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In celebration of the one 
hundredth issue of Inf ’OSE, 
the MAS OSE would like to 
thank all of the people who 
have allowed this journal 
to carry on. The 100 issues 
produced to date have given 
the contributors a chance 
to share their knowledge 
in numerous articles about 
the world of energy. As 
chief editors, we hope that 
Inf ’OSE has succeeded 
in conveying the passion 
of each student who has 
contributed.
This issue is even more 
special since it is about the 
MAS OSE study trip to San 
Francisco. As you will see, 

to make sure we can share 
our experience with the 
people we met across the 
Atlantic, this number is en-
tirely in English.
After a quick presentation 
of the main purpose of 
our trip and a state of the 
art of energy in California, 
each article reports on an 
individual visit. Taking in 
NASA, Berkeley University, 
a biofuel producer, a coge-
neration plant, and a smart 
building, we hope that you 
will enjoy reading these ar-
ticles as much as we enjoyed 
being in United States.
To finish this editorial, we 

would like to express our 
warm thanks to our hosts at 
the companies we visited, as 
well as Pierrick Bouffaron, 
Science & Technology 
Officer at the French 
consulate in San Francisco, 
who played a huge part in 
making this week unfor-
gettable. We also thank our 
teacher Gilles Guerassimoff 
who accompanied us even 
though he was sick, Nadia 
Maïzi, head of CMA, who 
initiated the association 
between the OSE Masters 
group and UC Berkeley, and 
last but not least, Catherine 
Auguet Chadaj, who made 
this trip possible.
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Article

For the 10 last years, the MAS OSE annual study trip 
has been linked to a theme focusing on a single en-

ergy issue and associated with a specific region of the 
world. Thus, the 2014 promotion went to Russia with 
the “gas” theme, and two years ago students went to 
South Korea to study the interaction between energy, 
citizenship and sustainable cities.

This year’s theme centers on the perspectives and 
issues of the COP21 set to take place in Paris in 

November-December 2015. This year’s study trip to 
California has two aims. First, California is particularly 
active in the climate debate, and a center for major re-
search on new energy technologies such as fuel cells, 
solar power, smart grids and smart buildings. This 
means it fits in well with the MAS OSE 2014 theme. 
Second, the trip will help sustain the recently con-
firmed relationship between the Center for Applied 
Mathematics and the Berkeley Energy and Climate 
Institute (BECI). The text below develops the history 
and terms of this agreement.

The collaboration started with a meeting be-
tween Professor Nadia Maïzi, Director of CMA, 

and Professor Paul Wright, Head of the BECI, dur-
ing his stay on the French Riviera in July 2014 . Mr. 
Wright, who had been particularly impressed by the 
Nice Grid project during a previous trip to the area, 
wanted to meet the researchers involved in the smart 
grids. Therefore Nadia hosted him in her laboratory 
for a fruitful day of exchanges with young researchers 
and PhD students around common research themes 
of interest: smart grids and beyond the energy mix, 
planning, and long-term modeling. They found many 
potential links between the two labs, and beyond, as 
Nadia had just been designated to lead two programs 
in a national Smart Grid work plan and Paul was in-
volved in a similar effort in the US.

This first meeting was made possible thanks to 
Pierrick Bouffaron, technology attaché at the 

French embassy in California. He met Paul during his 
previous trip to France in June 2013 with a US delega-
tion, dedicated to smart cities. 

As Mr. Wright was interested in the CMA and its con-
cerns, he invited Nadia to visit him in California. 

She went to the US five weeks later to meet differ-
ent actors in the Smart Grid field and take further 
the conversation she had had with Mr. Wright about 
a possible cooperation. The pair reached an agree-
ment on an open partnership related to energy and 
climate concerns and ratified a Memorandum of 
Understanding (MoU) between the two laboratories. 
This agreement is officially based on “the mutual ap-
preciation of the two partners and the recognition of 
shared objectives”, with the aim of bringing value to 
both. The MoU will launch joint actions such as:
•	 Exchanges of researchers and graduate students;
•	 Invitations to speak at conferences and events in 

the US and France;
•	 Joint research on relevant topics for both Parties;
•	 Organization of bootcamps and initiatives dedi-

cated to Parties’ graduate students;
•	 Development of mechanisms to enhance sharing 

good practices between Parties.

Given that student exchanges is one of the main 
objectives, the annual MAS OSE study trip 

was identified as the first potential exchange. The 
Californian bay area offers numerous opportunities 
in the fields of climate and energy, Paul’s team was 
involved in hosting the students at the University of 
Berkeley, and at the CMA, Pierrick was put in charge 
of organizing the trip: all ingredients that made the 
project possible. The promotion’s forthcoming study 
trip is one of the pillars of the MoU.

The 10 days that students will spend around San 
Francisco Bay will focus on exchanges with re-

searches from the BECI, in addition to some indus-
trial plant visits. Furthermore, MAS OSE students will 
organize a conference for BECI staff regarding some 
aspects of the coming COP. They will make proposals 
about different sectors that should be brought into 
negotiations on the climate challenge. An article will 
be written about the conference.

Remastering the MAS OSE study trip : 
direction California as part of the col-
laboration between CMA and Berkeley 

Energy and Climate Institute (BECI)
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The cultural affinity between Berkeley and the Ecole 
des Mines de Paris (MINES Paristech) due to their 

“Public University” status and their reputation for ex-
cellence made both of them enthusiastic to build on 

this kind of agreement. We hope that it will be the 
first stage a high level of collaboration between the 
two institutions.

Rémi LAFOND
Sources : 
•	 Nadia MAÏZI and Pierrick BOUFFARON’s records (special thanks to them)
•	 The “Memorandum of Understanding” terms paper
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With more than 35 million inhabitants, California 
is the most populous state in the United States. 

Satisfying its demand therefore requires substantial 
production capacity. In 2011, California produced 
200  TWh, representing 70 % of its consumption. 

Although most of these 200 TWh came from natural 
gas production, interestingly, renewable energy was 
the second source of electricity in the state. 

State of the art of energy in California

This massive integration brought about a seri-
ous issue in the early 2000s. Because of lack of 

investment in these technologies and soaring gas 
prices, the price of electricity reached $1400/MWh 
in order to make the power plants profitable. Some 
firms, like Enron, went bankrupt, and some neighbor-
hoods were forced to cut off electricity, provoking a 
state of emergency that lasted from January 2001 to 
November 2003.

However, this crisis did not prevent California from 
developing its renewable energy sources. In 2008, 

former governor Arnold Schwarzenegger declared a 
target of 33 % renewable energy by 2020. His succes-
sor, Jerry Brown, is aiming for 50 % by 2030. California 
is an experienced test bed for integrating renewables, 
such as on May 23rd 2014, when the world’s first solar 

power plant coupled with a redox flow battery was 
inaugurated. This new technology is devised to avoid 
production peaks and marks a significant step for-
ward in the development of electricity storage. The 
batteries are based on chromium and iron electro-
lytes, which are cheaper than vanadium.

California’s ranking as the second most polluted 
state provides additional impetus for developing 

green energy. However, the situation is unlikely to im-
prove in the near future. In 2013, two nuclear power 
plants in San Onofre were closed due to leakage. Their 
production has been replaced by gas, which emits 
considerably more CO2.

Sources : 
•	 http://energie-developpement.blogspot.fr/2012/11/crise-californienne-energie-2001.html
•	 http://www.bulletins-electroniques.com/actualites/76070.htm
•	 http://www.vedura.fr/actualite/4946-californie-schwarzenegger-33-pour-cent-energies-renouvelables-2020
•	 http://www.greentechmedia.com/articles/read/calif.-gov.-jerry-brown-calls-for-50-renewables-by-2030 
•	 http://energies.sfen.org/climat/californie-fermeture-san-onofre-entraine-hausse-emissions-gaz-effet-serre

Bastien THERY
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15th March

On the morning of 15th March, MAS OSE met 
Stephanie Jumel, the City and Industry Chief 

R&D Officer at EDF Inc.

