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DISCLAIMER 

This report was commissioned by Metro Vancouver and BC Ministry of Environment, and has been reviewed by 

members of the Diesel Vehicle Subcommittee of the AirCare Steering Committee (the DVS).  The DVS is chaired 

by the BC Ministry of Environment and includes representatives of AirCare, BC Ministry of Transportation and 

Infrastructure, Fraser Basin Council, Environment Canada, Fraser Valley Regional District, Metro Vancouver and 

Port Metro Vancouver.  Interpretation of the results of this study, as expressed in the report, is entirely the 

responsibility of the consultant authors and does not imply endorsement of specific points of view by the DVS. 

The findings and conclusions expressed in the report are the opinion of the authors of the study and may not 

necessarily be supported by the DVS. 

Any use by a third party of the information presented in this report, or any reliance on or decisions made based on 

such information, is solely the responsibility of such third party. 

  



 

Heavy Duty Diesel Vehicle Policy Options Evaluation Study Internal Ref.  614480 

Contract number: RFP No. 13-122  December 31, 2013 
 

© SNC-Lavalin Inc. 2013. All rights reserved Confidential ii 
 

 

 

ii 

EXECUTIVE SUMMARY 

While air quality in the Canadian Lower Fraser Valley (LFV) is generally good, diesel particulate matter (DPM) is 

responsible for 67% of lifetime cancer risks from toxic air pollution in Metro Vancouver [1]. Heavy duty diesel 

vehicles (HDDVs) are a significant source of DPM in the Canadian LFV [2]. According to modeling, new federal 

regulations and fleet turnover are predicted to decrease DPM emissions by 78% and NOX emissions by 71% by 

2010 [2]. However, actual emissions could be higher if vehicles deteriorate more rapidly than expected, if the 

fleets turn over more slowly than predicted or if widespread tampering occurs. MV contracted the Environment 

and Water business unit of SNC-Lavalin Inc. (SNC-Lavalin) to conduct a project with the goal of: 

Develop a prioritized list of targeted and focused policies or programs to reduce air emissions from heavy 

duty diesel vehicles operating in the Canadian Lower Fraser Valley. 

The project scope focused on DPM and nitrogen oxides (NOX) and only vehicles above the current AirCare 

(light duty) testing weight limit (5,000 kg). The project steering committee was the Diesel Vehicle Subcommittee 

(DVS) of the AirCare Steering Committee. 

 

Figure ES-1:  Flowchart of project methodology 

 

The project methodology is summarized in Figure ES-1. Task 1 determined that all heavy duty diesel vehicle 

populations should be targeted (delivery vans, buses, refuse trucks, semi-tractors, etc.) with a particular focus on 

the worst emitting vehicles and vehicles older than 7 years old. Engines certified to the 2007 model year (i.e., 7 

years old in 2013) emission standards meet the most stringent DPM emission standards and produce 

substantially less DPM (the most stringent NOX emission standards came into effect in 2010). 

The target populations in Task 1 provided focus to Task 2, which was primarily a literature review of similar 

policies and programs (P&Ps) that have been implemented in other jurisdictions. This review ensured that 

understanding gained through previous policies and programs would be available for this work. In total, over 100 

different P&Ps were encompassed in this review. The P&Ps were characterized by these seven types: 

1) Inspection and maintenance (I/M); 

2) Retrofits of older engines; 
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3) Purchase/replacement with newer model engines; 

4) Vehicle emission standards; 

5) Driving restrictions (limiting more polluting vehicles to certain areas or times of day); 

6) Fuel standards (including switching to natural gas); and 

7) Education. 

P&P types were also grouped depending on whether they were mandatory or voluntary. MV and the DVS 

reviewed the characterizations of the P&P types and selected Types 1 – 6 for further consideration. Education 

P&Ps were considered of limited interest. The SNC-Lavalin project team then developed 13 policy and program 

options for discussion at a policy analysis workshop. Table ES-1 summarizes those 13 options. 

Table ES-1:  Summary of policy and program options presented at October 2013 workshop 

No. P&P type Key descriptions of policies and programs 

1 
Purchase/replacement/ 
retrofit – mandatory 

Refuse trucks must meet 2007 emission standards by 2019, through either 
purchase/replacement, or retrofits. 

2 
Purchase/replacement/ 
retrofit - mandatory 

Vocational fleet HDDVs to meet 2010 standards by 2019. 

3 
Purchase/replacement/ 
retrofit - mandatory 

HDDVs must meet 2010 emission standards by 2017, through either retrofits or 
purchase/replacement. 

4 
Inspection and 
maintenance - mandatory 

Heavy HD commercial trucks (weight class > 11,800 kg) older than 7 years old must 
be inspected using remote sensing device (RSD) system. Vehicles identified as very 
high emitters would have to be repaired. 

5 
Inspection and 
maintenance – mandatory 

HDDVs older than 7 years old must be inspected using remote sensing device 
(RSD) and the SHED system. Vehicles identified as high emitters (a more stringent 
limit than Option 4) would have to be repaired. 

6 Fuel standards – voluntary Install shore power at all trucks stops in Canadian LFV. 

7 Fuel standards – voluntary 
Buses and refuse trucks are offered financial incentives to switch pre-2010 engines 
to natural gas. 

8 
Fuel standards – 
mandatory 

HDDVs must switch to natural gas engines by 2020. 

9 
Driving restrictions – 
mandatory 

Older HDDVs are charged a marginally increased registration cost, unless vehicles 
install an approved retrofit. 

10 
Driving restrictions – 
mandatory 

Older HDDVs are charged a significantly increased registration cost, unless vehicles 
install an approved retrofit. 

11 
Driving restrictions – 
mandatory 

Heavy HD commercial trucks (weight class > 11,800 kg) driving on major highways 
are photographed upon entry and exit. Vehicles pay variable registration based on 
vehicle age. 

12 
Driving restrictions – 
mandatory 

HDDVs driving on major highways are photographed upon entry and exit. Vehicles 
pay variable registration based on vehicle age (higher fees than Option 11). 

13 
Vehicle standards - 
mandatory 

Glider kit restriction: Engines older than the chassis by 1 year cannot be installed in 
HDDVs in BC, for any chassis older than 2008. 
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The policy analysis workshop was conducted on October 9, 2013, and was attended by 12 members of the DVS 

(including MV representatives). The attendees selected Options 3, 5, 10 and 12 from the table above for detailed 

evaluation. The DVS decided not to select the other options for further analysis for the following reasons: 

 Options 1 and 2: Both options are included as part of Option 3. Furthermore, Option 1 could potentially be 

achieved voluntarily through a municipal purchasing policy. 

 Option 4: RSD is primarily geared towards screening out clean vehicles and this option does not include 

all vehicle populations.  

 Option 6: Shore power for long-haul diesel vehicles would likely not work in Metro Vancouver but might 

work in the Fraser Valley Regional District because there are many more rest stops there than in MV. 

That being said, shore power is very expensive to install and evidence does not suggest that there is 

significant uptake. 

 Options 7 and 8: Natural gas fuel switching was integrated with Option 3. 

 Options 9 and 11: The fees were considered too low to be effective so Options 10 and 12 were the 

preferred P&Ps. 

 Option 13: Glider kit restrictions were considered but the relevant jurisdiction was unclear so they were 

not included. However, further evaluation is warranted if provincial restrictions are applicable. 

Options 3, 5, 10 and 12 were then assessed at the workshop using evaluation criteria developed through an 

iterative consultation process between the project team, MV and the DVS. This process yielded the final set of 

evaluation criteria listed in Table ES-2. Several criteria identified during the consultation were not included in the 

final set, such as the price of diesel relative to other fuels (because it would apply equally to all options) and the 

level of political or public acceptability (because it was felt that this was beyond the mandate of the DVS and is 

effectively addressed through other criteria such as air quality impacts and costs to regulated entities).  

Table ES- 2:  Summary of final criteria for evaluation of policy and program options 

Criteria groups 

Air quality impacts Economic impacts Political Administration Other impacts 

Emissions reduction 
of DPM for all HDDVs 

Lifetime administrative 
program costs 

Regulatory complexity Ease of compliance 
Presence of co-
benefits 

Emissions reduction 
of NOX for all HDDVs 

Operator program 
costs (operational) 

Likelihood of legal 
challenges 

Effectiveness of 
enforcement 

Impact on current and 
future programs 

Reduction in public 
exposure to Traffic-
Related Air Pollution 

Operator program 
costs (capital) 

Consistency with 
policy goals 

Implementation 
timeline 

Consistency with 
neighbouring 
jurisdictions 

   Program robustness Negative impacts 
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The workshop attendees assigned a rank between 1 and 5 for each criterion of the 4 options. Each criterion in the 

table was assigned a weight between 1 and 5 to indicate its relative importance; emissions reductions were 

assigned the highest weights (given the project goal) followed by business costs (since an uneconomical P&P 

would be very challenging to implement). The weighting was applied to the average rank for each criterion and 

the weighted ranks were summed together to generate a final score for each P&P option.  

The weighted scores of Options 3, 5, 10 and 12 are shown in Figure ES-2 based on the criteria above. As can be 

seen, the inspection and maintenance option scored the highest while the road pricing scheme scored the lowest. 

The high score for inspection and maintenance was largely driven by the significant emission reductions 

associated with the I/M program along with relatively low net business costs. 

 

Figure ES-2:  Weighted score from workshop of selected policy and program options (where I/M refers to 
inspection and maintenance, and P/R/R refers to purchase/replacement/retrofit). 

 

At the end of the workshop, the DVS then selected the three highest scoring options for further investigation and 

development of more detailed P&P descriptions, including combining the options in various forms. The fourth 

option, road pricing, was not selected due to its lower score and DVS comments that this policy was likely best 

implemented by municipal authorities. A total of eight detailed P&P options were then generated and expected 

emissions reductions calculated. 

The SNC-Lavalin project team reviewed the eight detailed P&P options, considering their relative scoring during 

the workshop. Emissions are highest now but are expected to drop over time due to normal attrition of older 

vehicles. Any delay in implementing new policies will have impacts on exposure to DPM and NOX, with the 
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associated health issues. Based on these criteria, the policies or programs recommended for consideration by 

Metro Vancouver and the DVS are as follows: 

 Mandatory I/M program: I/M programs are effective at reducing emissions and can have relatively low 

net business costs, which were the evaluation criteria with the greatest importance weighting. This 

particular program could yield emission reductions from heavy duty vehicles of 83% for DPM and 76% for 

NOX by 2020, compared to 2010. An I/M program for HDDVs could be implemented fairly quickly, 

perhaps as early as 2015, with approval. Evaluation focused on vehicles with engines older than 2007 

model year; however, this exemption period is potentially long enough to provide an incentive for 

tampering. As such, a shorter exemption period (perhaps 3 years, similar to engine warranties) is 

recommended. An additional benefit is that an I/M program will likely be viewed as fairer by the public and 

businesses since it targets the worst emitting vehicles. There is a range of existing and new technology 

options available to implement an I/M program for HDDVs. 

 Variable registration combined with mandatory I/M program: Under this policy, older vehicles would 

pay a higher insurance registration fee unless appropriate retrofits are installed; the associated I/M 

program would be as above. This option is highlighted for similar reasons as above: effective emissions 

reductions and relatively low business costs. This program could yield higher emission reductions by 

2020 than a stand-alone I/M program: 88% for DPM and 80% for NOX versus the 2010 case. In addition, 

the variable registration component (i.e., varies by age of the HDDV) could also be implemented relatively 

quickly and would not expected to have significant administrative costs. The variable registration fees 

would have to be set carefully to ensure they provide the appropriate incentive for vehicle replacement. 
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1 INTRODUCTION 

1.1 Project background 

Heavy duty vehicles are a significant component of the onroad vehicle population in the Canadian portion of the 

Lower Fraser Valley (LFV). Heavy duty vehicles (see Figure 1) are an important part of the regional economy, and 

include urban delivery vans, buses, refuse haulers, cement mixers semi-tractors, as well as other vehicle types. 

Diesel is the dominant fuel source for these vehicles with a small percentage powered by gasoline and natural 

gas [1]. 

The Greater Vancouver Regional District (commonly known as Metro Vancouver, or MV) released a new 

Integrated Air Quality and Greenhouse Gas Management Plan (IAQGGMP) in 2011. While air quality in Metro 

Vancouver is generally good, the IAQGGMP notes that diesel particulate matter (DPM) is responsible for 67% of 

lifetime cancer risks from air pollution in Metro Vancouver [1]. Heavy duty diesel vehicles (HDDVs) are a 

significant source of DPM in the Lower Fraser Valley. Over a dozen actions in the IAQGGMP relate to reducing 

emissions of and public exposure to DPM from HDDVs (see Appendix II). 

In 2012, MV and its partners completed a remote sensing device (RSD) testing project to collect in-use emissions 

information about on-road vehicles in the airshed [3]. The study was helpful in characterizing the emissions profile 

of the diesel fleet in the region. The next step was to develop a range of potential programs and policy measures 

aimed at reducing emissions from heavy duty diesel vehicles, and to evaluate the comparative benefit and 

efficacy of each option. MV contracted the Environment and Water business unit of SNC-Lavalin Inc. 

(SNC-Lavalin) to conduct that evaluation, which is summarized in this report. 

1.2 Goal and scope 

Based on discussions between MV, the project steering committee (see below) and the SNC-Lavalin project 

team, the goal of the project was defined as follows: 

Develop a prioritized list of targeted and focused policies or programs to reduce air emissions from heavy 

duty diesel vehicles operating in the Canadian Lower Fraser Valley. 

The detailed scope of the project is as follows: 

 Pollutants of concern are DPM and nitrogen oxides (NOX); 



 
 

Heavy Duty Diesel Vehicle Policy Options Evaluation Study Internal Ref.  614480 

Contract number: RFP No. 13-122  December 31, 2013 
 

© SNC-Lavalin Inc. 2013. All rights reserved Confidential 2 
 

 

 

2 

 Policies and programs of interest are to be implemented at the regional or provincial level (not at the 

federal level); 

 Include diesel vehicles beyond the current AirCare testing weight limit, which is 5,000kg registered gross 

vehicle weight (GVW); 

 Study area is the Canadian portion of Lower Fraser Valley; and. 

 Vehicles of interest are registered in Insurance Corporation of BC (ICBC) territories D, E and H 

(registered to operate in Canadian LFV) and Z (registered in Canadian LFV but operated outside). 

The project steering committee was the AirCare Steering Committee Diesel Vehicle Subcommittee (DVS), which 

has membership from AirCare, BC Ministry of Environment, BC Ministry of Transportation and Infrastructure, 

Environment Canada (EC), Fraser Basin Council (FBC), Fraser Valley Regional District, Insurance Corporation of 

BC (ICBC), Metro Vancouver and Port Metro Vancouver (PMV). 

1.3 Overview of project methodology 

The project methodology was developed in consultation with MV and the DVS, and uses a similar process to 

emission reduction policy studies conducted by the Washington State Department of Ecology [4] and the 

California Air Resources Board (CARB) [5]. The project was divided into four related tasks, shown in Figure 2. 

The flowchart suggests a linear process but the process was iterative where each task involved consultation and 

review with MV and the DVS, which further refined results within previous tasks. 

 

Figure 2: Flowchart of project methodology. 

Task 1 determined the target sub-populations of interest to focus policy direction. The task included an initial 

literature review and analysis of parameters such as annual emissions, drive cycle, vehicle age, etc. A complete 

review of the current and future HDDV emissions in the Canadian LFV was performed. This task is described in 

detail in Sections 3. 

The second task was primarily a literature review of similar policies and programs (P&Ps) that have been 

implemented in other jurisdictions to ensure that understanding gained through previous programs would be 
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available for this work. The target populations defined in Task 1 provided a focus to the literature review. This task 

included a review of P&Ps already implemented in the Lower Fraser Valley and other jurisdictions across North 

America and Europe, such as the Port Metro Vancouver (PMV) Truck Licensing System (TLS) and the CARB On-

Road Heavy Duty Voucher Incentive Program. In total, over 100 different programs were encompassed in this 

review. Section 4 describes this task and its results in more detail. 

Given the high profile nature of any new HDDV policies, a transparent and defensible evaluation framework was 

developed for Task 3. The framework follows a common decision making process approach called multi-criteria 

analysis (MCA), which is used in various industries and sectors to prioritize options and decisions[6]. Evaluation 

criteria were defined by the project team, MV and the DVS through an iterative consultation process. Section 5 

describes the evaluation criteria. 

Policy and program evaluation was conducted in Task 4. Several consultations were conducted with the project 

team, MV and the DVS to review the results of the previous tasks and select a list of P&Ps of interest for further 

study. The SNC-Lavalin team used that list to develop descriptions of potential P&Ps (including expected 

emission reductions) for evaluation at a policy analysis workshop conducted in October 2013. (It was decided at 

the beginning of the project that additional workshops involving other stakeholders would be outside the project 

scope but might be considered in the future.) At the workshop, four policies were selected and assessed using the 

policy evaluation criteria from Task 3. The evaluation criteria highlighted three policies which were further refined 

for the final recommendations. Task 4 is described in Section 6. 
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2 HEAVY DUTY DIESEL VEHICLES 

As noted in the previous section, heavy duty diesel vehicles are an important part of the regional transportation 

infrastructure. Before describing the selection of HDDV target sub-populations in Section 3, this section provides 

important background on HDDVs to ensure consistent definition and identification in the remainder of the report. 

2.1 Vehicle categories 

An important element of any emission reduction policy or program is the vehicle population of interest. HDDVs are 

generally defined based on their weight class. The deprecated MOBILE model, developed by the US 

Environmental Protection Agency (EPA), classifies vehicles by weight class, as does the Insurance Corporation of 

British Columbia (ICBC), the insurance provider for all onroad vehicles in BC. Weight class is defined by the gross 

vehicle weight rating (GVWR), which is the maximum recommended weight of vehicle and cargo, defined by the 

manufacturer. A related classification is gross vehicle weight (GVW), which refers to the total weight of a vehicle 

at any specific time. BC vehicle owners register their vehicles with ICBC at a specific GVW, which may be higher 

or lower than the manufacturer‟s GVWR. 

The weight classes for heavy duty vehicles are generally considered to be between class 4 (6,350 kg – 7,250 kg 

GVW) and class 8 (>15,000 kg GVW). Class 3 vehicles have a weight range between 4,500 and 6,350 kg, which 

spans the minimum GVW defined as part of the project scope (see Section 1.2). Based on discussions with 

AirCare, class 3 vehicles are generally not considered heavy duty vehicles so were not included in subsequent 

parts of the evaluation [7].  

Another categorization of vehicles is by usage type, which is how the current EPA MOVES (Motor Vehicle 

Emission Simulator) model groups vehicles (MOVES replaced MOBILE). In general, medium HD vehicles 

(classes 4-6) correspond to the MOVES “single unit” vehicle type whereas heavy HD vehicles (classes 7 and 8) 

correspond to the MOVES “combination” vehicle type [8]. For the purpose of this project, the differences between 

these types are sufficiently small that they were ignored. Therefore, for clarity, all results are identified using 

weight classes. 

The population categories referred to in this study, along with their definitions, are identified in Table 1. 
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Table 1:  Vehicle population categories and definitions 

Population 
label 

Population title Population definition 

LDV Light duty vehicle Onroad vehicle with registered GVW < 5,000 kg that uses any fuel source. 

HDV Heavy duty vehicle Onroad vehicle with registered GVW > 6,350kg that uses any fuel source. 

HDDV Heavy duty diesel vehicle Onroad vehicle with registered GVW > 6,350kg that uses diesel as a fuel. 

MHDDV 
Medium HD commercial 
truck 

Onroad commercial vehicle with registered GVW between 14,000 lbs and 26,000 
lbs (6,350 kg – 11,800 kg) that uses diesel as fuel (weight classes 4 – 6). 

HHDDV 
Heavy HD commercial 
truck 

Onroad commercial vehicle with registered GVW > 26,000 lbs (11,800 kg) that 
uses diesel as a fuel (weight class 7 and 8). 

Bus Bus Urban buses (transit, charter/tour, intercity) and school buses. 

Refuse Refuse truck MOVES usage type representing waste haul vehicles. 

Vocational Vocational truck Single purpose chassis vehicles such as cement mixers, fire engines, etc. 

2.2 Emission standards 

National programs exist in Canada as well as other countries for setting vehicle standards, including emissions 

standards that are applied to any new vehicles sold in Canada. Canadian HDDV emission standards are identified 

in Table 2. Note that there is no difference in the emission standards between medium HD and heavy HD diesel 

vehicles [9]. The Canadian standards were harmonized with the US standards starting in 1991 [10]. A court case 

between the EPA and engine manufacturers accelerated implementation of the 2004 standards to 2002 but 

engines released in Canada would have followed developments in the USA [11].  

Table 2:  North American exhaust emission standards for heavy duty diesel vehicles [9] 

Vehicle model years NOX (g/bhp-hr) PM (g/bhp-hr) 

1988 – 1989 10.7 0.6 

1990 6.0 0.6 

1991 – 1993 5.0 0.25 / 0.1* 

1994 – 1997 5.0 0.1 / 0.07** / 0.05*** 

1998 – 2003 4.0 0.1 / 0.05*** 

2004 – 2006 4.0 0.1 / 0.05*** 

2007 – 2009**** 4.0 0.01 

2010 0.2 0.01 

* Certification standard for 1993 urban buses. 
** Certification standard for 1994-1995 urban buses. 
*** Certification standard for 1996 and later urban buses. 
**** The 2010 NOX standards were phased in between 2007 and 2009, based on 50% percent-of-sale within that period.  
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The 2007 standards noted in the table correspond to the most recent HD diesel vehicle standards that came into 

effect in 2007. The 2007 standards required reductions in emission levels per energy unit by 90% or greater for all 

diesel vehicles with GVWR greater than 8,500 lbs (weight class 2b and above). The PM standards came into 

effect in 2007 while the NOX (and hydrocarbon) standards were phased in between 2007 and 2010. 

