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  NF’     SE
Special Edition

STUDY TRIP

After four and half  months of  academic work, OSE master’s students went to Cali-
fornia on a study trip. The state of  California was the world’s 8th economy in 2014. 

The trip, which lasted ten days, was an opportunity for students to test their knowledge in 
the energy sector, particularly on Microgrid technology, and exchange with Californian in-
dustrials and academics on the latest progress and challenges in global energy transition.
In this issue, we invite you, dear readers, to look behind the scenes of  our trip in a number of  articles. 

First of  all, we unveil the details of  students’ conferences on Microgrid technology at Berk-
ley University and the University of  California in San Diego. Then, we present the renew-
able energy power plants that students visited during the trip (a concentrating solar power plant, 
wind power plant and photovoltaic power plant). Finally, we bring you feedback on some Mi-
crogrid projects in California (Navy of  San Diego, California University and Santa Rita Jail).

Enjoy reading!
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State of the art for energy in California
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Energy in Calfornia

With more than 35 million inhabitants, Califor-
nia is the most populous state in the United States. 
Satisfying its demand therefore requires substan-
tial production capacity. In 2015, California pro-

duced 198 TWh, representing 67% of  its consump-
tion. Although most of  these 198 TWh came from 
natural gas production, interestingly, renewable en-
ergy was the second source of  electricity in the state.

Figure 1 : Electricity production by source in California, Nov. 2015 (source: AIE)

This massive integration brought about a serious is-
sue in the early 2000s. Lack of  investment in these 
technologies combined with soaring gas prices saw 
the price of  electricity reach $1400/MWh in order 
to make power plants profitable. Some firms, like 
Enron, went bankrupt, and some neighborhoods 
were forced to cut off  electricity, provoking a state 
of  emergency that lasted from January 2001 to No-
vember 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 suc-
cessor, Jerry Brown, is aiming for 50% by 2030. 
California is an experienced test bed for integrat-
ing renewables, such as on May 23rd 2014, when the 
world’s first solar power plant coupled with a re-
dox flow battery was inaugurated in Central Valley. 
This new technology is devised to avoid production 

peaks and marks a significant step forward in the 
development of  electricity storage. The batteries are 
based on chromium and iron electrolytes, which are 
cheaper than vanadium. California is also the land 
of  microgrids, with many research programs in top 
universities such as UC San Diego and UC Berke-
ley, and several projects that are among the most 
advanced in the world.

California’s ranking as the second most polluted 
state provides additional impetus for developing 
green energy. The situation is unlikely to improve 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. However, thanks to a com-
bination of  strong political will and innovative com-
panies and research, California is positively moving 
towards a green transition.

 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
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AC Transit : 
Hydrogen charging station

 The first visit on our study trip was made pos-
sible thanks to Dwight Zuck, from Air Liquide and 
Jamie Levin, operation director from the Center for 
Transportation and Environment, an NGO promot-
ing green transportation in California. He gave us the 
opportunity to visit the AC transit fleet. We would like 
to express our gratitude to Chistian Peeples, presi-
dent of  the Board of  Director of  AC Transit and the 
whole team at AC Transit for their warm welcome.

AC transit is a bus operator located in Eymeryville, 
California. The AC transit fleet currently comprises 
200 buses. The company decided to launch an am-
bitious project in 1999. The idea was to 
use hydrogen to fuel their buses. The 
project took off, and AC Transit has 
been operating zero-emission, hybrid-
electric fuel-cell buses in service since 
2006. The latest fleet generation boasts 
some of  the most advanced transpor-
tation technology in the world. The 
on-board fuel cell system combines 
oxygen from air with hydrogen from 
the tanks to produce water vapor and 
enough electricity to power the bus-

es. Braking energy captured by the drive motors 
is stored in batteries for extra power on demand.
Today’s zero-emission buses have an autonomy of  
over 220 miles and are 5,000 pounds lighter than the 
previous generation, leading to significantly greater 
energy efficiency than diesel buses – all while re-
leasing zero pollution in the neighborhoods served.
 

Hydrogen as an energy carrier

On Earth, hydrogen is only found bound together 
with other elements, in compounds such as wa-
ter (H2O) and natural gas (CH4). Just as we need 
energy to extract usable fuel from crude oil, we 
need energy to separate hydrogen from other ele-
ments. When we do, hydrogen then acts as an en-
ergy carrier for that energy. When we store hydro-
gen, we are essentially storing energy for later use.

All of  this is possible thanks to fuel cell technology 
(supply by Ballard) which is integrated in the buses 
supplies by Van Hool. Today, AC transit operates 
12 hydrogen buses, and they plan to buy 10 more.

Solar panels ans ionic compressor for H2  (Mastère OSE picture)
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AC Transit

Liquid H2 truck and refuling station for cars (Mastère OSE picture)
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AC Transit

Fuel Cells
 Fuel cells are zero-emission generators and they are not constraint by Carnot yield like fossil fuel 
engine which use thermodynamic cycle. Fuel cells use an electrochemical reaction using oxygen and hy-
drogen to produce electricity and heat.

How they work? 

When hydrogen and oxygen combine, they create 
water and electricity

In a fuel cell, the protons from hydrogen pass 
through a membrane to the other side of  the cell. 
The electrons from the hydrogen cannot pass 
through the membrane, so they reach the other side 
of  the cell through a circuit, producing electricity. 
The protons, electrons and oxygen from the air 
then combine to form water.

The hydrogen supply comes from a single hydrogen 
station. Gaseous hydrogen is 14 times lighter than 
air. Because hydrogen is so diffuse, it must be com-
pressed for efficient storage and use. The Linde ion-
ic compressor uses an ionic liquid instead of  a metal 
piston to pressurize the hydrogen. This technology 
requires less energy – and less maintenance – than a 
traditional mechanical compressor.
This station can deliver H2 at a pressure of  350 bars 
or 700 bars. Before compression, the hydrogen is 
captured from the evaporation of  liquid hydrogen 

contained in a tank. This tank is able to store around 
2,300kg of  H2. The use of  liquid H2 means more hy-
drogen can be stored in one place. In fact, one bus 
needs around 29kg/day, which requires importing 
liquid H2 every 7 days. The H2 is mainly produced 
by steam methane reforming. Nevertheless, part of  
hydrogen is produce using electrolysis powered by 
PV panels. 

Fuel cell operation (Mastère OSE picture)

 Like diesel and gasoline, hydrogen is flam-
mable and must be handled carefully.
Yet in many ways, hydrogen is just as safe or even 
safer than other fuels.
• Hydrogen is not toxic and does not pollute
• Because hydrogen is 14 times lighter than air, a 
leak in a hydrogen tank poses less of  a threat than 
a comparable leak in a gasoline tank; the hydrogen 
dissipates rapidly into the air
• Production and storage units vent directly into the 
atmosphere, and fueling islands have been designed 

with an upward slant, to avoid any possible collec-
tion of  vapor.
• At this facility and on the buses, fire and leak de-
tectors automatically shut down the system should 
any problem arise.

We had the opportunity to be here during the filling 
of  the station with liquid hydrogen from a Linde 
truck. We also assist to the filling of  a light duty 
vehicle. In both cases, we did not take any particular 
cautions.

