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The Shell Center for Sustainability 
(SCS) at Rice University is an inter-
disciplinary program of research, 
outreach and education to address 
actions that can be taken to ensure 
the sustainable development of liv-
ing standards, interpreted broadly, 
to encompass all factors affecting 
the qualitiy of life, including envi-
ronmental resources.

The Shell Center for Sustainability 
was formed in 2003 and is funded 
by Shell Oil Company.
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A Word
from the
Academic Director

This annual report refl ects the second year of operations of the 
Shell Center for Sustainability under its new management structure and 
associated move to the Social Sciences Division. The structure and op-
erations of the Center have now stabilized, although we have added some 
new members to the operating committee from Shell and representing new 
areas of the university. The Operating Committee meets on a regular 
basis and plays a much stronger role in the operations of the Center. We 
also have debated and implemented various fundamental changes to the 
rules and procedures of the Center. These changes have established a set 
of principles and procedures that should be a good guide to operations 
and decisions in the future. Establishing a more systematic and open 
decision-making process was one of my major objectives when I took over 

as Academic Director of the Center.

My other major task as Academic Director involves setting the 
academic direction of the Center. I believe that the central concern of the 
Shell Center should be to foster research at Rice University that is com-
patible with, or reinforces existing or potential Rice strengths, and which 
identifi es threats to sustainable development and how those threats might 
be eliminated. We have followed these broad principles in our selection of 
research projects to fund.

In addition, we have made interdisciplinary research a particular 
focus of the Shell Center. This refl ects my view, which is shared by other 
members of the Operating Committee, that new technology, and thus 
progress in science in engineering, is necessary but not suffi  cient for solv-
ing the problems associated with sustainable development. Economic and 
political issues also play a key role, while improved standards of living 
also have important social and human dimensions that are the purview of 
other disciplines in social sciences and humanities. I believe that the Shell 
Center has emerged as the premier institution on the Rice campus foster-
ing inter-disciplinary research and teaching initiatives. I invite all Rice 
faculty to consider how their research interests might be modifi ed to meld 
with Shell Center concerns about sustainable development.

Peter Hartley, Ph. D.
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Executive Summary

In 2008, research advanced and four of fi ve projects funded in 
2007 were completed marking the fi rst anniversary of the new 
project procurement process.

New research proposals were selected and funded. These projects 
address energy, sea-level rise, air quality, solar energy and social 
enterprise, and solar refrigeration. Team members include Rice fac-
ulty, faculty from other institutions, and participants from France 
and Mexico.

Outreach activities primarily included support and participation in 
events offered by partners such as  the Center for the Study of En-
vironment and Society, the James A. Baker III Institute for Public 
Policy, and the Richard E. Smalley Institute for Nanoscale Science 
and Technology at Rice.

Partnerships included the Art Institute of Houston to develop a 
logo for SCS through a design competition; An invitation to visit 
the University of Texas at El Paso through their Environmental 
Science and Engineering Ph.D. Program; and an invitation to par-
ticipation in the City of McAllen’s fi rst Green Living Festival.

SCS hosted a visit by 650 high school students interested in sus-
tainability. These students were participants in the fi rst Interational 
Sustainability World (Energy, Engineering, & Environment) Proj-
ect Olympiad.

Air quality was the theme of the SCS annual conference: Hous-
ton’s Air Research, a one-day event that brought together 28 speak-
ers and moderators to discuss the latest research on air quality.

SCS also hosted local and international visitors interested in sus-
tainable development.

To futher SCS’s active participation in education, a new request for 
proposals for course initiatives was formalized and a new course 
was selected for funding. The course is part of a new interdisciplin-
ary minor in energy and water sustainability.

Internships were offered to Rice students through partnerships with 
the Houston Advanced Research Center and the City of Houston.

Two SCS intern positions were offered to Rice students. The objec-
tive was to have students develop independent projects to enhance 
the on-campus awareness of SCS and to reach out to students about 
sustainable development acitivities.

Research teams also included opportunities for Rice students to 
participate and provided hands on experience in research and lead-
ership.     
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Four of the fi ve sustainable develoment research projects funded in 
the fall of 2007 were completed in 2008. The fi fth project, Moni-
toring Engineered Nanoparticles in the Environment, concludes in 
June 2009.

Twelve proposals were received during the call for faculty research 
proposals. Five new projects received funding in 2008. Project teams 
featured interdisciplinary experts and included collaborations with 
other institutions in Houston, France, and Mexico. The projects also 
included opportunities for student participation. 

