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Shell Center for 
Sustainability
The Shell Center for Sustainability (SCS) counts on the leadership 
of representatives from Rice University, Shell Oil Company, and the 
community at large. We implement the mission and vision of SCS 
through intradisciplinary teamwork that brings together everyone’s 
commitment for sustainable development.

We extend our thanks and appreciation for your contribution and 
support. We recognize the collaboration and support of other Cen-
ters and Institutes at Rice University, as well as many students and 
faculty, partners, collaborators and friends, who participated in cre-
ating our success in 2016 as we prepare for our 15th anniversary in 
2017. 
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The Shell Center for Sustainability (SCS) at Rice Uni-
versity is an interdisciplinary program of research, 
outreach and education that addresses actions that can 
be taken to ensure the sustainable development of liv-
ing standards, interpreted broadly, to encompass all 
factors affecting quality of life, including environmen-
tal resources.

2016
This year marks the fourteenth anniversary for the 
Shell Center for Sustainability, a partnership between 
Rice University and Shell Oil Company.



A Word 
From the 
Academic 
Director

The Shell Center for Sustain-
ability continues to fund a 
wide range of projects fo-
cused in making our plan-
et more sustainable.  While 
most of this research is con-
ducted in the Houston area, 
eligibility for Center fund-

ing requires that the knowl-
edge gained is transferable 
to other regions.   Even proj-
ects that have a more re-
stricted geographic focus, 
such as our now completed 
Houston Indicators project, 
have made the data and re-
sults easily available online 
for other researchers, plan-
ners and interested citizens.  
I am very proud of our long 
legacy of providing funding 
for some of Rice University’s 
most creative minds working 
in truly collaborative, inter-
disciplinary projects.  

John B. Anderson
Academic Director
Shell Center for Sustainability
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Executive
  Summary
Research fellowships were awarded for two years by the 
Shell Center for Sustainability in 2016. Fellows are work-
ing to model gulf coast response to sea level rise bringing 
together barrier island shoreline processes and data driven 
modeling strategies; understanding and enhancing the sus-
tainability of coastal infrastructure and assessing energy and 
transportation infrastructure subjected to hurricane hazards; 
and modeling the dynamics of the nitrogen cycle within bio-
char-amended soils with varying properties and climate char-
acteristics considering the transport and reactions of nitrogen 
fertilizer through the topsoil of fields amended with biochar.

The Risk and Resilience along the Houston’s Ship Channel 
project is working to uncover links between vital social, environ-
mental, and physical systems. The team is working to identify 
the vulnerability of the infrastructure and the coastal communi-
ty during hurricane hazards. The work is being done by devel-
opment of an integrated model of natural, physical and social 
risks associated with oil infrastructure along the ship channel.

The Dynamic Modeling of the Nitrogen Cycle of Biochar-
amended Soils, and Economic Assessment of Biochar Ben-
efits project began to monetize select biochar benefits to 

demonstrate the wider ecosystem-related financial implica-
tions of applying biochar in agricultural soils. Benefits include 
reduced air pollution and health risks. The project also con-
siders the maintenance of a sustainable food supply in the 
foreseeable future without the use of excessive environmen-
tal degradation to mediate the disruption of the nitrogen cycle.

The Observational and Modeling Study of Natural Gas Leak-
age in Urban Houston project focuses on the characterization 
of natural gas leakage in the Greater Houston Area. The project 
focuses on sampling zones, three-dimensional modeling, and 
the development of sensors for methane and ethane detection.

The Houston Sustainability Indicators project presented its 
latest report with findings that tie education in support of 
school performance and the cost of housing in the commu-
nity in the 6th Houston Sustainability Indicators Report 2016.

For more information on these projects, visit:
http://shellcenter.rice.edu, Research.
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The fate of the Texas coast is communicated using extrapola-
tion of historical shoreline positions or flooding maps gener-
ated from digital elevation models and anticipated sea-level 
rise. These approaches are dangerously insufficient, as bar-
riers do not respond to sea-level rise by drowning in place. 
Over time scales adequate for coastal planning, barriers are 
in a continuous state of change due to feedbacks operating 
between waves, sea-level rise, and barrier morphology. Along 
the Texas coast both the forcing and responses of Texas’ bar-
riers have increased through historical time. In terms of forc-
ing, sea-level curves produced for the western Gulf show an 
average rise of 0.5 mm per year over the past 4,000 years, 
yet, modern rates measure up to 6 mm per year. In terms of 
coastline response, recent studies at Rice University provide 
compelling evidence that relative sea-level rise is correlated 
to accelerated shoreline change. Over the past 1200 years, 
Galveston Island migrated landward at a rate of ~ 1 m per 
year. Today, the west end of the island is moving twice as fast. 
Likewise, at Follets Island, shoreline retreat has more than 
doubled in historical time and may disappear as a subaerial 
barrier within 300 years.

Research Fellows

In keeping with the Stress Nexus 2050 focus established in 
2012 to explore the intersection between food, water, and 
energy, the Shell Center for Sustainability awarded three fel-
lowships in 2016 to study ways to promote infrastructure sus-
tainability, improve soil quality with the use of biochar, and ex-
amine coastal change over time. These fellows work with an 
advisor directly related to one of the six Stress Nexus projects 
funded buy SCS, as well as the complete research teams. 
The goal is to bring the social, economic, and environmental 
perspective into the multidisciplinary research to find broad 
outcomes.

Travis Swanson

Dr. Travis Swanson is a Texan from San Antonio. He attended 
the University of Texas in Austin for his undergraduate, mas-
ters and Ph.D. He worked at Shell before joining the Shell 
Center for Sustainability at Rice University in 2016. His work 
as a SCS Fellow explores coastal landscape and develop-
ment predictions to aid coastal community resilience. 

