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MEMORANDUM 

To:  Greg Eklund and Becky VanSickle 

From: David Park, Carmen Teng, Lit Chan and Shari Libicki 

Subject: 2012 Review Update of Alternative Fuel Technologies  
for Sunshine Canyon Landfill Equipment 

 

ENVIRON was asked to update the review of potential alternative fuel technologies for heavy-
duty landfill equipment used at Sunshine Canyon Landfill. This memorandum provides 
equipment and alternative technology review updates of the ENVIRON memo dated May 21, 
2008 entitled “2008 Review Update of Alternative Fuel Technologies for Sunshine Canyon 
Landfill Equipment.”  

Specifically, the scope of work for this review update was to: 

 Gather, review and update current heavy-duty landfill equipment inventory and activity data; 
and 

 Update alternative fuel technology review to reflect the current status of alternative fuel 
technology or equipment for landfill equipment. 

Review Update on Landfill Equipment 
Sunshine Canyon Landfill provided an updated (2012) list of their landfill equipment. The 
general technical specifications, including fleet average and total engine model year and power 
are summarized in Table 1. Overview fleet statistics including number, average model year, and 
average horsepower by equipment type are summarized in Table 2. Annual hours of usage are 
extrapolated from the 2008 reporting. As shown in these tables, there are a total of 25 units of 
landfill equipment with a weighted average engine model year of 2003 and average horsepower 
(hp) of 395 hp. Fleet-wide total horsepower is 9,884 hp, and annual horsepower-hour is 
1,018,430 horsepower per hour per year (hp-hr/yr).  

Compared to the 2008 landfill equipment inventory, the 2012 inventory has more equipment (25 
as compared to 20 units), the fleet is newer (model year 2003 as compared to 2001), higher 
average horsepower (395hp as compared to 345hp) and more total horsepower (9884 hp in 
2012 as compared to 6902 hp in 2008) and high activities in terms of horsepower-hour 
(1,018,430 in 2012 as compared to 895,117 hp in 2008.) The Sunshine Canyon Landfill 2012 
offroad inventory does not include articulated dump trucks (ADTs) or water-pull trucks.1  

                                                           
1 Sunshine Canyon Landfill has indicated that their water-pull trucks are included in their on-road fleet subject to 
ARB’s truck and bus regulation. The facility took delivery of an articulated dump truck during calendar year 2012, 
which will be included in their December 31, 2012 DOORS reporting.  
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While ENVIRON was not asked to update the emissions inventory for the 2012 landfill 
equipment, we performed a rough comparative analysis to estimate emissions impacts due to 
the changes in the equipment inventory and activities. The rough comparative analysis, based 
on weighted average horsepower, model year and total usage hours for the equipment fleet, 
and appropriate California Air Resources Board (ARB) emission factors and load factors, shows 
that the fleet-wide reactive organic gas (ROG), carbon monoxide (CO) and particulate matter 
(PM) emissions have increased due to the increase in fleet size and consequent increase in 
total equipment operating hours, as well as higher revised emission factors for ROG, CO and 
PM in the ARB’s OFFROAD model. However despite this increase in overall increase in fleet 
activity, nitrous oxide (NOx) emissions are estimated to have decreased by 6% as a result of 
fleet turnover to newer, lower NOx emitting equipment, and lower revised emission factor for 
NOx in the ARB’s OFFROAD model. 

Table 1: General specifications and operation hours for Sunshine Canyon Landfill equipment in 
2012. 

Equipment 
Type 

EIN Make Engine 
Make 

Engine 
Model 

Engine 
Model 
Year 

HP Operating 
Hours 

(hrs/year)2 
Crawler 
Tractors 

NS3N36 CAT CAT 3116 1998 110 2833 

Crawler 
Tractors 

HG9G49 CAT CAT C18 2006 410 2833 

Crawler 
Tractors 

TR5E34 CAT CAT 3408E 2003 410 2833 

Crawler 
Tractors 

RF3W33 CAT CAT 3408E 2004 410 2833 

Crawler 
Tractors 

SU3D74 CAT CAT 3408C 1990 370 2833 

Crawler 
Tractors 

HT5W43 CAT CAT C9 2009 283 2833 

Crawler 
Tractors 

CX7V48 CAT CAT C18 2007 401 2833 

Crawler 
Tractors 

LF7H56 CAT CAT C18 2008 410 2833 

Excavators RF9S74 HITAC
HI 

CUMMI
NS 

N14 1996 370 2000 

Graders DP9R94 CAT CAT C11 2007 275 1500 
Compactor MY4Y73 TEREX CUMMI

NS 
QSK-19 2001 525 3000 

Compactor CA6F37 TEREX CUMMI
NS 

QSK-19 2001 525 3000 

Compactor RC4S87 CAT CAT C18 2004 481 3000 
Compactor CF6H58 CAT CAT C18 2004 499 3000 
Compactor JH6V37 CAT CAT 3456 2002 475 3000 
Compactor RT6F97 CAT CAT C18 2006 499 3000 
Compactor TR6C55 CAT CAT C18 2008 544 3000 
Compactor AG5V87 CAT CAT C18 2008 544 3000 