Safety
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 Since 2006, AC 
Transit has installed 
thousands of  so-
lar modules on eight 
rooftops at three of  
its facilities. Com-
bined, these installa-
tions produce approx-
imately 1,737 MWh of  emission-free electricity per 
year – equivalent to the energy needed to produce 
66kg per day of  “green” hydrogen.

Solar electrolysis 

Inside the electrolyser, solar electricity separates wa-
ter (H2O) into hydrogen (H2) and oxygen (O).
Each cell in the Proton electrolyzer contains an 
anode (a positively charged plate) and a cathode (a 
negatively charged plate) plunged in an electrolyte 
and separate by a membrane. At the anode, water 
molecules split into hydrogen and oxygen. Hydro-

gen ions flow through the membrane to the cath-
ode, where they form hydrogen gas. 

This project is currently subsidized, but the team 
believe that the solution should quickly become 
cost-efficient, mainly due to the rising price of  fos-
sil fuel and decreasing fuel cell prices. 

This project is due to be replicated in other loca-
tion in California. The team says that the main chal-
lenge with this kind of  project is user acceptance: 
you have to ensure that bus drivers, maintenance 
managers and direct users like the project. As they 
told us, “If  they don’t like it, they’ll kill it”. 

This reflection highlighted the fact that 
a technology breakthrough needs to be 
accompanied by significant efforts to en-
courage acceptance. When it comes to 
hydrogen, for example, all of  the safety 
issues have to be explained, along with its 
potential.

Our visit to the hydrogen station was a 
great opportunity for us. The hydrogen 
market is young and this kind of  project 
is rare. The success of  the project gave us 
a glimpse of  what transportation might 
be like in the future.
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AC Transit

Master OSE group before the hydrogen bus trip (Mastère OSE picture)

Solar Power
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Philomathia

PHILOMATHIA Forum
 On Thursday, 18th February 2016 the 
Philomathia Forum took place in the Sutardja Dai 
Hall at the University of  California Berkeley (UC 
Berkeley). The Philomathia Forum is organized 
every year by the Philomathia Foundation. It aims 
to raise awareness about environmental issues and 

gathers experts from different sectors: academia, 
private companies, public services. 
This year, the theme was, “Cities and People – Re-
sponding to Global Warming”. A number of  pan-
els were scheduled to tackle sub-themes chaired by 
personalities from different backgrounds.

Master OSE Students in front of  UC Berkeley before PHILOMATHIA Forum (Mastère OSE Picture)

Paul WRIGHT, BECI’s Director (Mastère OSE picture)

Paul Wright, Director of  the Berkeley Energy and 
Climate Institute (BECI), opened the conferenc-
es with a speech on climate change, in which he 
highlighted the difficulty of  transmitting scientific 

knowledge at a large scale because of  the diversity 
of  communication media and the number of  dis-
ciplines involved. 

9
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Philomathia

The first panel discussed climate change and 
global warming. The debate was preceded by 
talks from three academic personalities. The first 
speaker was William Collins, an internationally 
recognized expert on climate modeling and cli-
mate change science. He is Director of  the Cli-
mate and Ecological Sciences Division at the 
Lawrence Berkeley National Laboratory, and 

teaches at the Department of  Earth and Plan-
etary Science at UC Berkeley. Dr. Collins started 
by reminding us that pollution is the biggest chal-
lenge facing the world. He focused on three main 
pollutants that he named “Short Live Climate 
Pollutants (SLCP)”: Black Carbon, Methane 
and Ground Level Ozone. These are all Global 
Warming inducers. One striking figure that Dr. 
Collins mentioned was the 5.5 million deaths in 
the world due to pollution. The two main coun-
tries affected by this phenomenon are India and 
China. SLCPs contribute to 40% of  radioactive 
forcing.Yet all is not lost, according to Dr. Col-
lins. Controlling SLCPs could bring numerous 
benefits. Many countries, such as the US, Norway 
and Mexico, and the European Union, are already 
working in this direction. Dr. Collins concluded 
with the example of  Los Angeles by showing 
two pictures of  the city. The first, taken in 1968, 
showed a city smothered in smog, while the sec-
ond, dating from 2005, showed a perfectly clear, 
smog-free city, illustrating the positive impacts of  
fighting pollution.

The second presentation was made by Andrew 
Jones, Deputy Director of  the Climate Readiness 
Institute and research scientist in the Climate 
and Ecosystem Sciences Division at Lawrence 
Berkeley National Laboratory. Dr. Jones started 
by showing the range of  temperatures (real and 
expected) in Los Angeles from 1991 to 2100 ac-
cording to different scenarios, BaU (Business as 
Usual) and mitigation. He also talked about the 
high number of  deaths in India due to extreme 
heat. He concluded that we need to develop fore-
casts for climate models, that cities must modify 
their micro-climates, and that we should start 
building cities capable of  reducing their carbon 
footprints.

Gabriel Ngar-Cheung Lau was the last speaker. 
Mr. Lau is AXA Professor of  Geography and 
Resource Management at the Chinese Univer-
sity of  Hong Kong. He is currently a Professor 
at the Department of  Geosciences and Program 
of  Atmospheric and Oceanic Sciences at Princ-
eton University. Mr. Lau essentially talked about 
Hong Kong’s reaction to Climate Change and 
the model he is working on to forecast climate. 
Some striking facts are: the +1.5°C temperature 
rise registered in the city, the dramatic increase in 

hot nights (with temperatures greater than 28°C) 
from 1995 to 2005, and the intensity of  rainfall, 
which has rocketed from 3/4 inch an hour to 6 
inches an hour today. 

First part Speakers (Mastère OSE picture)

Gabriel Ngar-Cheung Lau speaking (Mastère OSE picture)
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The sea level has also risen, with phenomena 
that formerly occurred once every half  a cen-
tury now taking place every other year. He 
explained that his forecast model gathers all 
knowledge on the physical and chemical state 
of  the atmosphere, land and the oceanic sys-
tem to prepare and project the future evolution 
of  climate. The finest resolution that the global 
model can determine is 100km, whereas for 
South East Asia and China, he has developed 
different resolutions of  27km, 9km, and for 
smaller regions 3km, 1km and even 100m. He 
emphasized that better forecast results were ob-
tained from models with the finest resolution. 
Many years have been dedicated to developing 
global models, and it is now time to focus on 
new models to study air quality and air chemis-
try. Problems to solve include connecting mod-
els with different resolutions, finding more data 
to feed into and validate the models and data 
adapted to the models’ resolution, and increas-
ing the computer time.
During the debate, Steven Yim added two more 
important points: the interaction between the 
different aspects of  energy systems, pollution, 
air quality, climate; and demographic change 
(land use and fast urbanization).
Elizabeth Torn mentioned the necessity of  
IPCC processes and barriers to change like se-
curity and tourism. To conclude, all parties em-
phasized the importance of  communication be-
tween end users. 

The second session of  the forum addressed the 
impact of  climate change and global warming 
on health, urban infrastructures and economies. 
Each speaker highlighted the consequences of  
climate change on these topics, focused mainly 
on the San Francisco Bay area. 
First, Linda Rudolph, the director of  the Center 
for Climate Change and Health (at the Public 
Health Institute), outlined how public health is 
determined by social and environmental factors. 