A few other items to note about the standards listed in the table: 

 The standards only apply to engine exhaust and does not account for evaporative emissions or fugitive 

vapours from refuelling (though these emissions are dominated by hydrocarbons); and  

 The standards apply to the engine model year (MY) not the model year of the chassis.  

Further to the second point above, the model year of a HD vehicle is defined by the chassis MY. As such, the 

engine MY can potentially be one MY lower (i.e., older) than the vehicle MY because vehicle manufacturers could 

stockpile engines before the transition to a more stringent emission standard (e.g., MY 2007 vehicles could be 

initially sold with MY 2006 engines). 
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3 TARGET POPULATION SELECTION 

Utilizing the definitions of heavy duty diesel vehicles, this section describes the selection of the target populations 

that will be the focus of the subsequent policy review. Section 3.1 outlines the criteria employed to select the 

target populations. Sections 3.2 and 3.3 describe the emissions from HDDVs in the Canadian LFV and review the 

expected impact on health. The final sub-section lists the selected target populations based on these results. 

3.1 Target population selection criteria 

A number of selection criteria were defined to facilitate selection of the vehicle populations of interest. These were 

identified based on discussions between SNC-Lavalin, MV and the DVS, as well as from similar emission 

reduction policy studies conducted by the Washington State Department of Ecology [4] and the California Air 

Resources Board (CARB) [5]. The criteria considered relevant for this study are as follows: 

 Total annual DPM and NOx emissions; 

 Vehicle industrial sector (e.g., logging, cement mixer, port drayage, etc.); 

 Driving cycles (idle, stop-and-go, highway speeds); 

 Current and forecast annual mileage; 

 Vehicle weight/class (HHDDVs and MHDDVs); 

 Vehicle type: buses (school, transit, intercity), commercial trucks, refuse (garbage) trucks; 

 Vehicle age and technology (i.e., engine model year and associated emission control devices); 

 Ownership (fleet or owner-operator); 

 Operating regions and vehicle license zones: 

 ICBC territories D, E and H (registered to operate in the Canadian LFV);  

 ICBC territory Z (registered in Canadian LFV but operate outside BC) 

 all others ICBC territories (registered outside of Canadian LFV); 

 Vehicles from other provinces/states; and 

 Usage patterns (e.g., urban core, highway, arterial roads, secondary roads). 
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3.2 Heavy duty vehicle emissions in the Canadian Lower Fraser Valley 

The primary emissions data sources used for the project were the Remote Sensing Device (RSD) study 

completed by Envirotest Canada in March 2013 [3] as well as the 2010 Canadian LFV onroad emissions 

inventory recently concluded by Metro Vancouver [2]. This former study provides information about emissions by 

vehicle type and model year (and other characteristics) and the latter provides a regional estimate of total HD 

diesel vehicle emissions. Additional summaries and estimates were completed based on these data sources (see 

Sections 3 and 6). 

3.2.1 2010 Canadian Lower Fraser Valley onroad vehicle emission inventory 

The 2010 Canadian LFV onroad vehicle emissions inventory was generated using the US EPA MOVES model, 

which is the dominant model in North America for calculating air emissions from onroad vehicles such as HDVs 

[12]. MOVES uses activity data to generate emissions estimates using base emission rates corrected for 

variations in speed, drive cycle, vehicle type, weather, road type, age distribution, engine deterioration and fuel. 

The current version, MOVES 2010b, was released in January 2013 and can estimate forecast emissions to 

calendar (or inventory) year 2050. As noted in Section 2.1, MOVES reports emissions by source type but they are 

reported here by the categories listed in Table 1. No MOVES runs were conducted by the SNC-Lavalin project 

team; all MOVES data was provided to the project team by TransLink on behalf of MV [2]. 

Table 3 summarizes the total 2010 onroad emissions for HDDVs from the 2010 MOVES inventory for the 

Canadian LFV. This inventory is completed every 5 years so 2010 is the most current year using reported (rather 

than estimated) data. The emissions represent all activities or processes that generate emissions, including 

exhaust, evaporative, refuelling losses and extended idle (also known as hotelling; only present for long-haul 

tractors, a specific type of heavy HD commercial trucks). The inventory only covers HDDVs registered in the 

Canadian LFV (ICBC territories D, E, H and Z) so does not include vehicles registered out of region, province or 

country. Note that the 12,967 heavy HD commercial trucks include approximately 2000 HHDDVs which are 

licensed to operate at Port Metro Vancouver (PMV) facilities, which already has a diesel vehicle emissions 

reduction program (see Section 4.2). 
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Table 3:  Canadian Lower Fraser Valley 2010 onroad emissions inventory for heavy duty diesel vehicles 

Vehicle type Population 
Vehicle kilometres 

travelled 

Total 2010 emissions 
(tonnes) 

Average emission rate 
(g/km) 

NOX PM10 NOX PM10 

Intercity bus 1,935 74,909,572 739 40 9.9 0.5 

Transit bus 1,469 85,318,417 542 23 6.4 0.3 

School bus 1,220 18,104,608 97 5 5.4 0.3 

Refuse truck 779 24,494,005 120 6 4.9 0.2 

Medium HD truck 10,590 329,911,686 1,271 72 3.9 0.2 

Heavy HD truck 12,967 344,327,770 2,866 129 8.3 0.4 

All HD diesel vehicles 28,960 877,066,059 5,635 274 6.4 0.3 

 

As can be seen in Table 3, the largest emissions contributions are from heavy HD commercial trucks, followed by 

medium HD commercial trucks. The primary driver for the HHDDV dominance is the combination of large 

emission rate and the highest annual kilometres. Medium and heavy HD commercial trucks contribute over 70% 

of the total HD vehicle emissions (non-diesel HD vehicles contribute 0.1% and 0.5% of the total HDV PM10 and 

NOX emissions, respectively). In terms of the vehicle average emission rate per kilometre of travel, intercity buses 

and heavy commercial trucks have the largest PM10 and NOX emission rates, followed by refuse trucks. Medium 

HD commercial trucks have the lowest average emission rate but have the second largest VKT (vehicle 

kilometres travelled) so still contribute substantial emissions. 

Figure 3 shows the same 2010 HDDV inventory data but grouped by vehicle model year. The figure includes the 

distribution of onroad emissions and VKT for HDDVs where the model year bins relate to the implementation 

periods associated with HDV emission standards (see Table 2). As can be seen, vehicles manufactured after 

2007, when the newest emission standards came into effect, contributed 40% of the total annual driving distance 

but only 2% of total PM10 and 18% of total NOX. Naturally, this reduction is due to the more stringent emission 

standards that came into effect starting in 2007. The majority of emissions were from vehicles manufactured prior 

to 2007. 

The 2010 Canadian LFV onroad emission inventory generated with MOVES also included forecast emissions for 

2015, 2020, 2025 and 2030 [2]. For each forecast year, several growth scenarios are implemented; this 

assessment focused on the moderate growth scenarios for 2015 and 2020. The assumptions associated with the 

MOVES forecasts are described below. Note that the variation in the forecast scenarios is relatively low; the 

difference between the HDDV DPM emissions in 2020 low growth and high scenarios is less than 15%. 
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Figure 3:  Distribution of distance travelled and emissions for 2010 onroad emission inventory from heavy 
duty diesel vehicles in the Canadian Lower Fraser Valley, grouped by vehicle model year bins 
associated with different emission standards phases. 

 

Figure 4 and Figure 5 show the HDDV emissions for DPM and NOX, respectively, for the 2010 baseline as well as 

the 2015 and 2020 forecast years. Within each year, the emissions for every 5-year period (e.g., model years 

between 1996 and 2000, or between 2011 and 2015) are grouped together. 

 

Figure 4:  Onroad emission inventory results for DPM for 2010, 2015 and 2020 inventory years, from 
heavy duty diesel vehicles operating in the Canadian Lower Fraser Valley. 
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Figure 5:  Onroad emission inventory results for NOX for 2010, 2015 and 2020 inventory years, from heavy 
duty diesel vehicles operating in the Canadian Lower Fraser Valley. 

 

As can be seen in Figure 4 and Figure 5, MOVES predicts that the DPM and NOX emissions from HDDVs will 

decrease by 79% and 65%, respectively, by 2020. The reduction is due to the projected retirement of older more 

polluting vehicles in the model. For example, if we focus on HDDVs with model years from 2001 to 2005, their 

2010 DPM emissions are approximately 100 tonnes but by 2020 that has decreased to 21 tonnes because 

MOVES estimates that most of that vehicle fleet has been retired. 

The MOVES model includes the impact of tampering and poor maintenance on emission rates [14]. Laboratory 

tests indicate that the emission rates of properly maintained HDDV engines will increase very little over time. 

However, tampering and poor maintenance can significantly increase the emission rates of HDDV engines (in 

some cases, rates can double). MOVES uses results from studies in the USA to model this deterioration based on 

failure rates of engines relative to their emission warranty period. 

The MOVES forecasts were executed with the following assumptions for HDDVs: 
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 No new emission reduction policies or programs in place (see Section 4.2 for a summary of reduction 
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 No new diesel emission standards after 2010 are included (some have been proposed but no legislation 

has yet passed); 

 New diesel emission standards for PM10 and NOX implemented in 2007-2010 (see Table 2) perform as 

expected and continue to perform properly over their lifetime (ignoring deterioration due to poor 

maintenance or tampering; discussed above); and 

 Vehicle retirement (or scrappage) occurs with the same relative age distribution as was present in 2010 

(i.e., since 5% of the annual VKT was from 2009 model year vehicles in 2010, 5% of the annual VKT in 

2015 will be from 2014 vehicles). 

It was initially unclear if the last two assumptions were reasonable. The uncertainty around the reliability of 

emission control devices was one of the justifications for conducting the RSD study (see below). The vehicle 

scrappage assumption was reviewed using ICBC registration data from 2005 to 2010 for all HDDVs registered to 

operate in the Canadian LFV. Figure 6 shows the relative distribution of HDDVs in 5-year age bins. In general, the 

figure indicates that older vehicles are retired from HDDV fleet at the expected rate; for example, vehicles 16 – 20 

years old comprise 10.7% of the fleet in 2005 versus 10.5% in 2010. It is important to indicate that this conclusion 

is only valid for the entire HDDV fleet and may not be true for some sub-populations. 

 

Figure 6:  Age distribution of heavy duty diesel vehicles registered in the Canadian Lower Fraser Valley. 
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3.2.2 2013 remote sensing device study 

The remote sensing device (RSD) study, completed in March 2013 by Envirotest Canada, measured the actual 

emissions observed from approximately 6,012 individual HDVs operating in the Canadian LFV[3]. RSD is a 

roadside test where a light source passes through vehicle exhaust and is measured by a camera. It provides 

ratios of various pollutants (including NOX and DPM) relative to carbon dioxide (CO2). In addition, SHED 

(Streamlined Heavy Duty Emissions Test) measurements were conducted on a subset of the total sample, where 

vehicles were driven through a long tent and exhaust emissions were collected and analyzed. This enabled the 

two distinct measurement approaches to be compared. 

The RSD study included vehicles not registered to operate in ICBC territories D, E and H (see Section 3.1). 

According to ICBC data, as of July 2013, HD vehicles (not including buses) registered in territories D, E and H 

account for 39% of the provincial HD fleet. 

Some of the important results from the RSD study included the following: 

 The most important factor that predicted emissions was model year (which is a proxy for the emissions 

control technology installed on an engine; see below); 

 The majority of vehicles were heavy HD weight class (78%), as expected; 

 An overwhelming majority of the vehicles were diesel powered (over 98%), as expected; 

 Approximately 68% of the individual vehicles measured were registered in ICBC territories D, E and H 

while the remainder were vehicles registered elsewhere in the province (23%), Canada (5%) and the USA 

(4%); 

 On average, the oldest vehicles were buses other than transit buses; 

 The most common measured vehicle body type was a semi-tractor truck; 

 There was minimal difference between emission rates per unit of fuel by body style, weight class and 

operating regions (i.e., ICBC territories and other provinces/states). 

One comparison not present in the RSD report, which potentially warrants further attention but was beyond the 

scope of this study, is whether there are differing emission rates between fleet and non-fleet vehicles. ICBC 

records indicate that approximately half of the HD vehicles registered to operate in the Canadian LFV are owner 

operated and the other half are part of a company fleet. 
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However, the key result from the RSD study for this discussion was the comparison of emissions by vehicle 

model year. Figure 7 and Figure 8 show the average measured PM and NOX emissions per unit of fuel, compared 

against the engine emission standards (see Table 2). In general, the average emission rates from the two 

measurement methods (RSD and SHED) are higher than the emission standards for both PM and NOX for most 

years. In particular, model year vehicles after 2007 have substantially higher NOX emissions than the standards. It 

is important to note that it is not possible to directly compare the RSD/SHED results against the emission 

standards, due to the very different measurement methodologies (e.g., different driving cycles). What is certainly 

clear is that when emission standards become more stringent, the measured emissions become lower, 

sometimes with a delay associated with the phase-in of the standards.  

 

 

Figure 7:  Average measured PM emissions per unit of fuel for heavy duty vehicles operating in the 
Canadian Lower Fraser Valley, where Tunnel refers to the SHED measurements (courtesy 
Envirotest Canada [3]). 
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Figure 8:  Average measured NOX emissions per unit of fuel for heavy duty vehicles operating in the 
Canadian Lower Fraser Valley, where Tunnel refers to the SHED measurements (courtesy 
Envirotest Canada [3]). 

 

The RSD study also reported the average emission rates by model year grouped by rank order into 10 bins 

(deciles) to explore any trends. Figure 9 shows the PM emission rates for all measured HD vehicles by decile. 

The low 10% of emitters are shown in decile 1 and the worst 10% of emitters are shown in decile 10. The figure 

suggests that, even accounting for differences in driving cycles, it is likely that a fraction of HD vehicles have 

emission rates above the applicable emission standards, for all vehicle MYs. A similar result was shown in the 

report for NOX emissions rates by model year and decile. The report suggests that this could be due to poor 

maintenance or deliberate tampering with emission controls (though no evidence was presented to support this 

position). 

Based on results as shown in Figure 9, the RSD study indicated that using an aggressive RSD cutpoint would 

identify 26% of HD vehicles as high emitters (i.e., emitting above the associated emission standard for their MY). 

If these high emitters were repaired to the average emissions level for their year, the associated emissions 

reduction would be 23% for PM and 16% for NOX. 
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Figure 9:  Average measured PM emissions per unit of fuel for heavy duty vehicles operating in the 
Canadian Lower Fraser Valley, grouped by decile (courtesy Envirotest Canada [3]). 

3.3 Public exposure to emissions 

As noted in Section 1.1, air quality in Canada and in particular in the Canadian LFV is good [15]. However, 

studies suggest that air pollution continue to have negative health outcomes, with one 2008 study indicating that 

21,000 premature deaths are attributed to air pollution [16]. Two other recent studies (Health Canada and 

Stantec) investigated the data linking exposure to traffic-related air pollution (TRAP) and the associated health 

impacts [ref, ref]. Both studies indicate that TRAP exposure is primarily driven by traffic volume, specifically heavy 

duty vehicle traffic volume [17]. Large traffic volumes of HD diesel vehicles are primarily associated with highways 

and arterial roads (such as Knight Street in Vancouver or Scott Road in Delta/Surrey). 

Studies summarized in the two reports indicate that residents living within 500m of highways and 100m of arterial 

roads are exposed to traffic-related air pollutants such as PM and NOX in higher concentrations than general 

ambient air [15]. The Health Canada study notes that the 500m and 100m buffer distances for highways and 

arterial roads, respectively, imply that 1.5 million BC residents (approximately 37% of the provincial population) 

are exposed to higher than ambient concentrations of TRAP. Figure 10 shows the areas in Metro Vancouver 

exposed to TRAP based on land use regression and the above distances from arterials and highways. 
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Figure 10:  Map of exposure zones for traffic-related air pollution in Metro Vancouver (Courtesy Health 
Canada [15]). 

 

The two studies also suggested the importance of vehicle operating mode to TRAP exposure levels. Vehicles that 

are operating in stop-and-go traffic produce higher emissions of DPM and NOX [15]. The two reports list several 

studies linking idling diesel school buses with elevated concentrations of DPM, as well as stop-and-go traffic with 

increased incidences of childhood wheezing [17]. 

3.4 Target vehicle populations 

The SNC-Lavalin project team reviewed the emissions data and health studies in the context of the target 

population selection criteria listed in Section 3.1. Table 4 summarizes the interpretation of the results against 

those selection criteria. 



 
 

Heavy Duty Diesel Vehicle Policy Options Evaluation Study Internal Ref.  614480 

Contract number: RFP No. 13-122  December 31, 2013 
 

© SNC-Lavalin Inc. 2013. All rights reserved Confidential 18 
 

 

 

18 

Table 4: Interpretation of emissions data and health studies relative to target population selection criteria. 

Target population selection criteria Interpretation from results 

Total annual DPM and NOx emissions 
Heavy HD commercial trucks produce the most DPM and NOX emissions overall; 
medium HD commercial trucks produce the second most DPM and NOX emissions. 

Related industry sector 

There is little meaningful difference between vehicles from different industry 
sectors. However, more study is potentially warranted to investigate whether the 
industry sector changes the business model and effective turnover rate within 
fleets. 

Driving cycles 
School buses and refuse trucks; both the Health Canada and Stantec studies 
indicate that idle and stop-and-go activities are a particular concern when they 
occur in residential areas. 

Current and forecast annual mileage 
Heavy HD commercial trucks are driven greater distances each year than other 
vehicle classes; this trend is predicted to continue in future years. 

Vehicle weight/class 

The RSD study determined that there is not a significant difference in emission 
rates per unit of fuel by weight class. However, heavy HD commercial trucks have 
larger emission rates per unit of distance travelled because of their greater fuel 
consumption. 

Vehicle type 
Heavy HD commercial trucks produce the most emissions. However, school buses 
and refuse trucks operate in residential areas so are also a concern for TRAP 
exposure, particular with children who are more sensitive to emissions. 

Vehicle age and technology 
The RSD study and the 2010 Canadian LFV inventory suggest that vehicles older 
than 2007 are more polluting but that the emission controls on newer vehicles may 
not operate as effectively as expected (at least on a fraction of those vehicles). 

Vehicle fuel type Diesel; due to overwhelming dominance in the HD sector. 

Ownership  

Fleet and non-fleet vehicles each comprise half of the HD vehicle fleets in the 
Canadian LFV so both owner groups should be a focus of any policy options. 
However, more study is potentially warranted to investigate whether fleet or non-
fleet vehicles have higher emission rates. 

Usage patterns  

Heavy and medium HD commercial trucks; most significant sources of TRAP are 
along major roads such as highways and arterials. Therefore the most significant 
exposure would occur where arterial roads travel through populated residential 
areas. 

Operating regions and vehicle license 
zones 

Approximately 90% of emissions in the Canadian LFV are from BC-registered 
vehicles but no significant differences in emission rates were determined between 
vehicles registered in different territories, provinces and countries. 

 

Based on the interpretation above, the following populations were recommended to be targeted by the policy 

options study, in no specific order: 

 Heavy HD commercial diesel trucks (classes 7 and 8) 

Commercial heavy HD diesel trucks (classes 7 and 8) generate the most DPM and NOX emissions in the 

Canadian LFV so they should be a primary focus.  
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 Medium HD commercial diesel trucks (classes 4-6) 

Commercial medium HD diesel trucks (classes 4 – 6) generate the second most DPM and NOX emissions 

in the Canadian LFV (after heavy HD commercial trucks) and are often found in dense urban 

communities so they should also be a primary focus. 

 HD diesel vehicles registered in British Columbia 

Approximately 90% of the vehicles operating in the Canadian LFV are registered in BC so a program to 

address all BC diesel vehicles would have a significant impact on DPM and NOX emissions. Moreover, 

there is no evidence to suggest that vehicles registered in different ICBC territories have different 

emission rates. 

 HD diesel vehicles older than 7 years old 

Both the RSD and inventory datasets indicate that older vehicles are more polluting so should be the 

initial focus. In particular, vehicles manufactured before the newest emission standards (in 2007) produce 

82% of total NOX and 98% of total PM10 from HDDVs even though they are only 60% of the total annual 

driving distance. Assuming a program start date later than 2013, 7-year old vehicles will initially include all 

vehicles older than 2007 and as the program progresses it will ensure vehicles with newer emission 

controls are still being maintained and operating at or near their emission standard (given that the RSD 

study suggests this may not be happening).  

 Worst emitting HD diesel vehicles for each model years 

The RSD study (see Figure 5) indicated that within every diesel vehicle model year (including vehicles 

newer than 2007), approximately one-quarter of vehicles account for almost 40% of the emissions. These 

high emission rates are probably the result of poor maintenance or tampering with the emission controls. 

The exact definition of “worst emitter” is defined in more detail in Section 6.3. 

 HD diesel vehicles operating in residential areas 

A population of concern are vehicles on roads with heavy truck traffic in densely populated urban areas. 

These zones can be identified by population density and traffic volume. Other factors, such as residential 

distance to roads, sensitive populations and topography (such as “canyons” that would reduce the 

dispersion of emissions, or steep hills that might result in excessive emissions from engines under load) 

may be considered in identifying zones of concern. 
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 Diesel school buses and refuse trucks 

Related to the previous, school buses and refuse trucks primarily operate in residential areas. Both 

vehicle types have higher idle emission rates per minute than medium HD vehicles and frequently 

operate in idle and stop-and-go modes. Moreover, the RSD study indicated that non-transit buses are on 

the average, the oldest vehicle type by industry sector. These vehicles have another commonality of 

being contracted by government / public sector organizations, which means that contract requirements 

could be used to influence fleet make-up and emissions. 

