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Session 10 Objectives

 Present current research conducted on energy, built 
environment and transport as it relates to outdoor air 
pollution and greenhouse gases

 Provide on overview of research capabilities related to 
energy, built environment and transport

 Identify new areas for collaboration in research, teaching 
and practice
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Designing Better Energy Systems

Ben Hobbs
Department of Environmental Health & Engineering

Whiting School of Engineering
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Activities

 Planning power systems for efficiency & 
sustainability, e.g.,

– Jing Peng, Qingyu Xu, Shen Wang posters

– Nature 4/19 cover on South Sudan (World 
Bank) analysis

 Design energy markets to align private 
incentives with social benefits

– California AB32 & 100% renewables 
implementation

 Optimal climate adaptation

– Rui Shi poster

 Approaches: engineering economics, 
decision analysis, market simulation, 
stakeholder engagement
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Yale-JHU
EPA Air Climate & Energy Center

• How does air quality change under 
different scenarios for the US energy 
sector through 2050?

• What are the resulting health impacts?

• What can be done about them?



Key Questions

 How do we get the most environmental improvement 
for the least cost?

 Challenges:

– “Environmental improvement”: uncertain & value-laden

– Political feasibility

– Preserve incentives to innovate
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E.g., Effect of Alternative Renewables Policies in the EU
Cost vs Amount of Renewable Power

(Ozdemir, Hobbs et al. , EPRG WP, University of Cambridge, 2019)

C-by-C: 
• 77GW On-S Wind
• 35GW Off-S Wind
• 114GW Solar

Same EU MWh of Wind, Solar:
• 72GW On-S Wind
• 34GW Off-S Wind
• 89GW Solar

Same EU MWh Renewables: 
• 133GW On-S Wind
• 0GW Off-S Wind
• 49GW Solar

~Half of inefficiency due to wrong mix of technologies 
~Half due to wrong locations



Sustainable Energy Transitions

Johannes Urpelainen
Dept. of Energy, Resources and Environment, School of Advanced 

International Studies; Initiative for Sustainable Energy Policy
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Key Activities

 Energy access: rural 
electrification, clean cooking 
fuels, energy for development

 Air pollution and climate 
change: future of coal, 
renewable energy

 Approaches: survey research, 
field experiments, integrated 
assessment models, political 
economy

sais-isep.org
@sais_isep
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ISEP Collaborations: Value Proposition

Policy analysis and engagement: impact multiplier for research

 China: focus on global footprint

 India: local knowledge, strong network

 DC: shaping global debate

sais-isep.org
@sais_isep
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Monitoring and Understanding Emissions 
for Energy Production

Scot Miller
Dept. of Environmental Health and Engineering, Whiting 

School of Engineering
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Driving themes:
1. What is the magnitude and distribution of air pollution 

and greenhouse gas emissions from regional to 
national scales?

2. Who/what is responsible? Humans or natural 
processes?

3. What do govt. estimates get right, and what are we 
missing?

Greenhouse gas research group @ JHU
greenhousegaslab.org
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A different approach to estimating emissions

+ ...

+

Emissions =

+

Bottom up: Top down:

Big data: Use millions of 
observations to map millions 
of unknown emissions points.
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Research highlights
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Coal mine methane in China: potential uses 
and benefits for both climate & air quality 

Mingyang Zhang1, Sarah M. Jordaan2, 
Wei Peng3, Scot M. Miller1

1.Dept. of Environmental Health and Engineering, Johns Hopkins University. 2. 
Sch. of Advanced International Studies, Johns Hopkins University. 3. Sch. of 

International Affairs and Dept. of Civil and Environmental Engineering, 
Pennsylvania State University
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What is Coal Mine Methane?
❖ Coal mine methane (CMM) is the methane gas produced or emitted in association with coal mining 

activities from the coal seam. 
❖ CMM is the largest source of anthropogenic methane emissions in China and is a major cause of 

mine explosions and injury.
❖ By 2020, total CMM utilization rate increase to 565 billion ft3.  The captured CMM will be used 

primarily as a local fuel. (The 13th Five-Year Plan for development of  CMM, China)

Captured 
Coal Mine 
Methane

Electricity 
generation    
(replacing 

inefficient coal 
power plants) 

Reduce China’s total 
GHG emissions ~ 5.6% 
(700,000 Mt/yr CO2eq )

Residential heat supply 
(replacing household 

coal stoves)

Reduce ambient PM2.5 
pollution ~10%

Air-pollution-
related mortality 

reduction Health impact 
assessment

methodology1

Scenarios and preliminary results: 

References:
1. Global Burden of Disease Study
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Life cycle assessment: informing decisions 
about energy systems

Sarah Marie Jordaan
Assistant Professor of Energy, Resources, and Environment 

Fellow, Initiative for Sustainable Energy Policy
School of Advanced International Studies
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Life Cycle Assessment (LCA)

• Life Cycle Assessment (LCA) is ‘cradle to grave’ assessment; in this case, of greenhouse gas emissions (GHG).
• Geographic focus can be sub-state through global.