Ms. Jumel is a French engineer who graduated 
from Polytech’Lille, an engineering school in 

the North of France and holds a PhD in Materials 
Science from the University of Lille. She began her 
career studying irradiation effects in nuclear pow-
er plant materials, before moving to the European 
Institute for Energy Research (EIfER) in Germany.  
In 2008, she became Project Manager at EDF R&D. 
Eighteen months ago, Ms. Jumel moved to Los Altos 
in the San Francisco Bay area to take up the post of 
Smart City Program manager at EDF Inc.

With 140 GW of electricity generation capacity 
installed all over the globe, including 75 GW of 

nuclear power plants, EDF is one of the biggest elec-
tricity producers in the world. EDF employs 160,000 
staff and serves 35 million customers around the 
globe.

EDF Inc. is a subsidiary of EDF that develops activi-
ties in North America with 1600 employees in the 

region. It is also the leading wind farm operator in 
the United States.

Ms. Jumel works with 5 other people at the EDF 
R&D US center. They focus on several topics: 

Energy Efficiency Services, Sustainable Communities, 
Smart Grids, Data Analysis, Open Innovation and 
Electricity Generation. California is a very interesting 
state in terms of the electricity grid, and one step 
ahead of Europe, since private consumers have been 
equipped with smart meters for several years. EDF, 
by financing the Electric Power Research Institute 
(EPRI), has been collecting feedback on this topic. 
Moreover, the Silicon Valley is famous for its high-
tech centers, making the area an important location 
for EDF.

EDF also plays a role in US electricity trading, 
with EDF Trading, which is a leader in the inter-

national wholesale energy market. Furthermore, 
EDF Renewable Energy has a portfolio comprising 
5.9 GW of developed projects and 3.1GW of installed 
capacity.

Presentation of EDF North 
America by Stephanie Jumel

Julien DAVID

Sources : 
•	 http://caffeet.org/stephanie-jumel/
•	 http://ameriquedunord.edf.com/edf-amerique-du-nord-47475.html
•	 http://fr.wikipedia.org/wiki/EDF_%28%C3%89tats-Unis%29
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Guillaume BAZOUIN, a French engineer, shared 
his experience and career path in USA. He grad-

uated from Grenoble Institute of Technology in the 
nuclear field and took a post-Master specialization 
in Civil and Environmental Engineering at Stanford. 
His internship took him to California at the Lawrence 
Berkeley National Laboratory, which is the equiva-
lent of CEA in France, to work on the technology 
of nuclear fusion. Thanks to this experience, he ex-
panded his network and decided to pursue his stud-
ies at the University of Stanford. During this period 
he worked on two projects: 
•	 The Solutions Project, which showed the effect 

of a transition to 100 % clean renewable energy 
for all purposes. This is a prospective study in the 
USA. The project inspired urban development 
projects in several US cities including New York. 
More information is available on the project’s 
website.

•	 The Stanford Atmosphere Energy Program, which 
deals with climate change and air pollution.

 His work on these multidisciplinary projects led 
Mr. Bazouin to combine science, business and 

culture fields, which are essential to accelerate the 
transition to 100 % clean renewable energy. His aim 

on these projects was to show that transition takes 
relatively few years to completely penetrate a cul-
ture, like cars, for example, which became a key 
product in western society in just 15 years.

Today, Guillaume is director of product develop-
ment at BONE structure. This company, based in 

Laval (Quebec), specializes in developing technolo-
gies for residential and commercial construction. Its 
main target is to offer houses rapidly (built in about 
5 days) with very high energy performance. Every 
room in the house is prepared in advance, resulting 
in an easier, faster and cheaper construction phase. 

Guillaume concluded by answering questions 
about his expatriation, and the difficulties in-

volved. He said that he could not have stayed if he 
had not had so many projects in mind or without the 
support of a network.

Guillaume Bazouin: a French 
engineer in the USA

Pierre-Alexis BERSENEFF

Sources : 
•	 http://thesolutionsproject.org/
•	 http://bonestructure.ca/fr/
•	 https://www.linkedin.com/pub/guillaume-bazouin/38/a88/5a5



The Exploratorium of San Francisco opened in 
1969 thanks to Frank Oppenheimer. He was a 

professor and an experimental physicist who de-
veloped a “library of experiments” that allowed his 
students to explore scientific phenomena at school. 
This was the idea that led to the Exploratorium. The 
museum is divided into many sections, including 
tinkering (electricity and magnetism), living sys-
tems, seeing and listening, human behaviors, local 
environment, weather and landscape. Its main goal 
is to give everyone access to science. Around 1 mil-
lion visitors go to the museum each year, reaching a 
peak of 8,000 on special event days like the “Pi day” 
(3/14/15).  

The building was renovated in 2013 and became 
one of the most efficient in the world in terms of 

energy consumption. Chuck Mignacco is in charge 
of the entire energy installation. The museum uses a 
water-source heat pump to control the temperature 
in the 75 different zones that compose the building. 
The system consumes about 1,000 gallons of sea-
water per minute (~ 3,800 liters/min). This resource 
has to be filtered before being injected into the heat 
exchanger in order to preserve the installation from 
rust and sea life. The museum produces local electric-

ity thanks to photovoltaic panels on the roof, which 
are spread over 85 m² and correspond to 1.8  MW 
of installed capacity. Therefore, the museum has a 
very low carbon footprint. In fact, it consumes half of 
the electricity produced from the PV panels during 
the day and sends the other half to the city, which 
gives it back during the night. Lastly, the building 
is equipped with a very efficient energy monitoring 
system. This means that Chuck Mihnacco can ana-
lyze and manage all of the consumption from any-
where in the world using software control. This pro-
gram was developed specially for the building and 
includes a range of configuration options in order to 
optimize the overall energy consumption. 

The museum has always been at the edge of inno-
vation, as these installations show. If more proof 

were needed, look back to 1993, when its website 
was only the 600th website created in the world.
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The Exploratorium

Sources : 
•	 http://thesolutionsproject.org/
•	 http://bonestructure.ca/fr/
•	 https://www.linkedin.com/pub/guillaume-bazouin/38/a88/5a5

Julien DAVID & Pierre-Alexis BERSENEFF

Sources : 
•	 http://en.wikipedia.org/wiki/Exploratorium
•	 http://www.exploratorium.edu
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16th March

AMYRIS was founded in 2003 in the San Francisco 
Bay area by a group of scientists from the 

University of California. The company began its busi-
ness by developing a plant-based treatment for ma-
laria, which enabled it to access the Bill and Melinda 
Gates Foundation fund. Nowadays, AMYRIS creates 
renewable products like cosmetics, flavorings and 
fragrance, and performance materials like solvents 
and polymers, fuels, lubricants and biopharmaceu-
tics. Cosmetics generate the largest share of reve-
nue.  Currently, the company’s financial expenditure 
exceeds its profits. However, AMYRIS hopes to break 
even before the end of 2015.

 Salvador Rivera underlined the importance of 
partnerships with other companies. Numerous 

alliances to date, including with firms like TOTAL, al-
low them to finance new products and take advan-
tage of the expertise of these companies in their 
own sectors. 

Mr. Rivera highlighted the difficulties in develop-
ing new technologies in the chemical sector. 

There are two main complications. The first is that 
innovations often result from random experiments. 
The second is that when something works in the lab-
oratory, it is a huge challenge to move to a massive 
production scale. 

AMYRIS opened an industrial-scale biofene plant 
in Sao Paulo (Brazil) in 2013. Biofene can be used 

to produce fuels and chemicals. This factory employs 

innovative technology using sugar from cane to pro-
duce biofene via a fermentation process.

