
78 the big deal

The Clean Air Act went further than New York’s monitoring sys-
tem by measuring an additional three pollutants and placing restric-
tions on them. The sweet-smelling lead that burned off from gasoline 
in the 1970s accumulates in the bones and affects the oxygen- carrying 
ability of blood. The resulting reduction in oxygen could result 
in damage to most of the body’s internal systems and is known to  
permanently reduce children’s mental capacity.

Another pollutant, ozone, forms a protective layer around the earth 
when high up in the troposphere. But ground-level ozone—what 
we breathe—is a major contributor to smog and causes serious res-
piratory illness and premature death, especially for people with lung 

Figure 1. The Clean Air Act: Forty-Plus Years of Pollution 
 Reduction Amid Economic Growth

(Source: EPA)
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decades promise to be dynamic and unpredictable, with enormous 
changes in demographics, social trends, and technology. I believe that 
we can still radically transform the way humans transport themselves 
around the world and reduce greenhouse gases by 80 percent in 2050. 
But we first have to imagine what that world will look like twenty or 
thirty years down the road. 

I have identified four future trends that I believe will determine 
what and how we will drive over the next few decades (Figure 2):

1) The growth of urbanization and megacities
2) The potential arrival of demand-side peak oil
3)  The international adoption and convergence of greenhouse 

gas regulations
4) The social impacts of connected living and working

Figure 2. The Trends That Will Shape the Car of the Future
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transportation, or taxis. As a result, Washington, DC’s annual per cap-
ita greenhouse gas emissions, approximately twenty tons of carbon  
dioxide equivalents, are nearly three times New York’s roughly seven 
tons.7 

This same phenomenon repeats itself again when we compare 
American cities as a whole to Europe. Cities in Europe tend to be 
more compact and have better public transport. As a result, people 
have lower car ownership and usage. Primarily because of planning, 
the contribution of European urban areas to climate change is even 
lower. 

Because nearly all the population growth through the mid-century 
will be in cities, the way in which these areas develop will have a dis-
proportionate impact in efforts to combat climate change. While we 

(Source: UN World Urbanization Prospects, 2011 Revision)

Figure 3. Past and Future Megacities of the World
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set by the European Union. There are currently around fifty of these 
restricted “environmental zones” in Germany, and every car enter-
ing them must meet current European emission standards. Parking or 
driving in the zone without meeting the emission standard leads to a 
penalty of up to €40 ($54). 

Paris set the ambitious goal of reducing carbon emissions from 
traffic by 60 percent in 2020. Among other measures, the city has 
reduced city parking spots by 9 percent and is charging for formerly 
free spots. As megacities struggle with air pollution, residents and local 
governments will likely also embrace emerging low and zero emission 
vehicle technologies. 

* * *

Figure 4. Deaths from Outdoor Air Pollution by Region (2005  
and 2010)

(OECD, Institute for Health Metrics and Evaluation, 2013)
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demand for oil will begin to fall globally before 2050. A wide range 
of experts are also predicting or advocating for similar trends.

* * *

On March 26, 2013, Citibank’s commodity research division released a 
document titled “Global Oil Demand Growth—The End Is Nigh.” A 
few months later, the Economist took up a similar argument in the edito-
rial “Yesterday’s Fuel.”14 For both groups—neither of them run by uto-
pian environmentalists—the scenario leading to oil’s decline was similar. 

Figure 5. Transportation Sector Energy Consumption (Business-
as-Usual Scenario)

(Source: EIA International Energy Outlook 2013)
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negotiations with automakers in 2009 and 2011, one of our most 
important points of leverage was the car companies’ desire for a uni-
fied national market. Ever since Henry Ford introduced the pro-
duction line, the big automakers’ business model has been entirely 
contingent on maximizing scale, cheaply producing millions of the 
same model for a single market. This model allows them to turn a 
profit while selling their vehicles at a price attractive to mainstream 
consumers. 

In 2009, the automakers knew that if California and a dozen or 
so other states adopted different emissions requirements, their mass-
produced vehicles would lose close to half their national market. 

(Source: ICCT)

Figure 6. GHG Reduction Standards and Targets for Passenger 
Cars in Key Countries (2000–2025)
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Rider to Planes, Trains and Automobiles, the road movie also became a 
popular subgenre. At drive-in theaters, you could even watch those 
movies in your car. But the growth of Internet-enabled connected 
living has both undercut and reimagined the previous century’s ver-
sion of “automobility.” With a smartphone and Netflix, there’s no 
need to drive to a theater. 