The projects selected in 2008 include:

Development of a Long-range Sustainability Plan for 
the Upper Texas Coast

Team

John Anderson, Ph. D., Department of Earth Sciences, Rice University
Christopher Hight, Ph. D., School of Architecture, Rice University

Project Background

The Upper Texas Coast has experienced a recent surge in develop-
ment, particularly on the West End of Galveston Island.  With this 
growth comes public outcry for better planning that will protect the 
integrity of the coast for future generations.  Hurricane Ike provided 
a harsh lesson in the need for better planning for sustained develop-
ment of the Upper Texas Coast. This project is unique in that it will 
include a detailed assessment of the Geohazards associated with 

Research

Christopher Hight, Ph. D. John Anderson, Ph. D.
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development on barrier islands and peninsulas as well as looking 
at design strategies that attempt to re-shape current thinking about 
development in these fragile environments.  This research is a col-
laborative effort between the Department of Earth Sciences and the 
Department of Architecture. The area of study extends from Surf-
side Beach to High Island, focusing on Galveston Island.

The Galveston Island Geohazards map was the fi rst attempt to man-
age development on a barrier island in a way that takes into account 
its long-term economic and environmental future.  The new map 
will be expanding and improving the current Geohazards map for 
Galveston Island using more current information on rates of sea-
level, subsidence, sand budgets and substrate conditions along the 
coast. With these additions, the team expects the increased fl exiblity 
and detail will support the adoption by Galveston offi cials.

The updated Geohazards Map will be used by architecture students 
as the basis for project research and design, focusing on Galveston 
Island. A student-produced website will present design strategies for 
the Gulf Coast’s present and future, including the relationships be-
tween scientifi c data, economies of development, political desires 
and ecological concerns. The objective is to provide ideas for re-
sponsible development by providing a vehicle through which often 
abstract and complex concepts can be addressed to the public. Our 
hope is that this research on the Upper Texas Coast will set the stan-
dard by which coastal planning will be conducted nationally, and 
even globally.

Genetic and Environmental Impacts on Lignin Accu-
mulation

Team

Janet Braam, Ph. D., Biochemistry & Cell Biology, Rice University
Jennifer Rudgers, Ph. D., Ecology and Evolutionary Biology, Rice University
William Hockaday, Ph. D., Earth Sciences, Rice University

Caroline Masiello, Ph. D., Earth Sciences, Rice University

Project Background

The objective is to expand fundamental knowledge of the genetic 
basis of carbon distribution in plants and understand how environ-
mental conditions affect this distribution. The goal is to improve 
feedstock properties for bio-based, renewable, energy generation.

Cellulose is the most abundant energy-rich biopolymer on earth and 
currently is the most promising source for conversion to a biofuel. In 
addition, because plants store CO2 below ground, the use of biofuel 
crops can potentially reduce global warming.

The challenge for the bioenergy fi eld is to devise approaches that 
increase the ability and decrease the cost of isolating and break-

ing down cellulose from plant cell walls.  
One major detriment to plant cell wall de-
construction is the presence of lignin in the 
plant cell wall. Lignin can surround the 
cellulose microfi brils and reduce extract-
ability.  A major goal in feedstock optimi-
zation is to reduce the accumulation and 
interference caused by lignin.
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The project is a collaborative effort that includes Biochemistry & 
Cell Biology, Ecology and Evolutionary Biology, and Earth Sci-
ences.

The team will investigate how carbon distribution is altered in plants 
as a result of the environment in which the plant is grown.  Research-
ers will conduct studies in the model plant Arabidopsis and extend 
these studies to switchgrass, Panicum virgatum, a feasible energy 
crop.  This research will shed light on the consequences of grow-
ing bioenergy crops in different environments subjected to varying 
stresses.

In addition, the team hypothesizes that plant enzymes that modify 
cell wall architecture during growth and development are important 
determinants of wall composition. This hypothesis will be tested. 
The standard approach for quantifying lignin is time consuming, 
labor intensive and expensive. However, the team recently imple-
mented a new technique for quantifying natural organic matter com-
ponents within complex mixtures.  This technique can be used to 
estimate the lignin concentration in plant samples quickly and in-
expensively.  This methodology enables the quantifi cation not only 
of lignin, but also of lipids, amino acids, and carbohydrates, which 
yields more information about the maximization of biofuel produc-
tion as well as a clearer picture of how CO2 is stored in root systems 
below ground.

 

Understanding Mercury Chemistry in the Atmosphere 
of Houston, Texas

Team

Robert Griffi n, Ph. D., Civil and Environmental Engineeering, Rice University
Kabindra Man Shakya, Civil and Environmental Engineering, Rice University

Daewon Byun, Ph. D., Earth and Atmospheric Sciences, University of Houston

Project Background

Mercury is a toxic metal that occurs naturally in the Earth’s crust.  
Human activities such as power generation from coal-burning pow-
er plants, industry, and waste incineration can lead to the transfer of 
mercury to the atmosphere. 