Spanning 591 kilometers, Texas possesses the longest coast-
line bordering the Gulf of Mexico in the United States. This 
region is uniquely composed of a system of barrier islands 
and peninsulas that protect numerous landward communities 
that provide substantial agricultural, energy, and other socio-
economic benefits. The sediment that comprises these pro-
tective barriers, however, is being depleted while the rate of 
sea-level rise is accelerating. Therefore, the Texas coast is 
evolving at an unprecedented rate, rendering society that re-
lies upon this environment susceptible to flooding, particularly 
during storms. 
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Georgios Balomenos

Georgios Balomenos holds a Ph.D. in Civil Engineering from 
the Department of Civil and Environmental Engineering, Uni-
versity of Waterloo (Canada). His PhD research focused on 
structural reliability using surrogate modeling and finite ele-
ment analysis. His research interests include resiliency and 
risk assessment of infrastructure systems under multiple haz-
ards, identification of risk mitigation strategies, probabilistic 
finite element analysis and structural reliability. Dr. Balom-
enos is an associate member of the ACI/ASCE committees 
445 (Shear and Torsion), 447 (Finite Element Analysis of RC 

Predictions of barrier response to sea-level rise requires 
models informed and validated by data sampled over a broad 
range of time and spatial scales to capture the variability of 
processes, morphology, and geology of Texas’ barriers. The 
work focuses on three key regions: Follets Island, Mustang 
Island, and North Padre Island. These sites exhibit a range of 
shoreline behavior: retreat, stability and progradation. These 
locations detail variation in barrier height, width, shoreface 
depth, which influence the depth and time scales of morpho-
dynamic closure. At Follets Island, sediment below 5 m may 
be undisturbed for decades, whereas near North Padre Is-
land, similar sediments are mobilized yearly. Evaluating this 
variability is essential for predicting long-term geomorphic 
change as barriers with deeper depths and quicker time scales 
for closure allow waves to naturally nourish beaches, depend-
ing on the exhumed sediment composition. New geophysical 
surveys and sediment cores from estuaries will establish links 
between geology and barrier change.
 
The Coastal Sedimentology group is also developing a mod-
eling framework to predict the fate of Texas’ barriers. To-date, 
no single model can produce reasonable simulations of bar-
rier change at the scales of interest for community planning. 
Ongoing work will combine both process-based and data-
driven modeling strategies. The flexibility of this approach al-
lows short-term coastal processes, such as day-to-day waves 
and storms to be evaluated while honoring longer-term pro-
cesses such as sea-level rise, dynamic barrier morphology, 
and geology in a single workflow.  Once validated to data, 
this modeling framework will predict barrier change and iden-
tify processes acting to stabilize and weaken Texas’ barriers. 
These model predictions are vital to the future development of 
a comprehensive coastal management plan for Texas. 

Dr. Swanson is advised by Dr. John B. Anderson and Dr. Jef-
frey Nittrouer under the Stress Nexus of Coastlines Project.
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Structures) and ACI committee 348 (Structural Reliability and 
Safety).

Dr. Balomenos is currently a Shell Center for Sustainability 
Postdoctoral Fellow at Rice University with an appointment in 
the Department of Civil and Environmental Engineering. His 
work is co-advised by Profs. Jamie E. Padgett and Phil Bedi-
ent. His postdoctoral research focuses on understanding and 
enhancing the sustainability of coastal infrastructure. His work 
currently addresses risk and resilience assessment of energy 
and transportation infrastructure subjected to hurricane haz-
ards, with case studies in the Houston Ship Channel region. 
Example infrastructures of interest include bridge-roadway 
networks, port facilities, and petrochemical facility storage. 
As a part of this effort Dr. Balomenos derives computation-
ally efficient predictive models of structural response in order 
to assess system safety and functionality when subjected to 
storm surge and wave loading. This approach provides flex-
ible models ready for rapid application across a regional port-
folio of infrastructures where performance under alternative 
hazard scenarios, mitigation strategies and climate conditions 
can be tested. 

Dr. Balomenos is also collaborating with colleagues at the 
Kinder Institute for Urban Research, to understand storm 
impacts on residents’ spatial accessibility to major services 
and to investigate the disparity of spatial accessibility change 
among population groups. Overall, his research aims to shed 
light on viable solutions that can improve infrastructure resil-
iency in coastal settings and to offer a framework which can 
be effectively applied to other natural hazard-prone areas.

Yi Chen

Dr. Yi Chen joined our SCS group in October, bringing with 
her several years of academic and industrial experience that 
is directly relevant to the Dynamic Modeling of the Nitrogen 
Cycle of Biochar-amended Soils, and Ecoomic Assessment 
of Biochar Benefits project. She received her B.S. in Chemi-
cal Engineering from Hunan University and her Ph.D. (also 
in Chemical Engineering) from Tianjin University. After her 
graduation, Dr. Chen moved to the US and worked first on 
modeling the conversion of methanol to jet fuel at Texas A&M 
University. She continued her postdoctoral studies at Rice 
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University investigating the deposition of asphaltenes in well 
bores and pipelines under the supervision of Dr. Walter Chap-
man. Dr. Chen then joined Schlumberger where she worked 
on gas and oil characterization, pressure-volume temperature 
(PVT) modeling, and the phase behavior of hydrocarbons un-
der high pressure and temperature.
 
Dr. Yi’s research for the SCS project will focus on modeling 
the dynamics of the full nitrogen cycle within biochar-amend-
ed soils with varying properties (soil type, permeability) and 
for different climate characteristics (rainfall, temperature).  To 
properly account for all these factors, the model will consider 
the transport and reactions of nitrogen fertilizer through the 
topsoil of fields amended with biochar.  More specifically, the 
model will consist of the following modules that will tackle the 
following physical and chemical processes:

Transient adsorption and desorption of nitrogen fertilizer 1. 
ions on the porous biochar and soil particles. 
Nitrification reactions that first oxidize ammonium to nitrite, 2. 
followed by the conversion of nitrite to nitrate. 
Uptake of the nitrate (but also of ammonium) by plants. 3. 
Denitrification reactions whose primary objective is to re-4. 
duce the unused nitrates to nitrogen.  
Side reactions occurring during both nitrification and deni-5. 
trification that lead to the production of nitrous oxide, a 
greenhouse gas more potent that carbon dioxide, nitric ox-
ide and nitrous oxide. The latter two gases are major air 
pollutants since they contribute to the formation of smog 
and acid rain.

Such a comprehensive model has the potential to become a 
very effective tool for understanding the complicated interac-
tions occurring in our biochar-soil-climate system. Without a 
computational framework that can address these interactions 
using first principles, the only way to determine whether a 
specific biochar amendment will deliver some environmental 

benefit is to perform a multitude of time-consuming experi-
ments that account for every possible combination of system 
parameter values. There are dozens of feedstocks that can 
be pyrolyzed in multiple types of reactors under various oper-
ating conditions. Each of the produced biochars should then 
then be added to a wide range of soil types.  For each bio-
char-soil type pair to be tested in a field trial, farmland must be 
allocated in statistical replicates for multiple cropping seasons 
(ideally for 3-5 years). Clearly, this is a process that can take 
decades. The computational tool we are developing, however, 
will give us the ability to obtain first-order information on sce-
narios where specific biochars are most likely to be effective.
  
