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Background 

 EPA emission standards are technology 
neutral 

 Manufacturers are responsible for emissions 
compliance 

 Tier 4 Non-Road stds published in 2004 

 General infrastructure message:  DEF should 
be “widely available and readily accessible”  
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http://www.epa.gov/
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EPA’s Regulatory Roadmap 

Non-road Diesel 

final rule 2004 

fully phased in 2015 

Tier 2 Light-Duty 

final rule 1999 

fully phased in 2009 

Heavy-Duty Highway 

& Vocational 

final rule 2000 

fully phased in 2010 

Locomotive/Marine 

final rule 2008 

fully phased in 2017 

Ocean Going Vessels 
C3 Rule Dec 2009 

IMO MARPOL Annex VI 

ECA Controls 

  - Fuel Based 2015 

  - SCR Catalyst Based 2016 

http://www.epa.gov/
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Additional Considerations for SCR 

 Depends on the user refilling the DEF tank when 
needed 

– Warnings and inducements to ensure that  DEF tank 
refilled and that quality DEF used 

 

 DEF Infrastructure needed so that users can find 
DEF when and where they need it 

– Over last few years worked with industry, CARB and 
other stakeholders on a number of technical issues  

http://www.epa.gov/
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DEF Infrastructure Development 

 SCR Stakeholder Group has played helpful role in 
collaborative effort 

– Members include key representatives from engine/vehicle 
manufacturers, DEF producers and distributors, truck stop and 
other refueling operators, DEF refilling equipment makers, related 
trade associations, EPA and DOE 

– DEF locator services 

• DOE/NREL, Integer,  Benecor (links on FactsAboutSCR.com) 

– API led development of DEF quality licensing program 

– General education and outreach 

• Quixote Group – FactsAboutSCR.com 

– PEI led development of best practices for storage/dispensing  

http://www.epa.gov/


Unique Aspects of Non-Road DEF 
Infrastructure 

 Majority don’t refuel at truckstops or retail 
locations 

 Highway retail locations predicted to sell ~ 
40% of DEF (Tiax NR Study 7/07) 

 Independent mobile fuelers (jobbers) are 
primary source of fluids for many fleets 

– Significant role for NR DEF expected 
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http://www.epa.gov/
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Conclusions 

 DEF needed for 2010 highway engines 
appears to be available.  Opportunities still 
exist for growth of infrastructure.   

 Tier 4i SCR equipped engines will continue to 
grow in 2012. 

 Infrastructure will benefit from previous 2010 
highway SCR work.  However, still many 
opportunities for jobbers, lubricant providers 
and others to deliver DEF to non-road 
locations.    

 

http://www.epa.gov/
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EPA 2010 Emissions in the 
Vocational Truck Market 

Quixote Group Research 



Objectives 

Quixote Group Research 

· The objectives of this study were to:  

 Gain insights into the adoption rate of EPA 2010 emissions technologies in the 
vocational truck segment 

 Understand how vocational trucks are currently getting diesel exhaust fluid for 
trucks using Selective Catalytic Reduction (SCR) emissions technology 

 

· An online survey was distributed to vocational trucking companies using a list 
provided by Heavy Duty Trucking magazine: 

 Respondent companies  (414) represent a total of 91,596 trucks 

 

·5ŀǘŀ ǊŜǇƻǊǘŜŘ ŦƻǊ ΨǿƻǊƪΩ ǘǊǳŎƪ ǎŜƎƳŜƴǘǎ  όŜΦƎΦΣ ŎƻƴǎǘǊǳŎǘƛƻƴύ ŀƴŘ ΨŘŜƭƛǾŜǊȅΩ 
vocational segments (e.g., LTL; food/grocery/beverage) 



Work trucks (80,428 trucks in sample) Delivery trucks (11,168 trucks in sample) 

Quixote Group Research 

· Refuse 

· Utilities 

·Mining 

· Construction/Road maintenance 

· Liquid bulk 

· Dry bulk 

· HazMat 

· Agriculture 

· Forestry 

·Government 

· Food/Grocery/Beverage 

·General distribution & services 

· Less than truckload (LTL) 

· Truckload (TL) 

