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The Sustainable Products & Solutions (SPS) Program funds research, teaching, fellowships, 
competitions and symposiums that seek sustainable solutions to global challenges. The program 
is based in the Center for Responsible Business at University of California, Berkeley’s Haas School 
of Business. From carbon foot-printing and green chemistries to safe drinking water solutions, the 
projects the SPS program supports build on UC Berkeley’s tradition of excellence in sustainability 
research and teaching.

UC Berkeley’s Haas School of Business and the College of Chemistry developed the SPS Program 
with a five-year, multi-million dollar commitment from The Dow Chemical Company Foundation. 
In 2010, Kimberly-Clark and Waste Management Inc. joined to extend the program to support 
research into sustainable end-of-life management for consumer products.

Supporters



A year of progress towards sustainability.

2010-2011 marked the third year of the Sustainable Products & Solutions (SPS) Program, and 
continued progress in our commitment to furthering research and education in sustainability. Over 
the past year, the SPS Program funded over twenty innovative sustainability research projects, 
ranging from an efficient method for biofuel production to a project on sustainable supply chain 
management. Our broad scope of research topics was supplemented this year by new research 
focused on end-of-life management for consumer products, sponsored by Waste Management and 
Kimberly-Clark.

The SPS Program also hosted two roundtable discussions that brought together academic experts, 
NGOs, industry leaders, and government officials to address specific sustainability challenges. Our 
fall roundtable focused on new developments in extended producer responsibility, and in the spring, 
we worked with Gap Inc. to examine better solutions for sustainable water management in cotton 
production. We also funded classes, symposia, and fellowships in green chemistry, as well as two 
student contests related to green chemistry as part of the “Big Ideas @ Berkeley” program. We 
selected three exceptional student projects as Berkeley’s representatives in the Dow Sustainability 
Innovation Student Challenge. 

Over the coming year, our research will evolve to focus on five particular areas of interest; see page 
20 for more details. We look forward to continuing to engage even more faculty and students at UC 
Berkeley and building awareness of the SPS Program throughout the campus and in the world at 
large. We deeply appreciate the support of the Dow Chemical Company Foundation, Kimberly-Clark, 
and Waste Management.

Jo Mackness
Executive Director
Center for Responsible Business

Tony Kingsbury 
Executive-in-Residence 
Sustainable Products and Solutions Program
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CellScope
Principal investigator: Prof. Dan Fletcher
College of Environmental Design

By attaching low-cost, portable microscopes to mobile phones or netbook computers, the CellScope 
project helps bring better access to medical care to regions of the world without local medical 

centers. Images from slides can be captured in 
rural areas, and then electronically transmitted to 
experts in a distant city for diagnosis and treatment 
recommendations. This can reduce the time and cost 
of critical medical care. 

This year, with the support of the Sustainable 
Products and Solutions Program, the CellScope team 
completed a tuberculosis (TB) evaluation with World 
Health Partner’s (WHP) network of telemedicine 
clinics. The WHP team was trained in the use of the 
CellScope prototype and took the device into the 
field in rural Uttar Pradesh, India. Based on feedback 
from the field, there is strong interest in a device 

that can capture color brightfield images for reviewing samples such as peripheral blood smears. This 
device would be used in addition to the current fluorescent microscope used for TB diagnosis. 

The field test also provided feedback that the team is using to improve the software user interface for 
the device, and improve future training sessions. The long-term goal for the fluorescent CellScope is 
to change current TB diagnosis methods, by demonstrating CellScope’s effectiveness as a screening 
device in rural settings and ultimately get approval of CellScope by respected TB agencies. The 
testing supported by the SPS Program has provided data that can be used to help demonstrate 
the accuracy of the CellScope by comparing it to results from higher-level microscopy centers, an 
important step before the technology can be widely scaled-up. 

SPS Funded Research: 
Solving World Challenges
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WE CARE Solar
Principal investigator: Laura Stachel, M.D.

School of Public Health

Each year, more than half a million women 
die from complications of childbirth. 
99% of these deaths occur in developing 
countries, where sporadic electricity 
impairs the operation of essential hospital 
equipment and hospital communications. 

WE CARE Solar helps reduce maternal 
mortality by providing health workers with 
reliable lighting, mobile communication, 
and blood bank refrigeration using 

solar electricity. The portable “solar suitcase” designed by WE CARE Solar powers two overhead 
LED lights, charges walkie-talkies and cell phones, and includes LED 
headlamps with rechargeable batteries. With a user-friendly, durable 
design, the systems can easily be installed in hospitals and clinics with 
unreliable or problematic power systems. 

WE CARE Solar progressed in several areas in 2010-2011. The team 
made several enhancements to the design, including adding a high-
efficiency LED light that is suitable for medical procedures and virtually 
indestructible. After noting that dust and dirt were accumulating on 
control panels in solar suitcases in use in the field, the team added a hard plastic casing that protects 
the equipment and allows it to easily be mounted to the wall. The control panel itself was also 
redesigned, new batteries were added, and new thin-film solar panels were selected.

WE CARE also developed curriculum for live trainings, including a hands-on game to teach energy 
literacy in Africa. Through the game, participants learn about energy consumed by appliances 
connected to the solar suitcase, to help guide appropriate usage during daytime and nighttime 
hours. A new user manual, supplemental training guide, and a one-page “Quick-Start” guide were 
also developed. 

With technical support from the World Health Organization, the team worked on a research project 
to evaluate the impact of electricity on maternal health care delivery in rural clinics. Haas business 
students are working with WE CARE on assessing supply chains and forward logistics for solar 
suitcase deployments in Nigeria. 

Sample press coverage

Fast Company, Oct 2010
Design that Matters, Feb 2011
Smart Planet, Feb 2011
Elle Magazine, July 2011
ABC News, upcoming

“You keep bringing things out of this suitcase that are more and 
more amazing.” - Rural health clinic nurse
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Toolkit for the 21st-Century Urban Sanitation Planner
Principal investigator: Prof. David Dowall
College of Environmental Design

More than 2.6 billion people live without 
access to improved sanitation, and most 
cities in the developing world are lacking 
adequate wastewater treatment. Many 
sanitation schemes are in disrepair several 
months after commissioning. Affordable, 
environmentally sustainable, and lasting 
sanitation solutions for emerging urban 
areas demand a shift away from schemes 
that have high economic costs, are 
energy and resource intensive, and are 
designed for the disposal of sewage and 
wastewater. 