My oldest daughter, Nicole, was in a transitional generation. When 
she turned sixteen, the only thing she wanted was a car. Though she 
could walk to school in about three minutes, it was not a cool thing to 
do. She refused to walk or bike, and she took the car. Despite my pleas, 
she was absolutely insistent on driving a tenth of a mile to school. 
Then one day she had a conversion. I was at work, not feeling very 

Figure 7. Reluctance to Disconnect (US & UK Age 13–17)

(Source: JWT Gen Z: Digital in their DNA, APRIL 2012)
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that the “gigafactory” for batteries they announced in 2014 is target-
ing $100/kwh by 2020. 

The Electrification Coalition, a consortium of twenty-five compa-
nies involved in various elements of battery electric vehicle produc-
tion, also suggests $300/kwh as the “tipping point” for BEV adoption. 
A federal tax credit already lowers the total cost of ownership for 
BEVs and PHEVs by $7,500. As shown in Figure 9, the Electrifica-
tion Coalition’s analysis demonstrates that PHEVs already enjoy a life-
cycle cost advantage over ICEs and forecasts that BEVs and internal 
combustion engines could achieve cost parity as early as 2017. 

Figure 9. Total Cost of Ownership of Various Powertrain 
Technologies

(Source: Electrification Coalition, PRTM Management Consultants Analyses)
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run on electricity. However, the total carbon impact of driving a BEV 
or PHEV depends on how the electricity that they are charging with 
is produced. For example, a BEV powered by coal-generated elec-
tricity emits as much carbon dioxide into the atmosphere as driv-
ing a gasoline car rated around 30 mpg. The emissions inherent in a 
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Figure 10. Electric Vehicle GHG Pollution Ratings by US  
Electric Grid Region
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Meeting these goals will almost certainly depend on government 
funding of research and development. Fortunately, governments are 
making these expenditures, and fourteen have banded together in 
a coalition called the Electric Vehicle Initiative. The EVI coalition, 
which includes the United States, China, India, South Africa, and 
many European nations, among others, estimates that nearly $14 bil-
lion has already been spent since 2008 on research and development, 
fiscal incentives, and infrastructure investment to promote clean vehi-
cle technologies.

Of that, $8 billion has gone into the research and development 
that has produced advances in alternative powertrains and battery 

Figure 11. Research, Development, and Demonstration (RD&D) 
by the EVI Countries

(Source: EVI Global EV Outlook, April 2013)
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Nonetheless, average vehicle weights dropped dramatically as a 
result of the CAFE fuel efficiency standards. In 1975, the average car 
or pickup truck weighed about 4,200 pounds. By 1980, on a diet 
of strict mileage requirements, the fleet had downsized and dropped 
1,000 pounds per vehicle, a 20 percent improvement. These same cars 
and trucks became 45 percent more fuel efficient at the same time, 
going from 13.1 mpg in 1975 to 19.2 mpg in 1980. Unfortunately, 
neither of these positive trends lasted long. 

As shown in Figure 12, cars and trucks managed to keep their 
weight off until the mid-1980s, when fuel economy standards were 
frozen. Then, as SUVs and minivans began dominating the market 
in the 1990s, the weight of vehicles began edging upward. By 2010, 

Figure 12. Fuel Economy, Weight, and Horsepower for MY 1975–
2013 (Adjusted)

(Source: EPA Light-Duty Automotive Technology, CO2 Emissions, and Fuel Economy Trends: 1975–2013)
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only succeeded but beat their target, producing a lighter vehicle that 
achieved the same performance on a lower cost 1.8 liter 140 horse-
power engine than the heavier and less fuel-efficient 2.4 liter 177 
horsepower factory-installed engine.

Many automotive product planners have also set internal goals for 
reducing vehicle weight or, as the industry calls it, lightweighting. 
Carla Baido, Nissan America senior vice president for research and 
development, has said that next-generation vehicles must weight as 
much as 30 percent less to meet future fuel economy standards. And 
automakers must make the required improvements to their cars and 
trucks without additional costs. Fortunately, many more options are 
available to engineers than in the 1970s, when they had to individu-
ally weigh nuts and bolts. 