This selection of target populations is based on studies conducted for the Canadian LFV. However, these 

selections are supported by other emission reduction policies and programs, described in more detail in the 

following section. These P&Ps focused on both medium and heavy HD vehicles, as well as older vehicle fleets 

and various bus fleets. 
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4 CHARACTERIZATION OF EMISSION REDUCTION POLICIES AND PROGRAMS 

This section describes Task 2, the characterization of the policy and program (P&P) measures associated with 

emission reductions for heavy duty diesel vehicles (HDDVs). This task was primarily a literature review of similar 

policies and programs (P&Ps) that have been implemented in other jurisdictions to ensure that understanding 

gained through previous programs would be available for this work. 

The target populations defined in Task 1 provided a focus to the literature review. However, to encompass the 

breadth of programs that have been implemented, all programs associated with on-road vehicles are included in 

the review, including light duty vehicles. It is assumed that policies that target other vehicle groups may have 

relevance to policies that target HDDVs in isolation. In total, over 100 different programs were encompassed in 

this review.  

In some jurisdictions, policies are described as elements within a larger program but this distinction was not 

universal so for the purpose of this project, policies and programs both refer to a course of action designed to 

reduce onroad vehicle emissions. 

To remain relevant to the project, key attributes of the policy and programs are identified to the degree possible. 

Depending on the jurisdiction and language of correspondence, differing levels of information were practically 

available. Example programs are identified to help characterize each of the policy/program types in Appendix III. 

4.1 Policy and program types 

The types of P&Ps evaluated in this study are inclusive of those implemented at all levels of government, to help 

distinguish the relationship between policies and programs that may exist from the national, sub-national 

(provincial/state), regional and local government levels. Two categorization fields are used for identification of 

program sub-type, as illustrated in Table 5. 
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Table 5:  Policy and program type classification 

Policy and program type Policy and program sub-type Variations 

Inspection and maintenance (I/M) Mandatory, voluntary 

Lug-down 

Onboard diagnostics 

Remote sensing 

Snap acceleration 

Streamlined Heavy Duty Emissions Test 

Visual inspections 

Retrofit Mandatory, voluntary 

Alternative fuel 

Emission limits 

Zero or low emission standards 

Vehicle standards Mandatory, voluntary  

Anti-tampering 

Emission control device warranties  

Emission standards 

Fuel economy standards 

Speed limiters 

Purchase/Replacement Mandatory, voluntary 

Alternative fuel 

Emission limits 

Zero or low emission standards 

Driving Restriction Mandatory, voluntary, anti-idle 

Highway speed limits 

Idling limits 

Low emission zones 

Long combination vehicles 

Payload exemptions 

Educational Mandatory, voluntary 

Certification 

Driver training  

General outreach 

Fuel standards Mandatory, voluntary 

Alternative fuels 

Fuel additives  

Renewable fuels 

Ultra-low sulphur diesel 

 

The program sub-type is important since this relates to the regulatory nature of a particular program. For example, 

a purchase/replacement program, which is typically applied to vehicle fleets, may be mandatory and therefore 

linked to specific legislation or voluntary which may not be associated with legislation. 
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4.2 Policy and programs in British Columbia 

A list of policy and programs in effect in Metro Vancouver, Fraser Valley Regional District and across BC is shown 

in Table 6. The targeted vehicle populations follow the classifications listed in Table 1 as well as some of the 

discussion at the end of Section 3.4. 

Table 6:  Relevant policies and programs in effect in Metro Vancouver, Fraser Valley Regional District and 
BC 

Policy, program 
or regulation 

Type Implementation date 
Related policy or 

program 
Targeted vehicle 

populations 

BC AirCare I/M – mandatory 
1992 (program will 
operate until the end of 
2014) 

South Coast BC 
Transportation Authority 
Act 

LDVs 

BC AirCare 
Onroad 

I/M – mandatory 

1996 (only operated as 
enforcement program 
between 1999 and 
2001) 

South Coast BC 
Transportation Authority 
Act 

HDVs 

BC Anti-
Tampering 

Vehicle standards 
– mandatory  

1970 
Motor Vehicles Act 
Regulations 

All vehicles 

BC Emission 
Control Warranty 

Vehicle standards 
– mandatory  

1996 

Motor Vehicles 
Emissions Control 
Warranty Regulations, 
Environmental 
Management Act 

HDVs manufactured after 
1998 

BC HDDV Retrofit 
Retrofit – 
mandatory 

Initially set for Oct 2010; 
but implementation has 
been suspended since 
enactment date 

Motor Vehicles Act 
Regulations, Diesel 
Retrofit Program, BC Air 
Action Program 

Commercially operated 
HDDVs, 1989 – 1993 
model years. Offroad, 
emergency and farm 
vehicles omitted 

BC Long 
Combination 
Vehicles 

Driving restrictions 
– voluntary  

Unknown (see Table 11) Motor Vehicle Act HDDVs 

BC Renewable 
Fuels 

Fuel standards – 
mandatory 

2010 

Renewable and Low 
Carbon Fuel 
Requirements 
Requirement, 
Greenhouse Gas 
Reduction Act 

All vehicles 

BC School Bus 
Retrofit Program 

Retrofit – voluntary  2008 BC Air Action Program School buses 

BC Scrap It 
Purchase/ 
replacement – 
voluntary 

2008 BC Air Action Program 
LDVs; replacing 2000 
model year and older 
vehicles 

E3 Fleet  
Education – 
voluntary 

2006 
Green Fleets BC 
(operated by Fraser 
Basin Council) 

HDV fleets 
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Table 6 (Cont’d):  Relevant policies and programs in effect in Metro Vancouver, Fraser Valley Regional 
District and BC 

Policy, program 
or regulation 

Type Implementation date 
Related policy or 

program 
Targeted vehicle 

populations 

Federal Diesel in 
Sulphur 
Regulations (15 
ppm) 

Fuel standards – 
mandatory  

2006 Environment Canada All diesel vehicles 

Federal emission 
standards 

See Section 2.2. 

Fortis BC natural 
gas incentive 

Purchase/ 
replacement – 
voluntary  

2010 (expires in 2017) - HDDVs 

Idle Free BC 
Driving restriction – 
voluntary  

2006 BC Climate Exchange All vehicles 

Port Metro 
Vancouver Truck 
Licensing System 

Driving restrictions 
– mandatory 

2005 PMV Air Action Plan 
All HDDV container 
trucks; commercial 
operators 

Vehicle Smoking 
Hotline 

I/M – voluntary 2005 
South Coast BC 
Transportation Authority 
Act 

All vehicles 

4.3 Summary of policies and programs 

Approximately 100 emission reduction programs were assessed during the literature review. To identify the 

relevant policy and program elements as clearly as possible, the review focused on the individual P&Ps and 

linked these to any broader groupings of P&Ps to the degree possible. P&Ps associated with HDDVs are the 

focus of the review, although strategies that involve other vehicle classes were included to help characterize each 

type of policy or program. 

There are many examples of emission reduction P&Ps that may not substantially differ from one jurisdiction to 

another. For example, many jurisdictions have idle reduction policies that are simple in nature and do not require 

detailed investigation. For this reason, a detailed example was developed for each policy type, as a way to 

present the key policy elements of interest. These examples are summarized in Appendix III; the selection of 

these examples does not necessarily imply it is more effective than others that may exist. 

Each of the following seven sub-sections describes the characteristics associated with one of the P&P types listed 

in Table 5. The review focused on key elements such as target(s), affected vehicle populations, implementation 

year, exceptions, related legislation, etc. 
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Note that the expected emission reductions and costs are not included in these tables. Selected P&Ps were 

assessed for their costs and expected emission reductions prior to the policy analysis workshop (see Section 6). 

In addition, the policy characteristics summarized in the tables are based on the policies that were reviewed 

therefore may not include all possible variations and details. 

4.3.1 Inspection and maintenance 

Inspection and maintenance (I/M) programs focus on highlighting and eliminating the worst emitting group within a 

given vehicle population. The rationale for I/M programs is simple: modern vehicles are dependent on properly 

functioning components to keep emission levels low. Minor malfunctions can increase emissions significantly. It is 

a common approach that has been used around the world for several decades[18]. Previous I/M programs have 

focused on opacity tests; unfortunately these tests correlate poorly with DPM and NOX emissions. RSD and 

SHED (describe below) are more sophisticated tests that are increasingly being implemented today [3][18]. 

Because there are numerous design considerations to I/M programs, this sub-section includes two tables: Table 7 

describes the general program elements for I/M programs while Table 8 describes additional program elements 

for I/M programs not relevant to other policy types. 

Table 7:  Summary of general elements for inspection and maintenance programs 

P&P element Descriptions 

Primary goal 
I/M policies reduce emissions by inspecting vehicles registered in a specific region, marking vehicles 
that exceed a specific limit and then either recommending or requiring repairs or maintenance. 

Variations 

 Mandatory: Most common. 

 Voluntary: Limited implementation and effect. 

 Incentive: No examples. 

General 
description 

Mandatory 

 Inspections are conducted either periodically (every 6, 12 or 24 months) or at the roadside. 

 Newer model year vehicles are typically exempt from testing for between 4 and 10 years. 

 The most common I/M test is the snap acceleration test (with opacity limits set to 30-50% 
depending on vehicle age). 

 Most programs include fines for failing tests and force failed vehicles to be repaired and re-
tested. 

 I/M would focus on HDDVs but there is a potential to integrate light duty vehicles into the 
program. 

Voluntary 

A voluntary I/M policy is a smoking vehicle hotline. Members of the public call in to report smoking 
vehicles on the road. 
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Table 7 (Cont’d):  Summary of general elements for inspection and maintenance programs 

P&P element Descriptions 

Target vehicle 
populations 

 Older model year vehicle 

 Worst emitting 10% of vehicles in any age group 

Common 
exemptions 

 Historical vehicles 

 Emergency vehicles 

Compliance and 
enforcement 

 Fines 

 Requirement of registration or transfer of title 

Relation to other 
programs 

Can be implemented on its own or can be used as a compliance measure with other programs such as 
retrofits, driving restrictions and purchase/replacement. 

Regulatory 
authorities 

 State 

 Provincial 

 National 

Compliance 
enforcement 

 Registration denial is the recommended approach. Vehicles must pass the test before they can 
be re-registered. 

 Penalties or fines for vehicles that fail the test, as well as fees for re-inspection. 

 Access restrictions to work sites (e.g., PMV TLS).  

Programs 
reviewed 

Mandatory 

 BC AirCare Onroad (HDVs) 

 BC AirCare program (LDVs) 

 Ontario Drive Clean (HDVs and LDVs) 

 Quebec Heavy Duty Inspection Program 

 Arizona Diesel Vehicle Emission Tests 

 California Periodic Smoke Inspection Program 

 Colorado Diesel Emissions Control Program 

 Colorado Diesel Fleet Self-Certification Program 

 Colorado Diesel Opacity Inspection Program 

 Connecticut Commercial Motor Vehicle Emissions Standards 

 New York Heavy Duty Inspection & Maintenance Program 

Voluntary 

 BC Smoking Vehicle Hotline 

 Ontario Smoking Vehicle Hotline 

 Hong Kong Smoking Vehicle Hotline 

Consultation 
process 

Depends on target vehicle population(s). 
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Table 7 (Cont’d):  Summary of general elements for inspection and maintenance programs 

P&P element Descriptions 

Benefits and 
shortcomings 

 I/M policies are effective at targeting the worst emitting vehicles. Moreover, I/M programs can 
be targeted at specific vehicle populations by type and age.  

 I/M programs generally considered fairer by general public because they target the worst 
emitters. 

 Roadside tests are potentially challenging because they can be avoided.  

 There is some debate about the best opacity limits to set for the snap acceleration test. In 
general, I/M policies have been easier to implement in the USA because areas under non-
attainment are required to implement I/M policies. 

 Smoking hotlines can be effective at reporting worst emitting vehicles. Programs are only 
effective if they are well advertised. 

 

Table 8:  Summary of supplemental inspection and maintenance policy and program elements 

Inspection/ 
Maintenance 

elements 
Descriptions 

Test Locations 

 Roadside or “on road” programs feature a roadside pullover of individual vehicles for an 
emission test (e.g., ACOR). 

 Periodic requirements feature testing of vehicles at fixed or permanent facilities (e.g., Drive 
Clean). 

 Combination roadside/periodic programs are an option. 

Frequency 

Variable, depends on the following: 

 Fleet size; 

 Number and throughput of testing facilities; 

 Program costs; and 

 Impact of maintenance schedule of the subject fleet. 

 Inspections can also be a requirement of vehicle re-sale. 

Vehicle selection 

 Visible emissions: Vehicles with visible emissions from smoke test; 

 Vehicle or engine age: Focus on vehicles in certain age groups, depending in which were 
perceived to be the principal source of excess emissions; 

 Profile: Selection would be based upon pattern failures or passes (using data from similar I/M 
policies); 

 Hotspots: Roadside units could be sent to areas where excess emissions have been 
identified as a concern; 

 RSD pre-screen: remote sensing could be used to select vehicles for additional testing; 

 Vehicle weight limits: HDVs based on GVWR or registered GVW. 
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Table 8 (Cont’d):  Summary of supplemental inspection and maintenance policy and program elements 

Inspection/ 
Maintenance 

elements 
Descriptions 

I/M test types 

 Snap acceleration: Test developed by SAE (J1667) for non-moving heavy duty diesel 
vehicles. With transmission in neutral, accelerator is depressed to maximum, held for 1-4 
seconds and then released. The measurement is conducted 3 times. Exhaust readings 
provide measure of opacity (particulate matter) and indication of engine maintenance and 
tampering [19]. Vehicles cannot exceed opacity standards based on model year. Also called 

snap-idle opacity test. Snap-acceleration is the most common I/M test but is considered to 
have limited effectiveness because the vehicle are tested unloaded, with the engine out of 
gear and test results are poorly correlated with DPM concentrations (and uncorrelated with 
NOX concentrations). 

 Remote sensing: Roadside test where light source (IR/UV) passes through vehicle exhaust to 
a detector. Provides ratios of various pollutants (HC, NO, CO) to CO2. Photo of license plate 
taken to identify vehicle. 

 SHED (Streamlined Heavy duty Emissions Test): Roadside or periodic test where vehicles 
drive through a long tent and exhaust emissions are collected and analyzed. SHED tests 
have not been integrated into HDV programs but have for LDV programs. 

 OBD (onboard diagnostic system): Cost-effective testing solution where inspector connects to 
diagnostics system and checks whether the vehicles emission controls are functioning. The 
test is only useful for newer vehicles (post-2012) with OBD installed. 

 Lug-down: Vehicle is operated on a dynamometer and progressively loaded until the engine 
is operating under significant load and low RPM (i.e., lugging). Test targets vehicles with a 
propensity to smoke. A challenge of the test is that it requires a high horsepower 
dynamometer which requires a fixed testing location. 

 Visual inspections: Checks to ensure gas caps are present (to limit vapours) and checks to 
ensure that all emission control devices are present (additional functional tests would be 
required to confirm proper operation). 

Testing protocols 
Portable Emissions Measurement System (PEMS): PEMS tests can be conducted on certain vehicles 
to monitor program effectiveness. These systems are expensive to purchase and operate but provide 
precise measurements of NOX and PM emissions, which can be compared to certification limits. 

4.3.2 Retrofit 

Retrofit policies of the past 10 years have largely focused on DPM reduction and HDDVs although NOX reduction 

has also been identified as a goal (often a complementary goal) in some cases. School buses have been 

specifically targeted in many jurisdictions and often as a first target population for those retrofit programs that 

include other population categories. 

This policy type is common compared to the others and found in many jurisdictions, although this situation may 

change in future years as existing programs mature and expire. For current North American programs, target MYs 

often end at 2006, since the emission standards for MY 2007 are much more stringent than prior years (see Table 



 
 

Heavy Duty Diesel Vehicle Policy Options Evaluation Study Internal Ref.  614480 

Contract number: RFP No. 13-122  December 31, 2013 
 

© SNC-Lavalin Inc. 2013. All rights reserved Confidential 29 
 

 

 

29 

2). Currently, there are no California Air Resources Board (CARB) approved retrofit devices that can effectively 

meet 2010 California vehicle emission standards for NOX, effectively implying that original equipment 

manufacturer (OEM) engines are required for regulations that push past the 2007 NOX emission standards. 

However, there is some expectation that selective catalytic reduction (SCR) type devices may eventually become 

available that would be capable of meeting the 2007 standards [20]. Table 9 provides a description of the general 

program elements for retrofit policies; an example of a retrofit program is provided in Appendix III. 

Table 9:  Summary of general elements for retrofit policies and programs 

Program elements Descriptions 

Primary goal 
Reduce emissions of one or more air contaminants through use of emission control equipment applied 
after manufacture. 

Variations 

Mandatory: requirement through legislation. 

Voluntary: support through provision of (financial) incentives to defray purchase cost or to defray 
operational cost. 

General description 

Mandatory 

 Identification of a specific vehicle population. 

 Expression of a set of retrofit requirements, often tiered by year and sub-category of vehicle 
population. 

 Development of a supportive environment to educate affected owners, provide ongoing 
support (including identification of appropriate technologies). 

 Implementation of an enforcement program to ensure compliance. 

Voluntary 

 Identification of a specific vehicle population. 

 A set of retrofit requirements, often tiered by sub-category of vehicle population, and a set of 
(financial) incentive criteria for willing owners or fleet managers. 

 Development of a supportive environment to educate affected owners, and provide ongoing 
support (including identification of appropriate technologies). 

 Implementation of a submission review process to approve retrofit projects. 

Target vehicle 
populations 

 Older MYs, often in the HDDV group. 

 Target populations differ based on maturity of program and urgency of action. 

 School buses often a first target population. 

Common 
exemptions 

 Historical vehicles 

 Emergency vehicles 

 Individual owner/operators (or small fleet operators) 

  



 
 

Heavy Duty Diesel Vehicle Policy Options Evaluation Study Internal Ref.  614480 

Contract number: RFP No. 13-122  December 31, 2013 
 

© SNC-Lavalin Inc. 2013. All rights reserved Confidential 30 
 

 

 

30 

Table 9 (Cont’d):  Summary of general elements for retrofit policies and programs 

Program elements Descriptions 

Compliance and 
enforcement 

Mandatory 

 Onroad (visual) spot checks 

 Added criteria to an existing (or new) I/M program 

 Fleet registration requirements (e.g., compliance certificate from an accredited facility) 

Voluntary 

 May occur through compliance certification. 

Relation to other 
programs 

Mandatory 

 Depends on target vehicle population(s). 

 Benefits from the existence of an I/M program. 

Voluntary 

 Depends on target vehicle population(s). 

 Benefits from an existing incentive program (e.g., reduced registration fees, low emission 
zones). 

Regulatory 
authorities 

Mandatory 

 Provincial/state, regional and municipal 

Voluntary 

 National, provincial/state, regional 

Programs reviewed 

Mandatory 

 CARB SWCV Rule 

 CARB Drayage Truck Regulation 

 CARB Truck and Bus Rule 

 HK Emission Reduction Devices for Vehicles 

 NY DERA BART for HDVs 

 NY DERA NOx for HDVs 

Voluntary 

 EC School Bus Retrofit Pilot Project 

 AU NSW Diesel Retrofit and Repair Initiative 

 BC School Bus Retrofit Program 

 NS School Bus Retrofit Program 

 AZ ADEQ Diesel Vehicle Low Emissions Incentive Grants 

 Carl Moyer Retrofit 

 Several examples of state-oriented school bus retrofit programs 

 Oregon Clean Diesel Initiative 

 Port Virginia Dray Truck Retrofits 
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Table 9 (Cont’d):  Summary of general elements for retrofit policies and programs 

Program elements Descriptions 

Consultation 
process 

Mandatory 

 Depends on target vehicle population(s). 

 Ranges from low-moderate if large fleets are targeted to high if owner/operators are targeted. 

Voluntary 

 Depends on target vehicle population(s). 

 Generally low since participation is voluntary and enforcement is not an issue. 

Benefits and 
shortcomings 

Benefits 

 High predictability of emission reductions for mandatory programs. 

 Potential emission reductions are large. 

Shortcomings 

 May require significant effort for outreach/consultation and enforcement (mandatory 
programs). 

 May require a significant source of funding (voluntary programs). 

 Requires technical guidance for appropriate technologies and vendors. 

4.3.3 Purchase / Replacement 

Like retrofit programs, purchase/replacement policies tend to focus on high polluting vehicles (both due to 

size/power as well as age). However, these policies tend to be voluntary in nature more so than mandatory. 

Financial incentives are commonly used, with the amount of available funding often related to the cost of vehicle 

replacement. 

Voluntary programs may involve small incentives (e.g., BC‟s Scrap It program with per vehicle subsidies from 

$200 to $1,000) to large incentives (e.g., California Carl Moyer HDV Fleet Modernization program that provides 

up to 100% of the cost of a new school bus). Programs with larger incentives tend to be tiered with more specific 

requirements that reward greater emission reductions. Table 10 provides a description of the general program 

elements from those reviewed. 
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Table 10:  Summary of general elements for purchase/replacement policies and programs 

Program elements Descriptions 

Primary goal 
Reduce fleet emissions of one or more air contaminants through replacement of higher emitting 
vehicles with newer, lower emitting ones. 

Variations 

 Mandatory: requirement through legislation. 

 Voluntary: support through provision of (financial) incentives to defray purchase cost or 
operational cost. 

General description 

Mandatory 

 Identification of a specific vehicle population. 

 Expression of a set of vehicle replacement requirements (often expressed in terms of fleet 
average). 