The SPS Program first funded a research 
project designed to address these 
challenges in 2008-2009. The researchers 

developed a toolkit for urban sanitation planners and stakeholders, including a sustainability 
assessment for evaluating and monitoring exisiting sanitation infrastructure, and a five-step 
planning and decision-making protocol for developing reuse-oriented waste treatment systems. 
The researchers piloted the toolkit in Ghana, and founded a company in 2010 to establish profitable 
enterprises at treatment facilities. The company set up and ran its first wastewater-fed aquaculture 
project in Ghana. Using SPS funds, the team hired three students to monitor water quality, fish health 
and growth over the course of a 6-month cultivation period.

A case study of the team’s aquaculture project is currently under review by a peer-reviewed journal. 
The case was also presented at Stockholm World Water Week in September 2010. Along with the 
International Water Management Institute in Accra, the team has leveraged SPS funding to secure 
additional money to expand the scope and scale of their work. A demonstration project in Accra will 
be used to pilot an innovative model for financing the operation and maintenance of a treatment 
plant. Students will monitor the public health and safety of using the effluent for irrigation, as well as 
agricultural yields. 

Mark Yeboah-Agyepong (left) sampling fish at the Ahinsan Estate 
wastewater-fed aquaculture system.

“Support from SPS has been essential for funding student research and for purchasing necessary 
lab supplies. We never could have launched the aquaculture project without SPS support.  The 
grant was also critical in securing additional funds for larger-scale wastewater treatment plant 
rehabilitation and piloting of reuse-oriented sanitation systems.” -Ashley Murray, UCB PhD student
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QH20: Household products for low-cost drinking water treatment
Principal investigators: Prof. Kara Nelson & Prof. Roya Maboudian 
Civil and Environmental Engineering

A billion people worldwide lack access to safe drinking water. The QH2O project is developing a 
water disinfection product that is effective against viruses, bacteria, and protozoan cysts. The product 
is based on media coated with non-leaching antimicrobial compounds that disinfect the water as it 
flows through the device. When complete, the new product aims to be very low-cost, leave no taste 
or odor, require little maintenance, and be easy to manufacture, transport and use. These qualities 
make it particularly suited to use in developing countries, where many households’ water sources are 
contaminated.

“The SPS program has been essential! The requirement to link developments in fundamental science 
and technology with development of sustainable products at scale is very unique in the University 
research setting, and is allowing us to do applied research that would otherwise not be possible.” - 
Dr. Kara Nelson, P.I.

In 2010-2011, the team completed research on how to optimize coating silicon surfaces with QAC 
compounds, providing information on the effects of various design and operation parameters so that 
the performance of different designs can be predicted. A PhD student presented the research at the 
WEF 2011 Disinfection Conference in April 2011. A potential industrial partner, Cascade Designs, has 
been identified. The research team will now be conducting long-term filtration studies that compare 
the team’s QAX media with several other coated media, including the new Tata Swach, the first 
household water treatment technology to use enhanced filtration media. The team aims to develop 
filtration media that performs better than the Tata Swach, and bring the device to market. 
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Arsenic Remediation in Rural Bangladesh
Principal investigator: Prof. Ashok Gadgil 
Civil and Environmental Engineering

Today, millions of Bangladeshis are slowly being 
poisoned as they drink water from arsenic-
contaminated wells. This primarily rural population 
cannot afford arsenic remediation techniques, which 
are only cost effective at large scales. In addition, 
low cost methods require frequent maintenance and 
diligent operation by each end user, leading to high 
abandonment rates, ineffective arsenic removal and 
low acceptance by the public. 

Electrochemical Arsenic Remediation (ECAR) is a 
technique that can be used affordably, reliably, and 
on a small-community scale with little preexisting 
infrastructure, allowing for potential rapid 
dissemination into Bangladesh. 

The project team developed a pilot community scale 
water center using ECAR to demonstrate clean water 
at an affordable price. In the fall of 2010, the team 
conducted a successful 6-week field trial in India at a 
village high school. 

During the trial, over a thousand liters of 
contaminated water were treated to safe levels. The 
team verified that the technology can work consistently over time without loss of performance, and 
that it can effectively meet World Health Organization guidelines for drinking water. By carefully 
monitoring power consumption, operating costs could be verified, and these matched the low costs 

predicted in the lab. The team worked closely 
with collaborators from local universities, as well 
as local government officials, medical researchers 
and community activists. The community showed 
a strong level of support for the project and are 
enthusiastic about continuing to work with the 
researchers. 

Two private companies, WaterHealth International 
and Eureka Forbes, Ltd., have shown significant 
interest in licensing ECAR and taking it to scale. 
The next step will be further testing to demonstrate 
that the technology can work well over longer time 
periods in areas with unreliable access to electricity. 



10

Biomimicry Using Nano-Engineered Condensing Surfaces for 
Sustainable Fresh Water Technology

Principal investigators: Prof. Van P. Carey & Prof. Samuel Mao
Mechanical Engineering

Provoked by a population growth 
of 40-50% in the next fifty years, 
in combination with increasingly 
resource-intensive lifestyles, the 
global demand for fresh water is 
rising at an unprecedented rate. 
To avoid a worldwide water crisis, 
it is critical to develop sustainable 
renewable energy-powered 
technologies for fresh water supply.

This project addresses the water-
energy nexus by exploring a more 
efficient water production process 
using biomimetics. The inspiration 
for the new process comes from 
the Namib Desert beetle, which 
scavenges its drinking water from 

fog-laden wind. Water vapor condenses on the hydrophilic bumps 
and into hydrophobic valleys on the beetle’s back, and trickles into 
its mouth.