The biofuel produced has two main advantages. 
First, the price of fuel does not depend on the 

volatile oil market. Second, the company can con-
trol its economic model by developing partnerships 
with sugar cane producers.

Salvador Rivera emphasized that they are not in 
competition with the food market. This is partly 

because the quantities used in this industry are too 
small. Another reason is that sugar cane crops have 
been planted specifically to use in biofuels and bio 
cosmetics. 

Finally, the company is exploring two ways to de-
crease the price of biofuels. The first is to increase 

the quantity of sugar in the feedstock, and the sec-
ond is to improve manufacturing to increase the 
amount of sugar recovered.

To conclude, biofuels and more generally bio 
products have an attractive future because they 

are competitive, reliable and create a positive image 
for the companies that use them.

Presentation of AMYRIS, by 
Salvador Rivera, Senior Director, 

Human Resources

Julien DAVID

Source :
http://amyris.com/
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16th March
Joint Bioenergy  Institute : 

Developing advanced biofuels

JBEI (pronounced jay-bay) is a company whose 
aim is to convert non-food biomass into biofuels. 

The biofuels, produced from lignocellulosic biomass 
conversion, belong to the second generation, which 
means they avoid competing with food purposes.

The presentation of JBEI was given by Dominique 
Loqué, director of cell wall engineering, cell 

stock division. Mr. Loqué is also the co-founder and 
scientific advisor at Afingen, a startup that develops 
methods to enhance plant performance.

JBEI belongs to three Bioenergy Research Centers 
(BRCs) founded in 2007 by the US Department of 

Energy (DOE). The center currently employs 170 staff, 
most of whom are postdoctoral researchers.

The organization secured grants totaling 125 mil-
lion dollars from 2007 to 2012 and focused its ini-

tial studies on changing the way we produce biofu-
els. It has received the same amount for 2012-2017, 
and is now aiming at improving the process to make 
it more competitive with conventional fuels.

The first division of the company is called 
“Feedstock” and its aim is to improve the way cell 

plants are synthesized. The “Deconstruction” divi-
sion works on devising better pretreatment process-
es. One discovery, for example, is a technology that 

performs with the same efficiency whatever the type 
of plant. One of the main topics of research consists 
in finding a way to extract the maximum quantity 
of sugar and reduce the amount of lignin. The “Fuel 
Synthesis” division works on topics related to finding 
economically viable biofuels for all types of engines.

Last but not least, the “Technology” division is de-
veloping new techniques to improve the efficien-

cy of research. Enzyme characterization and inno-
vative quantification technologies are some of the 
main topics in this sector. Moreover, considerable 
investment has been made in automated systems 
to improve the manipulation of solids or incubation 
and centrifugation. 

The company interacts significantly with industry. 
In fact, technologies are often licensed to compa-

nies and JBEI benefits from feedback on its research 
from industry.

Rémy DOUDARD

Source : 
http://www.jbei.org/
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ALL POWER LABS

THE COMPANY

All Power Labs is a small but leading company 
working on small-scale gasification for doz-

ens of developing countries using biomass.  Its fo-
cus is rural electrification for developing countries. 
Electrification is crucial to development and the first 
step to reducing poverty, and the company attempts 
to find solutions in countries where electricity gen-
eration is non-existent or unreliable. For these pop-
ulations cut off from the world, production has to 
be decentralized. For most households, this means 
using a diesel generator, but electricity generated 
through diesel is very expensive, costing USD$0.50 
or  more. ALL Power Labs has designed an engine 
which is able to generate electricity with local fuels 

to keep costs down. For example, in Liberia, diesel 
costs $0.70 whereas biomass is about $0.09.

The firm was created 10 years ago and now em-
ploys 34 full-time employees. The team is made 

up of university researchers, developers and engi-
neers who meet during workshops organized at their 
laboratory in Berkeley. Technical ability and physical 
knowledge are combined to devise great engines. 
The company is also very involved in research and 
education and is pleased to share its knowledge 
with teachers and students to inform the next gen-
eration of gasifier experts and operators. 

The aim is to develop a small power station which is able to produce both heat and electricity.

GASIFICATION

Many combustibles can be used with the power plant. For example, in Liberia where rubber produc-
tion is considerable, rubber trees, which need to be replaced regularly, can constitute a huge biomass 

resource. In the Philippines, coconut shells are used to supply power. In Indonesia, palm sugar is a fuel re-
source.
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Sophie CARRE

    The most important criterion for good combustion is the rate of cellulose in the fuel. The higher  it is, the 
easier it is for the fuel to reach 700 °C. A pyrolysis reaction then produces smaller components, creating a 
larger reaction surface. The fuel builds up and reacts with the stream.

Syngas is created, which then supplies the gas engine. Finally, a cracking reaction is followed by exothermic 
combustion.

C02+H20 → C0 + H2

Machines are delivered with manuals and tuto-
rials to assemble them. The most important 

point to ensure a good life expectancy is the mainte-
nance. At the beginning when the first engines were 
sold, some of them were out of working after only 
one or two years. To avoid this, People have to be 
trained. Because the demand rate is very important, 
the company favors people with an electronic back-
ground, like vehicles technicians for example. Many 
different resources can be used as combustibles. For 
each of them, processes need to be done enumer-
ated such as crushing, sifting, drying… For example, 
the best fuels are walnut shells, coconut shells, hard-
wood chips (oak, beech); softwood chips (douglas 
fir, pine). However, if corn cobs or palm kern shells 
are used, more maintenance is provided. Some sub-
stances have not been tested yet.

The price for a 20 kWel basic machine with a man-
ual filling and which only produces electricity is 

$30,000. More elaborated machines are also sold. A 
recuperation of fumes can be done, around the py-
rolysis oven and the reactor or also to dry the bio-
mass. The volume is about a cube of 1,30 m edges 
and weigh between 700 and 900 kg, so it is easy to 
transport it by trucks or planes. 

In fact, the company has two different markets, de-
veloping countries and European customers who 

take advantage of feed in tariffs. To give an idea, in 
Italy green electricity is bought 30 c€/kWh, which is 
3 times the production price. Ukraine war has also 
increased subventions in order to lose Russian gas 
dependence, which makes the promotion of renew-
able energies even better.
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Julien DAVID

On Monday, mastere OSE student’s presented to UC 
Berkeley a new angle of attack for climate change 

negotiations. In this way, we showed proposals by sec-
tor and not by country like it uses to be in COP negotia-
tions.

The first proposal is talking about solutions to break 
the deadlock in climate negotiations between north 

and south countries. The second one is making a pro-
posal for a sustainable growth in industry and energy 
consumption. More particular, it’s focus on coal, ura-
nium and steel industries. The last proposal, the lean 
citizen, is an optimization method based on the lean 
manufacturing. The main goal is to reduce waste and 
focus on added value at the citizen scale. The concept 
is illustrated with two instruments that are a water foot-
print market and a traffic management tool.

UC Berkeley students showed a part of their works as 
well. The different subjects were:

•	 Bernard Kim from the Advanced Manufacturing for 
Energy (AME) about printed thermoelectrics genera-
tors

•	 Noah Deich from the Center for Carbon Removal 
•	 Diego Ponde De Leon Barido from the Energy and 

Resources Group (ERG) about the low carbon energy 
transition in Nicaragua

For more information : 
•	 http://ame.berkeley.edu/printed-thermoelectric-generators/
•	 http://berc.berkeley.edu/carbon-removal-national-academy-

sciences-says-emerging-field
•	 http://clas.berkeley.edu/research/opportunity-include-people-

nicaragua%E2%80%99s-low-carbon-energy-transition

Conference at UC Berkeley 
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Julien DAVID

The Ames Research Center dates from 1939 and was 
the second of NASA’s 10 field centers. Named after 

Joseph P. Ames, NASA’s “Friendly front door to Silicon 
Valley” employs around 2,800 people and has an annual 
economic impact of $1.5 billion for the U.S. 