Experiments completed during Summer 2008 indicate that organic 
particle surfaces alter the rate of conversion of mercury into the at-
mosphere.

A computational model will be developed to simulate experimental 
results to predict the concentration of all relevant chemical species 
in the air as a function of time. 
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project collaborator from University of Wisconsin-Madison, pose in front of the 
reactor system.
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When the model is computationally ready it will be linked to an air 
quality model used to predict the temporal and spatial distribution of 
air pollution in the Houston area. The air quality model will then be 
used to address how particle-mercury interactions change the spatial 
and temporal distribution of different forms of mercury in the simu-
lated Houston atmosphere.

Capteur Soleil and Social Enterprise

Team

Doug Schuler, Ph. D., Associate Professor, Rice University
Jean Boubour, Ph. D., Inventor

Pauline Rosenau, Ph. D., Professor, University of Texas School of Public Health

Project Background

The team will apply a sustainable solar energy technology for un-
derserved communities to assess potential adoption and use in plac-
es where energy has been infrequently available. The technology is 
a solar capture device, called the “capteur soleil”, which converts 
solar energy into steam. In rural areas of developing countries, our 
target setting, there are several promising applications for the steam, 
like cooking (often to replace cooking with wood), sterilization of 
medical instruments for health clinics (often to replace soap and wa-
ter or chemicals), and water purifi cation.

Unlike most existing solar devices, the capteur uses inexpensive 
and commonly available materials such as aluminum and steel. The 
device is relatively simple to build and use so that experts are not 
required for its installation and maintenance.
 
The project has two phases. The fi rst is to identify opportunities for 
the capteur to be a sustainable energy device for people who cur-
rently have no or limited access to energy. The team’s initial appli-
cation of the capteur soleil was for cooking at a school in rural Haiti 
that currently feeds 450 children per day. The team plans to install 
another capteur soleil in a school in northern Nicaragua in late 2009. 
A Third capteur soleil will remain at Rice for the 2009-2010 aca-
demic year where engineering students will develop a sterilization 
chamber for a medical application.
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Terrier Rouge, Haiti enjoy plantains cooked by the capteur soleil; Jean Boubour 
stands besides his invention in Haiti; the 6th grade class learns about types of 
energy for cooking.



provide a wonderfully renewable energy source to power absorp-
tion-based refrigeration systems.
 
This was demonstrated full-scale by Prof. Jose Manrique-Valadez 
and co-workers at Tecnologico de Monterrey in Monterrey, Mexico 
over a decade ago.  They were among the fi rst to realize that simple 
thermally-driven refrigeration cycles, e.g. ammonia dilution, could 
be used in place of the nearly ubiquitous Freon-compression cycle.  
Since the ammonia-dilution cycle only needs a heat source of about 
150°C, evacuated tube solar collectors are used as the primary en-
ergy source.  The evacuated tubes used in the demonstration system 
can reach a peak temperature of 300°C, even without concentrat-
ing mirrors or active pointing devices. Cooling is performed using 
a commercially available Servall ammonia refrigeration unit after 
retrofi tting with a custom generator.  Comfortable temperatures are 
achieved with roughly 80% reduction in electricity consumption.

While technically successful and environmentally appealing, this 
approach has not yet entered wide-spread use due primarily to the 
cost of the evacuated tube solar collectors. These collectors cost to-
day about $1K - $2K per square meter. For a typical American resi-
dence 10-20 square meters are needed.

The objective of this project is to develop a simple method of great-
ly reducing the cost (approximately 3-10 times) of solar collectors.  
Two primary approaches will be explored: large area vacuum enve-
lopes and translucent nanostructured insulation.  Candidate designs 
will be modeled using fi nite element methods and production costs 
estimated.  Promising approaches will be fabricated at modest scale 
at Rice, and then characterized and tested in Monterrey.

 The second phase is to create a social enterprise business model 
to secure the use of the capteur beyond its installation. The social 
enterprise business model becomes a central outcome of this proj-
ect which should be transferable to other areas of social need in 
developing countries. For this phase, the team will collect data on 
the performance of the capteur at various sites. The team will also 
assess competing and complementary technologies, and economic, 
social, and political information relevant to building a social enter-
prise business model for the capteur. 

Low-cost Solar Thermal Collectors for Absorption Re-
frigeration Systems                     

Team

Howard Schmidt, Ph. D., Chemical and Biomolecular Engineering Department, 
Rice Universty
Kyriacos Zygourakis, Ph. D., Chemical and Biomolecular Engineering Depart-
ment, Rice Universty
Alejandro J. Garcia-Cuellar, Ph. D., Solar Energy and Thermal-Fluid Sciences, 

Tecnologico de Monterrey

Project Background

North America, with only 6% of the worlds’ population, accounts 
for nearly 40% of the world’s refrigeration market.  About 18% of 
US electricity consumption is used for air conditioning.  Energy 
consumption for air conditioning is proportionately higher in the 
American South and Southwest, due to higher insolation. The same 
solar insolation that creates the need for air conditioning could also 
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Outreach

The Shell Center for Sustainability participated and supported in 
various activities to improve the understanding of sustainable devel-
opment in the community at large. These actvities included:

Participating with the Center for the Study of Environment and • 
Society in a CO2 Forum and Sustainability Fair.