 Development of a supportive environment to educate affected owners, provide ongoing 
support. 

 Implementation of an enforcement program to ensure compliance. 

Voluntary 

 Identification of a specific vehicle population. 

 Expression of a set of vehicle replacement requirements and a set of (financial) incentive 
criteria for willing owners. 

 Development of a supportive environment to educate affected owners, and provide ongoing 
support. 

 Implementation of a submission review process to approve replacement projects. 

Target vehicle 
populations 

 Older model year vehicles, usually in the HDDV group. 

 Urban buses often a target group. 

Common 
exemptions 

 Smaller vehicles in fleet. 

 Individual owner/operators (or small fleet operators). 

Compliance and 
enforcement 

Mandatory 

 Vehicle registration process. 

 Submission of fleet information. 

Voluntary 

n/a 

Regulatory 
authorities 

Mandatory 

 Provincial/state, regional and municipal 

Voluntary 

 National, provincial/state, regional 
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Table 10 (Cont’d):  Summary of general elements for purchase/replacement policies and programs 

Program elements Descriptions 

Relation to other 
programs 

Mandatory 

 Depends on target vehicle population(s). 

 May be part of a broader program that allows engine retrofits or alternative fuels to achieve 
reduction targets. 

 Can mesh well with driving restriction policies (e.g., low emission zones). 

Voluntary 

 Depends on target vehicle population(s). 

 Benefits from an existing incentive program (e.g., reduced registration fees, low emission 
zones). 

Compliance 
enforcement 

Mandatory 

 Review of fleet records 

 Review of registration data 

Voluntary 

 Submission of fleet records 

Programs reviewed 

Mandatory 

 PMV TLS program 

 CA Transit Fleet Vehicle Rule 

Voluntary 

 BC Scrap It 

 PEI Hybrid Vehicle Tax Incentive 

 QC Clean the Air! 

 HK Diesel Bus Replacement 

 HK Diesel Taxi Replacement 

 HK Reduced Registration Fees 

 HK Vehicle Replacement Program 

 Carl Moyer HDV Fleet Modernization 

 Carl Moyer Repower 

 TX HDV Purchase or Lease Incentive Program 

 VA Dray Truck Replacement 

Costs Variable, depending on vehicle population targeted. 
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Table 10 (Cont’d):  Summary of general elements for purchase/replacement policies and programs 

Program elements Descriptions 

Consultation 
process 

Mandatory 

 Depends on target vehicle population(s). 

 Ranges from low-moderate if large fleets are targeted to high if owner/operators are targeted. 

Voluntary 

 Depends on target vehicle population(s). 

 Generally low since participation is voluntary and enforcement is not an issue. 

Benefits and 
shortcomings 

Benefits 

 High predictability of emission reductions for mandatory programs. 

 Potential emission reductions are large. 

 Tends to target the highest emitting vehicles first. 

 Technically speaking, these programs tend to be simpler than other types, which may reduce 
the need for education/outreach and support. 

Shortcomings 

 May cause financial hardship for contractors (mandatory programs). 

4.3.4 Driving restrictions 

Driving restrictions are a complementary approach that is potentially applied with other P&P types such as 

retrofits, purchase/replacement and I/M. Driving restrictions have been more common in Europe but are found in 

one form or another around the world. This policy type also has the benefit that it can be very geographically 

targeted, and can be used to direct traffic away from vulnerable populations such as schools or seniors homes. 

Table 11 describes the general elements of driving restriction policies and programs. 
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Table 11:  Summary of general elements for driving restriction policies and programs 

Program elements Descriptions 

Primary goal 
Driving restrictions are a diverse program type and in general restrict access to geographic zones 
under specific conditions. Access to these zones requires permits, driving certain vehicle types or 
other conditions. 

Regulatory 
authorities 

 State 

 Provincial 

 National 

Variations 

Mandatory 

 Low emission zones (LEZs), common in Europe. 

 Highway tolls 

Voluntary 

 Long combination vehicles. 

 Low emission zones. 

 Off-rush hour deliveries. 

Anti-idling 

 Very common 

Incentive 

 n/a 

General description 

Mandatory 

 The common mandatory driving restriction programs are geographic restrictions, frequently 
implemented in Europe. Geographic restrictions require HD vehicles to pay a fee or toll to 
drive in a geographic area or on a faster highway. The fees are lower for newer model year 
vehicles or those with engine retrofits. 

Voluntary 

 Voluntary driving restriction policies can include voluntary versions of the low emission 
zones. 

 Some pilot programs in Spain have encouraged cargo deliveries at off-peak times (evenings, 
nights). 

 Another voluntary driving restriction includes the use of long combination vehicles (LCVs) on 
specific highways. Long combination vehicles are more fuel efficient per ton of cargo moved 
but these rules require strict driver regulations. 

Anti-idle 

 Anti-idling policies typically include restrictions on idling within a certain distance of schools or 
other sensitive areas. Some programs include fines for infractions. 

 Various anti-idle programs and policies exist around the world. 

 One program in California requires that newer vehicles have an engine shutdown system 
installed. 
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Table 11 (Cont’d):  Summary of general elements for driving restriction policies and programs 

Program elements Descriptions 

Target vehicle 
populations 

 Older vehicle populations. 

 Heavy HD commercial trucks. 

 Medium HD commercial trucks. 

 Vehicles in residential areas (mandatory and anti-idle) 

Common 
exemptions 

 Historical vehicles. 

 Emergency vehicles. 

Compliance and 
enforcement 

Mandatory 

 In LEZs, vehicles register themselves and stick a decal on their vehicle. 

 Police or traffic enforcement check vehicles to ensure they have valid registration. 

Anti-idle 

 Some programs include fines. 

Relation to other 
programs 

Geographic driving restrictions often support purchase/replacement and retrofit programs. 

Programs reviewed 

Mandatory 

 Congestion charge (London, England) 

 Low Emission Zone (London, England) 

 Low Emission Zones for HD vehicles above 3,500kg (Stockholm, Sweden; see table in 
Appendix III). 

 Differential highway tolls for HD vehicles above 12,000kg (Germany) 

 PMV Truck Licensing System for Class 7 and 8 vehicles (Vancouver, BC) 

Voluntary 

 Long combination vehicle policy (Alberta) 

 Long combination vehicle policy (British Columbia) 

 Long combination vehicle policy (New Brunswick) 

 Long combination vehicle policy (Ontario) 

Anti-idle 

 School Bus Idling Airborne Toxic Control Measure (California) 

 Carl Moyer Idling Reduction (California) 

 Heavy Duty Vehicle Idling Emission Reduction Program (California) 

 Engines Off! program (Colorado) 

 Idle Free BC (British Columbia) 
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Table 11 (Cont’d):  Summary of general elements for driving restriction policies and programs 

Program elements Descriptions 

Benefits and 
shortcomings 

Mandatory 

 The policies have proven effective at reducing emissions while only producing a minor 
increase in transportation costs. 

 Several hundred cities in Europe have implemented Low Emission Zones, including London 
and Stockholm, which suggests that the policies are generally acceptable to the HDDV 
operator population in Europe. 

 A highway toll program will only work if the highway is a sufficiently faster route such that it is 
cheaper to pay the toll than to use an alternate route. 

 Initial set up of LEZ system can have a high administrative cost. 

Voluntary 

 Voluntary driving restriction programs are an effective way to pilot a new policy but 
compliance will be lower than a mandatory program. 

 In terms of the long combination vehicles, the policy is already implemented in BC and is 
restricted to highways outside the Canadian LFV. 

 In general, LCV is a limited solution that will only address a small amount of emissions; In 
Ontario in 2011, only 160 LCV permits were issued. 

Anti-idle 

 A good program (BC already has one) but hard to judge the emission reduction since it is 
difficult to determine the impact of the program. 

4.3.5 Vehicle standards 

Vehicle standards provide a minimum baseline against which to judge vehicle performance or actions. Based on 

the literature review conducted, all vehicles standards are mandatory. This policy and program type is rarely 

applied below the province or state level since their consultation is focused on manufacturers more than other 

P&P types. Table 12 describes the general program elements for vehicle standards. 
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Table 12:  Summary of general program elements for vehicle standards 

Program elements Descriptions 

Primary goal 
The general goal of vehicle standards is to ensure that vehicles are manufactured and maintained to a 
certain minimum standard. 

Regulatory 
authorities 

 National 

 State 

 Provincial 

Variations 

Mandatory 

 Emission standards 

 Anti-tampering legislation 

 Fuel economy standards 

 Speed limiters; and 

 Warranties for emission control devices 

Voluntary 

 No examples. 

General description 

Emission standards 

 Vehicles standards are a critical first step in lowering emissions from HDDVs. 

 Through consultation with regulators, manufacturers are able to comply with new emission 
standards. 

Target vehicle 
populations  HDDVs 

Common 
exemptions 

n/a 

Compliance and 
enforcement 

Emission standards and warranties 

 Government certification programs. 

Anti-tampering and speed limiters 

 I/M programs. 

Relation to other 
programs 

I/M programs often needed to enforce compliance. 
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Table 12 (Cont’d):  Summary of general program elements for vehicle standards 

Program elements Descriptions 

Programs reviewed 

Emission standards 

 EPA/EC emission standards 

 EU Euro emission standards 

 California Low Emission Regulation 

Anti-tampering 

 BC Motor Vehicles Act 

 Manitoba Vehicles Standards and Inspection 

 Newfoundland & Labrador Highway Traffic Act 

 Nova Scotia Motor Vehicles Act 

 Ontario Highway Traffic Act 

 PEI Motor Vehicles Act 

 Quebec Motor Vehicles Act 

Vehicle speed limiters 

 Ontario Highway Traffic Act 

 Quebec Motor Vehicles Act 

Fuel economy standards 

 US EPA CAFE standards 

Emission control warranties 

 BC Environmental Management Act 

Benefits and 
shortcomings 

Emission standards 

 Vehicles standards are a critical first step in lowering emissions from HDDVs. 

 Through consultation with regulators, manufacturers are able to comply with new emission 
standards. 

4.3.6 Education 

Educational vehicle emission policies are, by their nature, voluntary. These policies often target vehicle 

maintenance and driving behaviours to achieve emission reductions. To increase interest in such programs, all air 

contaminants tend to be identified as emission reduction targets, along with increased efficiency (reduced fuel 

consumption). Programs that target public and private vehicle fleets may have quantification tools that allow 

estimation of program effectiveness. Table 13 provides a description of the general program elements from those 

reviewed. 
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Table 13:  Summary of general program elements for education policies and programs 

Program elements Descriptions 

Primary goal 
Reduce vehicle emissions of one or more air contaminants through vehicle replacement, 
maintenance, engine retrofit, use of alternative fuels, driving restriction or other means. 

Variations Voluntary 

General description 

 Identification of a specific vehicle population. 

 Development of a supportive environment to educate affected owners, provide assessment 
and ongoing support. 

Target vehicle 
populations 

 For some programs such as anti-idle, most onroad vehicles are targeted. 

 Specific programs may target HDDVs and fleet owners. 

Common 
exemptions 

n/a 

Compliance and 
enforcement 

Generally not applicable. For fleet-oriented programs there may be requirements for participation 
(such as fleet emissions analysis). 

Relation to other 
programs 

Can exist on their own or within a larger program. 

Regulatory 
authorities 

National, provincial/state, regional, municipal. 

Programs reviewed 

 NRCan Fleetsmart 

 Various provincial Idle Reduction programs 

 CA E3 Fleet Program 

 US Evergreen fleets 

 SL Cleaner Fleets Slovenia 

 HK Maintenance and Driving Seminars 

 Smartway (Canada and USA) 

Consultation 
process 

n/a 

Benefits and 
shortcomings 

Benefits 

 Cost of programs may be reasonably low. 

Shortcomings 

 Emission reductions may be low in aggregate terms. 
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4.3.7 Fuel standards 

Fuel standards are implemented to improve fuel quality in such a way that it reduces emissions generated during 

fuel combustion. Similar to vehicle standards (see Section 4.3.5), mandatory fuel standards are rarely applied 

below the province or state level since their consultation process is focused on the refineries that provide the fuel. 

Table 14 provides a description of the general program elements from those reviewed.  

Table 14:  Summary of general program elements for fuel standards 

Program elements Descriptions 

Primary goal 
Fuel standards are implemented to improve fuel quality, which can reduce emissions generated 
during fuel combustion. 

Regulatory 
authorities 

 National 

 Provincial 

 State 

Variations 

Mandatory 

 Renewable fuels 

 Ultra-low sulphur diesel 

 Alternative fuels 

 Cetane additives 

Voluntary 

 Alternative fuels (natural gas) 

General description 

 Renewable fuel content legislation requires biodiesel content in transportation fuels 

 Ultra-low sulphur diesel is a diesel blend where the sulphur content is 15 ppm. 

 Alternative fuels involve switching fleets from using diesel to other fuels, such as natural 
gas. 

Target vehicle 
populations 

Diesel vehicles 

Common 
exemptions 

n/a 

Compliance and 
enforcement 

Refineries are unable to sell their fuels unless they comply with the ULSD or biodiesel content 
requirements. 

Relation to other 
programs 

Ultra-low sulphur diesel enabled the 2007 requirements around catalyst-based emission control 
devices, such as diesel particulate filters and NOx adsorbers. 
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Table 14 (cont’d):  Summary of general program elements for fuel standards 

Program elements Descriptions 

Programs reviewed 

Renewable fuels 

 BC Renewable and Low Carbon Fuel Requirements Regulation 

 Manitoba Biofuels Act 

 Ontario Ethanol in Gasoline Regulation 

 Saskatchewan Biofuels Act 

 Numerous US state regulations mandate biodiesel content 

Low emission diesel 

 US EPA ultra low sulphur diesel regulations (see table in Appendix III) 

 Canada/EC Sulphur in Diesel Regulations 

 California Diesel Fuel Regulations 

Alternative fuels 

 Delhi commercial vehicle natural gas program 

 Fortis natural gas incentive program. 

Consultation 
process 

n/a 

Benefits and 
shortcomings 

 ULSD was required for onroad vehicles in Canada in 2007 and in the USA in 2006. There 
are currently no plans to further reduce sulphur content in diesel. 

 An increase in biodiesel content reduces PM emissions but increases NOX emissions. 
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5 POLICY AND PROGRAM EVALUATION CRITERIA 

The previous section describes the suite of policy and program options that are available in the Canadian Lower 

Fraser Valley. Before the project team could develop recommendations (in the following section), a transparent 

and defensible evaluation framework was developed for Task 3. Given the high profile nature of any new HDDV 

policies, the framework was designed using a common decision making process approach called MCA [21]. 

Evaluation criteria were defined by the project team, MV and the DVS through an iterative consultation process. 

5.1 Background 

Development of the evaluation criteria follows a common decision making process approach called multi-criteria 

analysis (MCA). MCA is a tool used in various industries and sectors to prioritize options and decisions [21]. MCA 

is used in environmental decision making by the UK Department of Environment [6], the World Bank and the 

Intergovernmental Panel on Climate Change [22]. 

The basic MCA format is composed of the following elements: 

 Evaluation criteria: Objectives to be ranked; 

 Rank: Value indicating relative score of each policy against the criterion, between 1 (undesirable) and 5 

(desirable); 

 Weighting: A weighting applied to the rank of each evaluation criterion to define the relative importance of 

each criterion (between 1 and 5). 

The weighting is applied to the rank and the weighted ranks are summed together to generate a final score for 

each policy or program. A simple example is shown in Table 15. In the example, Policy 3 has the highest overall 

score because Criterion 2 is weighted as having greater importance than the other criteria. 

 

Table 15:  Example of multi-criteria analysis 

Evaluation criteria Weight Policy 1 rank Policy 2 rank Policy 3 rank 

Criterion 1 1 1 3 1 

Criterion 2 3 1 1 3 

Criterion 3 1 2 5 2 

Score 6 11 12 
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The MCA approach was selected instead of a cost-benefit analysis (CBA). CBA is a similar process which 

decides between alternatives by considering the costs and benefits of each alternative, generally in monetary 

terms. A detailed CBA was deemed impractical for this project because detailed cost and benefit information was 

not readily available for the policy and program options under consideration. In addition, some of the criteria of 

interest to the DVS were difficult or impossible to monetize. Instead, the MCA approach is being used to short-list 

a limited number of options for subsequent detailed evaluation using other frameworks such as CBA. MCA allows 

different stakeholders to rank each criteria individually based on their organization‟s own resources and 

requirements. At the same time, MCA is complementary to CBA since economic considerations (criteria 2a, 2b 

and 2c in Table 16) were included in the final set of evaluation criteria [21]. 

5.2 MCA methodology and consultation process 

Evaluation through a multi-criteria analysis process follows these steps [23]: 

1) Identify the options (see Section 4); 

2) Identify the criteria that reflect the value associated with the consequences of each option; 

3) Group the criteria; 

4) “Scoring” or “Ranking”: Rate the expected performance of each option against each criterion; 

5) “Weighting”: Assign weights for each of the criteria to reflect their relative importance to the decision; 

6) Combine the weights and scores for each option to derive an overall value; and 

7) Examine the results. 

For step 2, a provisional set of criteria was defined based on the following: 

 Recommendations from the original request for proposal; 

 Issues of concern highlighted during policy and program characterization (see Section 4); and 

 Initial comments from Metro Vancouver (MV) and the AirCare Steering Committee Diesel Vehicle 

Subcommittee (DVS). 

The provisional set of evaluation criteria included a definition of each rank with all weights set to 1. For reference, 

Appendix IV lists the provisional set of evaluation criteria. 
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An iterative consultation process was employed at several meetings with the DVS to refine the criteria as well as 

set the relative weights for each criterion, based on the project goals (see Section 1.2) and the experience of the 

committee. The consultations included the following engagements: 

 Delivery of provisional set of criteria to DVS on September 23, 2013 (see Appendix IV); 

 Presentation and discussion of provisional set of criteria at DVS meeting on September 29, 2013; 

 Initial weighting and second set of comments on evaluation criteria provided by the DVS between 

September 29 and October 8
, 
2013; and 

 Finalized criteria, rank definitions and weighting set at policy analysis workshop on October 9, 2013 (more 

details on the workshop are provided in the next section). 

These consultations assessed the criteria against a range of qualities[23]: 

 Complete (all important criteria have been included); 

 Redundant (are there criteria that are unnecessary); 

 Operational (policy options can be judged against each criterion); 

 Mutual independence of preferences (rank scores can be assigned without knowledge of another options 

criteria); 

 Double counting (any criteria that is a duplicate of another); and 

 Size (too many criteria leads to unnecessary analytical effort). 

5.3 Final evaluation criteria 

Based on the consultation process described above, the final set of evaluation criteria are listed in Table 16. 

Several criteria identified in the provisional set or during the meetings were not included or were modified in the 

final set, and are listed below, along with the reason for their removal or modification: 

 Price of diesel relative to other HD fuels (e.g., natural fuel) 

It was noted during the consultation period that a significant increase in the price of diesel would eliminate 

the need for any emission reduction policy since vehicle operators would have a clear business case to 

replace diesel engines with natural gas. This criterion was not included because its impact would be 

equal for all P&P options so that it is not a useful discriminator. 
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 Emission reduction of DPM for target population 

During the policy analysis workshop the policies selected for evaluation were not targeted to any specific 

population (see Section 6.2). As such, this criterion was no longer needed. 

 Emission reduction of NOX for target population 

See above. 

 Ease of enforcement/compliance 

This criterion was split into 4a and 4b in Table 16 because it was noted that enforcement and compliance 

are not necessarily correlated criteria (e.g., a P&P could be easy for vehicle operators to comply with but 

very difficult for regulators to enforce). 

 Business program costs 

This criterion was split into 2b and 2c in Table 16 because it was indicated that operational costs and 

capital costs are not necessarily correlated criteria and could be a distinguishing criteria for some P&Ps. 

 Level of public, stakeholder and political acceptability 

The DVS indicated it is not within their mandate or background to make judgments around public, 

stakeholder or political acceptability. Acceptability would be assessed at a later stage in the process. 

Additionally, acceptability is a function of other criteria, such as operator program costs, etc. 

 Equal treatment of business 

See above. 

 Enables future programs / Impacts on neighbouring jurisdictions 

Combined together into 5b since the criteria were determined to be redundant. 

In Table 16 the weights of each criterion are included. As described in the previous section, the weights were 

assigned through a consultation process during the October 9 workshop. Below is a summary of the DVS 

membership‟s decision process for the relative importance of criteria: 

 Weight 5: Criteria 1a and 1b were assigned a weight of 5 because the goal of the project is develop 

P&Ps to reduce DPM and public exposure so these criteria were given the highest importance; 
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 Weight 4: Criteria 1c, 2a and 2c were assigned weight 4. NOX reduction (1d) was assigned a lower 

weight since DPM reduction was considered more important. Administrative (2a) and business capital 

costs (2c) were assigned a high weight since an uneconomical P&P will be very challenging to 

implement; 

 Weight 3 and 2: Criteria 2b, 3a, 4a, 4b and 4c were deemed important and comparisons between two 

criteria at a time were used to define their relative importance; 

 Weight 1: Criteria 3b, 3c, 4d, 5a, 5b, 5c and 5d were deemed important for consideration in the 

evaluation criteria but were not considered policy drivers. 
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Table 16:  Final set of evaluation criteria for prioritization of heavy duty diesel policy options 

Grp. # Evaluation criteria Definition Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Weight 

A
ir

 q
u

a
lit

y
 i
m

p
a
c
ts

 1a 
Emissions 
reduction of DPM 
for all HDDVs 

Supplemental reduction in DPM in 2020 in all 
HDDVs compared to expected reductions without 
policy in place. 