• Research foci: 
• Uncovering trade-off along the supply chain through end use of energy systems.

• Improving our understanding of how scientific uncertainty can influence LCA results.

• Supporting environmentally superior decision-making with new approaches to account for dynamic changes in energy systems.



Why LCA?

• Uncovers important trade-offs and hidden environmental impacts across supply chains.

• Broad range of applications
‐ Product/process improvement

‐ Environmental product declaration

‐ Stakeholder dialogue

‐ Policy development

• Broad range of impacts, for example:
‐ Greenhouse gases

‐ Air pollution and health

‐ Water consumption and quality

• Traditionally engineering, but very interdisciplinary



Example systems boundaries

Systems boundaries

Simplified systems boundaries for oil and gas development Comprehensive system boundary for life cycle of the electric grid



Contribution

Moving towards more 
representative, spatiotemporal LCA 
results to better inform decisions



New Energy Technologies

Jonah Erlebacher
Dept. Chair of Materials Science and Engineering, Whiting School of 

Engineering
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Despite the growth in renewable electrical power, over 
60% of domestic energy needs are provided by fossil fuels.

Should we consider exploring different ways of extracting 
energy from fossil fuels (natural gas), that don’t create 
CO2? For instance, chemically decomposing methane to 
solid carbon and hydrogen fuel.

Energetically, decomposition of methane is nearly 10X 
more efficient to make hydrogen than electrolysis of 
water.

vs.

The Need for New Fossil Fuel Technologies

We are doing this in the labMethane combustion is typical
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The Value Proposition of Methane Decomposition

Observations:  
• There is a lot of economic potential in carbon – more than in CO2 
• Scale of carbon industry is small compared to emissions (Gt)
• Only industries at the Gt scale are building/construction

15 Mt/year
saturated market

($12 billion)

4-5 Mt/year
growing fast
($5 billion)

0.03 Mt/year
unsaturated
($20 billion)

Technology needs:  methane chemistry, hydrogen use chemistry (chemical feedstock, power, 
transportation fuel), expansion of the synthesis and utilization of solid carbon (bricks).
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Built Environments and Health: 
My Activities

Brian Schwartz
Dept. of Environmental Health and Engineering, Dept. Epidemiology, 

Johns Hopkins Bloomberg School of Public Health
Department of Medicine, School of Medicine
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• Designed for automobiles, a dominant horizontal component

– An experiment since World War II, 80% constructed just since then

– Home size increasing while household person size is declining

• Important source of GHG emissions → climate change 

• Unprepared for climate change and more expensive energy

– We must decarbonize all sectors

– How do we decarbonize an automobile-dependent, low density, single use, destination 

inaccessible set of built environments?

– Sea level rise, extreme weather is on the way

• Places built for cars are bad for human health

• Unfunded liability for infrastructure maintenance

• Many countries around the world are repeating our mistakes
27

The U.S. Has the Wrong Built Environment
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Geisinger, An Integrated Health System

• 45+ community practice 
clinics, 12+ hospitals

• 1.9M patients, highly 
varied residential 
settings

• Electronic health record 
(EHR) since 2001

• Founded Environmental 
Health Institute in 2007



Environmental & community features

Community features and design

• Food environments

‒ Food service

‒ Food retail

• Social and economic environments

• Physical activity environments

‒ Utilitarian – walkability

‒ Fitness

‒ Recreational: greenspaces

• Blue spaces – water

• Greenness (NDVI)

Traditional hazardous industries

• Unconventional natural gas development

• Industrial farm animal production

• Abandoned coal mine lands

Tick-borne disease habitats

• Ecosystems and land use

Selected relevant health outcomes

• Childhood obesity

• Type 2 diabetes

• All health outcomes – prime importance

• Childhood obesity

• Type 2 diabetes

• Mental health, stress, obesity, type 2 diabetes

• Adverse birth outcomes, asthma, heart failure, 

mental health

• Asthma, infectious diseases

• Type 2 diabetes

• Lyme disease, childhood obesity, mental health

With NIH, CDC, RWJF, S&ACF funding

Environmental epidemiology in central Pennsylvania with electronic health records
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Transportation and Air Quality