This article is divided into several parts with an over-
view of each of the presentations made at the re-

search center.

The first presentation was by David R. Morse, Chief, 
Technology Partnerships Division. He gave an over-

view of the center’s main research topics: astrobiology, 
thermal protection materials, information technology, 
air traffic management, wind tunnels, simulation, earth 
sciences, and small satellites. 

Astrobiology attempts to answer the question, “How 
does life begin and evolve?”. The Kepler satellite 

launched in March 2009 illustrates the purpose of this 
research topic. The satellite looks for planetary candi-
dates and has found more than 2,300 to date. Put sim-
ply, the satellite looks at a small corner of space, then 
focuses on a star and measures the brightness it gives 
off. If the brightness alters regularly it may mean that a 
planet is turning around the star.

The earth science department was introduced by Dr. 
Steve Hipsking. This division represents 10 % of the 

NASA budget. 18 satellites monitor the Earth and pro-
vide essential information. The six focus areas comprise 
climate change and variability, carbon cycle and ecosys-
tems, Earth surface and interior, atmospheric composi-
tion, weather, and water and energy cycle.

Dr. Elwood Agasi presented the small satellites divi-
sion. NASA Ames is the leading CubeSats agency and 

actively develops and operates Smallsats and Nanosats 
for technology, science and exploration missions. Many 
partnerships are formed with companies, universities, 
etc. For instance, Google provided an unlimited number 
of telephones for one project.

The majority of the presentations were held in the 
Sustainability Base, a zero emission building. The 

Sustainability Base was the Ames Research Center’s en-
try for the “Renovation by Replacement” competition 
that NASA held in 2007.  It produces 2.5 times more than 
it consumes. The base uses natural convection to cool 

rooms, stores 6,000 gallons of recycled water, and hous-
es a fuel cell provided by the Bloom Energy company. 
The building is not connected to the grid.

3D printing was presented by Mr. Alex Mazhari in the 
Space Shop. Some of the work was presented using 
thermoplastics and printers. This research will help as-
tronauts build their own tools. The division is also look-
ing for a way to recycle the materials it uses.

Information technology uses supercomputing to ana-
lyze large amounts of data and carries out large-scale 

simulations. The PLEIADES supercalculator can make 
1.54 quadrillion calculations/second. It is located in 
a room the size of two basketball courts, uses WIFI 
1,000  times faster than usual, and can run more than 
500 computations simultaneously. During the presenta-
tion of the NAS (NASA Ames Supercomputing) facility 
by Dr. Bryan Biegel, some simulations were performed, 
including an ocean modeling and the big bang. For in-
stance, the ocean modeling covered 20 Petabytes of 
data and the simulation took one week.

Laura BARBIER

Sources : 
•	 https://earthscience.arc.nasa.gov/
•	 http://www.nasa.gov/externalflash/sustainability-base/
•	 https://airbornescience.nasa.gov/aircraft/SIERRA
•	 http://www.nas.nasa.gov/
•	 http://www.nasa.gov/centers/ames/missions/

NASA Ames Research Center
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Google Inc. energy – Sam Arons

Google’s green policy follows three steps. 

First, the company reduces energy waste through effi-
ciency. For instance, many operations are carried out 

on site, such as its bike-to-work program, biodiesel shut-
tles and corporate electric vehicles, car-sharing opera-
tions. Furthermore, data centers represent an effective 
optimization lever because of their high energy con-
sumption. In terms of global electricity consumption, 
the data centers of all companies represent 3% whereas 
Google’s represent only 1% (Source: Uptime institute). 
Google data centers only use half the energy of other 
conventional data centers. The company ensures that its 
data center rooms operate at 80°F (26.7 °C), which is sev-
eral degrees lower than the average. Google data cen-
ters are cooled using innovative means such as seawater 
cooling in Finland, recycled wastewater in Georgia and 
thermal energy storage using chilled liquid or ice. The 
company’s responsible stance has earned it voluntary 
ISO 14001, ISO 50001 and OHSAS 18001 certifications. 

Second, Google buys renewable energy for opera-
tions. Renewable energy accounted for 35% of 

Google’s electricity consumption in 2013. 24% is pur-
chased directly from renewable producers or produced 
by Google and 11% is renewable electricity already on 
the grid. Google establishes long-term contracts with 
renewable utilities thus guarantying revenues for the 
producer over a 10 to 20 year period. Why has Google 
set its sights on this type of energy? To begin with, re-
newables are increasingly important to consumers and 
to Google. Moreover, in some regions, like Singapore, re-
newables are the least expensive option. They also op-
erate as a hedge to price volatility and address the risk 
of carbon regulations. 

Finally, since Google cannot eliminate all of its emis-
sions through efficiency and renewable energy, it 

buys carbon offsets. Although offsetting is done at re-
gional level as much as possible, the best location for a 
data center is not always the best location for renewable 
energy. Most of Google’s offsetting investments are on 
landfill gas destruction projects. This is because meth-
ane escaping from landfill or livestock farms can be 
burnt. Once converted into CO2, the greenhouse effect 
of this gas is divided by 21, translating into a significant 
gain in terms of CO2 equivalent.

Keen to set an example and inspire other companies, 
Google plays with different levers to implement its 

green policy and enhance its image. As the global ap-
petite for internet services increases, the onus is on data 
centers to respect the environment and observe an in-
creasingly strict regulatory framework.

Dealing with over 3 billion web searches per day, 5 million corporate cloud users, and 200 million in-
dividual map users, Google’s 13 data centers are at the very core of the company. In 2011, Google’s 
total electricity consumption was 2,678,898 MWh, which is approximately equivalent to half of San 
Francisco’s consumption in 2010 . From a climate change point of view, Google’s gross carbon footprint 
totaled 1.8 million tons of CO2 in 2013. This can be broken down into 41 kt of direct emissions (street 
view cars, on-site fuel combustion), 1,245 kt of purchased electricity (offices and data centers) and 479 
kt of indirect emissions (business travel, staff commuting, manufacturing servers and building data 
centers). However, thanks to its use of renewable energy and offsetting, Google’s net carbon balance 
comes to zero. 

Aurélien HAVEL

Sources : 
•	 www.google.com/green
•	 http://www.sustainablecommunitiesindex.org/city_indi-

cators/view/2
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Stanford Energy Systems 

Innovations (SESI)
We made a visit to Stanford University. The campus 
hosts more than 15,000 students and, in line with its in-
novation and sustainable development ambitions, it has 
been using district energy systems to satisfy the energy 
demand of all of its facilities for several years. A cardinal 
cogeneration plant with a capacity of 50 MW had been 
used since 1987 to distribute steam and chilled water on 
campus. However, this cogeneration plant accounted 
for 85 % of university GHG emissions and used 25 % of 
its fresh water supply. Therefore, in order to reduce the 
university’s carbon footprint and water usage and devel-
op sustainable energy, Stanford needed a new Central 
Energy Facility. The strategy chosen to achieve these ob-

jectives was to transform the gas-fired, combined heat 
and power (CHP) and steam distribution system into an 
electrically powered combined heat and cooling (CHC) 
installation with hot water distribution and renewable 
power systems. This new facility will be inaugurated in 
April 2015 and will help Stanford to:
•	 Move from gas to electricity as a primary energy 

source, bringing flexibility for future energy supply 
developments,

•	 Secure direct access to the electricity market, open-
ing up the choice of electricity sources, with eco-
nomic and sustainable benefits.