1% 
reduction 

5% 
reduction 

10% 
reduction 

15% 
reduction 

20% 
reduction 

5 

1b 
Emissions 
reduction of NOX 
for all HDDVs 

Supplemental reduction in NOX in 2020 in all 
HDDVs compared to expected reductions without 
policy in place. 

1% 
reduction 

5% 
reduction 

10% 
reduction 

15% 
reduction 

20% 
reduction 

4 

1c 
Reduction in public 
exposure to TRAP 

Qualitative representation of additional reduction 
in public exposure to TRAP (considering vehicle 
proximity to residents and typical driving cycles) 
compared to situation without policy in place. 

None 
Very 
limited 

Limited Minimal Significant 5 

E
c
o

n
o
m

ic
 c

o
s
ts

 

2a 
Lifetime 
administrative 
program costs 

Total expected net administrative costs over 
policy's entire lifetime, accounting for operating 
costs (staff, offices, etc.) as well as capital costs, 
if applicable. 

Very high High Average Minimal None 4 

2b 
Operator program 
costs (operational) 

Supplemental operating costs to target population 
(includes licensing, registration and inspection 
fees, as well as fuel costs and lost hours) 
compared to situation without policy in place. 

High Low Neutral 
Low 
savings 

High 
savings 

3 

2c 
Operator program 
costs (capital) 

Supplemental capital costs to target population 
(includes new engines, vehicles, control devices) 
compared to situation without policy in place. 

Very high High Average Minimal None 4 

P
o

lit
ic

a
l 

3a 
Regulatory 
complexity 

No definition available. 
Very 
difficult 

Difficult Neutral Simple 
Very 
simple 

2 

3b 
Likelihood of legal 
challenges 

Likelihood that the policy will be challenged in 
court. 

Very 
probable 

Probable 
Inter-
mediate 

Unlikely 
Very 
unlikely 

1 

3c 
Consistency with 
policy goals 

Alignment of policy with existing policy goals from 
Metro Vancouver (IAQGGMP), FVRD (AQMP) 
and BC Air Action Plan 

None Minimal Average High Very high 1 
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Table 16 (Cont’d):  Final set of evaluation criteria for prioritization of heavy duty diesel policy options 

Grp. # Evaluation criteria Definition Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Weight 

A
d

m
in

is
tr

a
ti
o
n
 

4a Ease of compliance 
Simplicity of the program to operators to 
demonstrate compliance with the policy (what 
they need to do, and can show they have done it). 

Very 
difficult 

Difficult Neutral Simple 
Very 
simple 

3 

4b 
Effectiveness of 
enforcement 

Ability of policy to easily identify non-compliance 
and compliance evasion (e.g., avoiding detection, 
incorrect registration, temporary repairs, test 
cheating, etc.) and, if necessary, to apply 
effective penalties; includes personnel (e.g., 
transportation inspectors) availability, training. 

Very poor Poor Neutral Good Very good 3 

4c 
Implementation 
timeline 

The time period between when the policy is first 
formally proposed and when it is fully operational. 

Very long 
(5+ years) 

 Long (3-5 
years) 

Moderate 
(1-2 years) 

Short (0.5 
– 1 years) 

Very short 
(<6 
months) 

2 

4d 
Program 
robustness 

The degree to which the program is consistent 
over time (i.e., suitable database) from both the 
policy and technology perspective, and in 
particular handles regulatory gaps (e.g., glider 
kits, imports, modifications, etc.). 

Very low Low 
Inter-
mediate 

High Very high 1 

O
th

e
r 

im
p

a
c
ts

 

5a Co-benefits 

The degree to which the program may cause 
additional positive behaviours/effects such as 
safer driving, fuel/maintenance savings and GHG 
reductions. 

None Minimal Average High Very high 1 

5b 
Impact on current 
and future 
programs 

The degree to which the policy is complementary 
to existing programs and supportive of future 
programs that may be of interest. 

Negative 
Somewhat 
negative 

Neutral 
Somewhat 
positive 

Positive 1 

5c 
Consistency with 
neighbouring 
jurisdictions 

The degree to which the policy may prompt target 
populations to act differently from one jurisdiction 
to the next, including competitiveness impacts. 

Very low Low 
Inter-
mediate 

High Very high 1 

5d Negative impacts 

The degree to which the program may cause 
associated negative behaviours/effects, such as 
unsafe driving practices or increased travel 
distances 

Very high High Average Minimal None 1 
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6 POLICY AND PROGRAM EVALUATION 

Policy and program evaluation was conducted in Task 4. Several consultations were conducted with the project 

team, MV and the DVS to review the results of the previous tasks and select a list of P&Ps of interest for further 

study. The SNC-Lavalin team used that list to develop descriptions of potential P&Ps (including expected 

emission reductions) for evaluation at a full-day policy analysis workshop conducted in October 2013. At the 

workshop, four policies were selected and assessed using the policy evaluation criteria from Task 3. The 

evaluation criteria highlighted three policies which were further refined for the final recommendations.  

This section describes the initial P&P selection, the results of the analysis workshop as well as the detailed 

assessment of the final selected P&P. 

6.1 Initial policy and program selection and development 

As noted in the Section 5, an AirCare Steering Committee Diesel Vehicle Subcommittee (DVS) meeting was 

conducted on September 23, 2013 to discuss the provisional set of evaluation criteria. At this meeting, the results 

of the literature review outlined in Section 4 were presented and reviewed by the DVS. Of the seven policy types 

listed in Table 5, the DVS selected six for further evaluation: 

 Inspection and maintenance (I/M); 

 Retrofits; 

 Purchase and replacement; 

 Driving restrictions; 

 Fuel standards; and 

 Vehicle standards. 

The DVS concluded that Education policies and programs (P&Ps) were of limited interest. Mandatory education 

programs are challenging to implement and a voluntary education program already exists in BC (i.e., E3 Fleet). In 

general, the DVS concluded that voluntary programs were also of minimal interest since they tend to have 

significant financial incentives associated with them and funding for incentives is likely not available at this time. 
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Based on the outcome of this DVS meeting and the previous literature review, SNC-Lavalin then developed 

detailed policy and program options for consideration at the October 9 workshop. The project team, MV and the 

DVS determined there was limited value in developing a whole suite of policy options for each P&P type, both due 

to time constraints and the impracticality of evaluating a large number of options at the workshop. Instead, each 

P&P type was bookended with two policies: one conservative and one aggressive. In general, the aggressive 

P&Ps focused on significant emission reductions for a large vehicle population while the conservative P&P 

focused on a smaller population with limited expected emission reductions. In both cases, the vehicle populations 

were from the target populations defined in Section 3.4. These 13 policy options are summarized in Table 17. 

Complete details for each policy are listed in Appendix V. As can be seen, the P&P options are not necessarily 

realistic options; the goal was to provide a range of options from which the DVS could select an appropriate 

intermediate option for evaluation during the workshop. 

Table 17:  Summary of detailed policy and program options presented at October 9 workshop (options 
marked by a star [*] were the P&P options selected for further evaluation). 

Option Policy or program type Description 

1 
Purchase/replacement/ 
retrofit – mandatory 
(conservative) 

Refuse trucks registered in Canadian LFV must meet 2007 emission standards by 
2019, through either purchase/replacement, or retrofits. 

2 
Purchase/replacement/ 
retrofit – mandatory 
(aggressive) 

Vocational fleet HDDVs to meet 2010 standards by 2019. 

*3 

Purchase/replacement/retro-
fit – mandatory 

(aggressive) 

All HDDVs registered in LFV must meet 2010 standards by 2017, through either 
purchase/replacement or retrofits. 

4 
I/M – mandatory 
(conservative) 

All HHDDVs registered in Canadian LFV are inspected with conservative cutpoints 
of RSD study. Vehicles older than 7 years old are tested; vehicles identified as 
high emitters in one of two measurements would be flagged and would have to be 
repaired. 

*5 
I/M – mandatory 
(aggressive) 

All HDDVs registered in LFV must be tested once a year using RSD system. 
Vehicles that are identified as being clean would not require further testing. 
Vehicles that do not pass clean screen or have too many invalid readings must be 
tested with SHED tunnel system. During the SHED tests, additional inspections 
would include onboard diagnostics and visual checks. 

6 Fuel standards – voluntary  
Install shore power at all trucks stops in LFV (most are in the Fraser Valley 
Regional District). 

7 
Fuel standards – voluntary 
(conservative) 

Bus and refuse trucks are offered financial incentives (50% of new engine) to 
switch pre-2010 engines to liquefied natural gas (LNG). 

8 
Fuel standards – mandatory 
(aggressive) 

HDDVs must switch to natural gas engines by 2020. 
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Table 17 (Cont’d):  Summary of detailed policy and program options presented at October 9 workshop. 

Option Policy or program type Description 

9 
Driving restriction 1 – 
mandatory (conservative) 

Older HDDVs are charged a marginally increased registration cost, unless vehicles 
install an approved retrofit. 

*10 
Driving restriction 1 – 
mandatory (aggressive) 

Older HDDVs are charged a significantly increased registration cost, unless 
vehicles install an approved retrofit. 

11 
Driving restriction 2 – 
mandatory (conservative) 

HHDDVs driving on major highways are photographed upon entry and exit. 
Vehicles pay variable registration based on vehicle age. 

*12 
Driving restriction 2 – 
mandatory (aggressive) 

HDDVs driving on major highways are photographed upon entry and exit. Vehicles 
pay variable registration based on vehicle age. 

13 
Vehicle standard – 
mandatory 

Engines older than the chassis by 1 year cannot be installed in HDDVs in BC, for 
any chassis older than 2008. 

6.2 Policy analysis workshop 

As noted in previous section, a policy analysis workshop was conducted on October 9
th
, 2013. Twelve members 

of the DVS attended the workshop along with three members of the SNC-Lavalin project team. The workshop 

attendees selected options 3, 5, 10 and 12 from Table 17 for further evaluation. The DVS decided not to select 

the other options for further analysis for the following reasons: 

 Option 1 and 2: Both options are included as part of option 3. Furthermore, Option 1 would be achieved 

voluntarily through a municipal purchasing policy. 

 Option 4: There are logistical challenges with a RSD-only I/M program due to weather and access. 

 Option 6: Shore power for long-haul HHDDVs would likely not work in Metro Vancouver but might work in 

the Fraser Valley Regional District because there are many more rest stops there. That being said, shore 

power is very expensive to install and evidence does not suggest that there is significant uptake. 

 Option 7 and 8: Natural gas fuel switching was integrated with Option 3. 

 Option 9 and 11: The fees were considered too low to be effective so Options 10 and 12 were the 

preferred P&Ps. 

 Option 13: Glider kit restrictions were considered but the relevant jurisdiction was unclear so they were 

not included. However, further evaluation is warranted if provincial restrictions are applicable. 

One of the key results of the initial P&P option review was that the four selected options did not target a specific 

type of vehicle; all heavy duty diesel vehicles were included in these four options. The group felt that any 

exemptions or exclusions would be considered during the program design stage. 



 
 

Heavy Duty Diesel Vehicle Policy Options Evaluation Study Internal Ref.  614480 

Contract number: RFP No. 13-122  December 31, 2013 
 

© SNC-Lavalin Inc. 2013. All rights reserved Confidential 53 
 

53 

 

 

With these four options selected, each attending DVS member then scored each P&P using the evaluation criteria 

in Table 16. For each P&P and criterion, the score was averaged; Figure 11 summarizes these scores. The 

weight for each criterion was then applied to determine a final score for each P&P option, which is shown in 

Figure 12. Thus, the policy and program options were ranked as follows: 

1) An inspection and maintenance (I/M) program to target the worst emitting HDDV in each model year; 

2) All HDDVs operating in the Canadian LFV must meet 2010 emission standards by 2020; 

3) A variable vehicle registration system that charges older HD vehicles a higher registration fee; and 

4) A variable road pricing system that charges older HDDVs a higher price to use certain roads. 

The DVS selected the top three options for further investigation and development of detailed P&P descriptions, 

including combining the options together in various forms. The fourth option was not selected due to its lower 

score and DVS comments that this policy was likely best implemented by municipal authorities. 
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Figure 11:  Scores of the policy & program options using evaluation criteria (where I/M refers to 
inspection and maintenance, and P/R/R refers to purchase/replacement/retrofit). 
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Figure 12:  Weighted final scores for the four evaluated policy and program options (where I/M refers to 
inspection and maintenance, and P/R/R refers to purchase/replacement/retrofit). 

 

6.3 Detailed assessment of final policy & program options 

Based on the results of the workshop, a more detailed evaluation of the three highest scoring policies was carried 

out, including combining them in various forms. The goal was to develop detailed policies for further investigation 

by the DVS as well as to highlight policies that combine together poorly. A total of eight policy combinations were 

generated, labelled A through H (to avoid confusion with the numbered options presented at the workshop). They 

are presented below followed by a brief discussion on the emission calculation methodology. 

Table 18 describes the characteristics of policies A – H used to develop the emissions scenarios. Policies A, C 

and D are the 3 P&P options from the workshop without combinations. Policy B is a variation of Policy A that 

includes additional incentives, which was also highlighted during the workshop. Policies E – H are combinations 

of Policies B, C and D. The phase-in periods listed in the table are used to calculate the expected emission 

reduction in each P&P option even though that implementation timeline may not be feasible. Alternate timelines 

are described as part of the recommendations, in Section 7. 
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Table 18:  Summary of final HDDV emission reduction policy and program options 

Option Description Phase-in periods Uptake rate 

A 
All HDDVs to meet 2010 standards by 2020 
without new incentives 

2003 standards by 2015; 2010 
standards by 2020 

2015: 60% 

2020: 60% 

B 
All HDDVs to meet 2010 standards by 2020 with 
new incentives 

2003 standards by 2015; 2010 
standards by 2020 

2015: 80% 

2020: 80% 

C 
I/M program targeting 7-year old HDDVs emitting 
200% or more of emission standards 

2008 MY by 2015; 2013 MY by 2020 
2015: 100% 

2020: 100% 

D 
Variable insurance registration rates for older 
HDDVs 

2003 standards by 2015; 2010 
standard by 2020 

2015: 20% 

2020: 50% 

E 
B & D: All HDDVs to meet 2010 standards by 
2020 with new incentives and variable registration 
until 2020 

2003 standards by 2015; 2010 
standard by 2020 

2015: 20% 

2020: 100% 

F 

B & C: All HDDVs to meeting 2010 standards by 
2020 with new incentives and I/M program 
targeting 7-year old HDDVs emitting 100% or 
more of emission standards. 

Age ban: 2003 standards by 2015; 
2010 standards by 2020 

I/M program: 2008 MY by 2015; 2013 
MY by 2020 

2015: 100% 

2020: 100% 

G 

C & D: Variable insurance registration rates for 
older HDDVs and I/M program targeting 7-year 
old HDDVs emitting 200% or more of emission 
standards 

Registration: 2003 standards by 
2015; 2010 standards by 2020 

I/M program: 2008 MY by 2015; 2013 
MY by 2020 

2015: 20% 

2020: 50% 

H 

B, C & D: All HDDVs to meet 2010 standards by 
2020 with new incentives and variable registration 
until 2020, and I/M program targeting 7-year old 
HDDVs emitting 100% or more of vehicle 
standards 

Age ban: 2003 standards by 2015; 
2010 standards by 2020 

I/M program: 2008 MY by 2015;  

2013 MY by 2020 

2015: 30% 

2020: 100% 

 

The uptake rate in the table relates to the percentage of target vehicles that comply with or adopt the policy or 

program. In the case of variable registration fees where operators have an option to upgrade, uptake corresponds 

to the percentage of operators that replace older vehicles. However, in the case of mandatory policies, the uptake 

rate represents the compliance with the policy. While generally 100%, these rates may be less if there is limited 

enforcement. 

Initial analysis indicates that the combination of options B and D results in a poor policy. If under Policy B vehicles 

must meet 2010 emission standards by 2020 then there is no need for the variable registration fee associated 

with Policy D. Therefore policies E and H, which are combinations of B and D, were developed with an initial 

variable registration fee in 2015 followed by an age ban by 2020. Each policy is detailed in Appendix V.  
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6.3.1 Emission reduction calculation methodology and results 

This sub-section describes the unified calculation methodology employed to determine the emission reduction 

associated with the P&Ps under evaluation. The policies discussed in Table 18 above were targeted at two 

vehicle populations: older model year (MY) vehicles as well as the worst emitting vehicles in each engine MY. The 

emissions for each P&P option were calculated using the results from the Metro Vancouver 2010 onroad vehicle 

emission inventory (see Section 3.2.1). No MOVES runs were executed by the SNC-Lavalin project team but 

emission rates were developed using the emissions and VKT (vehicle kilometres travelled) provided by MV. 

The baseline 2010 emissions inventory along with the 2015 and 2020 forecasts emissions shown in Figure 4 and 

Figure 5 were assumed to represent a business-as-usual (BAU) case. The forecast assumptions regarding age 

distributions and vehicle scrappage as described in Section 3.2.1 were assumed for this assessment. As was 

noted in that section, DPM emissions for the Canadian LFV are expected to drop from 274 to 58 tonnes between 

2010 and 2020 (a 77% reduction); during the same period, NOX emissions are expected to drop from 5,635 to 

1,996 tonnes (a 65% reduction). As previously indicated, the driver for this reduction is the retirement of older 

vehicles with newer less polluting models. 

It should be noted that a drawback of this analysis is that with only two forecast years shown, it becomes more 

challenging to identify P&P where the emission reductions happen much sooner. Unfortunately, emissions data 

for intermediate years (2011-2014, and 2016-2019) was not available at the time of this analysis; this gap 

potentially warrants further analysis in the future. 

As described in Section 3.2.2 and shown in Figure 9, the remote sensing device (RSD) study indicated that a 

fraction of vehicles in each model year have emission rates significantly higher than the required emission 

standards, as high as three times (or 300%) as much in some cases. The study also indicated that many vehicles 

emit at rates below the emission standards. The MOVES runs assumed engine deterioration occurs due to poor 

maintenance and tampering (see Section 3.2.1). In MOVES a single deterioration rate is applied to all vehicles in 

each model year but in aggregate is equivalent to the RSD results. 

The results from the RSD study were used to model the impact of an I/M program with cutpoints at different 

emission standard limits. Table 19 summarizes the 10 bins shown in Figure 9. The first entry represents the 

business-as-usual case where bin 1 shows that the cleanest 10% of vehicles emit only 15% of their model year 

emission standard (e.g., if the emission standard was 10 g/bhp-hr, these vehicles would only emit 1.5 g/bhp-hr). 

Looking at bin 10, the dirtiest 10% of vehicles would emit 300% of their MY emission standard (e.g., if 

10 g/bhp-hr, these vehicles would emit 30 g/bhp-hr). The second two entries in the table show the 2 modelled 
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cases with an I/M program in place. In the first case, the I/M cutpoint would be set at twice (or 200%) of the MY 

emission standard. This implies that the worst 20% of vehicles (in bins 9 and 10) would be fail the I/M test and 

would be repaired to their MY emission standard, such that bin 9 and 10 would now meet the MY emission 

standard. Note that vehicles in bin 8 still would not meet their MY emission standard but because their emissions 

are only 1.5 times the standard they would not fail the I/M test and would not be repaired. If the BAU case is 

assumed to have a scaling factor of 1.0, then the second entry (for 200%) has an emission scaling factor of 0.72, 

leading to a 27% emission reduction for the vehicle model years where the I/M program is applied. A similar 

discussion is possible with the third entry, resulting in an emission scaling factor of 0.68. 

Table 19: Emission decile bins used to evaluate impact of model inspection and maintenance programs. 

Decile bins 1 2 3 4 5 6 7 8 9 10 

Default emissions relative 
to emission standard 

15% 30% 50% 65% 80% 90% 100% 150% 200% 300% 

I/M cutpoint for 200% 
emission standard 

15% 30% 50% 65% 80% 90% 100% 150% 100% 100% 

I/M cutpoint for 100% 
emission standard 

15% 30% 50% 65% 80% 90% 100% 100% 100% 100% 

 

Figure 13 and Figure 14 summarize the DPM and NOX emission reductions of the BAU case as well as P&P 

options A through H. The comparisons shown in Figures 13 and 14 (and listed in Appendix VI) only include 

emissions from running exhaust (the vast majority of vehicle emissions are from running exhaust). All P&P 

options will result in additional emission reductions over the BAU case. The largest overall emissions reductions 

in both 2015 and 2020 were from policy F (pre-2010 age ban combined with I/M program). DPM and NOX 

emissions from running exhaust are forecast to drop by 78% and 71%, respectively, by 2020. If policy F is 

implemented, by 2020 DPM emissions would be reduced by 94% and NOX emissions by 86%, relative to 2010 

emissions. This corresponds in absolute terms to an additional drop of 36 tonnes of DPM, to 14 tonnes. For NOX 

this corresponds to an additional drop of 830 tonnes, to 719 tonnes. 
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Figure 13: DPM emissions under a business-as-usual case and the 8 emission reduction P&P options. 

 

 

Figure 14: NOX emissions under a business-as-usual case and the 8 emission reduction P&P options. 
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7 CONCLUSION AND RECOMMENDATIONS 

Metro Vancouver (MV) contracted the Environment and Water business unit of SNC-Lavalin Inc. (SNC-Lavalin) to 

conduct an evaluation of emission reduction policy options, which were summarized in this report. The goal of the 

project was defined as follows: 

Develop a prioritized list of targeted and focused policies or programs to reduce air emissions from heavy 

duty diesel vehicles operating in the Canadian Lower Fraser Valley. 

The project methodology was divided into four related tasks: determination of target populations, characterization 

of policy and program options, definition of evaluation criteria and finally evaluation of the selected options. 