She gave the example of  Oakland, where the life 
expectancy gap between a wealthy woman and a 
poor woman is 15 years. Then, she demonstrat-
ed that these factors could sometimes become 
barriers to health, especially because of  climate 
change. She showed that the impact of  climate 
change on health is already observable and gave 
several examples of  factors, such as ozone and 
PM, and phenomena like drought, flooding and 
fire, which endanger public health. The first vic-
tims are vulnerable people: the sick, poor and 
elderly… and most unfortunately, they are also 
the least responsible for climate change and 
have little power to fight it. Hence, she stressed 
the need to tackle the “climate gap” i.e. health 
inequalities, which could drastically increase 
with the prospect of  more frequent severe cli-
mate phenomena. Most surprisingly, she invited 
the audience to consider climate change as an 
opportunity to raise awareness of  how fragile 
public health is and to act quickly in favor of  
the most vulnerable. Overall, a change in the 
system is needed to face climate change.
Next, Cole Roberts, head of  the energy and re-
source sustainability group at Arup (a consul-

tancy specializing in design and planning), took 
over to show the results of  their multiple proj-
ects challenging standard methods. The first 
was about defining a learning structure with a 

Second part Speakers (Mastère OSE picture)
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detailed six-step methodology to tackle prob-
lems efficiently. The second idea was about 
mitigation: Cole compared several real-life zero 
net energy projects to demonstrate that smart 
components can sometimes conflict with a zero 
net energy goal. Finally, he presented a new ap-
proach to using data that consists of  a set of  
morphing techniques capable of  producing fu-
turistic data to replace the widely used outdated 
data. 
Lastly, Kristina Hill, professor of  Environmen-
tal Planning and Urban Design at UC Berkeley, 
discussed the threats behind the sea level rise 
phenomenon. After demonstrating that it is al-
ready happening, she explained the associated 
dynamics, which are set to accelerate each de-
cade to reach a maximum level (1 to 2 meters) 
near the end of  the century. The threat is espe-
cially high in the San Francisco Bay area, where 
a 10-inch (25 cm) rise will cause flooding in 
many areas and could badly damage the trans-
port infrastructure. Furthermore, she highlight-
ed the fact that rising sea levels are likely to only 
represent a quarter of  future flooding causes: 
the multiplication of  rain flows, rising river lev-
els and especially rising groundwater are critical 

phenomena to be considered. The groundwa-
ter rise issue remains neglected even though it 
might be the most dangerous of  the four phe-
nomena. The risk lies in the contaminants un-
derground that rising water might bring to the 
surface, threatening public health. In addition, 
Kristina cited several examples from the Neth-
erlands, where adaptation is the keystone to il-
lustrate that a new way of  thinking and design is 
needed to tackle the sea level issue. The Nether-
lands’ innovative sand coast development tech-
nique and housing adapted to flooding high-
light how coast development and engineering 
can take into account multiple design strategies 
rather than focusing on one type. By doing so, 
economic development could be more secure 
and partly preserved.
To conclude the session, the presenters an-
swered a few questions from the audience, who 
raised several topics of  concern, such as the 
lack of  rationality in most decision making, the 
lack of  pilots and experiments to develop new 
ways of  tackling issues, and the need to moti-
vate people to act in response to threats that 
are not yet fully understood, such as climate 
change.

Linda Rudolph speaking (Mastère OSE picture)
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Santa Rita

Master OSE students in front of  the Santa Rita Jail  (Mastère OSE Picture)

Energy production explanations 
(Mastère OSE Picture)

Our main hosts were Tim Wesig, the Energy Pro-
gram Manager of  the jail, and Bo Halamandaris, the 
vice president of  ENCORP, the firm that deployed 

the microgrid. Tim is in charge of  the daily opera-
tion of  the grid and Bo makes sure that everything 
runs smoothly. 

Santa Rita MG was built between 1984 and 1989. 
It is the third largest jail in the USA, and the big-
gest in California. Since the prison is a critical facil-
ity, a 24/7 operation schedule is in place today. The 
whole grid is composed of  7 substations. Thanks 
to the microgrid project, the managers observed a 
reduction in the peak load from 4.0 MW to 2.4 MW 
between 2001 and 2016. According to Tim Wesig, it 
is not possible to go lower than 2.4 MW. However, 
we should keep in mind that the Santa Rita Jail is a 
pioneer in several areas. For instance, it has the first 
1-MW class fuel cell and the largest cooling floor 
(400,000 square feet, or 37,000 m2).

13



Also of  interest, the Santa Rita Jail MG uses a range 
of  renewable energy resources, such as PV, wind 
and fuel cells (combined with batteries). However, 
the jail still requires power and therefore imports 
2% of  its load from the grid. However, the prison 
authorities intend to set up more generation units to 
be able to export in all seasons. In fact, the MG can 
operate in islanded mode or connected mode and 
is even capable of  exporting power in the summer.
From the total 1.6 MW installed, the microgrid com-
bines three sources of  renewable energy: 60% fuel 
cell, 22% PV and approximately 1% wind, reaching 
an average total electricity rate of  0.14142 $/kWh.
ENCORP have developed an all-in-one interface 
for the facility that incorporates numerous features, 
like parameter-based load shedding, prioritized 
shifting loads, dispatch based on utility rates and 
energy costs, management of  import and export 
energy, etc. 
In terms of  batteries, BYD have supplied the fa-
cility with 2MW lithium-iron-phosphate batteries 
(LiFePO4) that can discharge and charge them-
selves twice in one hour, providing overall energy 
storage of  4 MWh.

As the microgrid ages, it faces major maintenance 
problems. The 4-year-old control systems have 
experienced some deficiencies, and the fuel cells 
underwent major failure in 2014 after 6 years of  
service. They are now being replaced by a new gen-
eration of  the same technology that can generate 
wave signs (AC). 
The reason why the jail is still using fuel cells is be-
cause they are tied to a 30-year contract securing the 
majority of  their energy supply. They are currently 
negotiating the existing contract, while diversifying 
the FC technologies used on site in order to guar-
antee minimum production even if  one goes down.

Battery and energy management for the storage 
(Mastère OSE picture)

the complete group on the roof  of  the jail (Mastère OSE picture)
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Santa Rita
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Santa Rita

Lessons learned
• Only 75% of  energy is available
• Battery schedule during Time Of  Usage periods is challenging 
• Reliable technology 

Improvements for 
2016

• Extend technologies and control in 
the jail
• Export energy to adjacent properties
• Integrate load shedding system
• Integrate jail EMCS
• Implement demand trimming.

This presentation, and in particular the site visit, 
were very interesting, since we were able to visualize 
what we had been studying for several months. 
Our short stay in Santa Rita Jail added real value to 

our previous research on microgrids. We sincerely 
thank Tim Wesig and Bo Halamandaris  for their 
warm welcome and for sharing their work with us.