Dr. Yi has already started developing a rigorous computa-
tional model for modeling the imbibition and drainage of bio-
char-amended soils after every rainfall or irrigation event. The 
dynamics of these processes are critical for addressing our 
overall problems. Nitrification involves oxidation reactions that 
occur when the soil is dry and stop when the soil is saturated 
with water, since the solubility of oxygen in water is very low. 
On the other hand, denitrification requires anoxic conditions 
and proceeds when the soil is saturated with water or in pock-
ets that have not completely drained after a rainfall event. 
Thus, the main goal of our current efforts is to determine how 
the properties of biochar (porosity, hydrophilicity or hydropho-
bicity etc.) will affect the rate at which amended soils become 
saturated with water and how fast will drain when the rain has 
stopped.
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Research Projects
Risk and Resilience along Houston’s Ship 
Channel: Uncovering Links between Vital 
Social, Environmental, and Physical 
Systems

Principal Investigators:
Jamie Padgett, 
Philip Bedient, 
James Elliott, 

Students:
Carl Bernier, 

Description of the project and expected outcomes:

Due to their location in coastal areas, oil and gas along with 
other industrial infrastructures are particularly vulnerable to 
hurricane events; 50% of the United States (US) refining ca-
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pacity is located in the Gulf Coast, a hurricane prone area [5]. 
During recent hurricane events in the US, oil infrastructures, 
specifically above ground storage tanks (ASTs), have suffered 
major damage resulting in spillage of hazardous materials in 
the surrounding environment, costly cleanups and significant 
economic impacts. During Hurricanes Katrina and Rita, more 
than 26.5 million liters of hazardous materials were spilled 
due to AST failures. In addition to these serious economic and 
environmental impacts, these failures also have profound ef-
fects on the wellbeing of surrounding communities. Thereby, 
it is critical to evaluate the vulnerability of these key energy in-
frastructures and to determine the benefits of mitigation strat-
egies.

The objective of this project is to explore the potential impacts 

of storm events in coastal communities that house people in 
addition to industrial infrastructures, to understand the evolu-
tion of interactions between the social system and the built 
environment, and to propose ways to mitigate the risks to 
these industrial infrastructures. To do so, the research team 
developed an integrated model of natural, physical, and so-
cial risks associated with oil infrastructure performance during 
hurricane hazards. The Houston Ship Channel (HSC) (Fig-
ure 1), one of the United States’ most vital industrial regions 
located in a hurricane prone area, is being used as a case 
study. The HSC is the second largest petrochemical complex 
in the world with ten major refineries and more than 4,500 
ASTs. Figure 2 presents an overview of the integrated model 
enumerating the key linkages that are analyzed between the 
various disciplines of the project. The model couples hurri-
cane hazard modeling, structural vulnerability, and social vul-
nerability to evaluate storm surge induced risks associated 

Figure 1: Houston Ship Channel (from [3])

Figure 2: Summary of the proposed inegrated model with 
example linkages indicated (from [1])
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with chemical and petrochemical infrastructures. The hur-
ricane hazard modeling allows determination of the surge 
levels in the HSC for different scenarios. These surge levels 
are used to estimate the probability of failure of ASTs and the 
potential chemical spills. These results are then merged with 
relevant factors of social vulnerability to determine the overall 
vulnerability of communities located along the HSC. Finally, 
the model is used to evaluate the effects and viability of miti-
gation strategies. Four main types of mitigation strategies are 
investigated: procedural measures, improved structural de-
tails of ASTs, regional surge protection systems, and policy-
oriented solutions. The research team has published a journal 
paper regarding the integrated model and its use to explore 
the temporal co-evolution of spill risks and social vulnerability 
in the HSC from 1970 to 2014 [1]. In addition, a conference 
paper investigating the effects of mitigation strategies on the 
oil industry and nearby communities was submitted [2], and 
the team is currently working on a journal paper proposing a 

framework to evaluate mitigation strategies.

Progress and upcoming work:

Structural vulnerability modeling of aboveground storage 
tanks:

The first task of the structural vulnerability analysis consisted 
of determining the surge levels of interest in the HSC. Three 
different scenarios of increasing severity were retained. The 
two first scenarios correspond to the stillwater elevations from 
the preliminary Federal Emergency Management Agency 
(FEMA) Base Flood Elevation (BFE) (FEMA 2013) for annual 
probabilities of occurrence of 1% and 0.2% (return periods 
of 100 and 500 years respectively). The third scenario cor-
responds to a synthetic variation of Hurricane Ike where the 
winds were increased and the landfall location shifted, referred 
to as Ike15p7. The second task consisted of assembling a 
historic database of the ASTs located in the HSC with their 
characteristics (dimensions, type of tank, content, etc.) from 
1970 to 2014. With the surge scenarios and this database, the 
probability of failure of all ASTs in the HSC between 1970 and 
2014 were estimated using fragility models. The fragility mod-
els considered flotation as the primary mode of failure. Prob-
ability of failure maps as shown in Figure 3 were generated. 
Finally, potential storm-induced spills were estimated, and the 
temporal evolution of spill risks was investigated as shown 
in Figure 4. This figure reveals that spill risks and potential 
for environmental damage have increased considerably over 
recent decades pointing to the need to investigate mitigation 
strategies.

Social vulnerability modeling along the Houston Ship Chan-
nel:

First, work consisted of extracting and assembling socio-de-
mographic data for the HSC and the entire Houston Metro-

Figure 3: Probability of failure of ASTs in the HSC for a 500 
year flood event (from [2])
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politan Area between 1970 and 2014; this data was obtained 
from the US Census Bureau. From this data, two indicators 
of social vulnerability were found to be robust and statistically 
significant for the HSC: concentrated disadvantage and im-
migrant concentration. These factors were reported along-
side other variables such as total population, median housing 
value, and real income per capita. The trends of each factor 
or variable were computed over the 1970-2014 period for the 
census tracts located along the HSC. These trends were also 
compared with the rest of Harris County and the nine-county 
metropolitan area. Analysis of these factors points out that 
concentrated disadvantage and immigrant concentration have 
both increased considerably along the HSC since 1970, while 

per capita income and median housing values are no higher 
now than in 1970 despite rising prosperity in the surrounding 
county and metropolitan area. Overall, these patterns indicate 
clear evidence of rising social vulnerability along the HSC and 
increasing marginalization of neighborhoods exposed to the 
risk of chemical spills.

Intersections between risks and social vulnerability

To investigate the intersections between spill risks and social 
vulnerability, the research team coupled the previously ob-
tained results to produce place vulnerability maps as shown 
in Figure 5. While social vulnerability indicates the capacity of 
communities to prepare, respond and recover from hazards, 
place vulnerability highlights the fact that disasters emerge 
through interactions between the built environment and the 
social system [4]. Regression analyses were also performed 
to assess how changing levels of social vulnerability in the 
past five decades correlate with concurrent changes in spill 
potential. It was found that the most disadvantaged neighbor-
hoods within the HSC are now more likely to have a higher 
spill potential than in the past. Thus, a surge event is likely 
to be more devastating to communities along the HSC now 
than in the past, not only because of increasing spill risks but 
because of their intersection with declining neighborhood re-
sources critical to community resilience.