Sponsoring • Beyond the Science: The Economics and Politics of 
Responding to Climate Change which was hosted by the James 
A. Baker III Institute for Public Policy.

Supporting • Sea Level Rise: What Does It Mean for Houston? 
seminar hosted by the James A. Baker Energy Forum, and the 
Rice University Center for Study of Environment and Society.

Developing a SCS logo in partnership with the Art Institute of • 
Houston via a design competition. The winning logo designer 
was Marie Cole.

Participating in the • 7th Annual Tuna Fest: Sus-TUNA-Bility, 
a campus-wide event to foster collaboration and increase 
research awareness with the Richard E. Smalley Institute for 
Nanoscale Science and Technology. 

Visiting students in the Environmental Science and Engi-• 
neering Ph.D. Program at University of Texas at El Paso and 
participating in the City of El Paso Sustainability Planning 
Committee.

Speaking at the fi rst City of McAllen • Green Living Festival 
hosted by the McAllen Chamber of Commerce and Shell Oil 
Company.
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Additional events included:

Hosting a visit to Rice University by 650 middle and high school • 
international students who were participating in the fi rst Inter-
national Sustainability World (Energy, Engineering, & Environ-
ment) Project  event held in Houston, Texas. Participants were 
science fair project winners at the local level in their city and 
country. Over 50 countries were represented. Participants heard 
presentations from various Rice University speakers including 
the Deans of the George R. Brown School of Engineering and 
Wiess School of Natural Sciences, as well as on-campus sustain-
ability representatives, the Center for the Study of the Environ-
ment and Society, and the Rice University Biofuels Initiative 
(RUBI) project which was initially funded by SCS. 

Hosting an annual sustainability conference on • Houston’s Air 
Research: What We Know, What Has Worked, and Why It Mat-
ters. The one-day event consisted of 28 speakers and moderators 
who addressed the latest fi ndings on local air issues. The confer-
ence included segments on Science, Exposure, Health, Solutions 
and Public Policy. The conference was considered very success-
ful by a participant survey. The conference delivered a balance 
of science and discussion to satisfy a broad audience from the 
community. Keynote speakers included Mayor Bill White and 
Rice University President David Leebron. Presentations and the 
conference webcast are available on the SCS Website, Outreach 
link.

SCS received various visitors from as far away as France and • 
Latin America, and as close to Rice as adjunct professors from 
the Jesse H. Jones Graduate School of Management and students 
from the Rice Student Environmental Club. 
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Education

Course Funding

SCS created a call for proposals to fund new course initiatives in 
sustainable development. A course on Energy and Water Sustain-
ability was funded. The course is a part of a new interdisciplinary 
minor in energy and water sustainability that will be offered by the 
George R. Brown School of Engineering, with participation from 
the Wiess School of Natural Sciences, and the School of Social 
Sciences.

Internships

Internship positions with area partners such as the City of Houston 
and the Houston Advanced Research Center were offered to Rice 
students. The internship positions offered students hands-on op-
portunities to work on sustainability projects with professionals in 
various fi elds. 

SCS recruited two student interns to develop on-campus outreach 
proposals to increase SCS awareness in the Rice community.

Students Lila Holzman and Eileen Ong met with SCS staff in the 
Fall semester to discuss project criteria and objectives. Eileen will 
be studying abroad in the Spring semester and Lila will be in her 
fi nal semester at Rice. The scope of the internship was to develop 
projects that could stand on their own or that could be combined to 
increase awareness, impact, and manageability.

The project allows students to develop their own solution to ad-
dress needs. It will be something that refl ects their current experi-
ence at Rice University. Both students majored in engineering. 
This project will provide them with an opportunity to develop an 
idea which promotes technical efforts and can serve them well in 
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the future when “selling” their projects to others and sharing their 
work. The students were asked to develop their proposals and will 
be making a presentation to the Operating Committee in the Spring 
of 2009.

Student Research Opportunities

Research teams provided opportunities for Rice students to partici-
pate in various levels of SCS projects. These opportunities allowed 
students to gain research experience by contributing to a team that 
conducts sustainable development research. These opportunities fi t 
the level of education each students brings to the project. A post-
doctoral candidate co-lead the Monitoring Nanoparticles in the 
Environment project and worked along-side a well-known faculty 
leader in the fi eld.
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