Solar pannel of  the Santa Rita Jail (Mastère OSE picture)

Arial vue of  the jail (Alameda County picture)
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 Lectures of the students of the Master of advanced strudies OSE                at University of California at Berkeley and San Diego

Lectures at UC Berkeley and San Diego

During a one-hour conference, we demonstrated 
how microgrid control, storage and design strategies 
help balance energy service expectations with 
environmental impacts. 
Most energy resource 
distribution in 
m i c r o g r i d s 
g e n e r a t e s 
issues in terms of  
f r e q u e n c y, voltage and accurate 
optimization. Well-planned architecture and 
adapted control and storage can help avoid these 

p r o b l e m s and improve the reliability of  
microgrids. 
Future energy prices, loads 
and production are difficult 

to determine and usually 
intermittent. This can be a barrier to 

microgrid reliability and sustainability. A good 
starting point is to look at the forecasting methods 
currently used in microgrids and how they improve 
control. 
Most microgrids aim to provide electricity and their 
design is based on this idea. Yet, microgrids’ intrinsic 
qualities and scale have the potential to satisfy other 
energy needs, such as heating and cooling. In our 
view, Combined Cooling, Heating and Power is a 
key element of  microgrids and should be integrated 
into their design.

Control, storage and multi-energy 

systems for microgrids

16
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 Lectures of the students of the Master of advanced strudies OSE                at University of California at Berkeley and San Diego

What are the advantages of  
microgrids? How do they work 
and what technologies are used? 
What social and economic 
opportunities do they bring? What are the main 
obstacles to their development? 

During a 
o n e - h o u r 
c o n f e r e n c e 
on this topic, students 
from MINES ParisTech France 
presented an overview of  our recent 
research. We fully explained the concept behind 
microgrids and some of  their features, such as the 
role consumers play in flexibility, the state of  the 
art, and the optimum economic model to ensure 
profitable projects. These concepts were illustrated 
with examples of  projects. 
 

Following our two conferences at UC Berkeley, 
we had a fruitful exchange on both themes with 
Professor Scott Moura and PhD students. 
We then went on to UC San Diego, where 

we presented our work on socio-economic 
opportunities and talked with PhD 

students, who described their 
own work in the field.

We would like to thank all of  the 
above for having listened to us and for their 
constructive remarks and stimulating discussions. 

Socioeconomic opportunities of 
microgrids

Lectures at UC Berkeley and San Diego
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Ivnapah Concentrated Solar Power 
plant (CSP)

On the road between Las Vegas and San Diego, 
we stopped in front of  the enormous solar power 
plant, Ivanpah. The luminous towers of  the plant 
are visible from a distance, and even early in the 

morning we could see their multiple lights shining.
Unfortunately, we were unable to visit the plant, 
but we did get a good idea of  its impressive size. 

IVANPAH Concentrated Solar Power Plant (Mastère OSE picture)

About the power plant
Three small suns are shining 140 meters above the 
ground. Put on your sunglasses and enjoy the view. 
Welcome to Ivanpah, a 377 MW concentrated solar 
power plant (CSP) constructed by BrightSource and 
operated by NRG Energy. It is located in Califor-
nia, in the Mojave Desert at the border with Ne-
vada. Ivanpah is currently the largest of  its kind in 
the world, with 173,500 heliostats reflecting the sun 
towards receivers located on solar power towers. 

When the concentrated light is converted to heat, 
electricity is generated with a heat engine, which is a 
turbine connected to an electrical power generator. 
Construction took three years, from 2010 to 
2013, and the plant started operating in 2014. 
The facility cost 2.2 billion dollars and benefit-
ed from a federal loan guarantee. It is expected 
to last 30 years and produce 1.065 TWh per year.
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Advantages and controversies
CSP are renewable energy sourc-
es, thus reducing CO2 emissions.
What is more, according to BrightSource, Ivan-
pah has a limited impact on the land because 
BrightSource’s heliostat pylons are inserted di-
rectly into the ground, thus allowing vegetation 
to co-exist on the solar field below the mirrors.
One fact that you may not be aware of  is that 
natural gas is used to maximize renewable en-
ergy generation. Indeed, gas is used to pre-
heat the super heater and reheater, allowing 
for a faster startup and, in turn, increasing the 
amount of  energy generated from solar power.

 Environmentalists say that CSPs present a risk 
to birds, who are attracted and dazzled by the light 
of  the towers and can been burned when flying near 
them. However, the number of  deaths due to CSP 
needs to be put in perspective with other causes of  

death, such as road fatalities, which are much higher.
To minimize water use in the desert, Ivanpah has 
scored high points with regulators and environmen-
tal groups by relying on air-cooled condensers, which 
reduce water usage by 95% compared to wet-cooled 
solar thermal plants. A significant volume of  ground-
water, however, is still used to wash all the mirrors. 
Recently, Ivanpah’s performance expectations have 
been questioned based on a review of  publicly avail-
able generation data. In fact, generation output is 
lower than expected production. BrightSource’s re-
sponse is that the operation is in its early days and 
that monthly production is highly dependent on 
the weather. Predictions have been made based on 
annual weather data. More time is needed to draw 
conclusions about actual electricity generation. 

On the roof  of  the bus at IVANPAH (Mastère OSE picture)
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CSP development around the world
More CSPs are built every year, each time setting 
new records of  power generation. The trend seems 
to be increasingly bigger power plants. From a tech-
nical perspective, the global market has been domi-
nated by parabolic-trough plants, which account for 
90% of  CSP plants. Most installations are located 
in the United States (882 MW in 213) and Spain 
(2,300 MW in 2013), although some North African 
countries are beginning to install new plants. 
One of  the barriers to growth is that CSPs are 
complicated plants. Furthermore, competition with 
photovoltaics is high, with the falling prices of  pan-
els making CSP a more expensive option. 

Below is a list of  some famous CSPs around the 
world: 

- Solana is a 250 MW CSP in Arizona, installed 
by Abengoa. Unlike Ivanpah, Solana uses molted 
salt heat storage. Energy storage enables it to retain 

heat and extend production several hours into the 
night.
- Sham is a 100 MW CSP in Abu Dhabi in the 
United Arab Emirates. It uses a parabolic trough 
and will be followed by Sham 2 and Sham 3. 
- Ouarzazate, also referred to as Noor, is a 
160 MW CSP in Morocco using a parabolic trough 
with storage. It will be followed by Noor II and III. 
- The Crescent Dunes Solar Energy Project is 
a 110 MW CSP located about 190 miles northwest 
of  Las Vegas.

And what about France?  Well, in 1983, France in-
augurated a power plant (2.5 MW) in Targasonne 
in southwest France that was an international refer-
ence in the field at the time. Although it was closed 
for economic reasons, it is being rehabilitated thanks 
to an R&D project named “Pégasse”.