                                                           
2 Usage rates are derived from the 2008 fleet evaluation. Scrapers are assumed to operate similar hours to Graders. 
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Equipment 
Type 

EIN Make Engine 
Make 

Engine 
Model 

Engine 
Model 
Year 

HP Operating 
Hours 

(hrs/year)2 
Rubber Tired 
Loaders 

NB7M35 CAT CAT 3406E 2001 311 2000 

Rubber Tired 
Loaders 

UN5F65 VOLVO VOLVO TD103K
CE 

1996 398 2000 

Scraper/Front 
Engine 

DJ5W44 CAT CAT C18 2007 499 1500 

Scraper/Front 
Engine 

CS3V89 CAT CAT C18 2007 499 1500 

Scraper/Rear 
Engine 

WW7G68 CAT CAT C9 2007 283 1500 

Scraper/Rear 
Engine 

WK7X88 CAT CAT C9 2007 283 1500 

Backhoe SP7W53 CAT PERKI
NS 

3054 1996 70 1500 

FLEET 
TOTAL 

     9884 61664 

FLEET 
AVERAGE 

    2003 395  

 

Table 2: Summary of Sunshine Canyon Landfill equipment. 

Equipment Category Number Model 
Year 

Average 
Power (hp) 

Total 
Power (hp) 

Annual Usage 
(All Equipment) 

Crawler Tractors 8 2003 360 2881 22666 
Excavators 1 1996 370 370 2000 
Graders 1 2007 275 275 1500 
Other Construction 
Equipment 

8 2004 512 4092 24000 

Rubber Tired Loaders 2 1999 355 709 4000 
Scraper/Front Engine 2 2007 499 998 3000 
Scraper/Rear Engine 2 2007 283 566 3000 
Tractors/Loaders/Back
hoes 

1 1996 70 70 1500 

 

Review Update of Alternative Fuel Technologies for Landfill Equipment 
In the 2006 report to Sunshine Canyon Landfill and the succeeding May 2008 update 
memorandum, ENVIRON ranked the landfill equipment as potential candidates for alternative 
fuel or alternative diesel fuel demonstration based on technical characteristics and technology 
feasibility or availability, as well as the technical specification and emissions estimates of the 
landfill equipment. The identified alternative fuel and alternative diesel fuel technologies 
included natural gas (CNG/LNG), liquefied petroleum gas or propane (LPG), emulsified diesel 
fuel, biodiesel fuel, and diesel-electric hybridization. 

In the previous evaluations, we noted that, other than the proven natural gas and LPG 
technologies for onroad street sweepers, there were no proven and demonstrated natural gas, 
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LPG, or electrification technologies for landfill equipment applications. We also noted that the 
use of biodiesel fuels would reduce PM emissions but it would also increase NOx emissions, 
and that studies and/or demonstrations were being conducted to reformulate or couple the 
biodiesel with fuel additive to reduce both the NOx and PM emissions. We also indicated that, 
while emulsified fuel was verified by ARB to provide about 14% NOx, and 63% PM emission 
reductions, and could be used for landfill equipment applications, emulsified diesel fuel was 
commercially unavailable. Our current findings associated with alternative fuel options for 
Sunshine Canyon Landfill equipment is as follow:  

Biodiesel Update 
While biodiesel fuels are still recognized as a mitigation technique for greenhouse gases, the 
ARB currently does not recognize these fuels as verified diesel emission control strategies 
(VDECS).3 Unless ARB reverses this decision, biodiesel fuel will not be accepted as an 
alternative fuel for these purposes. 

Emulsified Fuel/Fuel Additives Update 
PuriNOx, emulsified diesel fuel, continues to be verified by ARB as a Level 2 VDECS, to provide 
about 14% NOx, and 63% PM emission reductions; however the emulsified fuel supplier 
(Lubrizol) has stopped supplying PuriNOx. Thus, the use of emulsified fuel is infeasible as it is 
currently not available. 

Viscon, a diesel fuel additive, was verified by ARB as a Level 1 VDECS on October 19, 2011. 
This technology is an additive and not an alternative fuel as it is blended with diesel fuel at a 1% 
Viscon by unit weight, which is not considered a substantial component of fuel. Viscon is a ultra-
high molecular weight Polyisobutylene. ARB verifies its use in offroad heavy-duty diesel engines 
manufactured from 1985 – 1995 at power ratings ranging from 175hp – 300 hp. Viscon is 
verified by ARB as attaining a 25% reduction in PM emissions with no effect on NOx emissions. 
As shown in Table 1, only the MY 1990 crawler tractor was older than 1995 model year in the 
Sunshine Canyon Landfill equipment fleet, and the crawler tractor has a horsepower rating of 
370 hp. Thus, the Viscon’s fuel additive would not be a verified technology option for the 
Sunshine Canyon Landfill equipment fleet.    