Essentially, this project emulates the beetle’s process by 
developing highly efficient micro/nano-engineered surfaces that 
minimize the available useful energy needed to condense water. 
This innovation of enhanced condensing surfaces will support fresh 
water production at a lower cost and lower carbon footprint than 
conventional water desalination techniques. Its implications will 
be particularly relevant in developing countries and drought areas 

where water shortages have dire effects on people’s health and economic conditions.

In the past year, the researchers have revised their fabrication method to make it easier to scale. 
They have also revised their experimental substrate to accomodate different types of substrates. A 
computational model has been developed to help determine the optimal patterning for the surface. 

The researchers have submitted a paper to present at the International Mechanical Engineering 
Congress and Exposition. The next step will be to test the surfaces further and explore how to 
incorporate them into a thermal distillation system for sustainable fresh water production. The team 
is interested in partnering with relevant industry partners who can proceed with the large-scale 
implementation of these surfaces upon validating the proof of concept. 

The Namibian desert beetle that 
inspired this technology.
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Darfur Stoves Project
Principal investigator: Prof. Ashok Gadgil
Mechanical Engineering 

Most Darfuri women cook as they have for 
generations, over three stones with a fire fueled 
by wood that they must gather themselves. This 
cooking method, employed by 3 billion people — 
nearly half of the world’s population — burns huge 
piles of smoky, inefficient fuels like wood. Burning 
biomass in an open fire also threaten users’ safety, 
health and environment. 

For the more than 2 million Darfuris currently living 
in displacement camps, finding wood is a daily 
struggle. Women must walk up to seven hours, 
three to five times a week, just to find a single tree 
with usable firewood to fuel their fires. Outside the 
relative safety of the camps, they are vulnerable to 
acts of violence and sexual assault. They also lose 
more than a thousand hours of time each year that 
they could spend learning or making money. In or-
der to avoid leaving the camp, many women pay for 
fuel by selling the very food they hoped to cook.

The inefficient use of firewood also causes air 
pollution, and the World Health Organization 
estimates that 2 million people die prematurely 
because of exposure to the emissions from cooking 
fires. The pollution also contains carbon dioxide, 
methane, black carbon, and other contributors to 
climate change. 

The Darfur Stoves Project provides Darfuri women 
with specially developed stoves that require less 
firewood. To date, the Darfur Stoves Project has 
distributed over 15,000 stoves to Darfuri families. 
The team plans to significantly increase production 
in 2011, and to transition from donations to a 
market-based approach outside the refugee camps.  
The researchers performed impact assessments in 
2010, and will continue to strengthen monitoring 
and evaluation efforts in the coming year. 

Meet Atima

Atima's life was a struggle from the beginning. Her 
father died before she was born, leaving her mother to 
raise Atima and her siblings alone. When Atima was a 
teenager, the Darfur conflict began and the Janjaweed 
militia attacked the village next door. Atima fled and for 
two years she was on the run, scared for her life. Finally, 
she made it to a town in North Darfur where she married 
and had four children. But her life was still a struggle - a 
struggle to feel secure in a hut built on land she doesn't 
own, a struggle to feed her children without outside 
assistance.

The good news is that Darfur Stoves Project has helped 
to make Atima's days easier. Before receiving her stove 
from the Project, Atima spent hours each day cooking 
over a smoky fire and used half of her family's meager 
income to purchase firewood. Atima's fuel-efficient stove 
uses less than half the amount of wood than that smoky 
fire, which saves her money. It also saves her lungs, by 
reducing her exposure to harmful pollutants. Atima's new 
stove also cooks meals almost four times faster than an 
open fire, which gives her much more time to learn skills 
and earn a living. 

In the past three months 75 more people were killed next 
to Atima's home village. Displaced women like Atima are 
unlikely to go home any time soon. While it may feel like 
we can't do anything about the Darfur conflict, we each 
have the power to make life better for women in Darfur. 
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Climate and Health Co-benefits from 
Improved Cookstoves in China

Principal investigator: Prof. Kirk Smith
Environmental Health Sciences

The open cooking fires used by over half the world’s 
population cause significant indoor air pollution and 
contribute to climate change. The toxic emissions 
from these fires—containing pollutants like carbon 
monoxide and particulate matter—are linked to 
serious disease, loss of productivity, and even 
premature death. 

This project is addressing critical barriers to the 
widespread adoption of more sustainable cookstoves 
in impoverished regions in western China. The 
project is a collaboration between UC Berkeley’s 
departments of Environmental Health Sciences, 
Environmental Science, Policy and Management, and 
the Haas School of Business.

The SPS Award is helping to move an existing China 
stove project, funded by the USEPA and Wuppertal 
Institute, from a pilot phase to a sustainable and 
replicable business model that uses international 
carbon financing to promote high-performing, cost-
effective stoves.

The project is delivering high-quality carbon offsets 
to the voluntary carbon market by utilizing both a 
recently accepted Gold Standard Methodology for 
valuing carbon offsets from improved cookstoves, 
and new monitoring technologies currently being 
developed by the project research group. The 
project acheived Gold Standard “registration” status 
in 2010 and will use revenues generated from the 
carbon market to support further distribution of 
stoves in rural China. 

The project is also beginning to explore clean 
biomass “pellet” technologies and related 
distribution and sales networks, which will further 
support scaling of stove project activities to other 
regions of China. 
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Ambient Gas Plasma Device for Infection Control
Principal investigators: Prof. David Graves & Prof. Douglas Clark
Chemical Engineering & Environmental Health Sciences

Infections acquired in hospitals are common in the 
developing world, where medical supplies are often 
re-used, and sanitary supplies are limited. As antibiotic-
resistant strains of bacteria grow worldwide, this challenge 
is becoming greater. There is a need for new low-cost, 
sustainable, scalable technology to provide infection 
control.