Segment Definitions 



Work trucks (80,428 trucks in sample) Delivery trucks (11,168 trucks in sample) 

Quixote Group Research 

· EPA 2010 adoption rate: 

 33% of total trucks 

 

· % of segment trucks using: 

 SCR = 29% 

 Advanced EGR = 4% 

 

· DEF consumption: 

 99% using jugs 

 21% using drums or totes 

 54 gallons = average estimated gallons of DEF 
per truck per year 

 $5.04 = average price paid 

· EPA adoption rate: 

 7% of total trucks 

 

· % of segment trucks using: 

 SCR = 4% 

 Advanced EGR = 3% 

 

· DEF consumption: 

 25% using jugs 

 83% using drums or totes  

 325 gallons = average estimated gallons of 
DEF per truck per year 

 $2.96 = average price paid 

Summary of Key Findings 



Primary Fueling Method 

Quixote Group Research 

10.8% 

1.0% 

68.7% 

19.4% 

0.2% 

0.9% 

4.4% 

94.5% 

Mobile refueling services

Automated refueling stations

Service stations/truck stops

On-site fuel tanks

Primary Method Used to Fuel Trucks 

% of work trucks (n=80,428) % of delivery trucks (n=11,168)



Work Trucks Delivery Trucks 

Quixote Group Research 

0.0% 

19.6% 

20.5% 

98.7% 

In-ground DEF tank

Mini-bulk dispenser

Drums or totes

1 or 2.5 gal. jugs

% of SCR work trucks (n=23,127)

DEF Packaging 

0.0% 

24.5% 

33.3% 

82.6% 

In-ground DEF tank

1 or 2.5 gal. jugs

Mini-bulk dispenser

Drums or totes

% of SCR trucks (n=432)

Although service stations/truck stops are used as the 
primary source for fuel, majority of trucks get DEF 

on-site (94%) 



VO C AT I O N S  I N C LU D E : 

C O N S T R U C T I O N / R O A D  M A I N T E N A N C E 

R E F U S E  &  R E C YC L I N G 

U T I L I T I E S 

F O R E S T R Y 

M I N I N G 

A G R I C U LT U R E 

L I Q U I D  A N D  D R Y  B U L K 

Work Trucks 

Quixote Group Research 



Summary: Work Trucks 

Quixote Group Research 

Ψ²hwY ¢w¦/YΩ ±h/!¢Lhb![ SEGMENTS 

Total # of companies reporting 312 

Total # of trucks in operation within these companies 80,428 

EMISSIONS TECHNOLOGY SCR EGR 

# of companies operating at least one truck using EPA 2010 technology 23.7% 13.5% 

Total # of trucks with EPA 2010 technology 23,163 2,974 

EPA 2010 as % of all trucks in the sample 28.8% 3.7% 

· 32.5% of all trucks in these vocations are using one of the EPA 2010 emissions 
technologies 

· There are 8X as many SCR trucks in operation within these severe duty companies as 
there are advanced EGR trucks 



% of Segment Trucks Using EPA 2010 Emissions 

Quixote Group Research 

0.7% 

3.5% 

1.6% 

11.1% 

14.3% 

13.4% 

3.1% 

14.3% 

9.2% 

78.9% 

2.4% 

1.0% 

8.3% 

0.8% 

0.0% 

1.5% 

15.2% 

5.6% 

18.9% 

4.4% 

Government

Forestry

Agriculture

Other

HazMat

Liquid bulk

Construction

Mining

Utilities

Refuse

% with EGR % with SCR

9.0% are using SCR while 3.4% are using advanced EGR  



Delivery 

Quixote Group Research 

VO C AT I O N S  I N C LU D E : 

F O O D / G R O C E R Y/ B E V E R A G E 

G E N E R A L  D I S T R I B U T I O N / S E R V I C E S 

L E S S  T H A N  T R U C K L O A D  ( LT L ) 

T R U C K L O A D  ( T L ) 

 

N OT E : 