Electric Hybrid Offroad Technologies  
The May 2008 update memo indicted that Volvo announced a L220F hybrid wheel loader 
development program. Volvo North America indicates that currently there are no firm plans for 
further developing commercial diesel-electric hybrid construction equipment. This segment of 
equipment development is being discussed internally; however Volvo does not expect to come 
to a decision on an official corporate strategy for two to five years.4  

John Deere developed prototype diesel-electric hybrid 644K and 944K wheel loaders, unveiled 
during ConExpo2011. Deere indicates that the units are currently undergoing product testing 
and is planning commercial rollout in 2013. Deere is targeting fuel efficiency gains of 15% to 

                                                           
3 TRU Advisory: 08-08, Biodiesel, California Air Resources Board, January 2011, 

http://www.arb.ca.gov/diesel/tru/documents/advisory_08_08.pdf, downloaded August 24, 2012.  
4 Telephone conversation, D. Park, ENVIRON with Thomas Caster, VP Sales Support, Volvo Construction 

Equipment NA, 828-650-2000, September 4, 2012. 
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20% on its 644K and 25% to 30% on its 944K.5 Deere indicates that the units will “undergo 
rigorous customer testing and will not be available until it fully meets every customer need.”6 

Komatsu currently offers a diesel-electric hybrid excavator in the United States, the HB215LC. 
The rollout of this excavator is understated and not publically advertised. This machine 
produces 139 hp at the fly wheel. The excavator utilizes an electric swing motor to assist the 
engine in turning the upper structure of the excavator and operation of the bucket, arm, boom 
and slew functions. The electric motor acts as a generator during the braking phase of these 
functions, storing energy in ultra-capacitors. Komatsu claims 20% - 41% fuel savings depending 
on the application, with maximized fuel savings recognized in predominant slewing duty cycle.7 
Distributors in Southern California, Road Machinery LLC, Perris, CA and Claremont Equipment 
Company, Escondito, CA indicate that they have units currently available. Komatsu indicates 
that in Japan, they sold more than 900 units of their first generation diesel-electric hybrid 
excavator, the PC200-8, by March 31, 2011.8  

Natural Gas Technologies 
Westport, Caterpillar, and EMD announced June 5, 2012 that they will jointly develop natural 
gas engine technologies for use in offroad equipment and rail applications.9 The suggested 
technology employed will include Westport’s natural gas engine high pressure direct injection 
(HPDI) in the Caterpillar offroad platform. The target projection for commercialization is five 
years.   

Conclusions 
The following summarizes our findings.  

 There are demonstrated diesel-electric hybrid technologies for wheel loaders and one 
excavator from two manufacturers, John Deere and Komatsu, respectively. However only 
one commercially available diesel-electric hybrid solution is available, the Komatsu 
HB215LC excavator rated at 129 hp at the flywheel, which is only 35% of the horsepower 
rating of the excavator used in the Sunshine Canyon Landfill. Thus, the power output of the 
Komatsu excavator does not appear to meet Sunshine Canyon Landfill’s current operation 
requirements.  

 ARB has taken biodiesel off the table as a VDECS recognized technology. Currently 
biodiesel is only recognized as a greenhouse gas reduction technology. 

 One fuel additive has been added to the ARB VDECS verification page, Viscon, which is 
verified as a Level 1 diesel solution achieving PM reductions of 25%. However, due to the 

                                                           
5 VanHampton, T, “How John Deere's New Hybrid Wheel Loaders Get Their Juice,” ENR.com, June 22, 2011, 

downloaded from http://enr.construction.com/products/equipment/2011/0627-
HowJohnDeeresNewHybridWheelLoadersGetTheirJuice.asp, August 15, 2012. 

6 John Deere press release, “John Deere Builds Its First Nine-Yard Loader on Customer Suggestions,” Marcy 22, 
2011, downloaded from 
http://www.deere.com/wps/dcom/en_US/corporate/our_company/news_and_media/press_releases/2011/construct
ion/2011mar22_944kconexpo.page, August 15, 2012.  

7 “Komatsu Hybrid released with understated confidence,” Earthmover & Civil Contractor, downloaded from 
http://www.earthmover.com.au/news/print-editions/june-2011/komatsu-hybrid-released-with-understated-
confidence, August 15, 2012.  

8 Komatsu Annual Report, 2011, Interview with Kunio Noji, President and CEO, p. 12, downloaded from 
http://www.komatsu.com/CompanyInfo/ir/annual/html/2011/, August 15, 2012.  

9 “Westport and Caterpillar Announce Agreement to Develop Natural Gas Technology for Off-Road Equipment,” 
downloaded from http://www.westport.com/news/2012/westport-and-caterpillar-natural-gas-technology-agreement, 
August 24, 2012.  
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low blend percentage, and its limitations on applicable model year and horsepower ranges, 
the Viscon fuel additive is not an alternative fuel option for the Sunshine Canyon Landfill 
equipment. 

 Westport/Caterpillar proposes to commercialize natural gas engine technology for offroad 
applications in approximately five years. 

 Fleet-wide emissions for the landfill facility can be reduced merely via fleet modernization 
with newer, cleaner engines, and improved operation efficiency to reduce fleet-wide 
equipment usages.  
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