The students in front of  the Ivanpah power plant (Mastère OSE picture)

Sources: 
• http://www.brightsourceenergy.com/ivanpah-solar-project#.Vr7vVhhi5QV
• http://www.greentechmedia.com/articles/read/ivanpah-solar-plant-falling-short-of-expected-electricity-production
• http://www.greenbiz.com/blog/2014/02/19/largest-solar-thermal-plant-completed-ivanpah
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CATALINA Solar Power Plant 
EDF Renewable Energy
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California’s southeastern deserts have considerable 
solar energy potential. In 2014, California became 
the first state in the nation to obtain more than 5% 
of  its utility-scale electricity generation from its so-
lar resource. During our trip through the Mojave 
Desert in a bus, we rode past kilometers of  solar 
panels when crossing the Catalina solar power plant. 
The sheer scale of  the panels is very impres-
sive and it is hard to visualize the entire power 

plant given its size. Mike Lane, project manager 
in charge of  operation and maintenance, kindly 
opened the door of  the central for us and Brian, in 
charge of  maintenance, gave us a detailed tour of  
the plant. We wish to thank him, as well as Rich-
ard Jigarjian, vice president of  Generation (Asset 
Management) at EDF Renewable Energy, with-
out whom the visit would not have been possible.

Solar Panels of  Catalina power plant (Mastère OSE picture)

The Catalina Solar project is a 143 MW photovol-
taic power station located in California constructed 
by EDF Renewable Energy in 2012-2013. It cov-
ers 445 hectares and comprises.1 million solar pan-
els. It is the world’s 8th largest photovoltaic plant.
Catalina PV power plant is a demonstration proj-
ect to test technologies and the profitability of  such 
projects in California. The power plant was con-
structed in the context of  a PPA contract (Power 
Purchase Agreement) by which the owner (EDF RE) 
sells electricity to an industrial consumer at a fixed 
tariff  during the lifespan of  the project. In general, 

renewable energy projects are capital-intensive and 
require financial incentives to be profitable given 
the low price of  fossil fuels. The electricity price for 
such projects is around 100$/MWh. The construc-
tion of  Catalina took around 24 months. Since the 
energy produced is immediately sold to consumers, 
the power plant does not include a storage facility. 
On cloudy days, the plant is sometimes shut down 
to avoid high intermittency and technical prob-
lems (i.e. hotspots). The load factor is around 30%.

Catalina Solar Project
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The technology

The PV modules are made from thin-film solar 
cells, a second generation solar cell made by depos-
iting one or more thin layers of  photovoltaic mate-
rials on a substrate, such as glass, plastic or metal. 
Thin-film technology has always been cheaper but 
is less efficient than conventional silicon. However, 
efficiency has significantly improved over the years.

Two types of  thin-film panels are used in Catalina:
•  CIGS: solar cell using an absorber made of  copper, 

indium, gallium and selenide.  82 MWp of  the modules 
installed were constructed by the Japanese company 
Solar Frontier. The panels’ efficiency is around 13%.
• CdTe: Cadmium Telluride is the leading thin-
film technology. 61 MWp of  the panels in-
stalled were made by the US company First 
Solar. Their efficiency is also around 13%.

Map of  solar power plants in the USA

First Solar PV panel characteristics
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Generally, PV panels are cleaned once every 
three months. Nevertheless, the panels at Cata-
lina do not need cleaning because the Las Ve-
gas region is largely free from aerosols and the 
wind helps clean the panels, so that the few 
days of  annual rain are enough to wash them. 
Finally, touching the panels during the day can 
result in electrocution if  they are not discon-

nected. As a result, the emphasis is on staff  safe-
ty. In the words of  the manager, “We can re-
place material but we cannot replace staff ”.

To conclude, given the space available in the Mojave 
Desert, it seems reasonable to hope that many other 
power plants will be developed there in the near future. 
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Sources:
• http://www.eia.gov/electricity/data/browser/#/plant/57708?freq=M&ctype=linechart&ltype=pin&maptype=0&pin=
&linechart=ELEC.PLANT.GEN.57708-ALL-ALL.M&columnchart=ELEC.PLANT.GEN.57708-ALL-ALL.M
• http://www.eia.gov/state/analysis.cfm?sid=CA&CFID=11095140&CFTOKEN=83c4e615ed332c42-8DFB4568-5056-
A34B-92E77BC8778918C4&jsessionid=8430a492268334614b0507f3075352b28785
• http://www.edf-re.com/projects/detail/catalina_solar_project/
• https://en.wikipedia.org/wiki/Thin-film_solar_cell

In the Catalina Power Plant with Brian (Mastère OSE Picture)
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Wind Farm PACIFIC WIND -  EDF 
Renewable Energy

After the Catalina solar plant presentation, we were 
shown around Pacific Wind by Mr. Dale Whinery 
from the EDF Renewable Energy team in charge of  
the project. Conveniently for us, the teams working 

on the Catalina and Pacific Wind projects share the 
same offices. We thank them all very much for the in-
teresting and instructive presentations they gave us.

The group in front of  the C07 wind turbine of  the  PACIFIC WIND site  (Mastère OSE picture)

Pacific Wind is a wind power project operated 
by EDF Renewable Energy and located in Kern 
County (California) in a desert valley surrounded 
by mountains to the north of  Los Angeles. Dating 
back to 1985, when the first wind turbine was intro-
duced, the plant owns today 70 operating wind tur-
bines produced by REpower. The turbines are dis-
tributed along the ridge of  nearby mountains and 
are all of  the same type, with a tower height of  80m 

and a rotating diameter of  approximately 93.3m. 
Roughly speaking, the 70 turbines are located at 
four different altitudes. The installed capacity for 
the whole wind farm is 140 MW with a rated capac-
ity of  2 MW for each turbine (the actual power of  
one turbine presented during the visit was 340 kW, 
far less than the maximum capacity), and the capac-
ity factor for the entire wind farm is nearly 33% 
(this value has decreased slightly in recent years). 

General overview of the farm
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The wind turbines begin working at wind speed great-
er than 4m/s (constant wind direction for at least 
10 minutes), and shut down at about 20 m/s. Thanks 
to the impact of  airflow from the desert and sea cli-
mates, a north-west wind dominates in the valley of  
the wind farm.  To measure wind conditions, an an-
emometer is fitted on the nacelle of  each turbine, as 

well as a wind-measuring tower (for the whole wind 
farm) capable of  tracking wind speed and direction, 
which makes it easier to verify the data collected by 
the anemometer. In addition, three new wind-mea-
suring towers are planned to improve the accuracy 
on the 4 different altitudes covering the whole farm. 

Wind ressource

Wind farm control is composed of  on-site man-
agement and remote dispatch. The remote dispatch 
is operated by EDF Renewable Services in San 
Diego and is responsible for contacting person-
nel working on the wind farm if  pre-defined con-
ditions are no longer under control during nights 

and weekends. On-site control takes care of  farm 
management during the day, from Monday to Fri-
day. Six site technicians are responsible for main-
taining the wind farm, as well as two supervisors. 
Turbine maintenance is carried out annually and an 
external equipment inspection is done each month.  

Plant control and maintenance

The pitch angle is a key factor that determines a 
wind turbine’s performance. The turbines adapt 
their blades to the oncoming wind at the optimal 
pitch angle to contribute to maximum electric 
power output. The adjusting process usually lasts 

about 10 minutes. A panel inside the wind turbine 
is used to control the pitch angle. In emergen-
cies, the wind turbine can be shut down in sever-
al seconds by manually changing the pitch angle. 

