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1. Introduction 
I have probably mentioned in one of previous mobility posts that California Air 
Resources Board (CARB) has developed the most rigorous diesel emissions 
management programs in the nation. I recently came across an article in March 26 issue 
of Science written by CARB professionals along with several other scientists (mainly 
from the University of California System) on the title subject.1 

There are two reasons that Energy Professionals should be interested in this subject. 
The first is that vehicles that use diesels emit large amounts of greenhouse gas, and as 
a result will be phased out over the next couple of decades in California: by 2040 
(buses) or 2045 (heavy-duty trucks). Most of their replacements will be battery electric 
vehicles, and since most of these are very large vehicles and many are in large fleets, 
they will draw massive amounts of power when recharging. This will impact the electric 
grid at every level. 

The second reason has to do with health and other impacts of diesels, which are dire.  

This post uses the above referenced article and other sources to explore the effects of 
diesel particulate matter (DPM), steps that have been taken to reduce these emissions, 
and further steps we can take going forward. 

2. California Diesel Emissions 
Frequently my home state aggressively attacks environmental problems because we 
must do this to preserve health and life. This is one of cases. 

There are several major cargo seaports on the west coast. The largest of these are 
listed below. The number in parentheses for each is that port’s national size-ranking.2 

 Port of Los Angeles (1) 

 Port of Long Beach (2) 

 Port of Seattle (6) 

 Port of Tacoma (8) 

 Port of Oakland (10) 

I am just focusing on California in this article, so we will be dealing with the Ports of LA, 
Long Beach and Oakland. Each of these gives us a triple-whammy of diesel emissions: 
First the incoming cargo ships (mainly container ships) are powered by diesel. Second 
almost all of the heavy-duty drayage and transport trucks use diesel, and finally, all of 
the containers carried by rail use diesel locomotives. Although a small portion of the 
trucks and trains go north and south to other cities along the West Coast, a large 

                                                 
1 Megan Schwarzman and Samantha Schildroth, University of California, Berkeley, May Bhetraratana and 

Álvaro Alvarado CARB, John Balmes, University of California, San Francisco; “Raising standards to 

lower diesel emissions”, March 26, 2021, https://science.sciencemag.org/content/371/6536/1314 , Note that 

the full article is only available to AAAS Members. 
2 Largest.org, https://largest.org/structures/ports-usa/  

https://science.sciencemag.org/content/371/6536/1314
https://largest.org/structures/ports-usa/
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majority head east. Thus the major corridors near the coast get the emissions from the 
incoming and outgoing ships (the breezes generally come out of the west) and the 
emissions from the passing trucks and trains.  

The San Francisco Bay Area has two primary freeways that go east from Oakland I-580 
and I-80. The former splits in the Central Valley and goes north and south via I-5, and 
the latter crosses I-5 in Sacramento and continues east to Reno, NV and points further 
east.  

In the Los Angeles Area (including Long Beach) there are many freeways. However 
going east there are three interstate freeways: I-15 (Las Vegas and points northeast), I-
40 (Flagstaff, AZ and points east), and I-10 (Phoenix and points east). There is also I-5, 
which goes north through the California and Oregon Central Valleys, and through the 
Washington Puget Sound Area, and south to San Diego and Mexico. 

Many high density residential areas are less than a mile from freeways with heavy truck 
traffic from the major California Ports. Thus we need to tightly regulate these truck’s 
emissions. 

2.1. Health Impacts 
Diesel engines emit a complex mixture of pollutants, including very small carbon 
particles, or "soot" coated with numerous organic compounds... Diesel exhaust also 
contains more than 40 cancer-causing substances, most of which are readily adsorbed 
onto the soot particles. In 1998, California identified diesel DPM as a toxic air 
contaminant based on its potential to cause cancer. Other agencies, such as the 
National Toxicology Program, the U.S. Environmental Protection Agency and the 
National Institute of Occupational Safety and Health, concluded that exposure to diesel 
exhaust likely causes cancer. The most recent assessment (2012) came from the World 
Health Organization’s International Agency for Research on Cancer (IARC). IARC’s 
extensive literature review led to the conclusion that diesel engine exhaust is 
“carcinogenic to humans”...3 