Investigation of mitigation strategies:

The results presented above point out to the importance of 
investigating the benefits of mitigation strategies. As such, 
the research team has begun to evaluate three main types 
of strategies: procedural strategies such as filling ASTs with 
product or sea water before a storm; structural details such as 
anchoring ASTs to the ground or changing their stiffness; and 
hazard protection systems such as building levees or berms to 
protect ASTs from surge effects. To do so, the team developed 

Figure 4: Evolution of potential storm-induced spills in the 
HSC (from [1])
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[2] Bernier, C., Padgett, J., Elliot, J., Bedient, P. (2017). 
Investigation of mitigation strategies to reduce storm surge 
impacts associated with oil infrastructures, 12th International 
Conference on Structural Safety & Reliability, Vienna, Austria 
(Status: abstract accepted, paper in review).
[3] Center for Land Use Interpretation, (2009). Texas Oil: 
Landscape of an Industry (http://clui.org/page/texas-oil-land-
scape-industry-0 ) (Feb. 21, 2017)
[4] C.T. Emrich, S.L. Cutter (2011). Social vulnerability 
to climate-sensitive hazards in the southern United States, 
Weather, Climate and Society, 3(3), 193-208.
[5] Godoy, L., (2007). Performance of Storage Tanks in Oil 
Facilities Damaged by Hurricanes Katrina and Rita, Journal of 
Performance of Constructed Facilities, 21(6), 441-449.

a preliminary framework that evaluates and compares each 
mitigation strategy by quantifying the reduction of spill risks, 
the reduction of place vulnerability along the HSC, and the 
economic viability. Preliminary results indicate that no single 
method is optimal, and that combinations of structural details, 
procedural methods, and hazard protection systems are more 
efficient and appropriate for reducing risks and vulnerability 
along the HSC. Thus, future work will now focus on deriving 
an optimal set of strategies. In addition, policy-oriented solu-
tions regarding the oil industry and surrounding communities 
will be explored.

References

[1] C. Bernier, J.R. Elliott, J.E. Padgett, F. Kellerman, P.B. 
Bedient (2017). Evolution of social vulnerability and risks of 
chemical spills during storm surge along the Houston Ship 
Channel, Natural Hazards Review (accepted).

Figure 5: Bivariate map indicating the intersection of spill 
risks and social vulnerabilility along the HSC induced spills in 
the HSC (from [2])
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Dynamic Modeling of the Nitrogen Cycle 
of Biochar-amended Soils, and Economic 
Assessment of Biochar Benefits

Principal Investigators:
Caroline Masiello,
Kyriacos Zygourakis, 
Kenneth Medlock, 
Christian Davies,
Ghasideh Pourshem

Biochar Benefits

The environmental and economic gains of biochar application 
accrue to a wide-range of beneficiaries. The team continued 
to screen a wide range of benefits following land-amending 
biochar sourced from a variety of biomass types. As the next 
suggested step in the proposal, the team began to monetize 
select biochar benefits in order to demonstrate the wider eco-
system-related financial implications of biochar application in 
agricultural soils. Specifically, two benefits, one direct (crop 
yield increase) and one indirect (improved air quality), were 
selected. This study defines the direct benefit as a financial 
value to the consumer of biochar (farmer) and indirect benefit 
as the broader range of advantages that are realized by public 
or ecosystems.
 
Direct benefit of biochar on crop yield

Reports screened in this study show that in comparison to 
conventional chemical fertilizers, enhanced biochar-fertilizers 
may significantly raise the yield of farm products (Figure 1). 
A higher crop yield (or farm production rate per fertilizer, ma-
chinery and land inputs) is a direct benefit to a farmer who 
purchases and applies biochar and realizes a higher return 
on their investment. This study uses this fact as an influenc-
ing factor on a farmer’s choice of product in the market. This 
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is specifically critical when a market tool (e.g. tax) has to be 
incorporated into the market dynamics of biochar, as a new 
product in the market.  In their study, the team investigated the 
impact of tax on market dynamics of conventional fertilizers 
that do not blend biochar in their products. The assumption of 
this study is based on the fact that an efficient use of fertilizers 
can reduce the ensuing water and air pollution and using bio-
char-blended fertilizer products will provide a pollution mitiga-
tion opportunity. Enforcing a tax on conventional fertilizer may 

facilitate a quicker market entry for biochar-blended fertilizers 
that face higher market values according to the team’s na-
tion-wide survey of biochar providers and sellers. When faced 
with a choice between an established but taxed conventional 
fertilizer and a new biochar-blended product, a promise of 
increased farming productivity may affect farmer’s decision. 
This study investigates how crop yield increase can impact a 
farmer’s decision and therefore the market for biochar. 
Indirect benefit of improved air quality 

Figure 1: Biochar’s influence on crop yield.
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Reduced air pollution and reduced health risks are benefits 
received by a wider range of beneficiaries including general 
public and ecosystems. These benefits are indirect conse-
quences (positive externalities) of biochar application on ag-
ricultural soils. Monetizing these larger advantages quantifies 
the extent of the financial return on investing in improving eco-
systems health through biochar production and application. 
This study specifically monetizes the health impacts from a 
biochar-mediated improvement in air quality near agricultural 
areas. Among many of its benefits, biochar has shown to lower 
the nitrogen oxides emission from agricultural soils. Nitrogen 
oxide, itself a pollutant, generates secondary air pollutants 
such as ozone and fine particulate matter and causes health 
risks. The team modeled the change in local air quality when 
biochar is applied to soil. In the next step, the team then mod-
eled the economic impact of human exposure to a lower con-
centration of air pollutants. Their study shows that nationwide 
adoption of biochar application to fertilized soils can lower the 
health risks from agricultural air pollution by $660 million. In 
addition to adding to the value of biochar, this strategy can be 
considered as a plausible strategy for reducing agricultural-
related air pollution by local governments such as the Mid-
west or the state of California.

Biochar Costs: receiving sufficient economic and policy 
incentives may help biochar’s market

A major contributor to high biochar market prices is its high 
cost of production. Production cost of biochar consists of 
production facility cost and biomass cost. This section of the 
study of biochar economics investigates the cost of producing 
biochar at different scales and designs and how a market tool 
may influence the market supply cost of biochar.