Importance of  pitch angle

EDF RE - Pacific Wind

Wind turbine and transformers of  the PACIFIC WIND site (Mastère OSE picture) 25
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The cost of  the wind farm mainly comprises 
expenditure for purchasing the facilities, 
installation equipment and labor. A considerable 
share of  investment is devoted to the installation 
equipment and varies depending on economic 
circumstances (for instance the cost dropped 
during the financial crisis). The current cost is 
approximately 2 million dollars for each turbine, 
corresponding to 1 million dollars per MW peak. 
In 2012, EDF Renewable Energies signed a 
PPA (Power Purchase Agreement) with SDGE 
(San Diego Gas & Electricity) covering the sale 
of  the electricity produced for the next 20 years. 
A 140 MW capacity is reserved on the CAISO 
(California Independent System Operator) 
transmission system for delivering and supplying 
electricity to approximately 56,000 customers.
This visit, and the trip to the Catalina solar farm, 
gave us an opportunity to assess the potential of  
the United States, and more specifically the state 
of  California, in terms of  renewables. Vast, empty 
expanses like the one we saw in Kern County 
offer significant potential to meet California’s 
objective of  33% renewable electricity by 2020. 
We once again thank Mr. Dale Whitnery and the 
EDF Renewable Energy teams for introducing 
us to such wide-ranging wind and solar projects.

Economics and contracts

The visited wind turbine C07 (Mastère OSE picture)

Due to the limited space devoted to this 140 MW 
project and the presence of  similar farms next to 
Pacific Wind, the disturbance of  the atmospheric 
field caused by upwind turbines can lead to a drop 
in efficiency in downwind turbines’ energy transfor-
mation. This phenomenon is called the “wake ef-

fect”. Thus, all turbines are located beyond at least 
three times their neighboring turbine’s diameter. In 
the past, one turbine was subject to the wake ef-
fect, resulting in a decrease in the wind farm’s over-
all benefit. The concerned turbine was dismantled.

The wake effect issue

26



Inf’OSE - February 2016 - n° 110

ARTICLES

Operation and control center - EDF 
Renewable Energy

EDF Renewable Energy

 EDF Renewable Energy (RE) is the American branch of  EDF Energies Nouvelles. Their first proj-
ect was a wind turbine project in McCamey, Texas. Now they manage projects all over North America:

• 3 sites in Mexico
• 10 sites in Canada
•  78 sites in the USA (with 4 sites in Hawaii)

EDR RE have developed expertise in project development and operation and maintenance (O&M). In 
fact, O&M is the focus of  49 of  the 91 projects they have developed. They manage more than 10,500 MW 
in North America and 650 technicians supervise O&M on projects all over the continent:

•  59 wind projects for an equivalent of  7120.5 MW
•  26 solar projects for an equivalent of  315.9 MWp
•  3 biogas projects for an equivalent of  70 MW
•  2 Biomass projects for an equivalent of  35.6 MW

They are building one pumped storage hydro project for an equivalent of  400 MW, located in Oregon 

The groupe in front of  the EDF Renewable Energy control center at San Diego with Louis Blais 
(Mastère OSE picture)

EDF RE - Control center

27



Operation and control center

We visited the operation and control center (OCC) 
of  EDF Renewables services (RS), where we met 
Louis Blais, Senior Manager, who showed us round 
the center.
The center was historically located in Minnesota 
near the first EDF RE project, but they moved to 
San Diego two years ago to be nearer the company 
headquarters and to boost contact with the group’s 
skillful engineering department located in San 
Diego.
The OCC manages 6 GW of  renewable production, 

mainly in the form of  wind power projects (70% 
wind turbine and about 30% PV panels). They also 
manage a biomass power plant and a battery project 
that regulates frequencies. The total of  110 projects 
vary from a 100 MW wind turbine field to a single 
wind turbine project. The company owns almost 
50% of  the projects they manage; the others are 
owned by electricity production companies that do 
not want to manage O&M, or private investors that 
want to invest in renewable energy, such as Google 
and Microsoft.

Operation and Control Center missions

The center’s many missions vary depending on the 
contract they have with the energy producer.
•  OCC supervises all energy systems in real time. 
They also decide whether to send out a technician if  
the maintenance is cost-efficient for the company. 
This involves, for example, weighing up the ben-
efits of  sending a technician if  a wind turbine shuts 
down during the night. This problem mainly occurs 
on wind turbines that can supply energy during the 
night, whereas PV panels can wait until the morning 
to be repaired.
•  OCC has a mission to increase the availability of  
projects with rapid remote response. Dispatchers 
can remote a wind turbine from San Diego for tech-
nical or economic reasons, or send a technician to a 
site if  a project defaults.

•  OCC carries out real-time supervision and ac-
quires all relevant data. They are mainly connected 
to projects by optic fiber when possible. If  not, they 
are connected through GSM, Wi-Fi or radio, which 
are not as easy to use and less rapid for data acquisi-
tion.
•  OCC optimizes electricity production but could 
be forced by the network transport owner to reduce 
its production in order not to damage it. Moreover, 
for energy management, they must work with trad-
ing centers which sell the uncontracted production.
•  OCC must ensure compliance with NERC (North 
American Electric Reliability Corporation ) support. 
Since the last blackout, which turned off  more than 
half  of  America, many measures have been set up 
in to ensure security.

Workforce and coordination challenges

 The OCC is composed of  several teams of  
four dispatchers and one manager. One team works 
on twelve-hour shifts three or four times a week.
All dispatchers are in charge of  some projects. The 
rooms they work in are lined with screens giving 
real-time information on the weather (lightning and 
fire all over the continent) and project status. Me-

teorological information is vital because dispatchers 
can inform on-site technicians if  extreme weather 
is located near their maintenance site and their life 
is in jeopardy. 
Due to the multiple project owners and project 
software, dispatchers need specific training on the 
software of  the projects they are working on.
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Conclusion

This visit gave the group a better understanding of   
EDF’s role in North America and introduced us 
to the work done at dispatch centers. It was a very 

interesting visit and we would like to thank Louis 
Blais once again for his time and for presenting his 
work to us.

Map of  the EDF RE projects
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Given the huge size of  the territory they control, 
EDF RS need to work with many electricity com-
panies, all of  which have their own constraints for 
supply planning, meaning that EDF RS have to 
manage many communication channels. Another 
challenge they face is the number of  time zones. 
With 110 projects all over the Americas from Ha-
waii to St-Pierre-et-Miquelon, it is much more dif-
ficult to coordinate on-site technicians. To enforce 

security, a tool has been developed for centralized 
management of  the workforce. It gathers all of  
the orders made by the dispatchers online to avoid 
coordination problems between technicians, on-
site workers and the OCC. For example, if  a tech-
nician is inside a wind turbine, another dispatcher 
would not be able to start it.