Researcher David Graves and his team are designing, 
prototyping, and testing devices and applications for 
attacking infections and disease transmission in the developing world, using ambient gas plasma. The 
plasma has been shown to kill bacteria on objects, skin, and on wounds. An electrical current ionizes 
the oxygen, nitrogen and water vapor in the air, creating nitric oxide, hydrogen peroxide and particles 
that fight bacteria, viruses and fungi.

The research team has developed and tested a hand-
held, rechargeable ambient gas plasma device. The 
device could be used readily in the field because it is 
compact and robust, designed for thousands of hours 
of operation under temperature extremes, humidity, 
and other rugged conditions. The team tested plasma-
treated surfaces as well as water, discovering that 
plasma-treated water has the ability to selectively 
kill cancer cells through the formation of nitric oxide 
precursors. The results are preliminary, but this discovery 
has led to the researchers considering new directions for 
the project. 

The technology has a number of different applications, 
including medical instrument disinfection, skin 
antisepsis, protection against ventilator-associated 
pneumonia through plasma-treated water, and food 
preservation and disinfection. Over the next year, the 
team will focus on establishing the range of different 
applications for the technology for a diverse set of 
developing world needs. The researchers are working 
with an MBA student to explore the potential of 
launching a start-up company.

Close-up view of the handheld device on water 
using a timed exposure. (© Steve Graves)
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Towards a Green Supply Chain: Life Cycle Implications of Shipping 
Goods to California from Mexico vs. China
Principal Investigator: Prof. David Dornfeld
Mechanical Engineering

Supply chains have become increasingly global over 
the last few decades, thanks to the cost-savings made 
by manufacturing and sourcing materials from overseas. 
As the corporate commitment to sustainability grows, 
there is a greater need to find systematic, effective 
ways to develop sustainable supply chains.

This project developed a supply chain model to help 
understand the implications of logistics decisions 
in manufactured products for a large market such 
as California. A case study for the supply chain of 
photovoltaic panels was used to illustrate the impact 
that transportation and location decisions have on the 
environmental performance of goods. 

Sustainable Value Chain +
Logistics
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A Comprehensive Life-Cycle Assessment Model for Pavements
Principal Investigator: Prof. Arpad Horvath
Civil and Environmental Engineering

Each year, nearly $150 billion and 350 million tons of raw materials 
are invested into the United States highway infrastructure. As these 
demands continue to grow, engineers face the increasingly difficult 
challenge of meeting the needs of traveling public, while also 
utilizing environmentally sustainable practices. The objective of this 
project is to create a state-of-the-art software tool that evaluates the 
environmental and economic impacts of a road construction project.

The results produced by the tool, PaLATE, will include energy 
consumption, global warming potential, and a variety of air pollutant 
emission levels. Each phase of the life cycle (materials production and 
extraction, construction, use, maintenance and rehabilitation, and 
end-of-life) will be evaluated, making this a comprehensive cradle-
to-grave analysis tool. PaLATE can be used by researchers, design 
companies, and transportation agencies to incorporate economic and 
environmental impacts into their project and policy level decision-
making framework.

The researchers made significant progress on the tool in 2010-2011 with the dissertation and 
postdoctoral research of a student focused on this project. Next, another researcher focused on 
enhancing the ease-of-use of the tool– for example, adding the ability for the user to add and edit 
materials themselves. The team also focused on debugging the tool. 

The research team is searching for a new student who is an expert in pavements as well as proficient 
in environmental analysis and LCA tool creation. Once a student has been found, the software 
development will continue. The structure of the tool will be finished by adding environmental 
emission factors to all life-cycle phases, referencing the data, and writing a user guide.

The researchers performed a literature review on supplier selection problems and constructed a 
list of economic, environmental, and social metrics and criteria for the supplier selection process. A 
parallel literature review was carried out in order to identify the main drivers, barriers, and risks and 
opportunities associated with sustainable supply chain management. 

Because of the difficulty of quantifying many supplier selection criteria, the researchers chose 
to create a framework for companies to select more sustainable suppliers, rather than a pure 
mathematical model. The researchers plan to conduct case studies and surveys to validate their 
supplier selection framework. The case studies and surveys may include not only the brand 
companies who purchase upstream, but also manufacturers, in order to understand both the issues 
companies face when selecting suppliers and the issues suppliers face as they try to become more 
sustainable. The researchers will work with the SPS Program to identify companies to study. 

The research was shared as part of a global supply chain management symposium in May 2011.
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Energy Savings + Storage
Developing an Optimal Expander for Solar Thermal 
Combined Heat and Power

Principal Investigator: Zack Norwood, PhD 
Energy and Resources Group

Sustainable energy conversion is one of humankind’s greatest challenges. We are beginning to realize 
the myriad of health and environmental effects, the most dire being global warming, that results 
from the combustion of fossil fuels as human society’s predominant source of energy. As the political, 
economic, and environmental costs of fossil fuels rise, there is an urgent need for heating, cooling 
and electrical generation that is locally produced, cost-competitive, and nearly carbon neutral.

This research team aims to develop a new solar technology based on the principle of concentrating 
sunlight to produce heat. The proposed Rankine cycle heat engine system will convert sunlight to 
heat at 60-80% solar thermal efficiency and electricity at 8-10% solar-electric efficiency, allowing 
adjustment of heat and electrical output on demand. The project seeks to:

• Determine likely candidates for the electricity generator design for moderate temperature heat 
engine applications.

• Characterize the environmental impact (energy, toxicity, and global warming pollution) of each 
potential design, and provide an example of how to consider these impacts during the design 
stage.

• Optimize the system design using integrated multi-objective design-optimization over the 
following parameters: solar conversion efficiency, weight, cost, and environmental impacts.