Production cost

Understanding the production cost of biochar requires a de-
tailed study of the production system designs and compo-
nents and their contribution to the overall cost of unit produc-
tion of biochar. In their approach, team collected, reviewed 
and analyzed two groups of cost data pertaining to production 
of biochar. In the first group, cost data from available techno-
economic reports that investigated the cost of biochar pro-
duction as a main product (through slow pyrolysis process) 
and as a co-product (through fast pyrolysis process) was col-
lected. The second group of cost data includes the cost of 
biochar production from operating facilities in the US collected 
by team. Majority of the systems in the latter group operate 
as small-scale slow pyrolysis systems generating biochar as 
their main market product. The investigation of these systems 
shows that the produced biochar has to be priced high in or-
der to recover the system’s investment and operating costs. 
Until now, no major improvement in the equipment design of 
the process have taken place. Most of these systems, where 
biochar is the main product, are only profitable when biomass 
used in the process is obtained at a very low or no cost.
 
The impact of incentives

Wide adoption of biochar, however, is hampered by its high 
market prices that are typically borne by farmers who are the 
end users of this product. When making farm management 
decisions, farmers tend to maximize their profit with regards 
to inputs that convey monetary benefits or costs for them. In 
their approach, our team argues that market tools (such as 
a tax), constructed on the basis of biochar’s non-market ser-
vices (e.g. improving ecosystems quality), can internalize the 
benefits of those services, increase biochar’s market share 
and may provide a proper environment for the commercial 
viability of biochar.  While taxing may not be the ultimate ap-
propriate or feasible regulatory approach in every societal and 
political context, it is important to investigate the effectiveness 
of this market-tool in adopting agricultural practices that have 
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better environmental performance.

The team built a farmers’ general cost model that allows farm-
ers to make a profit maximization decision according to the 
environmental consequence of their choice of fertilizer. Their 
model takes into account the farmer’s choice of purchasing 
conventional fertilizer and paying for its environmental fees 
(tax) versus selecting biochar-blended fertilizer thereby avoid-
ing the environmental expense. The analysis assumes a key 
factor in the farmer’s choice of fertilizer is its impact on agri-
cultural productivity, and hence profitability. This study then 
identifies a tax level that can affect farmers’ decision in their 
choice of purchasing farming inputs.

The steps to identifying the tax level include developing con-
ventional fertilizer and biochar market supply and demand 
model, and identifying optimum tax level influenced by crop 
yield. The team identified a range for crop yield impacted by 
biochar application (Figure 1). Next, they gathered the fertil-
izer consumption data for a variety of crops across the US 
and for the past few decades. This data then was used to 
develop the fertilizer supply model. In the next step, the team 
will model the biochar supply model and incorporate fertilizer 
and biochar market data in to the model developed for quanti-
fying the effective fertilizer tax level. Figure 2 demonstrates a 
representation of the model.
 
Policy Recommendation

To accelerate the adoption of biochar, long-term plans such 
as soil carbon security need to be considered a national policy 
priority.

Although biochar has demonstrated potentials for enhancing 
soil quality, no federal or state policy yet directly concerns bio-
char soil amendment. As suggested in the proposal, estimates 
of the avoided cost will be used as the measures of potential 

policy intervention of government in the form of subsidies or 
other tax treatments in the market price of biochar. In addition, 
in this step, existing U.S. policies and programs regarding the 
government support for a broader category of bioproducts 
where biochar fits in were reviewed. The preliminary results 
of the analysis suggest that a wider government support for 
biochar may require considering two major barriers:

1) wide variability in the properties of produced biochar, which 
in turn contribute to uncertainty in performance; and 
2) lack of development of product certification or standards for 
biochar. 

In addition, compared to more established bio-based prod-
ucts like biofuels, biochar is not the center of policy makers’ 
attention. While biofuels such as conventional ethanol have 
received incentives as a part of a long-term plan to diversify 
nation’s energy portfolio, biochar may warrant greater sup-
port to effectively constitute a part of long-term soil and food 
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Figure 2: Short-term fertilizer market dynamics affected by 
tax.



security strategy, as well as capture general environmental 
benefits provided through, for example, biochar’s nitrogen re-
mediation capabilities. 

The team expects to publish their results and analysis in four 
peer-reviewed journals listed below:

Pourhashem G., Rasool Q.Z., Zhang R., Masiello C. A.,  • 
Medlock K.B., Cohan D.S., “Valuing the air quality effects 
of biochar reductions on soil NO emissions”, 2017, under 
review by Environmental Science and Technology.
Pourhashem G., Medlock K.B., Masiello C. A., Davies C.A., • 
“Economics of large-scale biochar production”, 2017.
Pourhashem G., Hinchey N., Hung S.Y., Medlock K.B., • 
Masiello C. A., “Market-based environmental policy-instru-
ments in biochar application”, 2017.
Pourhashem G., Hung S.Y, Medlock K.B., Masiello C. A., • 
“Policy Support for Biochar: Review and Recommenda-
tions”, 2017. 

Conference Presentations

Pourhashem G., Rasool Q.Z., Zhang R., Masiello C. A.,  Med-
lock K.B., Cohan D.S., “Reducing Public Health Cost Through 
Agricultural Soil Application Of Biochar”, USBI2016, Corvallis, 
Oregon, August 2016. 

Dynamic Modeling of the Nitrogen Cycle of  Biochar-
amended Soils

Maintaining a sustainable food supply for the foreseeable fu-
ture without excessive environmental degradation will require 
novel engineering approaches for remediating the human dis-
ruption of the nitrogen cycle. Over the past several decades, 
food production has kept pace with human population growth 
only because of the successful development of new high-
yielding crop varieties grown with the help of fertilizers. Thus, 
vast amounts of energy are consumed every year to produce 
the approximately 200 Mt of ammonia needed to make the 
nitrogen fertilizers used by farmers around the globe.

Unfortunately, more than half of the nitrogen fertilizer applied 
to a field is not available for plant growth due to losses caused 
by surface runoff, leaching into surface and ground water, or 
volatilization. These losses trigger serious water pollution 
problems ranging from the hypoxic zone in the Gulf of Mexico 
caused by eutrophication to the contamination of wells and 
groundwater with nitrate. Moreover, denitrification reactions 
convert nitrates to nitrous oxide, a major greenhouse gas, and 
to nitrogen oxide, an atmospheric pollutant and significant 
contributor to the depletion of atmospheric ozone.