 CHC with 33 % of renewable power system Heat recovery potential

The key to SESI is heat recovery, where waste heat 
from the district cooling system is used to produce 

hot water for the district heating system. The previous 
cogeneration system used chilled water to collect un-
wanted heat from buildings and released it into the 
atmosphere via evaporative cooling towers at the CEF. 
Stanford’s heat recovery is predicted to capture 57 % of 
this unwanted heat for re-use to supply 93 % of campus 
heating needs. The CHC with heat recovery system will 

reduce Stanford’s GHG emissions by 90 % and save 15 % 
more water. The overall efficiency will increase from 
70 % to 149 % compared to cogeneration, which uses 
natural gas as a fuel. It took only 3 years to transform the 
complete system with the new CEF, including construct-
ing 22 miles of hot water piping. The facility has been 
designed with an approximate 30 % capacity margin to 
accommodate any expansion of the campus.

Cogeneration vs Heat Recovery

A computerized tool, the Central Energy Plant 
Optimize Model (CEPOM), has also been developed. 

As its name indicates, CEPOM models, designs, oper-
ates, and verifies performance efficiency for the Central 
Energy Facilities (CEF). The tool is able to devise an op-
timal CEF dispatch plan and choose the best available 
equipment to run at the CEF every hour taking into ac-

count hourly prices for electricity, natural gas and other 
fuels. Operators can use this tool to plan their Thermal 
Energy Storage dispatch.

CEPOM

Katharina DEFUNG
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On Wednesday, March 18, 2015, the students visited 
Sacramento Municipal Utility District (SMUD). The 

purpose of the visit was to discover this innovative com-
pany and take a look at the micro grid and fast-charging 
system for electric vehicles that they are developing 
within the city.

We were welcomed by Anita Clay, who is the 
International Delegations Manager. Smart grid 

program manager Jim Park presented the company and 
the project and R&D engineers Steve Kirin and Ralph 
Troute were responsible for the micro grid and fast-
charging tour. .

SMUD produces, transmits and distributes low-cost, 
reliable electricity to 1.4 million residents living in 

a 900-square-mile territory that includes California’s 
capital city, Sacramento, Sacramento County and a 
small portion of Placer and Yolo Counties. SMUD serves 
624,770 accounts in the residential and business sec-
tors, employs 2,007 people and owns 10,473 miles of 
power lines across Sacramento. 

SMUD has been providing electricity for more than 
68 years and is the sixth-largest public utility in the 

country. Following a formula set up by California’s legis-
lature, in 2010 SMUD became the state‘s first large utility 
to obtain 20 percent of its energy from renewable re-
sources. Since then, the figure has risen to 24 percent.

Recognized as a leading industry on many fronts, 
SMUD has won awards for its innovative energy effi-

ciency programs (energy and money saving) for residen-
tial and business customers, renewable power technol-
ogies (Green Power and hydropower), and sustainable 
solutions for a healthier environment (Go Solar, Smart 
Homes and Drive a Plug-in Electric Vehicle PEV, etc.). 
Customers view their providers positively and award 
SMUD high customer satisfaction scores year after year.

To modernize the electrical grid, in 2009 SMUD start-
ed its Smart Sacramento project, whose aim was to 

implement an Advanced Metering Infrastructure (AMI) 
solution for all residential and commercial customers 
in order to improve services. Investment totaled $307.6 
million, including a $127.5 million grant from the U.S. 
Department of Energy.

The initiative enabled SMUD to accelerate the imple-
mentation of a smarter electrical grid by introduc-

ing new energy efficiency, such as demand response, 
improving its pricing program, and developing and 
providing tools to lower the environmental impact of 
SMUD and its customers. The advanced technologies 
implemented have reduced operational costs.

Another interesting research project is the SMUD 
Microgrid, which aims to demonstrate a multi-facil-

ity scale microgrid at SMUD’s corporate headquarters. 
The project shows how a microgrid performs using real 
customers in a real-life situation. The microgrid provides 
power for chilled and hot water on the corporate cam-
pus. The initiative was funded by the California Energy 
Commission for a total of $2.9 M over 3 years.

SMUD also owns and operates a 50 KW DC Fast Charger, 
and other kinds of chargers at its corporate head-

quarters which it uses to charge electric vehicles for its 
employees. The electricity used is produced by a photo-
voltaic system. Employees using the work-site charging 
facilities for their vehicles have several options: they can 
either use the 110-volt charger, which charges a car in 8 
hours, or 220-volts in 4 hours, or they can use the fast-
charger to charge their car in 28 minutes. The first two 
options are free and the second costs 22 c / kwh.

SMUD provided us with a good overview of what in-
novative Californian companies are developing to 

make energy cleaner. 

Sacramento Municipal Utility 
District (SMUD)

Yvann NZENGUE
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Sean Thomas Donovan, Air Pollution Specialist at 
the Air Resources Board (ARB) in Sacramento (CA), 

presented the Cap and Trade program established for 
California.

The global warming Solutions Act, also known as 
“AB  32” (Assembly Bill 32) was enacted in 2006. It 

obliges California to reduce its greenhouse gas emis-
sions to 1990 levels by 2020 through a variety of pro-
grams including cleaner cars, renewable energy, energy 
efficiency, and Cap and Trade.

The ARB is in charge of monitoring and reducing GHG 
emissions by 25 % by 2020, and by 80 % by 2050. 

Cap and Trade covers 85 % of California’s GHG emissions 
with a cap on California’s major emitters involving 600 
facilities. It began in 2013 for electricity generators and 
large industrial facilities that emit 25,000 metric tons of 
CO2 equivalent per year. In 2015 it started for distribu-
tors of heating and transportation fuels, natural gas and 
other fuels.

Each year the cap is lowered by approximately 3%.  The 
price signal drives long-term investment in cleaner 

fuels and more efficient use of energy. Allowances can 
be bought at quarterly auctions managed by the ARB. 
The proceeds from these auctions are reinvested in 
California on projects that further reduce GHG emis-
sions. The GHG funds are allocated as follows: 25 % on 
developing renewable energy projects in disadvan-
taged communities, 25 % on reducing plants’ emissions 
and 50 % on Californian energy projects such as the 
Californian train (similar to the French TGV).

Emissions are reported annually and verified by the 
Mandatory Reporting Regulation, which constitutes 

independent third-party verification. If the compliance 
deadline is missed, four allowances must be provided 
for every ton of emissions that was not covered in time. 
Furthermore, the program includes mechanisms to pre-
vent market manipulation.  

The following table shows a comparison between the 
ARB and the European Cap & Trade systems:

AIR RESOURCES BOARD 
(ARB) EMISSIONS TRADING 

PROGRAM

Some key indicators point to the early success of this 
system. California has succeeded in placing a cap on 

carbon, while the state’s economy, the 8th largest in the 
world, continues to grow. Moreover, 400,000 green jobs 
exist in the state.

California’s program serves as a model for the rest 
of the world: China, Australia and three states and 

provinces along the North American Pacific coast have 
signed memorandums of understanding with California.

In January 2014, California and Quebec formally linked 
their Cap&Trade programs. British Columbia will be the 

next to join the system. At COP21 in Paris, ARB intends 
to take part with these “Climate Change friends” acting 
as a subnational jurisdiction, and speak in a single voice.

Benoit PLOUX

Sources : 
•	 http://www.edf.org/climate/how-cap-and-trade-works
•	 http://www.edf.org/climate/california-cap-and-trade-

updates
•	 http://www.arb.ca.gov/
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The initial concept of this campus dates from 2001. 
The plans were approved in 2003 and the idea of 

an energy community producing enough energy for 
its consumption with solar came in 2007. Construction 
began in August 2009, and since fall 2011, West Village 
has comprised 662 apartments offering affordable ac-
commodation for nearly 2000 students, and faculty 
staff. This $280 million project involves several partner-
ships, including Walmart, SMUD, Microsoft, Chevron 

and Honda. All of these companies share the same goal 
to accelerate the development and commercialization 
of energy-efficiency technologies and become leaders 
in the sector. Other organizations are also partners, like 
the Exploratorium in San Francisco, which promotes sci-
entific vulgarization and works on the way energy data is 
presented to the public, and the California Conservation 
Corps, which collects data for improving energy effi-
ciency in Californian schools.