• Produce a moderate temperature expander design and prototype and a viable business model.
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Metal-Organic Frameworks for Carbon Dioxide Capture
Principal Investigator: Prof. Jeffrey Long
Chemistry

Developing more efficient processes for carbon dioxide (CO2) capture from the flue streams of 
power plants is considered significant in reducing greenhouse gas emissions implicated in global 
warming. This project is developing highly porous three-dimensional solids, known as metal-organic 
frameworks, as new CO2 capture materials. The significant gas uptake and release abilities of these 
materials have already been demonstrated and are attributed to their porous structures, which give 
rise to extraordinarily high surface areas. The project is incorporating amine functionalities—which 
can have a strong and selective affinity for CO2—into the three dimensional structures, yielding a 
new class of highly efficient and cost-effective CO2 capture materials. Integrating the new materials 
into industrial carbon capture and sequestration schemes offers an immense opportunity to reduce 
atmospheric emissions of greenhouse gases on a national and international scale.
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Bio + Renewables

Evolution of Stable and Efficient Enzymes for Applications in 
Industrial Synthesis
Principal Investigator: Prof. Matt Francis
Chemistry

A versatile diversity-based strategy is proposed for the generation of 
new enzymatic catalysts for sustainable chemical synthesis. Starting 
with a lead sequence, large numbers of protein variants with altered 
catalytic activity were generated on the tips of phage particles. 
Chemical methods were used to attach polymer chains to each phage, 
allowing them to be solubilized in aqueous or organic solvents. The 
enzyme candidate on each phage particle was then assessed for its 
ability to convert substrates at the ends of the polymer chains into 
desired products. A chromatography step was used to determine 
the most effective phage by the highest possession of enzymes on their surfaces. This technique 
represents one of the first and most general activity-based methods for the rapid evolution of new 
enzymatic reactions, and thus can have a transformative effect on the development of new processes 
that can proceed in environmentally benign media with little waste generation.
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Building a Host for Production of Alternative Fuels
Principal Investigator: Prof. Michelle Chang 
Chemistry

In this project, researchers have engineered bacteria 
that can create biofuel at about ten times the rate of 
other microbes. Their advance was reported in the 
May issue of the journal Nature Chemical Biology.

Various species of the Clostridium bacteria naturally 
produce a chemical called n-butanol (normal butanol) 
that has been proposed as a substitute for diesel 
oil and gasoline. While most researchers, including 
a few biofuel companies, have genetically altered 
Clostridium to boost its ability to produce n-butanol, 
others have plucked enzymes from the bacteria and 

inserted them into other microbes, such as yeast, to turn them into n-butanol factories. Yeast and E. 
coli are considered to be easier to grow on an industrial scale.

While these techniques have produced promising genetically altered E. coli bacteria and yeast, 
n-butanol production has been limited to little more than half a gram per liter, far below the amounts 
needed for affordable production.

Chang and her colleagues placed the same enzyme pathway into E. coli, but replaced two of the five 
enzymes with look-alikes from other organisms that avoided one of the problems other researchers 
have had: n-butanol being converted back into its chemical precursors by the same enzymes that 
produce it.

The new genetically altered E. coli produced nearly five grams of n-butanol per liter, which is made at 
a lower level but at similar efficiency to the best genetically-altered Clostridium and about 10 times 
better than current industrial microbe systems like yeast and E. coli.

The researcher believes it is likely that by improving enzyme activity at other bottlenecks in the 
n-butanol synthesis pathway, and by optimizing the host microbe for production of n-butanol, she can 
boost production two to three times, enough to justify considering scaling up to an industrial process. 
Chang is also at work adapting the new synthetic pathway to work in yeast, used in the industrial 
production of many chemicals and pharmaceuticals. The provisional patent for the research is being 
licensed by an outside company and the researchers may assist them in commercialization.
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New Focus Areas

The research detailed in this report spans a wide variety of subject areas, with a heavy focus on 
solving developing world challenges. For the upcoming year, we have chosen to focus on five 
emerging areas:

• Carbon Management: Finding creative ways to economically capture, reduce and manage 
carbon, especially carbon dioxide.

• Eco-System Services: Helping companies and other organizations determine how best to take 
into account the value of the natural world and value/account for externalities both in terms of risk 
and opportunity for a business.

• Sustainable Resource Management: Developing products and solutions (e.g., extraction 
technologies, biofuel production) that help better manage the world’s natural resources (e.g., oil, 
semi-precious metals) and promote more sustainable consumption.

• Sustainable Supply Chain Management: Taking a systems approach to developing products and 
solutions (e.g., zero carbon packaging, carbon neutral shipping) that help companies make their 
supply chains more sustainable in the future.

• World Challenge Solutions: Taking scalable, market-based approaches to solving the world’s most 
pressing social issues including water, health, food and housing.

The charts on the right (based on research amount in dollars funded by project) illustrate the 
evolution from the 2010-2011 to the coming academic year.
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Teaching

The Green Chemistry and Sustainable Design Seminar Series 

In its third year, the GCSD seminar series seeks to educate an 
interdisciplinary audience on current topics relevant to green 
chemistry and sustainable design principles. Since its launch 
in 2008, the GCSD seminar series has been organized and 
executed by graduate students with support from the SPS 
Program, the College of Chemistry as well as the Berkeley 
Center for Green Chemistry.

The GCSD seminar series is designed to bring speakers to 
campus to discuss state of the art research in green chemistry 
in academia and industry, the relationship between the 
chemicals we produce and the environmental and human 
health impacts of these chemicals, and the impact policy 
can have on chemical production and use. Ultimately, these 
lectures are designed to fill the gaps between the traditional 
chemistry curriculum and the fields that are also intimately 
involved in understanding the toxicology of chemicals and 
developing sustainable products and processes. 

The series continued the growth seen in the first two years,
attracting audiences ranging in size from thirty to over a 
hundred students, faculty, and members of the community. In 
addition to the graduate students in attendance, there were 
an increasing number of undergraduate students attending 
the seminar series. This growing demographic represents the 

Fall 2010 GCSD topics

• The Environmental Fate, Disposition, 
and Persistence of Polyfluorinated 
Chemicals in the Environment

• Correlating Structure with Toxicity for 
Engineered Nanoparticles: Towards 
Safety by Design

• Green Chemistry in the 
Pharmaceutical Industry

• Process Research & Development: 
Green Chemistry Initiatives at Abbott 
Laboratories

• From Silent Spring to Silent Night: A 
Tale of Toads and Men

• Green Chemistry Education and 
Green Chemistry Efforts at UC 
Berkeley

• Switchable Solvents and Dispersible 
Powders: Unexpected Consequences 
of Simple CO2 Chemistry

• How chemistry and policy can help 
reduce the use of organohalogen 
flame retardants and protect our 
health?