Johnathon Ehsani1, Jeff Michael1, Tak Igusa2

1. Dept. of Health Policy and Management, Bloomberg School of 
Public Health

2. Dept. of Civil Engineering, Whiting School of Engineering



Automated Mobility

• Automated mobility holds 
potential for improving public 
health

• Deployment is steerable 
through public policy 

• Electrification of the 
automated vehicle fleet is a 
high priority 



The Effect of Traffic Smoothing on Vehicle Emissions in Low and Middle Income Nations 

• BSPH is engaged in planning the second UN Decade 
of Action for Global Road Safety.

• The linkage between road safety and Sustainable 
Development Goals will be a key part of the global 
strategy.  



The Effect of Traffic Smoothing on Vehicle Emissions in Low and Middle Income Nations 

• Hypothesis:  Traffic smoothing in LMI 
Nations could improve safety and reduce 
emissions.

• BSPH collaboration with India and SE 
Asia could be leveraged for 
demonstration sites.

• Outcome could form the basis for a 
replicable model.



ABM system 
dynamics

multicriteria 
decision

other
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ABM – system 
dynamics
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Hierarchical
public health models

systems 
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Research Resource Core

Collaborative model building strategy (based on an NIH CoE at JHSPH)

A transdisciplinary and 
committed mentorship team

Specific methodologies

Hybrid approaches

Exploration of multilevel 
research questions

Comparative modeling

Engagement of stakeholders
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Alignment and balance of 
intervention components

Longitudinal study 
design

Data-driven model 
refinement

long-term target

Iterative design of multiple intevention components



Global Outdoor Air Pollution: 
Scoping Review on air pollution interventions

Hannah Marker
Senior Research Coordinator, Department of International Health & 

Coordinator, Healthy Environments Theme, 
Alliance for a Healthier World
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Rationale for scoping review on interventions to 
reduce outdoor / ambient air pollution (AAP)

 Situation in many low and middle-income countries (LMIC):

– No policies or interventions are in place to reduce AAP

– No government officials are responsible for AAP

 Goal: Develop menu of interventions to reduce AAP and greenhouse 
gases, with data on effectiveness & guidelines for implementation, for 
policymakers, environmental NGOs, donors, and other partners

 Global review: High, middle and low-income countries

– Some intervention modalities have only ever been implemented in 
high-income countries

– BUT: Also lessons from LMIC for high-income countries
38



Scoping Review Objectives and Criteria

 “Intervention” includes policies, regulations, pricing as well as 
work directly with affected populations

– Looking for any intervention that intended to reduce emissions 
or protect human health from AAP

– Intervention should be described and result or impact measured

– Ideally also information on design and implementation of the 
intervention provided

 Excluded from the scoping review:

– Clinical management of health effects of air pollution

– Household/indoor air pollution interventions ➔ Several 

systematic reviews already conducted
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Search Strategy for scoping review

 Databases: PubMed, Embase, Scopus

 Search Terms:

1. Air pollution terms

• Air pollution, carbon, air quality, emissions, etc. 

2. Intervention terms

• Intervention, policy, behavior change, mitigation, greening, etc.

3. Household air pollution or smoking terms

• Secondhand smoke, indoor air pollution, household air pollution, 
tobacco, etc. 

Search strategy: 1 AND 2 NOT 3
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# of records identified through database 

searching (N=24,290)

# of records after duplicates removed 

(N=21,318)

# of records screened at first level (one 

person) 

(N=21,318)

# of additional records identified through 

other sources (N=0)

# of titles/abstracts categorized and 

reviewed

(N=4,477)

# of articles remaining after 

categorization 

(N=3,863)

# of citations excluded 

(N=16,841)

# of citations excluded 

(N=614)
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Sorted by pollution source category Sorted by intervention modality

Category No. Category No.
Mobile Sources: Transport 1094 Social and Behavior Change Communications 296

Point Sources: Energy Production from Fossil Fuels 698 Technological Innovations/Engineering Controls 861

Point Sources: Industrial Production, Manufacturing 495 Renewable Energy and Alternative Fuels 604