Diesel engine emissions are believed to be responsible for about 70% of California's 
estimated known cancer risk attributable to toxic air contaminants.4 Also, diesel 
particulates comprise about 8% of outdoor fine particulate matter (PM2.5),

5 which is a 
known health hazard. As a significant fraction of PM2.5, diesel PM contributes to 
numerous health impacts that have been attributed to particulate matter exposure, 
including increased hospital admissions, particularly for heart disease, but also for 
respiratory illnesses, and even premature death. CARB estimates that diesel PM 
contributes to approximately 1,400 (95% confidence interval: 1,100-1,800) premature 
deaths from cardiovascular disease annually in California. Additionally, exposure to 
diesel exhaust may contribute to the onset of new allergies; a clinical study of human 

                                                 
3 California Air Resources Board, “Summary: Diesel Particulate Matter Health Impacts”, 

https://ww2.arb.ca.gov/resources/summary-diesel-particulate-matter-health-impacts  
4 Based on estimated ambient statewide diesel PM levels in 2012, the current cancer risk is estimated to be 

520 new cases of cancer projected to occur per million residents exposed. This estimate was calculated 

using a unit risk factor of 8.94 x 10-4 µg/m3 derived using methodology developed by the California Office 

of Environmental Health Hazard Assessment and assumes an ambient diesel PM concentration of 0.58 

µg/m3. Derivation of both of these values are summarized in Propper et al. 2015. Environmental Science & 

Technology 49(19):11329–11339. 
5 Particulate matter that is smaller than 2.5 microns 

https://ww2.arb.ca.gov/resources/summary-diesel-particulate-matter-health-impacts
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subjects has shown that diesel exhaust particles, in combination with potential allergens, 
may actually be able to produce new allergies that did not exist previously. 

Several factors exacerbate the health risks of diesel PM exposure: 

Diesel PM is often emitted close to people so high exposures occur 

 Diesel PM is in a size range that readily deposits in the lung 

 Diesel PM contains compounds known to damage DNA and cause cancer 

Additionally, diesel PM pollution can affect the environment:  

 Diesel PM causes visibility reduction 

 Diesel black carbon (soot) is a potent contributor to global warming 

2.2. Steps Taken to Reduce DPM 
Recognizing the public health impacts of DPM, many countries have reduced emissions 
of DPM from both on- and off-road mobile sources over the past three decades. The 
previous US federal administration, however, changed course by eliminating or 
weakening policies and standards that govern these emissions. In contrast, the State of 
California has continued to reduce mobile-source DPM emissions using the state’s long-
standing authority under the Clean Air Act (CAA) to regulate air pollution more 
stringently than the federal government. Our analysis of mobile-source DPM emissions 
suggests that many California sector-based policies have been highly effective relative 
to the rest of the US. To improve health in communities disproportionately affected by 
these emissions, we point to opportunities to further reduce DPM emissions in California, 
in the US more broadly, and in parts of the world where countries have less aggressive 
vehicle emissions policies than the US.1 

2.2.1. U.S. Actions 

The US has targeted emissions of nitrogen oxides (NOx or “nox”) and DPM from diesel 
trucks and buses, railway locomotives, marine vessels, and off-road engines used in 
construction and agriculture through successively tighter emissions standards phased in 
since 1994. These standards require low- and ultralow-sulfur diesel fuels (LSDF and 
ULSDF), establish emissions limits, and institute systems for portable emissions 
measurement and onboard diagnostics. 