• The development and application of 
transaminases for synthesis of chiral 
amines

• Green Fuels (Biofuels) and Lubricants
• Carbohydrate-Based Recognition and 

Biomedical Development
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future of the field, and we anticipate that exposure to green chemistry principles early will translate 
to increased literacy in sustainability and a greater likelihood of choosing a field of research related 
to green chemistry. Graduate students involved indicate that they are more likely to read literature 
related to green chemistry and choose to do research related to green chemistry and sustainability. 
In addition to the chemists in the audience, many other departments were represented, including: 
Toxicology, Environmental Health, Engineering, and the Haas School of Business. The interdisciplinary 
nature of the GCSD seminar series attendees is crucial to spark conversations and collaborations.

The GCSD seminar series was the first effort within the College of Chemistry to educate students and 
faculty on issues related to green chemistry, but it has only been the beginning of a wave of
green chemistry initiatives at UC Berkeley. The Berkeley Center of Green Chemistry has been 
a driving force in many of these projects. An interdisciplinary class in green chemistry and 
sustainability was debuted in the Spring 2011 semester, and the principles of green chemistry have 
been intertwined in the introductory undergraduate chemistry laboratories. As principles of green 
chemistry are discussed in centers and classes across campus, the GCSD seminar series continues to 
have a unique role on campus, connecting experts in the field with individuals who will become the 
future of the field.

Green Chemistry: Collaborative Approaches & New Solutions

This event was the Berkeley Center for Green Chemistry’s first national conference. It introduced the 
collaborative, interdisciplinary approaches piloted by BCGC and featured leaders in these fields, 
who spoke about the role of Green Chemistry in responding to society’s most pressing health, 
environmental and economic problems.

Speakers included:
• Dr. Paul Anastas, Assistant Administrator for EPA’s Office of Research and Development and the 

Science Advisory to the Agency
• Dr. John Warner, President, Warner Babcock Institute for Green Chemistry
• John Balbus, M.D., M.P.H., Senior Advisor for Public Health, NIEHS
• Dr. Henry Brynzda, Director - Technology, DuPont
• Hon. Mike Feuer, Majority Policy Leader, California Assembly
• Dr. Lynn Goldman, Dean, School of Public Health and Health Services, George Washington 

University
• Prof. Robert Grubbs, Chemistry, California Institute of Technology, Nobel Laureate
• Gerald Poje, PhD, founding Board Member, U.S. Chemical Safety and Hazard Investigation
• Hon. Joe Simitian , 11th District State Senator , California Senator
• Dr. Robert Peoples, Director of the ACS GCI
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Consumer Products: Sustainable 
End-of-Life Management
Sponsored by Kimberly-Clark and Waste Management, this track of 
our research focuses on issues in global consumer product waste, 
from developments in extended producer responsibility policy to 
case studies in consumer perception and behavior change.
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Sustainable Packaging with a Case Study in Consumer Products
Principal Investigator: Prof. David Dornfeld
Mechanical Engineering

This study provides an overview of the practices that have been recommended to help manufacturers 
make greener packaging choices, focusing mainly on flexible packaging for consumer products. In 
addition, this research investigated the development trends of the most relevant of these practices 
over the past decade. This discussion included a synopsis of the packaging markets in which these 
trends are taking place, and the benefits, challenges, and limitations associated with their adoption.  
Several of the tools and guidelines that have been developed to help manufacturers and consumers 
make greener packaging choices were reviewed and also included. Taking this data into account, 
as well as the relevant drivers and barriers for the growth in sustainable packaging, the study makes 
projections for their further uptake of these practices. Lastly, the study considers the sustainability 
impacts of these projected trends. Since the completion of a final report last fall, the researchers 
have been investigating common allocation procedures in packaging literature for the practices of 
composting and recycling.

Life-Cycle Analysis Tools Study
Principal Investigator: Prof. David Dornfeld
Mechanical Engineering

This study compares the results of five commonly used LCA software tools to help highlight strengths 
and weaknesses of each tool. Building on the previous sustainable packaging research, it also 
compares different packaging types for four everyday items. The second phase of the study will focus 
specifically on end-of-life issues, examining the differences between software in that stage of the life 
cycle in particular. The final phase of the study will examine how the findings from the study inform 
consumer products industries, and how they can use these tools to inform business and public policy 
decisions. The research will be completed over the Summer 2011 term.

Scope 3 Emissions Management Study
Researchers: Devon Lake, Calanit Saenger, and Jack Wang
Haas School of Business

Targeting Scope 3 emissions is becoming the new frontier of carbon management, with certain 
consumer packaged goods companies emerging as new environmental leaders in addressing climate 
change. This report documents the actions of some of these leaders as illustrations of cutting-edge 
practices for addressing Scope 3 emissions. It also presents general approaches to measuring 
and managing Scope 3 emissions, to provide companies with a road map for how to engage with 
this work, as well as specific recommendations for the CPG industry.  This report outlines ways in 
which managing Scope 3 emissions creates competitive advantage, in the form of mitigating risks, 
decreasing costs, differentiation and increasing top line growth, strengthening the business rationale 
for Scope 3 management.
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Business Intelligence and Best Sustainable Practices—Drivers for 
Sound Decisions & Policy
Principal Investigator: Prof. Omar Romero-Hernandez
Mechanical Engineering & Haas School of Business 

This project uses technology maps as a means to understand technology trends and identify 
opportunities to create value through waste management practices. The study focuses on a 
technology analysis for pyrolysis, a form of incineration that chemically decomposes organic materials 
by heat in the absence of oxygen.  A first technology map is available. This map is mostly based on 
a extensive database research on scientific-technical publications, supported with public information 
on commercial reports and news. Results include time trends, research centers, controlled vocabulary, 
leading authors and, affiliations.  Commercial opportunities and barriers are mentioned, along with 
environmental implications.