Figure 13. Change in Automotive Material Mix 1977–2035

(Source: DOE, Automotive News)
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* * *

To meet such ambitious goals, engineers have had to rethink how 
cars and trucks are made. As shown in Figure 13, in 1977 roughly 75 
percent of the materials in a typical car were conventional carbon 
steel. As of 2014, high strength steel has increased to 15 percent and 
aluminum to around 10 percent, both displacing conventional car-
bon steel. By 2035, the Department of Energy suggests, cars will be 
comprised of only 20 percent conventional steel. Another 20 percent 
could be made up of high-strength steel—which can be 20 to 30 
percent lighter than carbon steel, with the same strength—along with 
aluminum, composites, and magnesium.

Figure 14. Comparison of Various Automotive Materials’ Weight 
and Costs

(Source: McKinsey; Assuming 60K pieces/year)
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bringing the car to a full stop when necessary. The 2015 Mercedes S 
class, introduced as the “first generation of an autonomous vehicle,” 
can change lanes by itself.

Level 3 signals proto–driverless automation. Under certain condi-
tions, the car is completely autonomous, although the driver needs 
to be available to transition back for occasional control. A number of 
automakers are or will soon be offering such technologies in produc-
tion vehicles. Nissan, for example, plans to deploy a traffic jam pilot 
by the end of 2016 and an automatic lane-changing feature in 2018. 
These two features will be followed in 2020 by a smart assist system to 
negotiate city intersections without driver intervention. 

Audi also has a piloted driving system that can safely drive a car 
at less than 37 mph in heavy, low-speed highway traffic (Figure 15). 
The system includes forward-looking radars, a laser-ranger to moni-
tor traffic ahead, a windshield-mounted camera to follow the lane 
lines, and a rear radar to detect cars advancing on either side, which 

(Source: Audi)

Figure 15. Audi Autonomous Driving Dashboard
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would trust brands like Google and Apple more for self-driving cars 
than they would automakers.

Whoever ends up manufacturing driverless cars in the next decade, 
the widespread appearance of the technology is so certain that the 
National Highway Safety Administration formally defined autono-
mous vehicles as “those in which at least some aspects of a safety- 
critical control function (e.g., steering, throttle, or braking) occur 
without direct driver input.” As envisioned in the illustration in  
Figure 17 by the DOT, the automation is enabled not only through 
technology on board but through interaction with other vehicles as 
well as the infrastructure around the vehicle. 

Some states are already welcoming autonomous vehicles on to their 
roads. On March 1, 2012, Nevada began allowing operation of driver-
less cars without specialized permitting. Later that year, Florida and 
California followed, each with their own restrictions and permitting 

Figure 17. DOT Illustration of the Connectivity for Autonomous 
Vehicles

(Source: DOT)
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Every year has its own extreme weather events. What’s more, cli-
mate scientists are careful to avoid linking any one specific event to 
climate change. But the science is clear on the bigger picture: we are 
already living in the era of global warming. We have been for decades. 
Extreme weather events from intense heat and droughts are going to 
become more common and change the way we live. Climate change 
is caused by the buildup of human-produced greenhouse gases in the 
atmosphere. But humans have mostly avoided facing up to these facts, 
instead choosing to kick the problem down the road.

That same January, England endured its second wettest December 
and January since 1766. London responded by raising the Thames 
River flood barrier a record eighteen times. The same month, tennis 
players at the Australian Open vomited, fainted, hallucinated, and had 
the soles of their shoes melt on the court in temperatures of up to 

Figure 18. The Elephant in the Room: GHG Reductions Required 
by 2030 and 2050

(Source: IPCC Analyses)
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I have spent my professional life as a passionate believer in the 
power of innovation, and this is as formidable a challenge as we can 
imagine. At the EPA, we successfully kick-started the process of reduc-
ing greenhouse gases with the 2012-2016 and 2017-2025 rules that 
cut carbon by 50 percent and doubled the nation’s light duty vehi-
cle fuel efficiency to 54.5 mpg by 2025. As we approach 2025, the 
improvement curve averages 5 percent reduction of greenhouse gases 
per year, undeniably a significant amount. 

Unfortunately, as the chart in Figure 22 shows, those improve-
ments still only take us part of the way for the car and light truck fleet 
in the United States. The chart compares two scenarios. The NAS 
Report “Committee Reference” case scenario assumes that the 2025 
GHG emission rule is fully implemented, but that there are no rules 
that require reductions beyond 2025. That puts us on a solid trajectory 

Figure 22. Impact of Continuing a 5 Percent/Yr Reduction in 
GHGs for Light Duty Vehicles from 2026 to 2050

(Source: John Koupal of ERG, Inc.)