The SNC-Lavalin project team reviewed the eight policies summarized in Section 6.3, considering their relative 

scoring during the workshop as well as the potential for emission reductions. In addition, as noted in the 

discussion of the business as usual case, emissions are highest now but are expected to drop over time due to 

normal attrition of older vehicles. Any delay in implementing new policies will have impacts on exposure to DPM 

and NOX, with the associated health issues. Therefore, ease of implementation is an important consideration 

when assessing these policies. 

Based on these criteria, the policies or programs recommended for consideration are as follows: 

 Policy C (I/M program): I/M programs are effective at reducing emissions and have relatively low business 

costs, which were the evaluation criteria with the largest importance weighting (see Section 5.3). Once 

the program has been approved, it could be implemented fairly quickly, perhaps as early as 2015. An I/M 

program will likely be viewed as more fair by the public and businesses since it targets the worst emitting 

vehicles. There is, however, a risk with using SHED/RSD since they are newer technologies and fewer 

implementations exist; effective program design would be critical to mitigate this risk. It should be noted 

that the evaluation described in this report focused on vehicles with engines older than 2007 model year; 

however, this exemption period is potentially long enough to provide an incentive for tampering. As such, 

a shorter exemption period (perhaps 3 years, similar to engine warranties) is recommended. 

 Policy G (variable registration and I/M program): This policy option is highlighted for similar reasons as 

above: effective emissions reductions and relatively low business costs. In addition, the variable 

registration component (i.e., varies by age of the HDDV) could also be implemented relatively quickly and 

would not be expected to have significant administrative costs. A variable fee structure would have to be 

set carefully and appropriately to ensure it provides an incentive for replacement. 
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The other policies have various challenges, as outlined in Appendix V. However, other P&P options are potentially 

worth further investigation and development: 

 All HDDVs to meet 2010 standards by 2020 (policies A, B, E, F and H): The implementation timeline for 

this policy (6 years) is likely too short to be feasible. From start to finish, a similar program in California 

will last 15 years (2008 to 2023). As such, to be feasible in BC the 2010 requirement would need to be 

delayed, perhaps to 2025. Unfortunately, this longer timeline reduces the emissions reduction impact of 

the policy. 

As a general recommendation, SNC-Lavalin also encourages MV and the DVS to consult with other stakeholders 

as these policies develop further, to ensure programs are designed as fairly and effectively as possible. 
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APPENDIX II 
 

Policy Goals 

This appendix summarizes the regional (Metro Vancouver and Fraser Valley Regional District) and provincial 

policy goals that relate to reducing diesel emissions. Table II-1 summarizes the policy goals. 

Table II-1:  Summary of policy goals in MV, FVRD and BC 

Policy 
or 

action 
number 

Description 

Metro Vancouver Integrated Air Quality and Greenhouse Gas Management Plan [24] 

1.1.1 
Explore measures and financing mechanisms to promote retrofits of on-road diesel engines and accelerate the 
use of cleaner alternative fuels in partnership with interested public and private on-road diesel fleet managers 
and senior levels of government. 

1.1.3 
Work with the AirCare Steering Committee and other partners to develop enhanced programs for inspection 
and maintenance of heavy-duty vehicles in the Lower Fraser Valley airshed. 

1.1.4 
Work with municipalities, health authorities, the Provincial government, and TransLink to develop air quality-
focussed land use planning and urban design guidelines that will minimize resident exposure to diesel 
emissions and other traffic-related air pollution.  

1.1.7 
Provincial and Federal Governments to enhance programs and provide funding to increase effectiveness of on-
road and non-road engine retrofits, increase the use of cleaner alternative fuels and promote uptake of new 
heavy duty diesel vehicles and fuel saving technologies, as per Actions 1.1.1, 1.1.2 and 1.1.3. 

1.1.8 
Provincial government to introduce a vehicle retirement program for heavy-duty diesel vehicles, similar to the 
BC SCRAP-IT® Program, which provides incentives for truck drivers to replace higher-polluting vehicles with 
newer, cleaner units. 

1.4.1 
Work with the provincial government, AirCare and the Fraser Valley Regional District to design and implement 
more effective and user-friendly emission inspection and maintenance programs for the most polluting light and 
heavy-duty vehicles. 

1.4.3 
Municipalities to work with Metro Vancouver to develop idling reduction programs, including consideration of 
adopting Metro Vancouver‟s model anti-idling bylaw. 

2.1.2 Investigate and implement measures that will reduce fine particulate to levels that improve visual air quality. 

3.1.1 
Develop and implement strategies and actions listed under Goal 1 of this Plan to reduce diesel particulate 
matter and wood smoke which are key contributors of black carbon. 

3.1.2 
Develop and implement strategies and actions listed under Goal 1 to reduce the precursors to ground-level 
ozone including nitrogen oxides from cars, trucks, and buses and volatile organic compounds from industrial, 
commercial, institutional and agricultural sources. 

3.3.8 
Federal and Provincial Governments to enhance financial incentives to promote cleaner, fuel-efficient heavy 
and light duty vehicle purchases and the adoption of new low-carbon and efficient vehicle technologies. 

3.3.9 
Provincial Government to expand support of Sustainable Fleet Management Programs (such as E3 and 
GreenFleets BC, IdleFree BC) as a central source for reducing emissions from private and public vehicle fleets. 

  



 

 

Table II-1 (Cont’d):  Summary of policy goals in MV, FVRD and BC 

Policy 
or 

action 
number 

Description 

3.3.10 
Provincial Government to extend the Greenhouse Gas (Vehicle Emissions Standard) Act to 2017 through 2025 
and incrementally increase the stringency of these standards. 

3.3.11 
The Provincial Government to investigate combining air contaminants and greenhouse gases into a coordinated 
vehicle emission standard and increase its stringency. 

3.3.13 
The Insurance Corporation of British Columbia, in consultation with TransLink and other stakeholders, to 
investigate an equitable distance-based insurance option that helps encourage drivers to drive fewer kilometres. 

3.3.14 
The Provincial Government, TransLink, and municipalities to enhance transportation demand management 
measures, including user road pricing, fuel efficient vehicle incentives and outreach programs.  

BC Air Action Plan [25] 

#2 Maintain the tax break on buying a hybrid-electric vehicle and implement tax breaks for fuel efficient vehicles. 

#3 Get more old cars off the road. 

#4 Build a province-wide anti-idling movement 

#5 Retrofit heavy duty diesel vehicles 

#6 Retrofit transit buses 

#7 Clean up school buses 

#8 Get AirCare OnRoad out to more communities 

#9 Get big diesels to stop idling. 

#10 Green vehicle fleets 

#11 Use biodiesel in government diesel vehicles 

Draft Fraser Valley Regional District Air Quality Management Plan [26] 

#2 Participate actively on regional air quality committees 

#13 Promote adoption of anti-idling bylaw by local governments 

#14 Encourage and participate in an LFV airshed diesel emission reduction program 

#15 Adopt a sustainable fleet management policy 

 

  



 

 

APPENDIX III 
 

Examples of Existing Policies and Programs  

Table III-1:  Summary of inspection/maintenance example: Ontario Drive Clean 

Program elements Descriptions 

General description 

 HD vehicles registered in Ontario are tested at accredited testing facilities across the province 
using the snap acceleration opacity test (see Table 8). 

 The maximum allowable opacity is 30%, except for commercial vehicles older than 1990, which 
can be 40%. Under the policy, all HD vehicles older than 7 years must be tested once a year. 
Vehicles that pass with an opacity of 20% only have to be tested every 2 years. 

 According to program support staff, most vehicles pass with opacity levels between 0 and 10% 
and failing vehicles have opacity levels around 50-60%. As such, there has been limited desire 
to lower the opacity limit. 

 As of September 16, 2013, approximately 1.66 million HDDVs have been tested through Drive 
Clean. Of those, 3.8% failed the test and had to be repaired.  

Target vehicle 
populations 

 Heavy duty vehicles (all fuels) 

 Light duty vehicles (all fuels) 

Exemptions 
 Historical vehicles 

 Emergency vehicles 

Implementation 
period 

1999 with HD updates introduced in 2011 (to included OBD systems in newer model engines) 

Compliance and 
enforcement 

 Inspection fees in metropolitan areas range between $60 and $100, with $15 of the fee being 
sent to the provincial government. 

Emissions 
reductions 

Drive Clean reduced PM emissions by 200-300 tonnes per year. 

Relation to other 
programs 

n/a 

Regulatory 
authorities 

Provincial 

Costs 
Total program cost (including LD vehicles, which account for the vast majority of program costs) to be 
determined. 

Consultation 
process 

Ministry officials conducted a consultation program with the Ontario Trucking Association prior to 
implementing the program. The Association largely represents fleet operators; as such, member 
vehicles tend to be newer and better maintained compared to individual owner/operators. 
Unfortunately, there was limited consultation with owner-operators, whose vehicles have tended to 
be older and less well maintained [27]. 

Benefits and 
shortcomings 

 The program likely had a negative impact on owner-operators, who are less able to afford newer 
equipment. There was no complementary program to provide assistance to replace or retrofit 
older vehicles. 

 Was a large one-size fits all program. Aside from age, did not target specific vehicle populations. 

Other comments 
The Drive Clean program includes a smoking vehicle hotline where members of the public can report 
smoking vehicles. According to program staff, approximately 2,200 calls are made to the hotline each 
year, split evenly between LD and HD vehicles. 

 

  



 

 

Table III-2: Summary of Retrofit Example: CARB SWCV Rule 

Program elements Descriptions 

General description 

Implemented in 2004 and updated in 2008, the policy encompasses all SWCVs in California. 
Contractors operating SWCV fleets are required to retrofit (or retire) their MY 2006 and earlier 
engines to meet phased-in PM targets by 2010. Fleet owners must maintain fleet records, to be 
supplied to CARB upon request. 

Target vehicle 
populations 

 All SWCVs and diesel-fuelled trucks over 14,000 lbs GVW, MYs 1960 – 2006, that collect 
waste for a fee. 

 SWCVs divided into Group 1 (MYs 1988 – 2002), Group 2 (MYs 1960 – 1987) and Group 3 
(MYs 2003 – 2006) for phased-in requirements. 

Exemptions  Alternative fuels can be used, with permission. 

Implementation 
period 

2004 – 2010, with extensions granted on a case by case basis. 

Compliance and 
enforcement 

Onroad inspections at landfill sites, review of fleet records submitted to CARB. 

Emissions 
reductions 

For the vehicle class, PM emissions now at, or near MY 2007 standards . 

Relation to other 
programs 

C RB‟s Onroad Heavy Duty Diesel  rogram, including the HDV Inspection  rogram (I ), as well as 
the Truck and Bus Rule. Also linked with C RB‟s Verified Technologies program. 

Regulatory 
authorities 

CARB 

Costs 
Difficult to estimate. Program has full time compliance and management staff and benefits from other 
programs CARB maintains (e.g., Verified Technologies). 

Consultation 
process 

Consultation occurred over an approximate 1 year process. 

Benefits and 
shortcomings 

Benefits 

 High predictability of emission reductions for mandatory programs. 

 Potential emission reductions are large. 

 Target population is „captured‟ so management of the program is simplified. 

Shortcomings 

 Requires coordination with municipal offices to identify contractors (not considered a 
significant burden). 

 May be financial burden on smaller contractors (depending on phasing of requirements). 

 Requires technical guidance for appropriate technologies. 

 May result in offending vehicles being sold into other districts/regions. 

 As of 2013, fines are still being levied for contractors that are not in compliance with the rule 
[28]. 

Other comments 
Since SWCVs can have expensive infrastructure (e.g., hydraulic lifters), older engines have been 
retrofitted down to 1994 – 96 MYs within the program. Vehicles older than this tend to undergo 
engine replacement or to be replaced altogether (including being sold out of state) 

 
 
  



 

 

Table III-3: Summary of Purchase/Replacement Example: CARB Transit Fleet Vehicle Rule 

Program elements Descriptions 

General description 
A transit fleet emissions requirement to meet total PM reductions and average fleet NOx emission 
rates by 2007 and 2010. Program allows use of alternative fuels and retrofits in addition to 
replacement. 

Target vehicle 
populations 

 Transit vehicles operated by public transit agencies, less than   ‟ in length and   ,    
GVWR, including service vehicles, tow trucks and buses of different purposes (charter, 
commuter, urban etc.). 

 Powered by diesel or alternative fuel. 

Exemptions  Vehicles less than 8,500 GVWR. 

Implementation 
period 

2006 – 2010 

Compliance and 
enforcement 

Review of fleet records and registration data. 

Emissions 
reductions 

Reductions in total fleet DPM of 80% from 2005 to 2010. 

Relation to other 
programs 

C RB‟s Onroad Heavy Duty Diesel  rogram. 

Regulatory 
authorities 

CARB 

Costs In progress 

Consultation 
process 

In progress 

Benefits and 
shortcomings 

Benefits 

 A “captured” vehicle population reduces management effort. 

 Program prompts action for the oldest and highest emitting vehicles. 

 Allows flexibility for fleet managers to hit the emission reduction targets. 

Shortcomings 

 May require significant cost to transit agencies. 

May result in transit vehicles being sold to outside districts/regions. 

  



 

 

Table III-4:  Summary of driving restriction example: Stockholm Low Emission Zone 

Program elements Descriptions 

General description 

Sweden was the first country to introduce LEZs, with the passage of the Swedish Road Traffic 
Ordinance in 1998. The goal of these programs was to accelerate natural fleet turnover by banning 
older more polluting models from driving inside a defined geographic area (the LEZ) within the city. 

In general, HDVs can be driven for up to 6 years from the year of registration. Vehicles with newer 
emission standards (Euro 2 and up; see Appendix A) can be driven for longer periods of time. Over 
time, older model vehicles are banned from driving inside the LEZ; for example, Euro 1 and 2 HDVs 
are no longer allowed within the LEZ in Stockholm. Retrofits approved by the Swedish Transport 
Agency can be installed to bring vehicles in line with newer standards. 

Target vehicle 
populations 

 Older vehicle populations. 

 HD vehicles (GVWR > 3,500 kg), buses and commercial vehicles 

Exemptions 

 Emergency vehicles 

 Vintage vehicles 

 Military vehicles 

 Some roads. 

Implementation 
period 

1998 

Compliance and 
enforcement 

 In terms of enforcement, vehicles driving in the LEZ without proper registration are fined by 
police. 

 Compliance rate is approximately 90%. 

Emissions 
reductions 

A study of the program indicated that the HDV emissions of PM and NOX were reduced by 40% and 
10%, respectively, relative to the emissions that would have occurred without the LEZ. 

Relation to other 
programs 

n/a 

Regulatory 
authorities 

National traffic ordinance legislation allowing cities to implement LEZ, followed by municipal by-law 

Costs Administration costs reported to be low. 

Benefits and 
shortcomings 

 The policy has proven effective at reducing emissions while only producing a minor increase 
in transportation costs. 

 High compliance rate. 

 
  



 

 

Table III-5:  Summary of vehicle standards example: Ontario mandatory truck speed limiter legislation 

Program elements Descriptions 

General description 
Target vehicles have to install speed limiters set to speed of 105 km/h [29]. The goal of the legislation 
is to reduce fuel consumption (which, in turn, would reduce PM and NOX emissions) and improve 
road safety. 

Target vehicle 
populations  HDVs built after 1994 with GVWR greater than 26,000 lbs (11,800kg). 

Exemptions 
 Buses 

 Emergency vehicles 

Implementation 
period 

Regulation passed in 2008, came into effect in 2009. 

Compliance and 
enforcement 

 The legislation is enforced by police and Ministry of Transport officers using portable 
electronic testing units 

 As of April 2012, approximately 3000 fines (each about $500) have been issued for non-
compliance. 

Emissions 
reductions 

None reported. 

Relation to other 
programs 

n/a 

Regulatory 
authorities 

Provincial (Ontario Highway Traffic Act) 

Benefits and 
shortcomings 

 In the first year after implementation, there was a 24% drop in truck related fatalities 

 The legislation was challenged in 2012 in court by an HDDV owner-operator. The Ontario 
Trucking Association (which mostly represents large fleets) supports the speed limiter rule 
but owner-operators are largely against it. The legislation is still in place and the case is 
under appeal. 

 
 
  



 

 

Table III-6:  Summary of Education Example: E3 Fleet Program 

Program elements Descriptions 

General description 
The program, directed to larger fleet owners, aims to reduce emissions through greater efficiency and 
fleet management. 

Target vehicle 
populations 

Onroad commercial and public vehicle fleets, usually HDDV. 

Exemptions n/a 

Implementation 
period 

2006 – current 

Compliance and 
enforcement 

Review of fleet records, including fuel consumption. 

Emissions 
reductions 

Varies by fleet. Program focuses on continuous improvement rather than numerical targets. For 82 
fleets assessed, a current reduction of 21 tonnes/year of GHGs is reported. 

Relation to other 
programs 

Fraser Basin Council 

Regulatory 
authorities 

n/a 

Costs Program is supported by member dues. Currently, the equivalent of two full time staff are supported. 

Consultation 
process 

Through conferences and workshops, including meetings with interested fleet operators. 

Benefits and 
shortcomings 

Benefits 

 Self supporting through member dues 

 Emissions reductions that go beyond regulatory actions 

Shortcomings 

 Emission reductions may be low in aggregate terms 

 Focus on fuel consumption and GHGs and not specific air contaminants 

 
 
  



 

 

Table III-7:  Summary of vehicle standards example: US EPA Ultra-low sulphur diesel regulations 

Program elements Descriptions 

General description 
Legislation to reduce sulphur content in diesel to 15ppm (from 500ppm); authority to regulate is 
derived by the EPA from the Clean Air Act. 

Target vehicle 
populations 

Onroad diesel vehicles 

Exemptions None 

Implementation 
period 

EPA regulations were passed mandating ULSD in 2001. Refiners were required to start producing 
ULSD in June 2006. By September 2006, all onroad diesel sold in the USA had to meet the ULSD 
standard 

Compliance and 
enforcement 

Refineries were unable to sell their diesel fuel unless they complied with the ULSD requirements. 

Emissions 
reductions 

Combined with new model engines, the EPA estimated that ULSD will reduce diesel vehicle 
emissions by 90 percent by 2030. 

Relation to other 
programs 

Ultra-low sulphur diesel enabled the 2007 requirements around catalyst-based emission control 
devices, such as diesel particulate filters and NOx adsorbers. 

Regulatory 
authorities 

Federal 

Costs 
Approximately $4 billion per year in increased costs but expected benefit in public health and 
environment of approximately $70 billion per year. 

Consultation 
process 

The EPA provided significant lead time for refiners and other parties to ensure a smooth transition. 
Special hardship provisions were provided to small refineries. Workshops and technology review 
panels were organized, and several technical amendments were issued based on these 
consultations. 

 
  



 

 

APPENDIX IV 
 

Provisional set of Evaluation Criteria 

Table IV-1:  Provisional set of evaluation criteria for prioritization of HD diesel policy options 

Evaluation criteria Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Weighting 

Aggregate emissions 
reduction of DPM and 
NOX 

2% reduction 5% reduction 
10% 
reduction 

25% 
reduction 

75% 
reduction 

1 

Reduction in public 
exposure to TRAP 

2% reduction 5% reduction 
10% 
reduction 

25% 
reduction 

75% 
reduction 

1 

Administrative program 
costs 

Very high High Average Minimal None 1 

Business program costs Very high High Average Minimal None 1 

Level of political 
acceptability 

Very low Low Moderate High Very high 1 

Level of public 
acceptability 

Very low Low Moderate High Very high 1 

Level of stakeholder 
acceptability 

Very low Low Moderate High Very high 1 

Level of technical 
achievability 

Technology 
does not 
exist 

Very 
challenging 

Not very 
challenging 

 Technology 
under devel-
opment 

Technology 
proven 

1 

Level of technical 
reliability 

New tech. - 
unknown 
reliability 

Unreliable 
Somewhat 
reliable 

Reliable  Technology in use for 10+ years 1 

Number of vehicle 
populations targeted by 
policy 

None 1-2 3 4-5 All 1 

Regulatory authority No authority Inter-national Federal Provincial 
Regional/ 
municipal 

1 

Likelihood of legal 
challenges 

Almost 
certain 

Very 
probable 

Probable Unlikely Very unlikely 1 

Ease of enforcement/ 
compliance 

No known 
mechanism 

Very difficult Difficult Simple Very simple 1 

Co-benefits None Minimal Average High Very high 1 

Enables future programs None Minimal Average High Very high 1 

Consistency with policy 
goals and other existing 
programs 

None Minimal Average High Very high 1 

Impacts on neighboring 
jurisdictions 

Very high High Average Minimal None 1 



 

 

Evaluation criteria Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Weighting 

Implementation timeline 
Very long (5+ 
years) 

 Long (3-5 
years) 

Moderate (1-
2 years) 

Short (0.5 – 1 
years) 

Very short 
(<6 months) 

1 

Negative impacts Very high High Average Minimal None 1  

Equal treatment of 
businesses 

Very unequal Unequal Moderate Equal Very equal 1  

Level of consultation 
required 

Very high High Average Minimal None 1 

 
  



 

 

APPENDIX V 
 

Workshop policy and program options 

Table V-1: Policy option 1 - Purchase/replacement/retrofit conservative 

Policy name Refuse fleets to meet 2007 standards  

Type Purchase/replacement – mandatory, Retrofit – mandatory 

Target population 
 Refuse trucks older than 2007 (500 in 2010, 120 in 2020) 

 Vehicles registered in LFV 

Policy description 
Refuse trucks registered in LFV must meet 2007 emission standards by 2019, through either 
purchase/replacement or retrofits. 

Emission reductions 
2020 DPM emissions 0.2% lower than without policy (7% within population). 

2020 NOX emissions 0.1% lower than without policy (3.7% within population). 

Implementation Phased-in over 4 year period, starting in 2015. 

Legislation Likely provincial legislation, specifically for Canadian portion of LFV. 