Soil amendment with biochar has been heralded as a sustain-
able method for increasing crop yields while at the same time 
minimizing pollution problems caused by fertilizer runoff. Sev-
eral studies reported that the addition of biochars to weath-
ered tropical or temperate region soils decreased leaching 
losses of nutrients. However, the available field study data for 
crop yields are highly variable. While some studies reported 
significant beneficial effects with up to 60% higher yield after 
biochar addition, other studies reported that biochar amend-
ments either had no effect or even resulted in up to 30% lower 
agricultural productivity.
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Meta-analyses of the available field data suggest that biochar 
may enhance agricultural productivity by improving the wa-
ter holding capacity of amended soils and by increasing the 
availability of crop nutrients. The most likely explanation for 
the latter effect is that biochar acts as an adsorbent. When 
ammonium is applied as fertilizer, it oxidizes to form nitrate 
that does not adsorb strongly on soil and is thus easily lost 
through leaching. Since most biochars have significant cation 
exchange capacity, they can adsorb ammonium slowing its 
conversion to nitrate and reducing nitrogen losses from nitrate 
leaching. Ding and coworkers studied the dynamics of am-
monium nitrogen transport in columns packed with soil and 
biochar/soil mixtures. Their measurements revealed that the 
addition of biochar slowed the downward transport of ammo-
nium-nitrogen, suggesting that biochar acted as a nutrient-
retaining additive. While the findings from this and other simi-
lar studies support the hypothesis that biochar improves the 
ability of amended soils to retain nutrients, they still cannot 
explain the highly variable and often contradictory data from 
field studies with biochar amendments.

A major reason for this variability is that biochar is not a single 
entity. The chemical and physical properties of each biochar 
vary with feedstock and pyrolysis reaction conditions, abiotic 
and biotic aging, and contact time with the soil environment. 
These factors influence the dynamics of nutrient adsorption 
and desorption in biochar/soil mixtures. At the same time, 
nutrient transport rates are also influenced by the hydrologi-
cal properties of soil (porosity, permeability, dispersion coef-
ficients), the type of fertilizer and its application method, and 
the climate (rainfall amount, temperature). Clearly, we need a 
much deeper understanding of the fundamental mechanisms 
that modulate the multiple physical and chemical interactions 
in a soilbiochar-nutrient-water system.

To begin bridging this knowledge gap, we have recently de-
veloped and tested a mathematical model that describes 

transient nutrient transport in soils amended with biochar. 
Our simulation results revealed that nutrient transport rates 
through the topsoil decreased when biochars with the proper 
adsorption capacity and affinity were mixed with the soil. This 
enhanced ability to retain nutrients was due to the differential 
dynamics of the adsorption and desorption processes.

By focusing primarily on the transport of nutrients through 
biochar-amended soils, that earlier work did not provide a de-

Figure 1: ADSORPTION/DESORPTION DYNAMICS:  Plots showing 
how the amount of fertilizer adsorbed on a biochar particle evolves 
with time and intraparticle position as the particle is exposed to a pulse 
of fertilizer. The concentration of the fertilizer in the aqueous stream 
flowing past the particle rises rapidly to 400 mg/L (left panel) and falls 
again rapidly to zero (right panel).  The complicated adsorption/dynam-
ics are modulated by the type of intraparticle mass transport (pore and/
or surface diffusion), the porosity and size of the biochar particle,  the 
parameters of the adsorption isotherm (adsorption capacity and affinity, 
site heterogeneity), and the velocity of the aqueous stream flowing past 
the particle.”
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tailed picture of what happens inside a biochar particle when 
it is exposed to a stream of nutrient solution with time-varying 
concentrations. It did not quantify, for example, the effect of the 
full spectrum of biochar properties on the dynamics of nutri-
ent loading and elution. Also, it only considered biochars with 
homogeneous adsorption sites and Langmuir isotherms (like 
isotherm A of Figure 1). While the adsorption of ammonium 
on some biochars can be accurately described by Langmuir 
isotherms, other literature studies report that Freundlich iso-
therms provide better fits to biochar adsorption data. Finally, 
our earlier work assumed that diffusion of the solute (nutrient) 
through the water-filled pores of the biochar is the only mode 
of intraparticle mass transfer. While pore diffusion may be the 
dominant intraparticle transport mechanism for low-affinity 
solutes in macroporous sorbents, this may not be the case 
with high-affinity solutes and biochars with high adsorption ca-
pacities. In the latter cases, mass transport can take place by 
migration of the solute on pore walls and surface concentra-
tions can reach levels much higher than the concentrations in 
the water-filled pores. Thus, surface diffusion can make a sig-
nificant contribution to intraparticle mass transfer even though 
the surface diffusivity may be one or two orders of magnitude 
smaller than the pore diffusivity.

This study will extend our previous work with a thorough 
analysis of the intraparticle adsorption/desorption dynamics 
for biochars that have a much broader spectrum of proper-
ties. It will consider two intraparticle transport mechanisms: 
(a) diffusion through liquid-filled pores and (b) surface diffu-
sion. Langmuir-Freundlich (or Sips) isotherms will be used to 
describe nutrient adsorption on both homogeneous and het-
erogeneous biochar adsorbents. Biochar particles will be ex-
posed to pulses of nutrient that simulate fertilizer applications 
and the transient responses over long periods of time will be 
followed to determine how well they can retain adsorbed nu-
trients.

The new model is another step towards the development of a 
theoretical framework that can quantify the nutrient retention 
potential of biochar-amended soils by analyzing experimental 
data from laboratory and/or field studies. Once the team can 
tell what kind of biochar will give the desired environmental 
performance for a specific application, they will be able to se-
lect the proper feedstock and pyrolysis conditions to produce 
“designer” biochars.

This work has been submitted for publication in the AIChE 
Journal and was submitted for presentation at the Symposium 
on “Fundamentals of Food, Energy, and Water Systems: that 
will be held in the 2017 Annual Meeting of the American Insti-
tute of Chemical Engineers.
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An Observational and Modeling Study of 
Natural Gas Leakage in Urban Houston

Principal Investigators:
Robert Griffin
Daniel Cohan 
Christian Davies 
Frank Tittel
Nancy Sanchez

Overview

The focus of this work is a characterization of natural gas 
(NG) leakage in the Greater Houston area (GHA), predomi-
nantly from its distribution network.  The project can be broken 
down into three subareas: identification of sampling zones, 
three-dimensional air quality modeling, and development/de-
ployment of sensors for NG constituents.  Previous reports 
covered sampling zone selection and three-dimensional air 
quality modeling results.  A review of the sampling zone selec-
tion is provided here for context, as the focus of this report is 
discussion of sensor development/deployment and resulting 
data.

Development of sensor system for methane and ethane 
detection

Two independent laser-based sensor systems for detection 
of methane and ethane at 3038.5 and 2996.88 cm-1, respec-
tively, were initially developed for studying potential methane 
leaks associated with the NG distribution system in the GHA. 
Exploratory field deployment of these units revealed that em-
ploying two separate instruments might limit efficient long-term 
mobile-mode monitoring due to large footprint and high power 
consumption requirements. In order to overcome these limita-
tions, a compact sensing unit based on a single continuous 
wave (CW) interband cascade laser (ICL) centered at 3.337 
µm and coupled with a multipass absorption cell with effec-

tive path length of 54.6 m was developed. The CW ICL-based 
sensor system (Figure 1) employs reduced-size custom elec-
tronics with low power consumption and enables simultane-
ous detection of methane and ethane at 2999.06 and 2996.88 
cm-1, respectively. The sensor unit operates at reduced pres-
sure (100 Torr) and employs wavelength modulation spectros-
copy with second harmonic generation, achieving minimum 
detection limits of 17.4 and 2.4 ppbv for methane and ethane 
(averaging time of 4.6 sec), respectively. A weatherized ver-
sion of the instrument including an aluminum enclosure and 
a sealed polymethyl methacrylate cover was built in order to 
assure stable continuous operation during field deployment 
(Figure 1). This task was completed after preliminary field 
tests conducted in spring 2016 indicated that atmospheric hu-
midity levels typically present in the GHA are likely to impact 
the long-term performance of the sensor unit.
 