The US Environmental Protection Agency (EPA) estimated that full implementation of 
Obama-era US emissions standards by 2030 would prevent some 12,000 premature 
deaths annually. 6 Despite this, EPA leadership disbanded the PM review panel ahead of 
the scheduled 2020 update of federal PM standards; it also rolled back, or attempted to 
roll back, 85 federal air pollution policies7 and moved to restrict the ability of states to set 
more stringent emissions standards.8 

2.2.2. California Actions 

…With the associated truck and rail traffic, California stands out as the largest emitter of 
DPM in the country. At the same time, California has also led the nation with the largest 
overall reduction in metric tons of DPM emissions from mobile sources. Over the past 
three decades, California’s policies have systematically targeted high-emitting sectors, 

                                                 
6 DieselNet, “Emission Standards, United States”; www.dieselnet.com/standards/us/index.php  
7 J. M. Samet, T. A. Burke, Annu. Rev. Public Health 41, 347 (2020) 
8 C. Davenport, New York Times, “Trump to Revoke California’s Authority to Set Stricter Auto Emissions 

Rules.” 17 September 2019; www.nytimes.com/2019/09/17/climate/trump-california-emissions-waiver.html 

http://www.dieselnet.com/standards/us/index.php
http://www.nytimes.com/2019/09/17/climate/trump-california-emissions-waiver.html
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reducing mobile-source DPM emissions by, for example, substituting electric for diesel 
power where feasible, tightening emissions limits for new and existing diesel engines, 
and requiring ULSDF, which emits substantially less PM2.5 than higher-sulfur fuels upon 
combustion and can be combined with particle filters to further reduce emissions. 

To understand the impact of California’s portfolio of policies, we used DPM emissions 
data from the EPA National Emissions Inventory (NEI), which assembles a 
comprehensive estimate of air pollution emissions using data reported by states, 
combined with modeled and measured inputs. We compared mobile-source DPM 
emissions in California versus the rest of the US for the period 1990 to 2014, the earliest 
and most recent year for which consistent NEI data are available.9 During that time, 
California reduced overall mobile-source DPM emissions by 78% while the rest of the 
US saw only a 51% reduction. These reductions came despite a concurrent steady rise 
in diesel fuel consumption: 20% in California and 28% in the rest of the US. 

Emissions reductions from heavy-duty diesel vehicles, commercial trucks and buses, 
caused most of this decline, accounting for 67% of DPM emissions reductions in 
California and 57% in the rest of the US. Although the federal phase-in of ULSDF, off-
road emissions standards, and the Heavy-Duty Engine and Vehicle Rule has reduced 
heavy duty diesel vehicle (HDDV) emissions across the US, California’s reductions from 
HDDVs have been steeper and contribute even more to the overall reductions than 
would be predicted from the sector’s size. Analyses of DPM emissions over time and the 
relative contributions made by each sector point to the effectiveness of California’s 
policies that require diesel engine retrofits (adding emissions controls to existing 
HDDVs) and early replacement of older engines with newer, cleaner engines. 

The first chart below shows diesel use and emission for the U.S. minus California, and 
the second for California. LDDV are light-duty diesel vehicles. 

 

                                                 
9 US Environmental Protection Agency, “National Emissions Inventory (NEI)”; www.epa.gov/air-

emissions-inventories/national-emissions-inventory-nei  

http://www.epa.gov/air-emissions-inventories/national-emissions-inventory-nei
http://www.epa.gov/air-emissions-inventories/national-emissions-inventory-nei
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The later phases of California’s emissions reductions correspond to the implementation 
of two overarching plans by the California Air Resources Board: the Diesel Risk 
Reduction Plan and the Emission Reduction Plan for Ports and Goods Movement, both 
of which encompassed multiple policies governing emissions from trucks and buses, 
ports, and off-road engines. Key policies targeting on-road HDDVs took effect in 2006 
and 2007, further lowering the sulfur content of diesel fuel to 15 ppm and tightening DPM 
emissions standards by 90% for new HDDVs. Beginning in 2010, with a rolling 
compliance period starting in 2015, all on-road HDDVs that operate in California were 
required to either retrofit existing engines with particle filters or replace engines older 
than the 2007 model year. 

