to prevent fuel gelling, possibly reducing 

overnight idling times, which would subsequently reduce CO2 emissions. 

4.7 Targets for Future Research 

This report does not account for the potential use of ethanol at JHMR.  Gasoline 

accounted for 1.4% of the total CO2 emissions for the 2004 through 2005 operating year.  The 

use of ethanol or 85% ethanol (E-85) could substantially reduce the total CO2 emissions per year 

from gasoline consumption at the resort, aiding in the 5% CO2 emissions reduction goal for the 

year 2011. 
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Several undetermined changes in propane usage occurred during the 2004- 2005 and 

2005-2006 operating years and should be investigated further.  Significant changes in public 

usage of the Bridger Center and Operations Building may account for the fluctuation between 

Summer Season use from year to year, identified earlier in this report.  The drastic increase 

(851%) in propane use between the Summer and Winter Seasons of 2005-2006 merits further 

investigation, and may yield methods for significant CO2 emissions reduction during the Summer 

Season. 

The resort is currently undergoing substantial development at the base of the resort, 

resulting in the construction of several new hotels and an 18-hole golf course.  This information 

should be included within the sustainability publication by the resort.  Fuel use can seamlessly be 

included in CO2 emissions, though metrics on development emissions and materials used may 

need to be created.  Development emissions should be considered a primary target for further 

research at Jackson Hole Mountain Resort.  
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