Figure 1: CW ICL-based sensor system developed for methane and 
ethane detection. (left) Initial version of the sensor unit. (right) Weath-
erized version of the instrument incuding an aluminum enclosure and 
a sealed polymethyl methacrylate cover intended for improved perfor-
mance during field deployment.
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Figure 2 illustrates the output signal of the sensor system at 
different on-off concentrations of methane and ethane gen-
erated using standard gas cylinders in a laboratory setting. 
Figure 3 shows the deployment of the weatherized ICL-based 
sensor on the Rice University campus and the mixing ratios 
observed for methane and ethane during a 3-day period in 
May 2016. According to Figures 2 and 3, the developed sen-
sor unit allows detection of methane and ethane mixing ratios 
typically present in the atmosphere (atmospheric background 
levels ~1.8 ppmv and below 10 ppbv, respectively), and ex-
hibits rapid and stable response at varying concentration lev-
els of methane and ethane.

Selection of sampling zones

Areas in the GHA with distinct expected probabilities of oc-
currence of methane leaks associated with the NG distribu-
tion system were selected based on median housing age (HA 
- proxy for age of infrastructure) and density of gas heating 
units (GHU - proxy for NG consumption). Census data from 
the American Community Survey (ACS) were used to iden-
tify residential zones falling in four different categories derived 
from the intersection between HA and GHU levels (Figure 

4). The transition between aged infrastructure with expected 
high probability of methane leaks and recent installations with 
expected low probability of methane leaks was established 
based on the timeline reported for replacement of bare steel 
and cast/wrought iron pipelines with plastic pipelines in U.S. 
NG distribution systems. The boundary between high and low 
density of GHU was determined based on the statistical dis-
tribution of this parameter in the GHA according to ACS data. 
The levels of HA and GHU employed to define each category 
of expected probability of occurrence of methane leaks are 
summarized in Table 1.

Figure 2: CW 
ICL-based sensor 
system response 
at different on-off 
concentrations of 
methane and eh-
tane in a laboratory 
setting.

Figure 3: Stationary field-deployment of the CW ICL-based 
sensor system on the Rice University campus and observed 
methane and ethane mixing ratios for monitoring conducted 
on May 5-8, 2016.
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Two sampling zones were selected in each of the defined cat-
egories presented in Table 1. The location of the selected ar-
eas is depicted in Figure 5, while the characteristics of these 
zones are presented in Table 2. Complementary locations 
where incidents (including leaks) associated with the NG dis-
tribution system have been reported between 2008 and 2015 
(I1 to I4) are also presented in Figure 5.

 
Mobile-mode deployment of sensor system
 
The developed sensor system along with an Airmar 150WX 
weather station were deployed in mid-size rental vehicles for 
monitoring of methane and ethane in the selected sampling 
locations during summer 2016. The Airmar 150 WX was fixed 
on the roof of the vehicle, allowing the acquisition of meteoro-
logical data including wind speed/direction, ambient tempera-
ture, and barometric pressure during the field tests. A power 
supply system based on a set of high capacity batteries was 
used, permitting continuous operation of the sensor system 
over extended periods of time. Figure 6 shows the deploy-
ment of the sensor unit at locations with high, medium, and 
low expected probability of methane leak occurrence (H1, H2, 
MA2, and L2) during the field campaign. Sampling was con-
ducted over a period of 14 days in August-September, 2016 
and encompassed over 90 hours of effective methane and 

Table 1. Median housing age and gas heating unit density levels used to define zones with distict expected probabiity of meth-
ane leak occurrence.

Figure 4. Expected 
probability of meth-
ane leaks based on 
infrastructure age and 
natural gas density of 
usage.
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ethane concentration data collection. Methane and ethane 
mixing ratios were monitored at the selected residential zones 
and while driving to/from these locations.

Methane and ethane concentration levels in the selected 
sampling zones

The spatial variation of the methane and ethane mixing ratios 
observed during atmospheric monitoring conducted in the se-
lected areas is presented in Figures 7 and 8, respectively. The 
methane and ethane concentration levels at a subset of loca-
tions (one selected location in each defined category) dur-
ing one-day of mobile-mode monitoring are included in these 
figures. Concentrations in the range of ~1.8 and 2.7 ppmv 
were observed for methane, while levels generally below 20 
ppbv were detected for ethane during the specific sampling 
periods. The median atmospheric methane levels at these 
selected locations followed the trend H2 >MA1 >MB2 >L1, 

Table 2. Characteristics and location of selected sampling zones in the Houston area.

Figure 5. Selected sampling zones and location of selected 
natural gas distribution system-related incidents reported 
during 2008-2015 in the Greater Houston Area.
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while the trend L1 >H2 >MA1 >MB2 was observed for ethane 
mixing ratios during the specific monitoring intervals. Figure 9 
shows that ethane levels similar to those detected at L1 were 
observed at different selected sampling zones including MB1 
and L2. Figure 9 also suggests an overall decreasing trend in 
the atmospheric methane concentrations when moving from 
high to low expected methane leak probability zones.

Figure 6. Deployment of the methane and ethane sensor 
system at four selected sampling locations (H1, H2, MA2, 
and L2) during field tests conducted in summer 2016.

Figure 7. Spatial variation of methane mixing ratios observed 
during field monitoring conducted in a subset of the selected 
Houston area sampling zones in August and September, 
2016.
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Observed methane peak events

A total of 33 methane peak concentration events were ob-
served during the field campaign. About half of these peak 
events were detected within the selected sampling zones 
(16), while the remaining were observed in the driving path 
to/from the selected residential locations. Peak events were 
defined as a sustained increase in the methane mixing ratios 
exceeding the local atmospheric background level plus three 
standard deviations (background level defined as the 5th per-
centile of the measured methane concentrations for a specific 
sampling period). Peak events with maximum concentration 
levels varying between 2.14 and 3.53 ppmv were detected, 
corresponding to local methane background enhancements 
ranging between 81.4 and 1209 ppbv (mean of 345.3 ± 284.0 
ppbv). The distribution of the detected methane concentra-
tion peaks within the selected sampling zones, as well as the 
associated average methane background enhancements are 
summarized in Table 3.