By comparison, federal policies do not require retrofit or replacement of old diesel 
engines to meet emission standards, and HDDV engines typically operate for almost two 
decades, or about a million miles, before retirement. Our state-level analysis shows that 
by 2014 California HDDVs were emitting 139 metric tons of DPM for every billion 
vehicle-miles traveled (VMT), far less than the next-closest state (Oklahoma, 250 metric 
tons DPM per billion VMT) and the average in the rest of the country (345 metric tons 
DPM per billion VMT). Although HDDVs remain California’s largest source of DPM 
emissions, regulatory actions by CARB (over and above federal standards) have 
reduced HDDV emissions by 85% since 1990. If California’s HDDV sector had followed 
the trajectory of other US states and DC, HDDV emissions in the state would have 
dropped only 58% (95% confidence interval, 52 to 64%) in that period. 

Also notable is the impact of two key CARB policies targeting marine sources. The 2007 
At-Berth rule requires that oceangoing vessels switch to electric shore power while in 
port or use alternative control technologies to reduce emissions by an equivalent 
amount. The Cleaner Ocean Vessel fuel policy, finalized in 2008, requires that ships 
within 24 nautical miles of California’s shoreline replace heavy fuel oil in their main 
engines with lower-sulfur fuels. Between 2008 and 2014, marine DPM emissions in the 
state dropped 51% overall, and by 2018 emissions measured at the Port of Los Angeles 
had declined by 37%. 

By contrast, California has struggled to target diesel emissions from agriculture. The 
sector is responsible for up to 18% of the state’s total DPM emissions from mobile 
sources, but it accounted for less than 1% of the total emissions reductions in California 
between 1990 and 2014. Although these figures do not reflect gains from voluntary 
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tractor engine replacements that are reported differently, opportunities remain to reduce 
off-road farm emissions in the nation’s leading agricultural state. 

Voluntary programs have further reduced DPM emissions beyond California’s regulatory 
requirements. Incentives to bring engines and equipment to a standard cleaner than 
required by law are estimated to have reduced DPM emissions by more than 6000 
metric tons since 2001. A program established in 2006 has provided $1 billion in grants 
to update trucks, locomotives, and ships at berth, eliminating an estimated 2200 metric 
tons of DPM emissions). Like other policies targeting emissions along goods movement 
corridors, this program particularly benefits neighboring communities, which tend to be 
lower-income communities of color. 

Taken together, CARB’s policies reduced emissions to the extent that by 2014 California 
was emitting less than half the DPM that would be expected had the state followed the 
same trajectory as the rest of the US. Correspondingly, we estimate that more than twice 
as many Californians would have died from DPM-attributable cardiopulmonary disease 
in 2014 alone if the state had not so markedly reduced emissions. 

3. Future Measures 
In California, cleaner air has not come at the expense of the state’s economy, which in 
recent years has grown at double the average national rate.10 CARB estimates that 
every dollar the state has spent controlling air pollution has generated $38 in benefits 
attributable to reduced air pollution-related illness, premature death, and lost 
productivity. California’s overall economic gain from health benefits linked to air pollution 
reduction, including CARB rules and programs, is estimated to have exceeded $250 
billion between 1973 and 2014.11 The link between PM2.5 exposure and increased risk of 
hospitalization and death from COVID-1912 further underscores the public health 
importance of cleaner air, particularly for communities of color that are disproportionately 
affected by both. 

California could benefit from additional measures to reduce emissions from off-road 
sectors, such as construction and agriculture, which CARB has not tackled as 
aggressively. Indeed, the nation as a whole could reduce mobile-source DPM emissions 
by requiring ships at berth to use shore power, and by requiring replacement or retrofit of 
existing on-road and off-road HDDVs in advance of fleet turnover. Given the long service 
life of older, dirty diesel engines, the current federal policy of mandating engine 
upgrades only with vehicle turnover is simply too slow. 