UC  Davis West Village

West Village is a campus neighborhood of UC Davis. It is the largest non-zero net energy community 
project in the US built with green technologies to promote a sustainable way of life, and the first univer-
sity to be based on energy efficiency.  

On the West Village campus, the zero net energy tar-
get has not been fully attained yet, and the commu-

nity still uses 13 % electricity from the grid. During the 
first year, two main points explain this dysfunction: inef-
ficiency of the water-heating system and the fact that 
people do not use energy in the way it was modeled. 
For instance, one third of the customers use less ener-

gy than expected because they work mostly in offices. 
However, total consumption is four times higher than 
expected. One explanation is that students do not pay 
electricity bills and so there is no incentive for them to 
use less energy. In order to overcome this problem, con-
sumption competitions and outside consulting were or-
ganized to bring the community closer to zero energy. 

History and partnerships

Zero net energy community

West Village campus
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Sources : 
•	 https://westvillage.ucdavis.edu/
•	 https://www.hondasmarthome.com/

To create this community, a number of research centers 
worked together specializing in water, energy and cool-
ing efficiency, lighting technology (LED) and biogas en-
ergy systems. Local power generation is provided by 4 
MW on-site PV solar (sunpower panels) and combined 
with rigorous energy-intensive measures. Some results 

are already convincing because the community now 
consumes only 11 million kWh per year, which is half of 
the figure set out in the efficiency guidelines of the 2008 
California Building Standards Code. 

The HONDA Smart Home is an on-site, real-size dem-
onstration home that was named “Best demonstra-

tion home for the year 2014” by Green Builder Media. 
The home is categorized as zero net energy and pro-
duces enough energy for both the house and an electric 
vehicle. It is run by a home energy management system 
with a computer connected to the grid. The smart house 
is built with passive solar design including double-stud 
walls and triple-glazed windows. The grey water is col-
lected to be used in a geothermal heat pump which pro-

vides heating, cooling and hot water. The lighting sys-
tem recreates natural light conditions with innovations 
that change the LED color in the same way as daylight. 
A 10 kWh battery in the garage is supplied from 9.5 kW 
of PV panels on the roof and plugged into an electric 
vehicle that can drive 30 miles a day. This home demon-
strator shows how a car and house can work together 
to save CO2. Every year, new occupants move in to this 
house to gather data on different ways of life.

HONDA Smart Home

Because the water issue is predominant in California, 
the Western Cooling Efficiency Center (WCEC) was 

created on the campus in 2007, aiming at reducing en-
ergy and water consumption through the way energy 
is transported. West Village is a living laboratory com-
prising 220 acres and some 2000 residents. It tests out 
some innovative systems, like indirect evaporating cool-
ing, which is a heat exchanger that splits dry and wet air 
with a set of microchannels and leads to better thermal 
transfers. The hotter the air, the higher the efficiency, 

which corresponds to a demand peak for cooling in 
such an arid area. This system operates using rainwater, 
which is rare but contains less lime than tap water and 
is therefore better for the evaporative cooling system. 
The research center is also developing an aerosolized 
sealant for building envelopes in order to decrease total 
leakage. Reductions in the loss of conditioned air bring 
down the peak demand for cooling and heating, and 
make the building more efficient.

Western Cooling Efficiency Center (WCEC)

West Village is an open, living laboratory for energy efficiency and green building experiments. It is a unique 
innovative experiment in the US, made possible thanks to numerous partnerships working together to in-

crease housing availability, environmental responsiveness and quality of place. West Village is a new model for a 
responsible large-scale community!

Alice DIDELOT
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A presentation by John Woolard, Vice president of 
Energy at Google, followed the opening. He de-

scribed the energy-saving design of Google’s various 
data centers, which are based on specific regional en-
ergy suppliers. The discussion centered on specific tech-
nologies for data center control and efficiency building.

He showed how energy was important for the world 
population and how just 50 W could change a fam-

ily’s life. Although over 450 GW of renewable energy 
plants are installed, they only represent 13 % of the en-
ergy mix. Electricity represents 35 % of CO2 emissions in 
the US. Google works on three fronts in terms of energy: 
consumption (energy efficiency), investment in renew-
ables and Product/Services (in a consumer-centered ap-
proach).

2015 PHILOMATHIA 
FORUM ON ENERGY AND 

ENVIRONMENT
Solutions for the 2030/50 international Climate Accord: Scaling up clean energy production, 

policy innovations and business investments

The Philomathia Forum on Energy and Environment is a series of conferences on topics related to con-
temporary issues concerning energy and the environment. It has been supported by the Philomathia 
Foundation  since 2009.
The event was inaugurated by Graham Fleming, Vice Chancellor for Research, UC Berkeley, and Paul 
Wright, Director of the Berkeley Energy and Climate Institute (BECI). They highlighted the urgent need 
to combat climate change. Our current energy consumption exceeds the planet’s capacity. This is pos-
sible because we use the capacity of the past (fossil fuels). We have also exceeded the dangerous level of 
400 ppm of CO2 concentration in the atmosphere.

International Challenges for a Clean Energy Economy by John Woolard, vice president of energy, Google

The following speaker was Sir Mike Gregory, Director 
of the Institute for Manufacturing, and Director of 

the Institute for Industrial Sustainability, Cambridge 
University, UK. He explained that manufacturing goes 
beyond the concept of assembling metals in a factory. It 
consists of a cycle of Research & Development, Design, 
Supply, Production, Route to Market and After Sales 

Services. Many problems in manufacturing result from 
separating product development and innovation from 
manufacturing. Bringing a technology to the market re-
quires scaling up. Those concepts could be applied to 
energy. Energy systems should be considered as manu-
facturing systems.

Manufacturing Scale-Up and Clean Energy by Sir Mike Gregory, Director of the Institute for Manufacturing, 
and Director of the Institute for Industrial Sustainability, Cambridge University

Next, Stuart Bernstein, Global Head of Clean 
Technology at Goldman Sachs, moderated a panel 

on “Science & Technology for Carbon-free Alternatives 
at the Right Price”. Speakers from the solar, bioenergy, 
nuclear and thermoelectric industries discussed how 

non-fossil energy could be produced without subsi-
dies. Technology could take photovoltaic systems to 
over 17 % efficiency. To be cost effective, nuclear plants 
should be standardized, modularized and small.

Panel: Science & Technology for Carbon-free Alternatives at the Right Price by Stuart Bernstein, Global Head 
of Clean Technology, Goldman Sachs
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Professor He Jiankun, from Tsinghua University 
Beijing, and Deputy Director of the National Expert 

Committee on Climate Change, PRC, took the floor to 
talk about China’s new climate engagements. The US 
and China represent 40 % of global CO2 emissions. 
China’s emissions come mainly from energy consump-
tion (80 %). They acknowledge that climate change is 
one of the main challenges ahead. China is targeting an 
emission peak by 2030 at the latest and 20 % non-fossil 
energy. Energy intensity by GDP decreased 30 % in 2014 
in the country, compared to 15 % for Annex 1 countries. 
The goal is a 40 % reduction compared to 2005 levels.

In order to achieve this peak, the annual drop in CO2 
needs to be more than 4 % to exceed annual GDP 

growth, which is forecast at 3 %.

To achieve 20 % non-fossil will involve multiplying 
current non-fossil energy levels (US$ 1,3 trillion) 

by 4.3. This means building 8 to 10 nuclear plants. The 
country also needs to standardize its carbon markets. 
China has 42 different carbon trade markets today. The 
key is to balance economic growth with CO2 reduction.