Consumer Decision Making
Principal Investigator: Prof. Eduardo Andrade
Haas School of Business

Eduardo Andrade, a marketing professor who is an expert in the study of consumer decision-making 
behavior, presented a workshop at the Kimberly-Clark headquarters in April. After explaining the 
advantages of designing field studies to better understand consumer behavior, Professor Andrade 
led Kimberly-Clark employees in an exercise to help identify potential areas of research interest. The 
company is currently considering possible topics for further study. 

Recycling Metastudy
Researcher: Shaun Mullen
Haas School of Business

This summer study is an overview of other research that examines the question of how recycling rates 
can be increased. In the United States, even for readily recyclable items like soda bottles, recycling 
rates still remain in the 25-30% range. The metastudy will report on the findings of studies over the 
last ten years, and will also include information about approaches taken by innovative new companies 
like Recyclebank. 
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Co-hosted with the California Product Stewardship Council on November 16-17, 2010, this intimate 
roundtable discussion explored sustainable solutions to the challenges surrounding extended 
producer responsibility (EPR). Given the breadth of this topic, we focused in on two areas in particular: 
end-of-life electronics and the challenges with hazardous materials they bring, and problematic 
packaging and the challenges of managing light weight, hard-to-collect packaging materials. By 
bringing academics, NGOs, retailers, manufacturers and waste management companies together, 
we were able to explore and identify a full range of solutions and shared opportunities, ranging from 
public policy, to technology and partnerships, to design.

Electronics waste topics included:
• Electronics EPR: Issues and 

Opportunities
• The Role of Recyclers in 

Creating a Sustainable 
Electronics Industry

• Best Buy & Extended Producer 
Responsibility

• Is “Waste” a Problem or an 
Opportunity?

• EPR: The Politics of 
Internalizing the Environmental 
Costs of Products and 
Packages

Packaging waste topics included:
• Implementing EPR for 

Packaging
• A Method for Reducing Marine 

Debris
• EPR Meets Garbage: How We 

See It
• The Coca-Cola Company: Case Study
• Designer’s Field guide to Sustainability
• Is “Waste” a Problem or an Opportunity? And Why Do Europe and Asia Get it and We Don’t?
• Design it Green & Take it Back: A Supply Chain Partner’s Perspective

Roundtable: Extended Producer 
Responsibility
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Roundtable: 
Cotton and Sustainable Water Use
How should the apparel industry face the growing water crisis? Economic growth, changing 
populations, and climate change will all contribute to significant global water shortages in the coming 
decades, and the business risk is especially high for clothing and home goods companies that rely on 
cotton. On March 2-3, 2011, the Sustainable Products and Solutions Program hosted a roundtable to 
discuss the challenge. The event was co-hosted by Gap Inc. 

Sustainability directors, experts in environmental science, technology, and agriculture gathered to 
explore the latest solutions to sustainable water use in cotton production. Topics included:

Water scarcity: the global picture
Jason Morrison, Pacific Institute 

Environmental & social impacts of water use in cotton 
production 
Alexis Morgan, WWF
David Waskow, Oxfam

Economic considerations: from investor expectations 
to practical implications 
Brooke Barton, Ceres
Liz Muller, Liz Muller & Partners

Measuring water usage within the supply chain 
Brooke Barton, Ceres
John Jewell, PE International

Governance in the cotton supply chain - from 
watersheds to supply chain partnerships
Liz Muller, Liz Muller & Partners

Best practices in water management in cotton 
agriculture
David Zilberman, Professor, Agricultural & Resource 
Economics, UC Berkeley
Ed Barnes, Cotton Incorporated
Greg Palla, San Joaquin Valley Quality Cotton Growers 
Association

Water management solutions throughout the lifecycle: 
from the field, to mills, to consumers
Alexis Morgan, WWF
Ryan Flaherty, BSR
Brianna Wolf, Levi Strauss & Co.

Moving from innovation to implementation
Susan Leal, Harvard University, School of Engineering and 
Applied Sciences
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Big Ideas @ Berkeley
UC Berkeley’s annual “Big Ideas” prize competition inspires innovative and high-impact student 
projects aimed at solving the world’s most pressing problems. By seeking out novel proposals 
and then supporting efforts to help them succeed, Big Ideas has produced remarkable results. 
This year, the Sustainable Products & Solutions Program sponsored two contests related to green 
chemistry.

Campus Biodiesel Competition
Total Prize: $3,000
 
We challenged students to create a technical and business plan for recovering waste oils, creating 
biodiesel, and using the resulting product here on campus. The proposed plan was judged on 
feasibility, creativity, comprehensiveness of relevant data, and the potential to benefit campus both 
financially and by reducing waste. The winning plan will be presented for implementation at UC 
Berkeley.

First Place Winner: Waste Into Fuel
Team Members: Victoria Tom, Kaitlin Forsman, Grace Go, Delia Li, and Christian M. Lavados
“Waste Into Fuel” is a plan that will allow the Berkeley campus to harness the energy potential of the 
waste cooking oil that it currently disposes to replace various diesel-using appliances and utilities on 
campus -- resulting in an overall savings of $30,000 annually after the first year of use. “Waste into 
Fuel” proposes that the campus convert waste cooking oil into bio-diesel by investing in 55-gallon 
steel drums and a Freedom Fueler Deluxe w/ Drywash, a machine which will conveniently carry out 
the process to create the biodiesel. The project will also use a MR-50 Methanol Recovery System 
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to separate the byproduct of the energy extraction process into methanol. This will lower costs of 
the needed methanol and potentially result in a monetary gain, as the glycerin could then be used 
to make soap on campus or even sold to companies that process it. The goal is to not only create 
a system that can produce and use biodiesel, but also to execute the idea in a way that is most 
optimally cost-effective and environmentally friendly for the Berkeley campus.
 