F O O D / G R O C E R Y/ B E V E R A G E / G E N E R A L  D I S T.  =  6 8 % 

T L / LT L  =  3 2 % 



Summary: Delivery Vocational Segments 

Quixote Group Research 

Ψ59[L±9w¸Ω ±h/!¢Lhb![ SEGMENTS 

Total # of companies reporting 102 

Total # of trucks in operation within these companies 11,168 

EMISSIONS TECHNOLOGY SCR EGR 

# of companies operating at least one truck using EPA 2010 technology 26.5% 18.2% 

Total # of trucks with EPA 2010 technology 458 356 

EPA 2010 as % of all trucks in the sample 4.1% 3.2% 

· Although the % of delivery truck vocational companies using at least one SCR truck is 
similar to work truck companies (26.5% versus 23.7%), the penetration of SCR trucks 
in the delivery segment is much lower at 4.1% compared to 28.8% for the work truck 
segment 



% of Segment Trucks Using EPA 2010 Emissions 

Quixote Group Research 

1.3% 

6.0% 

8.6% 

13.3% 

3.0% 

0.9% 

4.2% 

0.2% 

Food/Grocery/Beverage

LTL

TL

General distribution

% with EGR % with SCR



Diesel Exhaust Fluid:  

Site Considerations  

 

Chad Johnson 

Gilbarco Veeder-Root 



Truck Manufacturers Have Adopted  

Selective Catalytic Reduction Technology 

 
> Majority of companies (85% market share) developed DEF / SCR solutions    

> Why have the majority chosen SCR? 

 Proven technology / Meets the EPA 2010 regulation / Improved fuel 

 economy / Less maintenance required  



DEF Site Consideration 

 

 > POS System 

> Tank Gauges / Tanks 

> STPs 

> Fuel Dispensers 

>Payment systems 



North America is following Europeõs model 
2009 

2009 

2005 Europe 

US 2011 



Site Consideration ð Plumbing / Tanks 

Below Ground 

Above Ground 



Site Consideration ð  Forecourt space is limited 



Site Considerations - Commercial 

Heating not required 

Location of dispenser 

Will determine the model needed 



Heated cabinet  

Installation flexibility   

Forecourt control 

integration 

Integrate on existing 

forecourt 

DEF Dispenser Requirements 

Meter accuracy    

ISO compatible material 



Market Opportunity Now 

> Truck fleet at oldest in 30 years 

> Over 75% of trucks will need DEF by 2015 

> Jugs and funnels are messy and inconvenient for drivers 

>óDestinationô sites are already integrating DEF with fueling 

 



COMPANY CONFIDENTIAL 

DEF Bulk Dispensing Equipment 

- Kent Robinson, Director Fleet Products 

2011 PEI DEF Session 



COMPANY CONFIDENTIAL 

Time to Consider DEF Bulk Dispensing 

 

Recent Interviews 

Site Owner: 

ñWe have empty DEF jugs 

everywhere. They have become a 

real nuisance.ò 

 

 

Truck Driver: 

ñI never use jugs.  Too much 

hassle.  I always coordinate my 

fueling so I can fill up my DEF 

tanks from a bulk dispenser.ò 



COMPANY CONFIDENTIAL 31 

DEF Bulk Dispensing Checklist 

DEF Bulk Dispensing Considerations 

R  Match the Application 

R  Verify Dispenser location 

R  Fit the Space 

R  Check the Climate 

R  Plan for Tomorrow 
 
 
 
 



COMPANY CONFIDENTIAL 32 

Fleet 

•Compatible fleet system interfaces? 

•W&M application? 

•How many transactions per day?  

 

 

 

Match the Application 

Retail 

•W&M sealable? 

•Compatible in-dispenser payment 

terminal? 

•Matching payment & dispenser 

communication interfaces? 
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User Convenience 

•Know position of DEF tank 

•Avoid excessive hose reach 

•Do not disrupt traffic 

patterns 

Verify  Dispenser Location 

This bus depot layout is great for 

trucks, but bus DEF tanks are on 

opposite ends creating excessive 

hose reach  

Maintenance Access 

•Allow access for maintenance 

Tank against hose module blocked hose 

maintenance.  Fortunately, the module on 

this model is reversible so it could be 

moved to the other side 



COMPANY CONFIDENTIAL 34 

Fit the Space 

•Fuel islands within narrow canopy supports 

do not always have space for two 

dispensers 

Standalone vs. Combination 

Factors 

•Space 

•Simultaneous fueling or sequential 

•Differentiating products to avoid 

mistakes 
Wayne HS4/Vista 1+1 DEF Dispenser   

•New Trend: Combination diesel DEF 

– two products in slightly more space 

•New or retrofit? 
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FACT  #1: DEF freezes at 12F 