Movement to electrify on-road HDDVs is starting to accelerate with multiple 
manufacturers starting to offer these. See the earlier post from last summer linked below 
for semi and box trucks. Also, Tesla will start pilot production of their Semi this July, and 
start to ramp this BEV’s production in the Texas Terafactory early next year. 

https://energycentral.com/c/ec/etrucking  

                                                 
10 Next10, 2017 California Green Innovation Index (2017); www.next10.org/publications/2017-gii  
11 California Air Resources Board, Fifty Year Air Quality Trends and Health Benefits, 

https://ww3.arb.ca.gov/board/books/2018/020818/18-1-2pres.pdf  
12 X. Wu, R. C. Nethery, M. B. Sabath, D. Braun, F. Dominici, Sci. Adv. 6, eabd4049 (2020) 

https://energycentral.com/c/ec/etrucking
http://www.next10.org/publications/2017-gii
https://ww3.arb.ca.gov/board/books/2018/020818/18-1-2pres.pdf
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On June 25, 2020 CARB adopted a first-in-the-world rule requiring truck manufacturers 
to transition from diesel trucks and vans to electric zero-emission trucks beginning in 
2024. By 2045, every new truck sold in California will be zero-emission.13 

Also, other type of diesel heavy vehicles that operate in the urban and suburban 
environments include refuse trucks and buses. There were both covered in a post in 
January, that is linked below. 

https://energycentral.com/c/cp/electric-refuse-trucks-battery-electric-buses  

Further, regarding conversion of diesel busses in California to electric propulsion, in 
2018 CARB issued the following regulations. 

The California Air Resources Board today approved a first-of-its-kind regulation in the 
United States that sets a statewide goal for public transit agencies to gradually transition 
to 100 percent zero-emission bus fleets by 2040…14 

Full implementation of the regulation adopted today is expected to reduce greenhouse 
gas emissions by 19 million metric tons from 2020 to 2050 – the equivalent of taking 4 
million cars off the road. And it will reduce harmful tailpipe emissions (nitrogen oxides 
and particulate matter) by about 7,000 tons and 40 tons respectively during that same 
30-year period. 

Deployment of zero-emission buses is expected to accelerate rapidly in the coming 
years – from 153 buses today to 1,000 by 2020, based on the number of buses on order 
or that are otherwise planned for purchase by transit agencies. Altogether, public transit 
agencies operate about 12,000 buses statewide. 

To successfully transition to an all zero-emission bus fleet by 2040, each transit agency 
will submit a rollout plan under the regulation demonstrating how it plans to purchase 
clean buses, build out necessary infrastructure and train the required workforce. The 
rollout plans are due in 2020 for large transit agencies and in 2023 for small agencies.  

Agencies will then follow a phased schedule from 2023 until 2029, by which date 100 
percent of annual new bus purchases will be zero-emission.  To encourage early action, 
the zero-emission purchase requirement would not start until 2025 if a minimum number 
of zero-emission bus purchases are made by the end of 2021. 

California’s Hybrid and Zero-Emission Truck and Bus Voucher Incentive Project (HVIP) 
plays a crucial role in the deployment of zero-emission and near-zero-emission 
technologies. HVIP accelerates commercialization by providing point-of-sale vouchers to 
make advanced vehicles more affordable. Launched by the California Air Resources 
Board in 2009, the project is part of California Climate Investments. HVIP is the earliest 
model in the U.S. to demonstrate the function, flexibility, and effectiveness of first-come 
first-served incentives that reduce the incremental cost of commercial vehicles.15 

HVIP offers six-digit incentives for purchasing most medium to heavy models of battery-
electric-buses. Go through the links below for details. 

https://californiahvip.org/vehicle-category/transit-bus/  

https://californiahvip.org/vehicle-category/school-bus/  

                                                 
13 https://ww2.arb.ca.gov/news/california-takes-bold-step-reduce-truck-pollution  
14 CARB: “California transitioning to all-electric public bus fleet by 2040”, 

https://ww2.arb.ca.gov/news/california-transitioning-all-electric-public-bus-fleet-2040  
15 https://californiahvip.org/  

https://energycentral.com/c/cp/electric-refuse-trucks-battery-electric-buses
https://californiahvip.org/vehicle-category/transit-bus/
https://californiahvip.org/vehicle-category/school-bus/
https://ww2.arb.ca.gov/news/california-takes-bold-step-reduce-truck-pollution
https://ww2.arb.ca.gov/news/california-transitioning-all-electric-public-bus-fleet-2040
https://californiahvip.org/