Costs 

Minimal program administration costs (no incentives) 

Extremely high business capital costs (~$250,000 for new vehicles, $12,000 for appropriate 
retrofits) 

Consistency with policy 
goals 

MV: 1.1.1, 1.1.7, 1.1.8, 2.1.2, 3.1.1, 3.1.2, 3.3.8, 3.3.11 

BCAir: 2, 3, 5, 6, 7 

FVRD: 14 

Enforcement/ compliance Requirement of vehicle registration. 

Examples from similar 
jurisdictions 

Washington HD program 

Benefits & shortcomings 

 Expensive program for businesses. 

 Expensive program for government (incentives) 

 Measurable emissions savings. 

 Vehicle operators might register their vehicles elsewhere, or sell out of region. 

 Program has planned end date. 

 

  



 

 

Table V-2: Policy option 2 - Purchase/replacement/retrofit intermediate 

Policy name Vocational HDDV retrofit program 

Type Retrofit – mandatory 

Target population 
 Vocational fleet HDDVs (5,100 in 2010; 6,400 in 2020) 

 Vehicles registered in LFV 

Policy description Vocation fleet HDDV to meet 2010 standards by 2019. 

Emission reductions 

Ballpark assumes that retrofits meet 2007 standards for PM and NOX: 

 2020 DPM emissions 2.4% lower than without policy (11.1% within population). 

 2020 NOX emissions 2.3% lower than without policy (10.6% within population). 

Implementation Phased-in over 4 year period, starting in 2015. 

Legislation Likely provincial legislation, specifically for Canadian portion of LFV. 

Costs 
Moderate business capital costs ($12,000 for appropriate retrofits) 

Limited program administration costs 

Consistency with policy 
goals 

MV: 1.1.1, 1.1.7, 1.1.8, 2.1.2, 3.1.1, 3.1.2, 3.3.8, 3.3.11 

BCAir: 2, 3, 5, 6, 7 

FVRD: 14 

Enforcement/ compliance I/M program. 

Examples from similar 
jurisdictions 

Washington HD program 

Benefits & shortcomings 

 Expensive program for businesses. 

 Measurable emissions savings. 

 Vehicle operators might register their vehicles elsewhere, or sell out of region. 

 Program has planned end date. 

 

  



 

 

Table V-3: Policy option 3 – Purchase/replacement/retrofit aggressive 

Policy name DVs to meet 2010 standards  

Type Purchase/replacement – mandatory 

Target population 
 All DVs with registered GVW > 5000 kg (29,000 in 2010; 35,000 in 2020) 

 Vehicles registered in LFV 

Policy description 
All DVs registered in LFV must meet 2010 emission standards by 2017, through either 
purchase/replacement or retrofits. 

Emission reductions 
2020 DPM emissions 12% lower than without policy (12% within population). 

2020 NOX emissions 6% lower than without policy (6% within population). 

Implementation Phased-in over 4 year period, starting in 2013. 

Legislation Likely provincial legislation, specifically for Canadian portion of LFV. 

Costs 

Minimal program administration costs (no incentives) 

Extremely high business capital costs (~$250,000 for new vehicles, $12,000 for appropriate 
retrofits) 

Consistency with policy 
goals 

MV: 1.1.1, 1.1.7, 1.1.8, 2.1.2, 3.1.1, 3.1.2, 3.3.8, 3.3.11 

BCAir: 2, 3, 5, 6, 7 

FVRD: 14 

Enforcement/ compliance Requirement of vehicle registration.  

Examples from similar 
jurisdictions 

CA Truck and Bus Rule (2008), which contains HDDVs > 14,000 lbs, fleet operators and 
owner/operators. A very large outreach program was developed to support this rule 

Benefits & shortcomings 

 Expensive program for businesses. 

 Significant emissions savings. 

 Vehicle operators might register their vehicles elsewhere, or sell out of region. 

 Program has planned end date. 

 

  



 

 

Table V-4: Policy option 4 – I/M conservative 

Policy name I/M for older HHDDVs - RSD  

Type I/M – mandatory 

Target population 

 HHDDVs (13,000 in 2010; 16,700 in 2020) 

 Older than 7 years old (of above: 11,000 in 2010; 2,800 in 2020) 

 Registered in LFV 

 Worst 10% of emitters 

Policy description 

All HHDDV vehicles registered in LFV are inspected using RSD with conservative cut point of 
RSD study. Only vehicles older than 7 years old are tested. Vehicles identified as high 
emitters in one of two measurements would be flagged, and have to be repaired and re-
tested. 

Emission reductions 

Assuming vehicles repaired to average emission level of their model year, and entire target 
population captured*: 

 2020 DPM emissions 2.5% lower than without policy (9% within population) 

 2020 NOX emissions 2.5% lower than without policy (9% within population) 

Implementation Starts in 2015. 

Legislation Likely provincial legislation, specifically for Canadian portion of LFV. 

Costs 

 Approximately $2 million a year to operate the program (including capital costs). 

 Non-invasive test so no business costs for testing; only cost would be for repairs 
(~$1,000 to $10,000). 

Consistency with policy 
goals 

MV: 1.1.3, 1.4.1, 2.1.2, 3.1.1, 3.1.2,  

BCAir: 8 

FVRD: 14 

Enforcement/ compliance Vehicles cannot renew registration without positive test result. 

Examples from similar 
jurisdictions 

 No RSD programs nearby 

 Opacity test used by ACOR, Washington state and Oregon (light duty only). 

Benefits & shortcomings 

 Targets worst emitting vehicles. 

 Non-invasive test but readings ignored if vehicle duty cycle is not appropriate. 

 Without secondary confirmation, some vehicles might be erroneously flagged for 
repair. 

* Emission reductions assume effect listed in RSD study is equivalent in the future. 

 

  



 

 

Table V-5: Policy option 5 – I/M aggressive 

Policy name I/M for DVs– RSD, Tunnel, OBD and visual checks 

Type I/M – mandatory 

Target population 

 DVs with registered GVW > 5,000 kg (29,000 in 2010; 35,000 in 2020)  

 Vehicles registered in BC 

 Worst 10% of emitters 

Policy description 

All DVs registered in LFV must be tested once a year using RSD system, with standard cut 
point of RSD study. DVs that are identified as being clean would not require further testing. 
Vehicles that do not pass clean screen or having too many invalid readings have to be tested 
with tunnel setup. During the tunnel tests, additional inspections would include OBD and 
visual checks. 

Emission reductions 

Assuming vehicles repaired to average emission level of their model year, and entire target 
population captured*: 

 2020 DPM emissions 23% lower than without policy (23% within population) 

 2020 NOX emissions 16% lower than without policy (16% within population) 

Implementation Starts in 2015. 

Legislation Likely provincial legislation, specifically for Canadian portion of LFV. 

Costs 

 Approximately $4 million a year to operate the program (including capital costs). 

 Higher business cost since there would be additional fees for tunnel tests ($100 - 
$500), as well as some lost working time. Repairs would be additional cost. 

Consistency with policy 
goals 

MV: 1.1.3, 1.4.1, 2.1.2, 3.1.1, 3.1.2 

BCAir: 8 

FVRD: 14 

Enforcement/ compliance 
 Vehicles cannot renew registration without positive test result. 

 Fines for vehicles that fail test (refunded after successful test). 

Examples from similar 
jurisdictions 

 No RSD programs nearby 

 Opacity test used by ACOR, Washington state and Oregon (light duty only). 

Benefits & shortcomings 

 Targets worst emitting vehicles. 

 Non-invasive test. 

 Tunnel tests more rigorous than opacity tests. 

* Emission reductions assume effect listed in RSD study is equivalent in the future. 

 

  



 

 

Table V-6: Policy option 6 – Shorepower (not bookended) 

Policy name Shorepower for long-haul trucks 

Type Fuel switching – voluntary 

Target population  Long haul HHDDVs (8,450 in 2010, 11,000 in 2020) 

Policy description Install shore power at all trucks stops in LFV (more in FVRD). 

Emission reductions 

Assuming 10% penetration: 

 2020 DPM emissions 0.2% lower than without policy (1% within population) 

 2020 NOX emissions 2% lower than without policy (7% within population) 

Implementation 5 – 10 year installation timeline 

Legislation None required 

Costs 

Fuel savings: ~ $6000 per vehicle per year 

Retrofit cost: $100 - $8000 

Administrative installation cost: Very high 

Consistency with policy 
goals 

MV: 1.1.4, 1.4.3, 2.1.2, 3.1.1, 3.1.2, 3.3.8 

BCAir: 4, 9 

FVRD: 13, 14 

Enforcement/ compliance None required – voluntary program 

Examples from similar 
jurisdictions 

Shorepower (private company) has 100s in USA; one shorepower unit installed near Peace 
Arch. 

Benefits & shortcomings 

 Can produce significant benefits in NOX reductions. 

 Requires a critical density of electrified truck stops before truckers would start using 
in significant quantities. 

 

  



 

 

Table V-7: Policy option 7 – Conservative fuel switching  

Policy name Natural gas fuel switching 

Type Fuel standards – voluntary 

Target population 
 Buses and refuse trucks (5,350 in 2010, 6,100 in 2020) 

 Fleet operators (of above: ~50% of DVs) 

Policy description 
Bus and refuse trucks are offered financial incentives (50% of new engine) to switch pre-2010 
engines to LNG. 

Emission reductions 

Assume 5% of fleet replaced – equivalent to 2010 emission standards: 

 2020 DPM emissions 1.1% lower than without policy (11.3% within population) 

 2020 NOX emissions 0.2% lower than without policy (2% within population) 

Implementation Starts in 2015, 5-year program funding. 

Legislation Provincial funding program; sufficient funding for 5% of LFV fleets. 

Costs 
LNG engine costs $75,000 to $90,000 

Incentive cost: $12 million 

Consistency with policy 
goals 

MV: 1.1.1, 1.1.7, 1.1.8, 2.1.2, 3.1.1, 3.1.2, 3.3.8, 3.3.14 

BCAir: 2, 7, 9 

FVRD: 14 

Enforcement/ compliance None required. 

Examples from similar 
jurisdictions 

Fortis BC has a natural gas incentive program that covers 75% of vehicle capital costs. 

Benefits & shortcomings 

 Free rider concerns (fuel switch must be permanent) – likely a limited problem for 
heavy duty vehicles. 

 LNG has lower GHG emission rate 

 

  



 

 

Table V-8: Policy option 8 – Aggressive fuel switching  

Policy name Natural gas fuel switching 

Type Fuel switching – mandatory 

Target population HDDV vehicles, class 4-8 (23,600 in 2010; 29,800 in 2020) 

Policy description HDDV vehicles must switch to natural gas engines by 2020. 

Emission reductions 

Assume equivalent to 2010 emission standards: 

 2020 DPM emissions 11.1% lower than without policy (12.9% within population) 

 2020 NOX emissions 5.3% lower than without policy (6.2% within population) 

Implementation Starts in 2015, 5 year transition period. 

Legislation Provincial legislation with support from Fortis. 

Costs Significant costs to operators (LNG engine costs $75,000 to $90,000) 

Consistency with policy 
goals 

MV: 1.1.1, 1.1.7, 1.1.8, 2.1.2, 3.1.1, 3.1.2, 3.3.8, 3.3.14 

BCAir: 2, 7, 9 

FVRD: 14 

Enforcement/ compliance Registration requirement. 

Examples from similar 
jurisdictions 

Fortis BC has a natural gas incentive program that covers 75% of vehicle capital costs. 

Benefits & shortcomings 

 Free rider concerns (fuel switch must be permanent) – likely a limited problem for 
heavy duty vehicles. 

 LNG has lower GHG emission rate 

 

  



 

 

Table V-9: Policy option 9 – Conservative driving restriction 1 

Policy name Variable registration HDDVs 

Type Driving restriction – mandatory 

Target population HDDVs, class 4 – 8 (23,600 in 2010; 29,800 in 2020) 

Policy description 
Older HDDVs face an increased registration cost, unless vehicles installed with approved 
retrofit. 

Emission reductions 

Assume 5% of vehicles older than 2004 are replaced or receive retrofits to 2010 emission 
standards: 

 2020 DPM emissions 0.3% lower than without policy (0.4% within population) 

 2020 NOX emissions 0.3% lower than without policy (0.2% within population) 

Implementation Starts in 2015, no end date. 

Legislation ICBC program for vehicles registered in D, E, H, Z 

Costs 

Registration costs: $4/hp for vehicles older than 2004, increasing $2 each year 
(approximately $1,000 per engine per year).  

Administration costs: Approximately $1 million (assumed equivalent to non-road diesel bylaw 
administration costs) 

Consistency with policy 
goals 

MV: 1.1.1, 1.1.3, 1.1.7, 1.1.8, 2.1.2, 3.1.1, 3.1.2, 3.3.8, 3.3.13, 3.3.14 

BCAir: 2, 5, 6, 7, 10 

FVRD: 14 

Enforcement/ compliance 
 ICBC registration program 

 I/M RSD program to check for approve retrofits. 

Examples from similar 
jurisdictions 

Similar to non-road diesel bylaw 

Benefits & shortcomings 

 Simple program with moderate administration costs. 

 Fee may not be high enough to induce vehicle replacements. 

 Can be expanded in the future to include newer vehicle types. 

 Older model vehicles could be sold into neighbouring jurisdictions. 

 

  



 

 

Table V-10: Policy option 10 – Aggressive driving restriction 1 

Policy name Variable registration all DVs 

Type Driving restriction – mandatory 

Target population All DVs with registered GVW above 5,000kg. 

Policy description Older DVs face an increased registration cost, unless vehicles installed with approved retrofit. 

Emission reductions 

Assume 20% of vehicles older than 2004 are replaced or receive retrofits to 2010 emission 
standards: 

 2020 DPM emissions 1.3% lower than without policy (1.3% within population) 

 2020 NOX emissions 1.1% lower than without policy (1.1% within population) 

Implementation Starts in 2015, no end date. 

Legislation ICBC program for vehicles registered in D, E, H, Z 

Costs 

Registration costs: $10/hp for vehicles older than 2004, increasing $5 each year 
(approximately $3000 per engine per year).  

Administration costs: Approximately $1 million (assumed equivalent to nonroad diesel bylaw 
administration costs) 

Consistency with policy 
goals 

MV: 1.1.1, 1.1.3, 1.1.7, 1.1.8, 2.1.2, 3.1.1, 3.1.2, 3.3.8, 3.3.13, 3.3.14 

BCAir: 2, 5, 6, 7, 10 

FVRD: 14 

Enforcement/ compliance 
 ICBC registration program 

 I/M RSD program to check for approve retrofits. 

Examples from similar 
jurisdictions 

Similar to non-road diesel bylaw 

Benefits & shortcomings 

 Simple program with moderate administration costs. 

 Fee may not be high enough to induce vehicle replacements. 

 Can be expanded in the future to include newer vehicle types. 

 Older model vehicles could be sold into neighbouring jurisdictions. 

 

  



 

 

Table V-11: Policy option 11 – Conservative driving restriction 2 

Policy name Road pricing 

Type Driving restriction – mandatory 

Target population HHDDVs (class 7 – 8) 

Policy description 
HHDDVs driving in major highways are photographed upon entry and exit. Vehicles pay 
variable registration cost based on vehicle age. 

Emission reductions 

Assume 5% of vehicles older than 2004 are replaced or receive retrofits to 2010 emission 
standards: 

 2020 DPM emissions 0.1% lower than without policy (0.2% within population) 

 2020 NOX emissions 0.1% lower than without policy (0.2% within population) 

Implementation Starts in 2015, no end date. 

Legislation Metro Vancouver bylaw with ICBC support/cooperation 

Costs 
 Daily charge: $200-300, depending on vehicle size (similar to London LEZ) 

 Administration costs: Quite high (operation plus cost of camera installation) 

Consistency with policy 
goals 

MV: 1.1.1, 1.1.3, 1.1.7, 1.1.8, 2.1.2, 3.1.1, 3.1.2, 3.3.8, 3.3.13, 3.3.14 

BCAir: 2, 5, 6, 7, 10 

FVRD: 14 

Enforcement/ compliance 

 Fines for not paying registration 

 Denial of vehicle registration if fines not paid. 

 I/M program 

Examples from similar 
jurisdictions 

Similar to nonroad diesel bylaw 

Benefits & shortcomings 

 Fee may not be high enough to induce vehicle replacements. 

 Can be expanded in the future to include newer vehicle types. 

 Older model vehicles could be sold into neighbouring jurisdictions. 

 Vehicles might avoid major roads, thereby increasing emissions on more residential 
areas. 

 

  



 

 

Table V-12: Policy option 12 – Aggressive driving restriction 2 

Policy name Road pricing 

Type Driving restriction – mandatory 

Target population HDDVs (class 4 – 8) 

Policy description 
HDDVs driving in major highways are photographed upon entry and exit. Vehicles pay 
variable registration cost based on vehicle age. 

Emission reductions 

Assume 20% of vehicles older than 2004 are replaced or receive retrofits to 2010 emission 
standards: 

 2020 DPM emissions 0.9% lower than without policy (1.2% within population) 

 2020 NOX emissions 0.8% lower than without policy (1.0% within population) 

Implementation Starts in 2015, no end date. 

Legislation Metro Vancouver bylaw with ICBC support/cooperation 

Costs 

 Daily charge: $1000 - 2000, depending on vehicle size (much higher than London 
LEZ) 

 Administration costs: Quite high (operation plus cost of camera installation) 

Consistency with policy 
goals 

MV: 1.1.1, 1.1.3, 1.1.7, 1.1.8, 2.1.2, 3.1.1, 3.1.2, 3.3.8, 3.3.13, 3.3.14 

BCAir: 2, 5, 6, 7, 10 

FVRD: 14 

Enforcement/ compliance 

 Fines for not paying registration 

 Denial of vehicle registration if fines not paid. 

 I/M program 

Examples from similar 
jurisdictions 

Similar to nonroad diesel bylaw 

Benefits & shortcomings 

 Fee may not be high enough to induce vehicle replacements. 

 Can be expanded in the future to include newer vehicle types. 

 Older model vehicles could be sold into neighbouring jurisdictions. 

 Vehicles might avoid major roads, thereby increasing emissions on more residential 
areas. 

 

  



 

 

Table V-13: Policy option 13 – Conservative vehicle standard (not bookended) 

Policy name Glider kit restriction for HDDVs 

Type Vehicle standard – mandatory 

Target population HDDVs (class 4 – 8) 

Policy description 
Engines older than the chassis by 1 year cannot be installed in HDDVs in BC, for any chassis 
older than 2008. 

Emission reductions 

Assume 10% glider kit penetration, using 5 year old engines: 

 2020 DPM emissions 3.1% higher than without policy (3.7% within population) 

 2020 NOX emissions 2.5% higher than without policy (2.8% within population) 

Implementation Starts in 2015, no end date. 

Legislation Provincial legislation 

Costs 

 Likely minimal administration costs (CVSE/ACOR training initially) 

 Business costs are higher since older engines are more economical (approximately 
$40,000 for newer engine). 

Consistency with policy 
goals 

MV: 1.1.3, 1.1.7, 1.1.8, 1.4.1, 2.1.2, 3.1.1, 3.1.2 

BCAir: n/a 

FVRD: 14 

Enforcement/ compliance 
 Existing CVSE program to check  

 Integrated with I/M program. 

Examples from similar 
jurisdictions 

n/a 

Benefits & shortcomings 
 Older engines could be sold into neighboring jurisdictions. 

 Potential for legal challenges. 

 
  



 

 

APPENDIX VI 
 

Final policy and program options 

Table VI-1:  Detailed description of policy and program option A 

Policy name 2010 standards with no incentives. 

Policy description 

All HDDVs registered in Canadian LFV must meet 2010 emission standards by 2020. Vehicles 
could meet 2003 standards with retrofits but for 2010 standards no retrofits exist so HDDVs must be 
replaced or re-powered. No new incentives (i.e., not counting FortisBC) are included. Fuel switching 
to natural gas engines is permissible since new natural gas engines meet 2010 standards. 

Implementation 
Phased-in over 5 year period. Starting in 2015 HDDVs must meet 2003 standards. By 2020, 
HDDVs must meet 2010 standards. 

Enforcement Older model vehicles cannot be registered in LFV. 

Uptake 
Without an inspection program or new incentives, uptake would be less than 100%. For the 
emission reductions, uptake of 60% was assumed. 

Emission 
reductions relative 
to BAU 

 DPM: 5% by 2015, 41% by 2020. 

 NOX: 4% by 2015, 28% by 2020. 

Legislation Likely provincial legislation, specifically for Canadian portion of Canadian LFV. 

Costs 

 Minimal program administration costs 

 Extremely high business capital costs (~$250,000 for new vehicles, $40,000 for new 
engines, $80,000 for new LNG engines, $3,000 for pre-2006 retrofits) 

Examples from 
similar jurisdictions 

 California Truck and Bus Rule employs a staggered approach to reach 2010 emission 
standards. Requires HDDVs to install PM retrofits to pre-2006 vehicles by 2014. Starting in 
2015, pre-1994 HDDVs must be replaced with 2010 MY engines; by 2023 all pre-2009 
HDDVs must meet 2010 standards. Program started in 2008 but will not reach full 
implementation until 15 years later. A very large outreach program was developed to 
support this rule. Small fleets (1-3 vehicles) could apply for exemptions under certain 
conditions. 

 FortisBC has a natural gas incentive program that covers 70% of the incremental capital 
cost of a qualifying natural gas vehicle versus an equivalent diesel vehicle. Vehicles must 
be driven 75% of the time in BC and operators must purchase their fuel from FortisBC. 
The program is scheduled to expire in March 31, 2017. 

Benefits & 
shortcomings 

 Expensive program for businesses but relatively inexpensive for administration. 

 Substantial emissions reductions, assuming 80% uptake. 

