
Cities & transportation systems – what can cities do?
MIT 11.165/477, 11.286J

David Hsu
Associate Professor

Urban Studies & Planning
MIT DUSP

September 29, 2022

David Hsu (MIT) Transportation – what can cities do? September 29, 2022 1 / 36



Materials for today

Robert Bullard. Addressing Urban Transportation Equity in the
United States. Fordham Urban Law Journal, 31(5):1183, January
2003. URL.

Tim Gore. Confronting carbon inequality: putting climate justice at
the heart of the COVID-19 recovery, September 2020. URL.
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Andrew Grant, Siyi Mi, David Doherty, Ryan Fisher, Corey Cantor,
Jinghong Lyu, Kwasi Ampofo, Andy Leach, Yayoi Sekine, Laura Malo
Yague, William Edmonds, Komal Kareer, and Takehiro Kawahara.
Electric Vehicle Outlook 2022. Technical report, Bloomberg New
Energy Finance, 2022. URL.

THIS LECTURE: Cambridge Systematics. “Moving Cooler: An
Analysis of Transportation Strategies for Reducing Greenhouse Gas
Emissions.” Urban Land Institute. 2009. URL.
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What can cities do?

Let me remind you that we are focusing on cities because of:

population

economic activity

consumption > production (physical)

Raises questions about how we make the necessary changes in cities:

land use and the built environment

areas connected to cities (all of them)

long-lived, durable, seemingly slow to change

can we do it fast / broadly enough? WHO? HOW?

what should we do first?
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Infrastructure characteristics

BIG:

long-lived, durable, seemingly slow to change

expensive: assets, investment, usually debt-financed

large volumes, continuous operations, global systems (supply chains!)

large footprints, areas, impact

EJ concerns: often cited near poor & minority communities. Why?
(Bullard 2003 article)
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Energy density

Concern Metric Critical application

Weight kWh / kg (energy storage) Planes, cars, e-bikes
kWh / ton (shipping weight) Ships, trucks, trains

Volume kWh / liter (fuel tank) Planes, cars, trucks
kWh / liter (freight volume) Ships, trucks, trains

Land area kWh / acre (biomass) To produce liquid fuels, H2
kWh / acre (solar, wind) To produce electricity

Cost kWh / $ For pretty much everything
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Moving Cooler strategies, 2009
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Moving Cooler strategies, 2009

Has:

telework & less days (Zoom!)

vehicle technology

fuel technology

travel activity

vehicle system operations

all modes: passenger, transit, freight, shipping, aviation

Does not have:

shared vehicles (Zipcar 2000)

ride-sharing (Uber 2009, Lyft 2012)

autonomous vehicles (AVs)

EVs costs greatly decrease

bike sharing (Amsterdam 1965, Portland 1995, dockless 1998)
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Moving Cooler e!ects, “performance outcomes”

Yes:

GHG reduction

implementation costs

change in vehicle costs

equity e!ects

No:

(-) travel times?

(+) expanded options, reduced congestion, greater accessibility

(+) improved safety

(+) improvements in livability, improved equity, improved local
environmental quality, enhanced public health
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Moving Cooler strategies

pricing and taxes

land use and smart growth

non-motorized transport

public transportation improvements

ride-sharing, car-sharing, other commuting strategies

regulatory strategies

operational and intelligent transportation (ITS) strategies

capacity expansion and bottleneck relief

multimodal freight sector strategies
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Moving Cooler deployment levels and bundles

Deployment levels:

expanded current practice: focused mostly on major metro areas

aggressive: sooner and more broadly geographically deployed

maximum e!ort: maximum national, regional, and local focus

Strategy bundles:

near-term / early results

long-term / maximum results

land-use / transit / non-motorized bundle

system / driver e"ciency bundle

facility bundle

low cost bundle

David Hsu (MIT) Transportation – what can cities do? September 29, 2022 10 / 36



David Hsu (MIT) Transportation – what can cities do? September 29, 2022 11 / 36

© Urban Land Institute. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://ocw.mit.edu/help/faq-fair-use/


Maximum deployment: 110-470 M barrels per year / 5.7 M/day = 19-82 days per year.
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Quick data analysis: by maximum GHG savings
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Quick data analysis: categorize by average GHG costs
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Quick data analysis: which specific strategies?
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Quick data analysis: which specific strategies?
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Quick data analysis: which specific strategies?
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Expanded, aggressive, and maximum effort
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Carbon emissions from transportation

Daniel Sperling from UC Davis has a nice way to think about this:

Mobility (vehicle-miles-traveled)

× Vehicle energy efficiency (energy use / vehicle mile)

× Carbon intensity of energy (GHG / unit of energy)

= GHG emissions
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Williams et al, 2020
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MIT CGC: Tough-to-decarbonize transport (T2DT) 2021

Key finding: new vehicles, fuels & a new hydrogen (H2) system all
necessary!

for low-GHG carbon-based fuels, main challenge is huge scale of fuel
production

all low-GHG fuel options (even biofuels) depend on huge-scale
production of low-GHG H2

cost of low-GHG H2 is often largest part of the cost of finished
low-GHG fuel
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MIT CGC: Tough-to-decarbonize transport (T2DT) 2021
Long-distance vehicles carry energy, so energy density is crucial.

! weight (& volume) of fuel or battery reduces payload
! alternatives are 2-30x heavier (and bigger volume) than hydrocarbons

Scale
! today only fossil fuels are available at the huge scale needed (!1 billion

tons/year)
! only a few low-carbon alternatives could reach needed scale by 2050

Existing vehicles are all designed to use hydrocarbon fuels
! either need a carbon fuel that doesn’t increase GHG, or new vehicles
! vehicle lifetimes are long (20-30 years), new vehicle development is slow

Cost of the fuel is significant part of total cost of transport
! currently fuels for this sector cost $1 Trillion/year
! expensive infrastructure adds cost

Fuel infrastructure practicalities
! room-temp liquid fuels easier to distribute & store than gases, solids
! fast refueling/recharging is important for some vehicles.
! need new fuel to be available at !800 ports, 17,000 airports, >100,000

truck stops
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MIT CGC: Tough-to-decarbonize transport (T2DT) 2021

Sector Trucking Shipping Aviation

Emissions 1.25 Gt-CO2/yr 1.0 Gt-CO2/yr 1.0Gt-CO2/yr

Vehicle intensity 1080 gCO2/km 400 kgCO2/km 125 gCO2/p-km

Engine intensity 500 gCO2/kWh 700 gCO2/kWh 1500-2400 gCO2/kgfh

Main fuel Diesel Heavy fuel oil Jet A

Main engine (power) ICE, ICE, Gas turbines,
300 kW 10-100 MW 50-100 MW

State of EV Available, Very challenging Impossible over
but high cost for shipping long distances

Fuel cell option High cost High cost Not possible

Viable pathways Many Carbon-based, Carbon-based
ammonia, H2 only

David Hsu (MIT) Transportation – what can cities do? September 29, 2022 36 / 36

https://climategrandchallenges.mit.edu/research/achieving-net-zero-for-the-tough-transportation-sectors/


 

MIT OpenCourseWare 
https://ocw.mit.edu 

11.165 Urban Energy Systems & Policy Fall 2022 
For more information about citing these materials or our Terms of Use, 
visit https://ocw.mit.edu/terms. 

https://ocw.mit.edu
https://ocw.mit.edu/terms