Policy’s Role to Accelerate Clean Energy in China and the U.S by He Jiankun, Professor, Tsinghua University 
Beijing, and Deputy Director of the National Expert Committee on Climate Change, PRC

Lynn Price from LBNL’s China Energy Group led a panel 
focused on new mitigation policies used at different 

levels of governance and regions, starting in California, 
and taking in the US, Mexico and Europe. The panel 
highlighted the carbon market experience of California 
and the European Union and the challenges raised by 
the new targets. Despite opposition from several states, 

Barack Obama has set a 45 % GHG emissions reduction 
target. A 40 % reduction is possible using today’s tech-
nology, such as CH4 leak detection. Mexico does not yet 
have a law on emissions reduction. Climate policy in 
Europe is possible because a simple majority of votes is 
enough to approve.

Pioneering Policy Solutions at International, Federal and State Levels by Lynn Price, Leader of Lawrence 
Berkeley National Laboratory’s China Energy Group 

The former governor of Michigan, Jennifer Granholm, 
presented the American Jobs project set up in col-

laboration with BECI students engaged with local busi-
nesses and development organizations in 10 targeted 
states. The main purpose is to open opportunities in dif-
ferent sectors of the clean tech industry to create white 
collar jobs. In 2013, the US invested around 48.4 billion 
dollars in the clean energy sector, including energy ef-
ficiency and renewable energies, which means that 

the energy sector has already created jobs. Jennifer 
Granholm proposed three main strategies for states to 
boost local employment: 
•	 Recruit companies that need existing natural re-

sources
•	 Recruit companies that produce complex products 
•	 Recruit companies that manufacture technologies 

that are expensive to import

A Governor’s Obsession: Energy Federalism - Job Growth through Clean Energy Policy in the States by 
Jennifer Granholm, Former Governor of Michigan & Distinguished Professor of Law and Public Policy, UC 
Berkeley

Arjun Murti, advisor to the energy group at Warburg 
Pincus, has been investigating the impact of natural 

gas expansion in the US for over 10 years.

He argued that even though we need to reduce fos-
sil fuels, they have been and still are a means of re-

ducing poverty because they provide cheap energy. In 
countries like India, many people spend more than one 
third of their budget on energy.

The price of oil is unlikely to drop to 1986 levels be-
cause reserves have diminished, and must recover its 

normal price by 2016.

Shale gas could be an important factor in the transi-
tion to a renewable energy mix. With good and safe 

regulation it can help reduce US oil imports, boost GDP, 
and reduce poverty.

The Next Decade on the Bridge to Renewables by Arjun Murti, Advisor, Energy Group, Warburg Pincus LLC
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A panel about “The Responsible Transition to Low 
Carbon Alternatives & Renewables” was led by 

David Dornfeld, Director, Laboratory for Manufacturing 
and Sustainability, UC Berkeley.

The panel participants discussed the need to achieve 
energy efficiency and encourage inhabitants to re-

duce their consumption. In China, for example, 75 % of 
the population may be living in cities by 2030.

Policy is crucial to solving local problems. GHG emis-
sions from shale gas leakage, for example, could 

be higher than total coal emissions if leakage exceeds 
2.5 %. Today estimations range from 3 % to 7 %.

Panel: The Responsible Transition to Low Carbon Alternatives & Renewables by David Dornfeld, Director, 
Laboratory for Manufacturing and Sustainability, UC Berkeley

Smart Grids offer a new innovative solution for the fu-
ture electricity grid. The panel led by Jeff MacDermott 

discussed investment opportunities in a sustainable 
grid, especially storage, grid intelligence and pro-con-
sumerism. Alex McEachen debated the impact of high 
penetration of renewable energies, mostly in terms of 
power quality and grid stability. Nadia Maizi described 
the French smart grid project, Nice Grid, which is a large-
scale PV demonstration supported by considerable bat-
tery storage and a look-ahead real-time IT system. 

They highlighted the difficulty of consumers engag-
ing. People do not necessarily associate their con-

sumption behavior with energy outages.

Finally, Janice Lin of the California energy storage as-
sociation described how to make energy storage a 

mainstream setup that can promote an affordable and 
secure electric power system.

Panel: Investment Opportunities in a Sustainable Grid: DG, Distributed Storage, Grid and Engaged 
Consumers by Jeff McDermott, Managing Partner, Greentech Capital Advisors

The vice chancellor for undergraduate education at 
Berkley, Cathy Koshland, conducted a meeting with 

Berkley undergraduate and graduate students. The pan-
el comprised students involved in the energy sector and 
climate change. The main idea put forward was that col-

laboration between scientists and non-scientists is the 
best solution to understand all aspects of the energy 
sector. This requires building large networks in order to 
exchange with all experts.

Panel: The Perspective of the Next Generation of Energy and Climate Students by Cathy Koshland, Vice 
Chancellor for Undergraduate Education

Nicholas B. Dirks, chancellor of the University of California, Berkeley, concluded the conference by highlighting 
the urgency of energy and climate issues and thanking the participants.

Energy and Climate Urgency: A Global Alliance for Solutions and Actions by Nicholas B. Dirks,  Chancellor, 
UC Berkeley

Source : 
http://vcresearch.berkeley.edu/philomathiacenter/philomathia-forum-energy-and-environment

Zineb BENKHADRA & Nicolas FELIX & Meryem LAFHEL
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California PATH – ITS 

(California Partners for Advanced 
Transportation Technology)

The California PATH is a Research and Development 
Center at the University of California Berkeley. The 

research program was founded in 1986 and was the first 
in North America to focus on Intelligent Transportation 
Systems (ITS).  The PATH is a multi-disciplinary center 
administered by Berkeley’s Institute of Transportation 
Studies and supported by the Californian Department of 
Transportation (Caltrans). All of the cooperative projects 
developed aim to find solutions to the challenges fac-
ing California’s overland transport systems and extend 
them worldwide. To reach these goals, they rely on ad-
vanced embedded system technologies. In addition to 
optimizing traffic congestion, the University of Berkeley 
has spurred research on clean vehicle development with 
the creation of its Sustainable Transport Center. One of 
its current activities is to test Fuel Cell Electric Vehicles 
and one hydrogen distribution station.

The PATH program implemented the first DSRC 
(Dedicated Short Range Communication) in the 

United States in 2005. The aim was mainly to improve 
traffic safety, with engineers claiming that 80 % of car 
crashes could be avoided using connected vehicles. The 
main focus of the PATH program for the development of 
DSRC is to glean further technical experience to make 
the technology more mature and cost effective. In or-
der to obtain the closest simulation of real traffic, on-site 
road networks were built and monitored with cameras. 
The embedded systems consist in sensors (laser and/or 
radar) on each vehicle so that they can communicate 
via radio frequency (WiFi). Communication is based on 
exchanging speed signals generated by electronic brak-
ing sensors so that cars can adapt their behavior to the 
action of the car in front of them. This anticipation of the 
cars following in a line results in economical driving, re-
duces stopping, and thus increases road safety. Along 
the same lines, the government of California is encour-
aging the development of connected vehicles and has 
announced a regulation by which all light and heavy 
vehicles must be equipped with connected systems by 
2020.

Concrete tests and results were presented by a PATH 
researcher following an experiment on trucks in 

2003 (respectively 2-truck traffic and 3-truck traffic). 
Several hypotheses were set for the simulation: 3-me-
ter distance between trucks, a speed of 0.5 meter per 
second. The speed was totally controlled by a comput-
er and if the connection was lost, the gap distance in-
creased automatically. The main result was that energy 
savings occurred for both trucks, even the leading one. 
The scientists then extended the simulation to 3 trucks 
separated by a distance of 4 to 10 meters. This last ex-
periment was done at a speed of 53 mpH at fairly high 
altitude and produced remarkable energy-saving re-
sults: 4.3 % for the first truck, 10 % for the second and 
up to 14.5 % for the last one. The energy efficiency was 
proved to be up to 50 % greater at sea level and at an 
average speed of 71 mpH.