Figure 8. Spatial variation of ethane mixing ratios observed 
during field monitoring conducted in a subset of the selected 
sampling zones in August and September, 2016.
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Identification of methane source in observed peak 
events

The likely origin of the methane concentration during the ob-
served peak events was examined based on the association 
between the methane and ethane atmospheric background 
enhancements. As ethane is absent from microbially derived 
methane (e.g., wetlands, landfills, etc.), concurrent increase 
of the methane and ethane mixing ratios during a peak event 
is likely associated with thermogenic sources of methane such 
as NG leaks. The volumetric fraction of ethane in NG varies 
according to the extraction site and applied treatment pro-

cesses (e.g., wet and dry NG). For highly correlated methane 
and ethane mixing ratios (methane of thermogenic origin), the 
slope of the ordinary least-squares linear regression between 
the methane and ethane concentrations corresponds to the 
content of ethane in the specific source (v/v %). The methane-
ethane slope-based source discrimination analysis is illustrat-
ed in Figure 10 for two methane peak events observed in H2 
and MA2 during monitoring conducted on August 5 and 24, 
2016, respectively. The high correlation between the methane 
and ethane mixing ratios in the MA2 peak (R2= 0.97) points 
out a thermogenic source with estimated ethane volumetric 
content of 4.7%, while the null correlation (p>0.1) observed for 
the peak detected at H2 indicates that the increase in meth-

Figure 9. Variability of atmospheric methane and ethane mix-
ing ratios during sampling conducted at eight selected zones 
spanning a range of expected methane leak ocurrence prob-
ability. Bottom whisker, bottom box line, top box line and top 
whisker indicate the 5th, 25th, 75th and 95th percentile of the 
observed concentration levels, respectively. Solid line inside 
the boxes and continuous solid line represent the median 
and mean of the concentration data, respectively.

Figure 10. Methane-ethane slope-based source discrimina-
tion analysis appled to two methane peak events observed 
in MA2 and H2 during sampling conducted on August 5 and 
24, 2016, respectively.
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Figure 12. Spatial distribution 
and ethane content (v/v%) of 
the emitting sources associ-
ated with observed methane 
peak events in MA2 during 
sampling conducted on Au-
gust 24, 2016. The Height of 
the bar at each concentration 
peak indicates the maximum 
methane concentration level 

Figure 11. Spatial distri-
bution of the observed 
methane peak events 
during the sampling 
campaign conducted in 
the GHA during sum-
mer 2016. The height of 
the bar at each concen-
tration peak indicates 
the maximum methane 

concentration level detected during the peak event (range 
between 2.14 and 3.53 ppmv).

detected during the peak event (range between 2.31 and 
2.81 ppmv).

Figure 13. Frequency dis-
tribution of ethane/meth-
ane ratios in the methane 
peak events observed 
during the field campaign 
(GHA) in summer 2016. 
The red dashed lines 
delimit the range of eth-
ane content (v/v%) in the 
NG distributed in the GHA 
based on a 2012 report by 
the Texas Commission on Enviromental Quality (TCEQ).

ane concentration has a probable biogenic origin.

This source analysis was applied to the 33 observed methane 
peak events detected during the field campaign, leading to 
the classification of 18 of these peaks (~55%) as of likely ther-
mogenic origin, while the remaining peak events were catego-
rized as predominantly biogenic. Figure 11 depicts the spatial 
distribution of the observed peak events classified according 
with their likely origin, while Figure 12 details the ethane con-
tent of the sources associated with the methane concentra-
tion peaks detected in MA2, the selected sampling zone with 
the higher density of increased methane concentration events 

during the period of monitoring.
 
The frequency of occurrence of each ethane/methane ratio in 
the methane peaks observed during the sampling campaign 
is presented in Figure 13. Figure 13 indicates that methane 
peaks highly correlated with increases in ethane concentra-
tions (R2 > 0.7) likely correspond to NG with ethane content 
varying between ~1.2 and 6% (v/v %). This range concurs 
with the ethane levels in the NG distributed in the Houston 
area according to a county-level report published by the Tex-
as Commission on Environmental Quality in 20122.

Table 3. Summary of methane peak concentration events 
observed within the selected sampling zones during the field 
campaign conducted in the Houston area during the summer 
2016.
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Conclusions

The field campaign conducted during summer 2016, although 
limited in duration and spatial coverage, provides an overview 
of the abundance, levels, origin and spatial distribution of 
methane peak events in the Houston area. The observations 
collected during ~90 hours of mobile-mode sampling suggest 
that methane leaks related with the NG distribution system in 
the GHA might be less frequent and of lower intensity than 
those observed in urban centers such as Boston and Wash-
ington D.C, where methane peaks with concentrations as 
high as 88.6 ppmv have been detected. Peaks with moderate 
concentration of methane (maximum observed concentration 
was ~3.5 ppmv) were predominant during the monitoring pe-
riod at the selected sampling locations, with a slightly higher 
number of peaks derived from thermogenic than from biogen-
ic methane sources. Additional analyses to better assess the 
underlying differences in the methane concentrations at the 
neighborhood-level and to identify potential sources associ-
ated with specific spikes in atmospheric methane and ethane 
levels are part of an ongoing effort.

Houston Sustainability Indicators

The Houston Sustainability Indicators (HSI) project is a long-
term effort by the Shell Center for Sustainability to assist with 
the measurement and characterization of sustainable devel-
opment in Houston. 

SCS Fellow:
Lester King, Ph.D.

Now in its 6th year, the Houston Sustainability Indicators proj-
ect published its report last fall. The Sustainable Communities 
and Public Education issue was the 6th Houston Sustainabil-
ity Indicators Report 2016. 
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The report explores the criteria that location affordability has 
been defined by keeping housing plus transportation costs as 
a percentage of income under 46%. The report adds to the 
affordability question in Houston by evaluating the importance 
of school performance on the price of housing. Households 
balance housing and transportation cost to determine where 
to live. Choosing higher housing may provide lower transpor-
tation cost and lower housing may provide higher transporta-
tion cost. The report demonstrates that quality schools can 
be influential to the cost of housing therefore, school perfor-
mance is important to affordability.

The results of this report were presented at the Complete 
Communities and Public Education Form held in November 
at Interfaith Ministries. Attendees represented members of the 
Houston community, education, housing, non-profits, the City 
of Houston, Harris County, and public officials.

The report is available at http://shellcenter.rice.edu, Reports 
& Publications. 

Projects and reports can be found at:

http://shellcenter.rice.edu

Research
or

Reports & Publications
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School of Social Sciences
6100 Main Street, MS-207
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