University of California San Diego 
(UCSD)

At this occasion, Ryan Hanna, a PhD student at 
University of  California San Diego (UCSD), shared 
his work in a thirty-minute speech on Microgrid 
Business Models. He especially focused on the 
results he has obtained so far on the benefits of  
Business Models applied to the state of  California. 
Through his research, he Mr. Hanna attempts 
to understand the technological variations, the 
market and the regulation of  business models. The 
software he uses, DER-CAM (Distributed Energy 
Resources Customer Adoption Model), enables 
him to change the critical parameters, such as price, 
inter-connection and tariffs.
According to Ryan Hanna, the United-States’ 
Microgrid capacity should more than double by 
2020. He has identified four different categories:

• Military installations
• Universities and campuses
• Critical assets (hospitals)
• Commercial set-ups, because of  the technology 
they employ.
For his studies, Mr. Hanna has to feed a lot of  data 
into the models he uses. He obtains them from large 
government databases, such as the base created by 
the Office of  Energy Efficiency and Renewable 
Energy. These data are particularly reliable and ready 
for use. He then compares them with recorded data 
from UCSD.
To evaluate business models, he employs the 
DER-CAM – the Distributed Energy Resources 
Customer Adoption Model - which is an investment 
and dispatch optimization model developed by 

Business Models for Microgrid: A case 
study of California
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On Monday February 23rd 2016, we had the great 
opportunity to go to the University of  California 
San Diego (UCSD), which has the specificity to run 
a microgrid on the campus. We have been warmly 
hosted at the university Faculty club by Mrs Sara 
McKinstry, Director of  the Sustainability Resource 
Center and Mr Gary Matthews, Vice Chancellor of  
UCSD to present our work on microgrids and to 
discuss on this subject. This meeting has been fol-
lowed by a guided visit of  the UCSD microgrids 
with John Dilliot, in charge of  UCSD Energy, and 
his assistant Anna M. Levitt.

Gary C. Matthews, vice Chancellor and John Dilliott, 
energy manager (Mastère OSE picture)
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Presentation by Ryan Hanna, Sara MC Kinstry, sustainability 
manager  (Mastère OSE picture)
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Lawrence Berkeley National Laboratory. Each 
model is then configured with local data from 
UCSD. A large amount of  data is necessary to run 
the model. Following configuration, the business 
models are produced, but they are only based on 
avoided utility costs. Indeed, incentives, credits, 
feed-in-tariffs, etc. are not taken into account.  
DER-CAM can be run for weekdays, weekends 
and peak days for each month. Finally, the annual 
totals of  energy provisions by source, cost and 
emissions are highlighted.
This method is configured in such a way that 
models converge to a diverse mix of  resources 
(conventional gas generators, solar PV, electric 
storage and electricity purchases).
Looking at Ryan Hanna’s results, we discover that 
sensitive variables have a huge impact on energy 
procurement. For instance, if  we vary the price 
of  natural gas and analyze its effect on large 
commercial set-ups and campuses, we observe 
that:
• A critical point of  around 8 US$ appears for the 
commercial microgrids. Below this point, natural 
gas is preferable to solar PV, but the trend then 
switches with an increase in the natural gas price. 
• For campuses, however, the demand is so high 
and the space for setting up solar PV is so small 

that the shift does not occur.
These observations are also true if  we play 
with the carbon cost and electric storage cost. 
Indeed, large commercial microgrids are the most 
interesting because they are easy to regulate, but 
they are actually too small to have a real impact on 
the main grid.
To conclude, Mr Hanna has determined that 
a microgrid can supply thermal and electric 
demand more cheaply than the local utility. Gas-
based generation can be seen as the bedrock of  
microgrid investment cases. Solar PV and electric 
storage act only as supplements, and finally, low 
carbon microgrids are optimal in a few cases.
Ryan Hanna is two and a half  years through his 
PhD, and now plans to integrate political analysis, 
such as policies and key regulation, which could 
affect the model. Another step would be to 
follow up the modeling by integrating microgrid 
investments and dispatch models with power 
system models to study deep de-carbonization 
pathways.
We end this short article with Ryan Hanna’s 
pertinent final statement concerning business 
models for microgrids: “Microgrids lower costs 
for the consumers but not the emissions”.
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Allocation of battery energy storage systems 
in distribution networks considering high PV 

penetration
When it comes to electricity distribution, customers 
include residential buildings, commercial customers 
and even microgrids. This complicates the task of  
matching supply with demand. To make it easier, 
the electricity operator in California and the UC San 
Diego are funding a project that aims to assess the 
utility of  storage systems in residential areas. 
The project is conducted by Oytun Babacan, a 
Ph.D student at UC San Diego. He is developing 
an optimization algorithm that takes into account 
several economic and technological factors to 
determine the optimal placement and size of  storage 
units. The program aims to maximize the benefit of  
battery usage. In fact, the benefit is a function that 
calculates energy not purchased from the main grid 
and voltage mitigation. The optimization tests 3 

different scenarios: first, the base case, which means 
buying energy from the main grid, second, the use 
of  local PV production and third, the use of  PV 
and batteries to store energy.
The optimization is determined using a genetic 
algorithm. One of  the results is the fact that the 
benefit of  using storage systems is proportional 
to battery size, but it tends to stagnate at a certain 
point due to cost of  installing bigger batteries. 
In the future, more work will be done to test the 
robustness of  the genetic algorithm and the optimal 
constraints for optimization.

Presentation by Oytun Babacan (Mastère OSE picture)
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UC San Diego Microgrid

As part of  our project on microgrids, we had the 
chance to visit one of  the most advanced microgrids 
in the world located at the University of  California, 
San Diego. After a warm welcome and introduction 
from the vice chancellor, Gary C. Matthews, we 
were given a detail explanation of  the state-of-the-
art units by John Dilliott, the UCSD Energy and 
Plant Services Manager. We want to thank them for 
their time and dedication. 

With a daily population of  50,000 people, and a total 
surface area of  16 million square feet, the University 
of  California in San Diego (UCSD) is similar to a 
small town. The university is composed of  several 
cutting-edge research buildings, two hospitals and 
other structures, for a total peak power consump-
tion of  42 MW (2 MW for the building where the 
supercomputer is developed). This figure is steadily 
growing as new buildings are built each year. About 
45% of  the total energy consumption is for cooling 
and heating. 

Located in the south of  California, at the end of  the 
electric network, the campus faces energy security 
issues that require particular attention because of  
the hospital needs. Driven by a zero emission objec-
tive by 2025, the university is booming, and annual 
expenditure on new infrastructures and renovations 
totals around 1 billion dollars. Since the university 
aims to accommodate 50% of  its students, most of  
the new buildings will be dedicated to student hous-
ing. 

This context encouraged the university to develop 
a microgrid, led by John Dilliott, UCSD Manager 
of  Energy and Plant Services, and Bryon Washom, 
UCSD Director of  Strategic Energy Initiatives. In 
the space of  a few years, it has become one of  the 

most advanced and diversified in the world. The 
peak power installed is 35.3 MW, produced by a co-
generation plant, a fuel cell plant and solar panels. 
To manage the consumption and production flex-
ibility, storage systems for electricity and chilled wa-
ter have also been installed. The overall objective of  
the microgrid is to ensure the reliability of  the local 
grid and reduce greenhouse gases. 