 Vehicle operators might register their vehicles elsewhere, or sell out of region. 

 The implementation period is short compared to the California program. 

 Potentially perceived as unfair: penalizes vehicle operators that properly maintain older 
MY vehicles. 

 Similar programs have been implemented in other jurisdictions, which reduces risks to 
program success. Without an I/M program there is a risk that vehicle operators might 
avoiding complying with the policy. 

  



 

 

Table VI-2:  Detailed description of policy and program option B 

Policy name 2010 standards with incentives. 

Policy description 

All HDDVs registered in Canadian LFV must meet 2010 emission standards by 2020. Vehicles 
could meet 2003 standards with retrofits but for 2010 standards no retrofits exist so HDDVs must be 
replaced or re-powered. New incentives (i.e., not counting FortisBC) are included. Fuel switching to 
natural gas would be permitted since new natural gas engines meet 2010 standards. 

Implementation 
Phased-in over 5 year period. Starting in 2015 HDDVs must meet 2003 standards. By 2020, 
HDDVs to meet 2010 standards.  

Enforcement Older model vehicles cannot be registered in the Canadian LFV. 

Uptake With new incentives included, uptake assumed to be 80%. 

Emission 
reductions relative 
to BAU 

DPM: 7% by 2015, 54% by 2020. 

NOX: 6% by 2015, 38% by 2020. 

Legislation Likely provincial legislation, specifically for the Canadian LFV. 

Costs 

 Extremely high business capital costs (~$250,000 for new vehicles, $40,000 for new 
engines, $80,000 for new LNG engines) 

 High administration costs in the form of incentives ($2,000-3,000 for retrofits, $20,000 or 
more for new engines) 

Examples from 
similar jurisdictions 

 California Truck and Bus Rule employs a staggered approach to reach 2010 emission 
standards. Requires HDDVs to install PM retrofits to pre-2006 vehicles by 2014. Starting in 
2015, pre-1994 HDDVs must be replaced with 2010 MY engines; by 2023 all pre-2009 
HDDVs must meet 2010 standards. Program started in 2008 but will not reach full 
implementation until 15 years later. A very large outreach program was developed to 
support this rule. Small fleets (1-3 vehicles) could apply for exemptions under certain 
conditions. 

 California Carl Moyer program (operating since 1998) provides funding between $20,000 
and $60,000 for HDDV replacement based on NOX emission standard of engine. Program 
has funding $210 million in upgrades since 2009 (approximately $60 million per year) 

 FortisBC has a natural gas incentive program that covers 70% of the incremental capital 
cost of a qualifying natural gas vehicle versus an equivalent diesel vehicle. Vehicles must 
be driven 75% of the time in BC and operators must purchase their fuel from FortisBC. 
The program is scheduled to expire in March 31, 2017. 

 Washington State Clean Diesel Grant Program: Funding of $3.3 million for retrofits, engine 
repowers (replacements), idle reduction technologies and school bus replacements 
(restricted to public and some private fleets). 

Benefits & 
shortcomings 

 Expensive program for businesses and administrators (no incentive funding currently 
available). 

 Substantial emissions reductions. 

 Vehicle operators might register their vehicles elsewhere, or sell out of region. 

 The implementation period is short compared to the California program. 

 Potentially perceived as unfair: penalizes vehicle operators that properly maintain older 
MY vehicles. 

 Similar programs have been implemented in other jurisdictions, which reduces risks to 
program success. However, without an I/M program there is potential that operators will 
avoid complying. 

 

  



 

 

Table VI-3:  Detailed description of policy option C 

Policy name Inspection and maintenance program 

Policy description 

 An I/M program targeting HDDVs 7 years old and older. Private companies would be 
contracted to run periodic “test-only” facilities using heavy duty emissions tunnel with 
government oversight and QA. Roadside tests would be conducted using a remote 
sensing device (RSD) system. HDDVs could be clean screened with RSD and would be 
exempt from tunnel testing. Vehicles that fail must be repaired and re-tested. All vehicles 
would be visually checked for tampering, etc. Newer model vehicles (post-2010) could be 
tested using OBD. 

 Cutpoint would be set so HDDVs emitting more than 200% of emission standard for 
vehicle MY would fail test. 

Implementation 
Starting in 2015 with no planned end date (cut points could be reduced in the future). Program 
costs could be reduced over times as more post-2010 vehicles enter the fleet and are only tested 
with OBD. 

Enforcement HDDVs cannot renew registration without positive test result. 

Uptake 
2015: 100%  

2020: 100%  

Emission 
reductions relative 
to BAU 

DPM: 25% by 2015, 22% by 2020. 

NOX: 21% by 2015, 18% by 2020. 

Legislation Likely provincial legislation, specifically for the Canadian LFV. 

Costs 

 Approximately $4 million a year to operate the program (including amortized capital costs). 

 Low business costs since there would be fees for tunnel tests ($100 - $500), as well as 
some lost working time. Inspection fees to be designed to cover costs of operating 
program. Repairs would be an additional cost to operators. No fines would be issued since 
operators have to pay the repairs and a second inspection fee. 

Examples from 
similar jurisdictions 

 No RSD or tunnel programs nearby. 

 Opacity test I/M used by ACOR, Washington state and Oregon (light duty only). 

Benefits & 
shortcomings 

 Likely perceived as more fair by vehicle operators since I/M targets worst emitting 
vehicles. 

 Substantial emissions reductions. 

 Tunnel tests are more rigorous than the more commonly opacity tests; tunnel 
measurements correlate with DPM emissions. 

 Potential difficulties in accessing RSD stations and RSD limitations due to weather. 

 Few RSD/Tunnel programs have been implemented in other jurisdictions, which increases 
risks to program success. Risk can be reduced with effective program design. 

 

  



 

 

Table VI-4:  Detailed description of policy and program option D 

Policy name Variable registration fees 

Policy description HDDVs pay a variable registration cost, based on the age of the vehicle (higher for older vehicles). 

Implementation 
 Starting in 2015, HDDVs older than 2003 pay higher registration costs. 

 By 2020, HDDVs older than 2010 must pay higher registration costs. 

Enforcement ICBC registration program. 

Uptake 
2015: 20% of pre-2003 vehicles meet 2003 standards (based on London and Stockholm LEZs) 

2020: 50% of pre-2010 vehicles meet 2010 standards 

Emission 
reductions relative 
to BAU 

DPM: 2% by 2015, 34% by 2020. 

NOX: 5% by 2015, 24% by 2020. 

Legislation ICBC program for vehicles registered in Canadian LFV. 

Costs 

 Registration costs: $4/hp for vehicles older than 2003, increasing $2 each year 
(approximately $1000 per engine per year). Program could include rebate/refund for 
retiring older vehicles. 

 Administration costs: Approximately $1 million (would be covered by registration costs) 

Costs based on MV non-road diesel bylaw costs. 

Examples from 
similar jurisdictions 

Similar to MV non-road diesel bylaw. 

Benefits & 
shortcomings 

 Simple program with moderate administration costs. 

 Moderate emissions reductions. 

 Fee may not be high enough to induce vehicle replacements. 

 Older model vehicles could be sold into neighbouring jurisdictions. 

 Similar programs have been implemented in other jurisdictions, which reduces risks to 
program success. However, without an associated I/M program, there is the potential for 
operators avoiding uptake. 

 Consultation required with ICBC for program success. 

 

  



 

 

Table VI-5:  Detailed description of policy and program option E 

Policy name Variable registration fees and 2010 standards 

Policy description 

 HDDVs pay a variable registration cost, based on the age of the vehicle (higher for older 
vehicles). 

 All HDDVs registered in Canadian LFV must meet 2010 emission standards by 2020. New 
incentives (i.e., not counting FortisBC) are included. 

Implementation 
 Starting in 2015, HDDVs older than 2003 pay higher registration costs. 

 Variable registration fees end in 2020 and HDDVs must meet 2010 standards. 

Enforcement ICBC registration program 

Uptake 
2015: 20% of pre-2003 vehicles meet 2003 standards (based on London and Stockholm LEZs) 

2020: 100% (see policy B) 

Emission 
reductions relative 
to BAU 

DPM: 2% by 2015, 68% by 2020. 

NOX: 5% by 2015, 48% by 2020. 

Legislation Likely provincial legislation, specifically for the Canadian LFV, with ICBC participation 

Costs 

 Registration administration costs: Approximately $1 million (assumed equivalent to 
nonroad diesel bylaw administration costs; would be covered by registration costs).  

 High incentive costs ($2,000-3,000 for retrofits, $20,000 or more for new engines) 

 Extremely high business capital costs to satisfy 2010 emission requirements (~$250,000 
for new vehicles, $40,000 for new engines, $80,000 for new LNG engines) 

 Registration costs: $4/hp for vehicles older than 2003, increasing $2 each year 
(approximately $1000 per engine per year). Program could include rebate/refund for 
retiring older vehicles. 

Examples from 
similar jurisdictions 

 Variable registration component similar to MV non-road diesel bylaw 

 California Truck and Bus Rule employs a staggered approach to reach 2010 emission 
standards. Requires HDDVs to install PM retrofits to pre-2006 vehicles by 2014. Starting in 
2015, pre-1994 HDDVs must be replaced with 2010 MY engines; by 2023 all pre-2009 
HDDVs must meet 2010 standards. Program started in 2008 but will not reach full 
implementation until 15 years later. A very large outreach program was developed to 
support this rule. Small fleets (1-3 vehicles) could apply for exemptions under certain 
conditions. 

 California Carl Moyer program (operating since 1998) provides funding between $20,000 
and $60,000 for HDDV replacement based on NOX emission standard of engine. Program 
has funding $210 million in upgrades since 2009 (approximately $60 million per year). 

 FortisBC has a natural gas incentive program that covers 70% of the incremental capital 
cost of a qualifying natural gas vehicle versus an equivalent diesel vehicle. Vehicles must 
be driven 75% of the time in BC and operators must purchase their fuel from FortisBC. 
The program is scheduled to expire in March 31, 2017. 

 Washington State Clean Diesel Grant Program: Funding of $3.3 million for retrofits, engine 
repowers (replacements), idle reduction technologies and school bus replacements 
(restricted to public and some private fleets). 

Benefits & 
shortcomings 

 Poor combination of policies: would have complicated administration and confusing to 
vehicle operators. 

 High administration costs with only moderate emissions reductions 

 No similar programs have been implemented in other jurisdictions, which increases risks to 
program success. 

 Expensive program for administrators (no incentive funding currently available). 

 Consultation required with ICBC for program success. 

  



 

 

Table VI-6:  Detailed description of policy and program option F 

Policy name 2010 standards with incentives and I/M program. 

Policy description 

 All HDDVs registered in Canadian LFV must meet 2010 emission standards by 2020. 
Vehicles could meet 2003 standards with retrofits but for 2010 standards no retrofits exist 
so HDDVs must be replaced or re-powered. New incentives (i.e., not counting FortisBC) 
are included. Fuel switching to natural gas is permissible since new natural gas engines 
meet 2010 standards. 

 An I/M program targeting HDDVs 7 years old and older; operated as described in Policy C. 
The only difference is the cutpoint is set so any HDDVs emitting more than 100% of 
emission standard for vehicle MY would fail (given the above age ban). 

Implementation 

 Emission standards: Phased-in over 5 year period. Starting in 2015 HDDVs must meet 
2003 standards. By 2020, HDDVs to meet 2010 standards. 

 I/M: Starting in 2015 with no planned end date (cut points could be reduced in the future). 
Program costs could be reduced over times as more post-2010 vehicles enter the fleet and 
are only tested with OBD. 

Enforcement 
 Older model vehicles cannot be registered in the Canadian LFV. 

 Vehicles cannot renew registration without positive test result. 

Uptake 
 2015: 100% (I/M program ensures vehicles meet required standards). 

 2020: 100% (I/M program ensures vehicles meet required standards). 

Emission 
reductions relative 
to BAU 

DPM: 35% by 2015, 72% by 2020. 

NOX: 29% by 2015, 54% by 2020. 

Legislation Likely provincial legislation, specifically for the Canadian LFV. 

Costs 

 Approximately $4 million a year to operate the I/M program (including amortized capital 
costs). 

 High incentive costs ($2,000-3,000 for retrofits, $20,000 or more for new engines) 

 Low business operating costs since there would be fees for tunnel tests ($100 - $500), as 
well as some lost working time. Inspection fees to be designed to cover costs of operating 
program. Repairs would be an additional cost to operators. No fines would be issued since 
operators have to pay the repairs and a second inspection fee. 

 Extremely high business capital costs (~$250,000 for new vehicles, $40,000 for new 
engines, $80,000 for new LNG engines) 

Examples from 
similar jurisdictions 

 California Truck and Bus Rule employs a staggered approach to reach 2010 emission 
standards. Requires HDDVs to install PM retrofits to pre-2006 vehicles by 2014. Starting in 
2015, pre-1994 HDDVs must be replaced with 2010 MY engines; by 2023 all pre-2009 
HDDVs must meet 2010 standards. Program started in 2008 but will not reach full 
implementation until 15 years later. A very large outreach program was developed to 
support this rule. Small fleets (1-3 vehicles) could apply for exemptions under certain 
conditions. 

 California Carl Moyer program (operating since 1998) provides funding between $20,000 
and $60,000 for HDDV replacement based on NOX emission standard of engine. Program 
has funding $210 million in upgrades since 2009 (approximately $60 million per year). 

 California operates a periodic I/M program to complement their emission standard 
requirements. 

 FortisBC has a natural gas incentive program that covers 70% of the incremental capital 
cost of a qualifying natural gas vehicle versus an equivalent diesel vehicle. Vehicles must 
be driven 75% of the time in BC and operators must purchase their fuel from FortisBC. 
The program is scheduled to expire in March 31, 2017. 

 Washington State Clean Diesel Grant Program: Funding of $3.3 million for retrofits, engine 
repowers (replacements), idle reduction technologies, school bus replacements (restricted 
to public and some private fleets). 

 No RSD or tunnel programs nearby. 

 Opacity test used by ACOR, Washington state and Oregon (light duty only). 



 

 

Table VI-6 (Cont’d):  Detailed description of policy and program option F 

Benefits & 
shortcomings 

 Expensive program for businesses and administration (no incentive funding currently 
available). 

 Generally a good combination of policies since an effective I/M program ensures uptake 
with the emission standards. 

 Substantial emissions reductions. 

 Vehicle operators might register their vehicles elsewhere, or sell out of region. 

 The implementation period is short compared to the California program. 

 Tunnel tests are more rigorous than the more commonly opacity tests; tunnel 
measurements correlate with DPM emissions. 

 Potential difficulties in accessing RSD stations and RSD limitations due to weather. 

 Similar emission standard programs have been implemented in other jurisdictions, which 
reduces risks to program success. However, few RSD/Tunnel programs have been 
implemented in other jurisdictions, which increases the risk to program success. This risk 
can be reduced with effective program design. 

 

  



 

 

Table VI-7:  Detailed description of policy and program option G 

Policy name Variable registration fees with I/M program 

Policy description 

 HDDVs pay a variable registration cost, based on the age of the vehicle (higher for older 
vehicles). 

 An I/M program targeting HDDVs 7 years old and older; operated as described in Policy C.  

Implementation 

 Registration: Starting in 2015, HDDVs older than 2003 pay higher registration costs. By 
2020, HDDVs older than 2010 must pay higher registration costs. 

 I/M: Starts in 2015 with no planned end date (cut points could be reduced in the future). 
Program costs could be reduced over times as more post-2010 vehicles enter the fleet and 
are tested with OBD. 

Enforcement  ICBC registration program; Vehicles cannot renew registration without positive test result. 

Uptake 
2015: 20% of pre-2003 vehicles meet 2003 standards (based on London and Stockholm LEZs) 

2020: 50% of pre-2010 vehicles meet 2010 standards 

Emission 
reductions relative 
to BAU 

DPM: 22% by 2015, 44% by 2020. 

NOX: 20% by 2015, 33% by 2020. 

Legislation Likely provincial legislation, specifically for the Canadian LFV, with ICBC involvement 

Costs 

 Approximately $5 million a year to operate the I/M and registration programs (including I/M 
capital costs). The costs from the vehicle registration would cover some of the 
administration costs. 

 Low business costs since there would be fees for tunnel tests ($100 - $500), as well as 
some lost working time. Inspection fees should be designed to cover costs of operating 
program. Repairs would be an additional cost. Registration costs: $4/hp for vehicles older 
than 2003, increasing $2 each year (approximately $1000 per engine per year). 

Examples from 
similar jurisdictions 

 Similar to MV non-road diesel bylaw 

 No RSD or tunnel programs nearby. 

 Opacity test used by ACOR, Washington state and Oregon (light duty only). 

Benefits & 
shortcomings 

 Likely perceived as more fair by vehicle operators since it targets worst emitting vehicles. 

 Substantial emissions reductions. 

 Registration fee may not be high enough to induce vehicle replacements. 

 Older model vehicles could be sold into neighbouring jurisdictions. 

 Tunnel tests more rigorous than the more commonly opacity tests; tunnel measurements 
correlate with DPM emissions. 

 Potential difficulties in accessing RSD stations and RSD limitations due to weather. 

 Similar registration programs have been implemented, which reduces risks to program 
success. However, few RSD/tunnel programs have been implemented in other 
jurisdictions, which increases the risk to program success. This risk can be reduced with 
effective program design. 

 Consultation required with ICBC for program success. 

 

  



 

 

Table VI-8:  Detailed description of policy and program option H 

Policy name Variable registration fees and 2010 standards 

Policy description 

 HDDVs pay a variable registration cost, based on the age of the vehicle (higher for older 
vehicles). 

 All HDDVs registered in Canadian LFV must meet 2010 emission standards by 2020. New 
incentives (i.e., not counting FortisBC) are included. 

 An I/M program targeting HDDVs 7 year old and older; operated as described in Policy C. 
The only difference is the cutpoint is set so any HDDVs emitting more than 100% of 
emission standard for vehicle MY would fail (given the above age ban). 

Implementation 

 Starting in 2015, HDDVs older than 2003 pay higher registration costs. Variable 
registration fees end in 2020 and HDDVs must then meet 2010 standards. 

 I/M: Starting in 2015 with no planned end date (cut points could be reduced in the future). 
Program costs could be reduced over times as more post-2010 vehicles enter the fleet and 
are only tested with OBD. 

Enforcement 
 ICBC registration program 

 Vehicles cannot renew registration without positive test result. 

Uptake 
 2015: 30% 

 2020: 100% (I/M program ensures vehicles meet required standards). 

Emission 
reductions relative 
to BAU 

DPM: 23% by 2015, 70% by 2020. 

NOX: 22% by 2015, 52% by 2020. 

Legislation Likely provincial legislation, specifically for the Canadian LFV, with ICBC participation 

Costs 

 Approximately $5 million a year to operate the I/M and registration programs (including I/M 
capital costs). The costs from the vehicle registration would cover some of the 
administration costs. 

 High incentive costs ($2,000-3,000 for retrofits, $20,000 or more for new engines) 

 Extremely high business capital costs to satisfy 2010 emission requirements (~$250,000 
for new vehicles, $40,000 for new engines, $80,000 for new LNG engines) 

 Registration costs: $4/hp for vehicles older than 2003, increasing $2 each year 
(approximately $1000 per engine per year). Program could include rebate/refund for 
retiring older vehicles. 

 Low business inspection costs since there would be fees for tunnel tests ($100 - $500), as 
well as some lost working time. Inspection fees to be designed to cover costs of operating 
program. Repairs would be an additional cost to operators. No fines would be issued since 
operators have to pay the repairs and a second inspection fee. 

  



 

 

Table VI-8 (Cont’d):  Detailed description of policy and program option H 

Examples from 
similar jurisdictions 

 Variable registration component similar to MV non-road diesel bylaw 

 California Truck and Bus Rule employs a staggered approach to reach 2010 emission 
standards. Requires HDDVs to install PM retrofits to pre-2006 vehicles by 2014. Starting in 
2015, pre-1994 HDDVs must be replaced with 2010 MY engines; by 2023 all pre-2009 
HDDVs must meet 2010 standards. Program started in 2008 but will not reach full 
implementation until 15 years later. A very large outreach program was developed to 
support this rule. Small fleets (1-3 vehicles) could apply for exemptions under certain 
conditions. 

 California Carl Moyer program (operating since 1998) provides funding between $20,000 
and $60,000 for HDDV replacement based on NOX emission standard of engine. Program 
has funding $210 million in upgrades since 2009 (approximately $60 million per year). 

 California operates a periodic I/M program to complement their emission standard 
requirements. 

 FortisBC has a natural gas incentive program that covers 70% of the incremental capital 
cost of a qualifying natural gas vehicle versus an equivalent diesel vehicle. Vehicles must 
be driven 75% of the time in BC and operators must purchase their fuel from FortisBC. 
The program is scheduled to expire in March 31, 2017. 

 Washington State Clean Diesel Grant Program: Funding of $3.3 million for retrofits, engine 
repowers (replacements), idle reduction technologies, school bus replacements (restricted 
to public and some private fleets). 

 No RSD or tunnel programs nearby. 

 Opacity test used by ACOR, Washington state and Oregon (light duty only). 

Benefits & 
shortcomings 

 Poor combination of policies: would have complicated administration and confusing to 
vehicle operators. 

 High administration costs with substantial emissions reductions (incentive funding may not 
be available) 

 No similar programs have been implemented in other jurisdictions, which increases risks to 
program success. 

 Registration fee may not be high enough to induce vehicle replacements. 

 Older model vehicles could be sold into neighbouring jurisdictions. 

 Consultation required with ICBC for program success. 

 Tunnel tests more rigorous than the more commonly opacity tests; tunnel measurements 
correlate with DPM emissions. 

 Potential difficulties in accessing RSD stations and RSD limitations due to weather. 

 