•Expands  7% - potential hydraulic 

component/piping damage 

•Drives need for special hose and nozzle 

cabinets & heating 

Check the Climate 

FACT  #2: Not all regions see temperatures < 

12F 

•New trend – customers looking for warm climate units 

•No special hose handling cabinets  

•Less equipment = more economical – can be 40% less 

$ 

DEF < 12F - Crystallizing DEF @  7F - Solid 

Wayne D4/Vista Warm 

Climate DEF Dispenser – 

Retail or Fleet 



COMPANY CONFIDENTIAL 36 

•Size for Tomorrow  

•First adopters are already upgrading to larger equipment 

•Piping 

•Allow for future piping to every fuel island 

•If piping underground do not pipe to the diesel sump 

•Storage 

•Allow for delivery lead times 

•Calculate impact of freight costs 

•Check with your local AHJ before installation 

Plan for Tomorrow 
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Range Anxiety 

Photo: A. Smith, Brenntag 

Extra DEF Jugs 
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Distribution System Update for DEF 

Douglas S. Haugh 
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Now that we are past introduction of 
product the big question is how fast demand 
will grow for bulk vs package distribution.  

IBCs

Jugs

Multidrops

Truckloads

0%

20%
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16

20
17

20
18

20
19

Will be an evolution based on 

demand growth over time.  

 

 Package 

  

 Totes   

  

 Mini-bulk 

  

 Bulk 



Underground Storage with Multi-Lane 
dispensing becoming more common 

Photos courtesy of Warren Oil Company, Chicago, IL.  



Off road - LǘΩǎ closer than you think  

•When should PEI members expect sales to non-road 

customers to begin in earnest, and how should they 

develop their storage and dispensing strategy? - NOW 
 

•We (and others) are already supplying volumes of test products to 

OEM’s, Rail Road operators, Marine fleets, and other large off road 

sectors.   

•Collaboration with each sector on size of onboard storage tanks for 

DEF, expected treat rates, and expected roll out of new engines is key 

at this point.  

•We must know range and refill expectations in order to optimize supply, 

storage, distribution, and dispensing.   

•If you are and OEM in this room please tell us as early as you can!   



42 

Quality Control through to End ςUser is a 
primary design requirement of the 
distribution system 

•Experience in 

Europe over past 5 

years shows most 

contamination 

occurs on the truck 

shop floor from 

improperly sealed 

dispensing 

systems.  

•Our Air1 closed 

dispensing system 

assures quality to 

the point of use.  



Applying Lessons Learned 

•What lessons from the roll-out of the 

on-highway DEF infrastructure can 

be learned and applied to off road 

markets?  

•Difference is customer storage and 

dispensing.  

Supply – The same Distribution – Similar 
Customer Storage  

& Dispensing  
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Dedicated delivery vehicles ensure 
quality and scalable distribution 
capacity.     



!Ǝ h9aΩǎ ƘŀǾŜ ƭŀǳƴŎƘŜŘ {/w ŀƴŘ ǿƛƭƭ 
be educating dealers 

•Suppliers and Distributors will be focused on customer engagement and 

education throughout this year with some small amounts of early adopter 

demand.  



Some distribution will be different than 
On-Road 
•Many sectors such as 

Construction will require on site 
service vehicles be outfitted for 
direct delivery of DEF 

•Combination trucks capable of 
delivering fuel and DEF directly 
to equipment on job sites will 
be required.  

Photos courtesy of Warren Oil Company, Chicago, IL.  



Servicing construction and off road 
accounts will require new solutions 
•These trailers have 

been traditionally 
used to haul fuels 
and service related 
tools to the jobsite to 
keep equipment up 
and running.  

•The DEF reservoirs 
are available in 990 
and 750 gallon fuel 
trailers in 100 or 60 
gallon tanks 
respectively. 



SCR and The Road From 
2010 To 2014 

Questions? 

http://www.epa.gov/