Second Place Winner: Campus Biodiesel Project
Team Members: Michelle Kim and Nicole Lai
The main objective of this project is to develop an optimal way to improve energy efficiency on the 
UC Berkeley campus by converting waste cooking oil to biodiesel and then using this biodiesel to 
power various campus operations. Biodiesel, a type of diesel that comes from biological sources, is 
biodegradable, non-toxic and produces 60% less carbon dioxide emissions than petroleum-based 
diesel. Biodiesel can be produced from waste cooking oil. This project advocates for the productive 
use of the 5,500 gallons of cooking oil waste on the UC Berkeley campus every year. If UC Berkeley’s 
dining halls each saved the waste oil that they produce into a drum or a large oil container, the oil 
could then be used to create biodiesel, which can then be used for sustainable campus operations.
 
Third Place Winner: A Novel Recycling of Used Cooking Oil
Team Members: Swetha Akella, William Carpenter, Joon Park, and Vikram Ramakrishnan
This project proposes that UC Berkeley generate its own biodiesel using the 500 gallons of used 
cooking oil generated weekly by Crossroads Dining Commons, Foothill Dining Commons, and the 
Golden Bear Café, for consumption in the campus’s Bear Transit buses. The team has been able to 
project production of 500 gallons weekly if two reactors are used. Fuel can be produced 18 for $1.44 
per gallon and could be sold to Bear Transit for $2.00 per gallon, potentially making the operation 
financially sustainable.
 
Honorable Mention Winner: A Proposal to Processing & Using Biodiesel
Team Members: Jason Chee, Rebecca Wu, Don Mai, Nate Nuntaworanuch, and Ryan Petigura
One of today’s biggest environmental concerns is the emission of greenhouse gases and other 
harmful substances from the burning of fossil fuels. There is much need today for alternative energy 
sources, one of which is biodiesel. UC Berkeley dining services consumes an incredible amount of 
oil that UC Berkeley could both process and use as its own created biodiesel. Along with being a 
more environmentally safe and less toxic energy source than traditional fossil fuels, biodiesel could 
be economically viable and practical for the university. The applications of the made bio-fuels include 
anything from heating the dormitories to powering buses and other campus vehicles. In the long 
term, UC Berkeley could offset its monetary costs by promoting a more resourceful, direct, and 
community-based way of operating its systems.
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Green	Chemistry	Video	Competition

The Twelve Principles of Green Chemistry aren't well-known outside the world of green chemistry. 
This challenge invited students to create a video explaining the 12 principles in a way that's easily 
understandable to someone who doesn't have an extensive background in science. A panel selected 
three winning videos based on the accuracy of the information presented and the creativity and 
originality of the presentations.

Winners:
“The Sustainable Future”
By Telly Cheung
This video invites viewers to imagine a more sustainable future and shows us how we can apply the 12 
principles of green chemistry to live in a more environmentally friendly fashion. 
http://bit.ly/sustainablefuture
 
“Green and Brown Chemists”
By Caleb Alexander, Adam Nitido, Caroline Quan, Matthew Quan, and Loong-Yi Tan
In this video demonstration, four UC Berkeley chemists show us what to do and what NOT to do as 
we strive to be more sustainable. 
http://bit.ly/greenandbrown
 
“Like a Green Chemist”
By Raphael Fish, Seunghyuk Daniel Yang, Pritha Hait, and Mun Sek Kim
Get down with this group of chemistry students as they use music to explain the 12 principles of 
green chemistry. 
http://bit.ly/greenchemist
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Dow Sustainability Innovation 
Student Challenge

Dow Challenge winners with SPS Program Executive-in-Residence Tony Kingsbury. 
L-R: Genevieve Wang, Sarah Friedman, Jamie Kong, Galina Vlaeva, Tony Kingsbury, Yu Zeng, 
Michael Sankur, Daniel Arnold.
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Three graduate student teams each won a $10,000 grant in the Dow Sustainability Innovation Student 
Challenge at the University of California, Berkeley. The challenge provides funding for sustainable 
solutions to the world’s most pressing social, economic and environmental problems. The winners:
 
A Bio-inspired innovation for Efficient Water Surface Cleaning
Yu Zeng, Department of Integrative Biology
This unique device, inspired by the biology of a particular type of frog tadpoles, cleans surface water 
in a highly efficient, environmentally-friendly way. In oil spills, floating oil is currently very difficult to 
remove, and other pollutants pose significant challenges as well. This device is capable of removing 
those pollutants without harming the environment, and can also be made at a low cost. 
 
The Energy Information Gateway as a Sustainability Solution
Daniel Arnold and Michael Sankur, Department of Mechanical Engineering
This software package enables communication and control of energy use between appliances in 
a home or office, in order to help conserve energy during times of peak demand. This both helps 
eliminate the need for “peaker” power plants that are used only at times of peak power use, and also 
enables the use of more renewable energy sources that may be intermittent. Unlike other products 
that communicate between smart meters or energy management systems and appliances, this soft-
ware uses an open source standard, so it can used with any type of appliance.
 
BetterUp
Jamie Kong, Sarah Friedman, Galina Vlaeva, and Genevieve Wang, Haas School of Business
BetterUp uses the power of play to help people build and maintain healthy habits. Through a website 
and mobile application, people can challenge their friends to engage in healthy behaviors, and earn 
points along the way that can be redeemed for rewards. Unlike similar systems, BetterUp leverages 
strong existing relationships between users. It can be used by companies to improve employee well-
ness and promote safe habits in the workplace.
 
Honorable mention went to the Louisiana Oiled Marsh Cleanup and Restoration Project. Thomas 
Azwell, a graduate student in Environmental Science, Policy and Management, presented an environ-
mentally-friendly method of oiled marsh restoration that he will be studying in Louisiana in the wake 
of the Deepwater Horizon Oil Spill.



We’d like your feedback!

Please let us know what you liked and didn’t like about our report on 
the Sustainable Products & Solutions Program, and let us know what 
you’d like to see us address in future reports. 

Email us at respbus@haas.berkeley.edu.

Thank you again to Dow Chemical Company Foundation, Waste 
Management, and Kimberly-Clark for their generous support. 