Similar tests were carried out using passenger cars (4 
cars) in partnership with Nissan. Cars were equipped 

with Adaptive Cruise Control (ACC) with a gap of 1.1 to 
2.2 second between each car. For this line of standard 
cars, the stop time for the last car would normally be 
5 seconds, whereas it is instant using the communica-
tion system. Moreover, the deceleration of the last car is 
not due to regular braking, but mostly engine braking, 
because the car anticipates the slower traffic. Currently, 
there is a project to test these cars on a special road sep-
arate from the highway that connects Long Beach (Los 
Angeles) to downtown LA. In the next few years, the 
plan is to integrate traffic lights into the communication 
systems and connect them to a smart phone that in-
forms the driver of the safest driving behavior to adopt.

Berkeley’s research on vehicles for the future is not just 
about intelligent communication; it also involves de-

veloping clean vehicle technologies. The main focus is 
on Fuel Cell Electric Vehicle (FCEV) involving 10 Toyota 
car models and a brand-new Hyundai TUSCON . The fuel 
cost appears to be about 6 to 10 euro per kilogram of 
H2 (1 kilogram of H2 represents 4 liters of gasoline, and 
about a 100 kilometer ride). The research team has also 
developed an on-site hydrogen refueling station com-
posed of storage tanks (Linde) and a compressor. With 
this system, an FCEV can be fueled in 5 to 10 minutes. 
The process is not yet totally CO2 emission-free because 
hydrogen production is based on Steam Reforming, but 
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Source : 
http://www.path.berkeley.edu

Mélissa DAUDE

the plan is to use renewables (solar or wind) with water 
electrolysis. The first results showed that FCEV equipped 
with 700-bar hydrogen storage can run for 500 km. Test 
cars use PEMFC technology (Proton Membrane Fuel 
Cell) that can operate at 80 °C, which requires a large 
cooling system to maintain the right temperature. Using 
a fuel cell that operates at 800 °C like SOFC (Solid Oxide 
Fuel Cell) could be a solution, but their resistance to start 
and stop is too low. The lifetime of a car depends on the 
life expectancy of the PEMFC, which is about 12 to 15 
years. Another limit of this system is the amount of en-
ergy needed for the hydrogen compression (5 kWh/ kg), 
which represents 1 euro of the total fuel price. 

Today only a few hydrogen stations exist in California 
but 20 are planned to support the deployment of 

FCEV on the market. A last point: leasing this type of 
clean car is currently quite expensive: about 400 euro 
per month. Only a significant reduction in the cost of 
fuel cell technologies and batteries would make them 
cost-effective on the automotive market. 
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LightSail Energy

On Friday afternoon, we visited Danielle Fong, a bril-
liant scientist who graduated with a Master’s de-

gree in computer science and physics at just 17 years 
old. She is the cofounder and chief science officer at 
Light Sail Energy. This company aims to produce the 
world’s cleanest and most economical energy storage 
system using air storage. The visit started with a brief 
presentation of energy issues. Danielle Fong then told 
us: “Don’t wait to be taught” and insisted that instead of 
waiting for help we should act to meet the challenges 
in the energy world. She founded her start-up, Light Sail 
Energy, in 2009.

Danielle also gave a speech on climate change and 
the need to act quickly to tackle the urgent situa-

tion.  She pointed out that power plant construction 
will impact the biosphere for the next 5,000 years and 
that CO2 emissions totaled about 1,595 Gt from 1850 to 
2000. Since 2000, they have risen to 405 Gt (39 Gt/y). At 
this rate, our CO2 budget will be exhausted in 17 years.

Currently, the cost of renewable energy is constantly 
decreasing and beginning to be competitive with 

conventional energy. Nevertheless, intermittency is a 
problem that can be solved with storage. One problem 
is that batteries are still imperfect. In fact, the planet’s 
entire stock of batteries would only store ten minutes 
of the world’s electricity needs. Based on this fact, and 
the challenge of transition, Danielle decided to work 
on storage, particularly with compressed air. At the mo-

ment, off-peak and energy storage costs are lower than 
upgrade grid and peak costs. 

She developed a reversible system which can store 
energy as compressed air and heat during periods of 

high production and low demand and deliver this en-
ergy to the grid when demand is high. However, the effi-
ciency of the system is limited by temperature. Injecting 
water into the air improves efficiency: the mechanical 
energy used for compression generates heat that is cap-
tured by a water spray. The compressed air and captured 
heat are then stored. Finally, the stored heat is sprayed 
into the air and converted back into mechanical energy. 
The efficiency of the system is about 60 %-70 % and its 
lifetime is 20 years. Capacity is about 0.5 MW with com-
posite tanks (more expensive than steel but more resis-
tant), each of which can store 60 kWh.

The main challenge of future energy systems will be 
energy storage. Danielle Fong may well be a key fig-

ure in revolutionizing the energy field.

Jérémy LIOGIER
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San Francisco Public Utilities 
Commission (SFPUC): Smart 

Building

The San Francisco Public Utilities Commission is 
considered to be the greenest building in North 

America. The company provides water to 2.6 million 
people in San Francisco and other water agencies near 
the city. It also supplies cost-effective hydroelectric en-
ergy (385 MW and around 1.6 billion kWh a year), solar 
energy (7.9 MW) and biogas from wastewater (3 MW) . 
Its energy portfolio has a zero greenhouse gas emission 
profile. The energy it produces is used by San Francisco 
general hospital, the international Airport, police sta-
tions, fire stations, schools and city tenants. 

An overview of the wastewater treatment system was 
given by John Scarpulla, the manager of the project. 

He explained that machines collect all of the wastewa-
ter produced by employees and visitors (around 200 per 
day). A treatment process sends it back to toilets and of-
fices. In doing so, the building reuses 60 % of its water 
and saves one and a half million liters of water a year, 
and more importantly, operates a very low-energy solu-
tion. 

More precisely, the process takes place as follows. 
First, wastewater is treated in two 10,000-gallon 

tanks. Water is filtered and all solid objects are removed 
in the first tank and then purified in the second. 5,000 
gallons per year of water coming from this tank are used 
for watering plants outside the building. These special 
plant species thrive on wastewater and add their own 
filtering phase to the process. The waste in the water is 
poured onto the plants, which absorb it. As a result, no 

mechanical irrigation system is needed. Wastewater is 
treated 24h a day, 7 days a week. The SFPUC plans to 
use waste in a chamber to create energy like biomass in 
the future.

   Furthermore, rainwater is harvested from the roof 
(around 25,000 gallons a year) and used to irrigate all 

the street trees around the building, which thus take part 
in the wastewater treatment living process. No drinking 
water is therefore used for this irrigation. Thanks to re-
processing, only 12 gallons of water per person are used 
a day, which is very low.

In addition to this impressive process, the air in the 
building is blown by ground-level air vents. This op-

timizes the energy consumed for ventilation to create 
thermal comfort for the occupants. Also, lighting is con-
trolled by sensors, which reduces energy consumption 
by turning off unnecessary lights. The sensors also con-
trol the coffee machine, printers and toasters, etc., rep-
resenting a significant amount of useless machines in 
sleep mode. Lastly, small wind turbines are distributed 
on balconies and produce a small amount of electricity. 

To conclude, SFPUC is a very good example of a smart 
building. It is particularly easy to identify the efficien-

cy of these transformations because the company that 
has put them into practice is an energy supplier and the 
building is located in downtown San Francisco.

Odile FONKAM
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