Point Sources: Solid Waste 227 Zoning 87

Residential/Commercial Buildings 257 Urban Planning/Changes in the Built Environment 312

Agriculture 424 Greening 210

Unspecified Sources 988 Carbon Storage and Sequestration 225

Other Sources 163 Waste Reduction/Waste for Other Purposes 157

Agriculture-related Management Plans 366

Cap and Trade/Emissions Taxes/Market Incentives 827

Emissions Standards and Regulations 509

Efficiency Standards and Regulations 181

Policy 624

Other Intervention Types 280 42



Scoping Review: Interventions to Improve 
Ambient Air Quality by Modifying Private 

Vehicle Use

Kira Burkhart
MPH candidate, Johns Hopkins Bloomberg School of Public Health
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Background and Methods

 Traffic-related air pollutants 
linked to respiratory and 
cardiovascular disease, stroke, 
low birth weights, premature 
birth, etc.

 Globally, 4 million new 
pediatric asthma cases (13%) 
attributable to ambient NO2 
each year1

1. Lancet (2019): https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(19)30046-4/fulltext 44

https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(19)30046-4/fulltext


Preliminary Results

Intervention Type Number of 
Studies 
(n=34)

Traffic Restrictions 10

Congestion or Low Emission Zones 8

Improved Public Transportation 4

Active Transportation Infrastructure 2

Road tolls 2

Gas Taxes 2

Commuter Benefits 2

Carpooling Initiatives 2

Air Quality Alerts 1

Telemedicine 1

14 countries

 Only 8 out of 34 articles (23.5%) 
addressed health outcomes
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Interventions in India and China

Country Intervention n Findings

India Odd/Even 
restrictions

1 Ineffective

China Road Tolls 1 Effective

China Odd/Even or 
One-day-a-week 
restrictions

5 Mixed

 All retrospective/natural 
experiment studies

 Only one assessed health 
impacts (described at right)

Liu et al. (2017)

 Number 4 is considered unlucky, 
fewer cars have license plates 
ending in 4

 Compared Beijing hospital 
admissions for respiratory disease 
on days banning “4” plates (more 
cars), vs. other restricted days 
(fewer cars)

 Found marginal increase in hospital 
admissions (2.24%; 95% CI 1.73-
2.77%), higher in cold season 
(3.31%; 95% CI 2.27-4.37)
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Scoping review: Interventions to Reduce 
Emissions from Fossil Fuels

Jillian Hesler
Environmental Health and Engineering, Whiting School of Engineering
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Classifying articles on interventions to 
reduce emissions from fossil fuels

1. Points along the life cycle of fossil fuels

– Combustion (204), Industry & Commercial (17), Fuel Production & 
Extraction (58), Energy & Fuel Distribution(9), Transport (52)

2. Intervention type

– Efficiency (101), Carbon Capture & Sequestration (65), Renewables 
(191), Taxes & Market Based Incentives (192), Technology (197), 
Alternate Fossil Fuels (99), Hybrid Fuels (27), General Legislation 
(123), Gasification (29), Greening (5)

3. Interventions targeting specific pollutants (261)

– O3 (4), NOx (58), SOx (66), Pb (2), CO2 (114), CO (7), PM (37), 
Hg (27), CH4 (20), and Other (22)
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Example: Intervention targeting SO2 in China

 Schreifels JJ, Fu Y, Wilson EJ. Sulfur dioxide control in 
China: policy evolution during the 10th and 11th Five-year 
Plans and lessons for the future. Energy Policy. 2012; 48: 
779-789. DOI 10.1016/j.enpol.2012.06.015
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Example: Intervention targeting SO2 in China

 Targets specific pollutants

– “China's Central government established national goals to reduce 
sulfur dioxide (SO2) emissions by 10%”

 Provides details of intervention or policy

– “Several factors contributed to achievement of the 11th Five-year 
Plan SO2 reduction goal: 1) instrument choice, 2) political 
accountability, 3) emission verification, 4) political support, 5) 
streamlined targets, and 6) political and financial incentives.”

 Results measured and reported

– “After adapting a number of policies and introducing new 
instruments during 11th Five-year Plan, SO2 emissions declined by 
14%.” 50



Classification of interventions targeting 
specific pollutants



Questions for discussion

1. WSE, SAIS, SPH were all represented in this session. How 
do we involve other divisions of the University in research 
in these areas? 

2. How do we capitalize on the overlap in the research   
themes presented during this session to further develop 
the research agenda in the energy and transport sectors?
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