The cogeneration unit consists of  two turbines of  
13.5 MW each, powered by natural gas and biogas 
from the Point Loma Wastewater Treatment Plant. 
The electric production from these turbines is used 
as baseload for the campus consumption. The heat 
produced by the combustion is used to generate 
steam. This steam produces electricity through a 
steam turbine (3 MW), chilled water through an ab-
sorption chiller and heat. The global efficiency of  

Natural Gas refueling station for buses (Mastère OSE picture)
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Batteries storage (500kW/ 1MWh) (Mastère OSE picture)
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the cogeneration unit is 70 % (including elec-
tric and thermal energy) versus 30 % for a con-
ventional gas turbine. The total cost of  the unit 
is 27 million dollars, and it provides 85 % of  
the electricity needs and 95 % of  the thermal 
requirements of  the whole university. Thanks 
to the cogeneration unit, the university saves 8 
million dollars a year and participates in reduc-
ing greenhouse gas emissions.
The microgrid also comprises a 2.8 MW fuel 
cell powered by biogas. This fuel cell, also con-
nected to an absorption chiller, has a total effi-
ciency of  66 % for an investment of  19 million 
dollars. 8 % of  the campus’s energy needs are 
met by the unit.

The university has also installed a few solar pan-
els on the roof  of  the car park. This installation 
adds an extra 2.5 MW of  peak energy and sup-
plies 2 % of  the electricity requirements.

Last but not least, thermal and electric storage 
systems are used to relieve the network from 
production and consumption intermittency. 
The five lithium-ion phosphate batteries can 
provide the network with 500 kW every 2 hours. 
This capacity was chosen to allow the fuel cell 
to charge the 5 batteries. Since the electricity bill 
is based on peak consumption, the batteries are 

used to decrease this peak. However, without 
the federal financial incentive, this investment 
would not be profitable. The 5 million gallons 
of  thermal storage are directly connected to the 
cogeneration unit and the fuel cell.

The university is still actively developing the mi-
crogrid with ambitious projects. The next step 
is to develop synergies between all of  the units 
with intelligent control and then test them in 
isolated mode. Thanks to a number of  finan-
cial aid packages, the university has been able 
to purchase most of  the units, except for the 
fuel cells, which are run through a Power Pur-
chase Agreement. Besides the microgrid, the 
university is also aiming at green transportation 
such as natural gas buses. With a dynamic team 
and its strong will to decrease CO2 emissions, 
the UCSD is set to maintain its microgrid and 
green campus leadership.

This visit was the perfect complement to our 
project on microgrids. The presentation of  one 
of  the most diverse and advanced microgrids in 
the world, and the occasion to exchange with 
the teams in charge of  the project, were instruc-
tive and interesting. We thank our hosts, Gary 
C. Matthews and John Dilliott for their infor-
mative, enthusiastic welcome.



NAVY Microgrid 
NAVFAC 

Southwest team energy

At the San Diego US Navy facility, Bernie Lindsey, a 
civilian working for the military,warmly  welcomed 
us. We then got the privilege to be introduced to 
his superior, Commander Alex Kohnen, head of  
the Navy’s unit in charge of  infrastructure man-
agement, maintenance and energy, and Paige Hoff-
mann in charge of  the smart grid operation. 

To begin with, the commander briefly described 
the Navy’s structure (composed of  seven regions) 
and then focused on the South-West region com-
prising 10 bases (mostly in California) with a total 
budget of  around USD 1.2 billion. The challenge 
that Commander Kohnen faces is to secure the op-
eration of  bases with an aging infrastructure (dating 

Renewable energy deployment strategy and microgrids integration

The Mastère OSE in front of  the NAVY office (Mastère OSE picture)
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Details of  the PV power plant of  13,8 MW
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back to World War II), balancing the pressure 
to reduce costs while maintaining reliability, es-
pecially in terms of  energy supply. The San Di-
ego base accounts for nearly 5 % of  San Diego 
Bay’s consumption, with a utility bill of  up to 
USD 60 million per year (roughly a sixth of  the 
unit’s annual spending). As one of  the country’s 
biggest electricity consumers, the Navy has to 
abide by Californian law, which states that 30 % 
of  consumption must come from renewable 
sources. This percentage is due to rise to 50 % 
by the end of  the year.  

The commander has put several strategies in 
motion in response to the multiple challenges. 
First, the Navy has worked to develop several re-
newable production units throughout the terri-
tory and on the channel island, such as geother-
mal (272 MW operated by private companies), 
solar PV and wind turbines. These renewable 
energy projects can benefit from subsidies in 
form of  tax credits or net metering to achieve 
artificial cost parity with fossil fuels. Hence, the 
Navy has created schemes such as Power Pur-

chase Agreement, in collaboration with private 
companies, to develop some of  its renewable 
assets and benefit from federal or state incen-
tives. Several solar PV projects have been devel-
oped on the PPA Scheme for a total capacity of  
35.8 MW. The navy also contracted a new solar 
PV project in 2015, with a 210 MW capacity, 
which will make it a leader in renewable energy 
production in California.

In addition, the Navy has been running a mi-
crogrid since 1998 on the island of  San Cle-
mente. Three wind turbines cover the 3 MW 
load needed, along with diesel generators, and 
are due to be replaced soon. A microgrid with 
renewable energy sources is, according to the 
commander, a huge opportunity for remote ar-
eas or islands, where fossil fuel costs are much 
higher than in metropolitan areas, thus increas-

ing the profitability and pay back of  the mi-
crogrid. 
Furthermore, the Navy is also working on 
building improvements in terms of  lighting 
and HVAC and is aiming to create sustainabil-
ity standards for its new buildings. However, 
achieving standardization is made difficult by 
numerous site-specific factors representing the 
wide variety of  uses, climate conditions and 
sunlight observable in the Navy’s bases. Retro-
fitting old buildings is no less difficult, but the 
Navy has managed to carry out some interest-
ing renovations on some of  its warehouses and 
offices to make better use of  daylight. 

The savings from the above-mentioned mea-
sures are hard to estimate. Thus, the command-
er is promoting the concepts of  “smart shore” 
and “smart base”. The goal is to introduce 

Project name Naval Air Weapons Station Chaina Lake
Technology Photovoltaic
Installed capacity 13.8 MW
Annual production 29,000 MWh (30 % of the energy needs)
Contract type 20 years PPA (Fix prime)
Surface 47.75 Hectare



Diagram of  the control system used by the Navy (Source: B. Lindey presentation, Navy)

The students learned a lot from this informative 
visit and warmly thank Commander Kohnen as 

well as Mr. Lindsey for making the time to show 
them the naval base, and for their useful insights.
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smart metering and monitoring tools to further 
enhance energy efficiency, reliability and cost 
reduction while driving up productivity. The 
interconnection the commander is calling for 
requires higher cyber security and challenges 
conventional operating methods and working 
conditions. The project is on track but will ad-
vance slowly as only time can overcome security 
barriers and win popular approval.  

The visit ended in the San Diego base system 
control room where operations and monitor-
ing are conducted. The control system is com-
posed of  two parts: the SCADA and the DDC. 

The SCADA controls interactions between the 
transformer and the upstream electricity trans-
mission network. It adjusts power generation 
on site, and protects plants through high-volt-
age circuit breakers. The DDC “Direct Digital 
Control” supervises nearly 8,000 local units for 
heating, cooling and air conditioning devices in-
stalled in 380 buildings. In terms of  the Navy’s 
Smart Base goal, centralized technical man-
agement plays a major role. An improved data 
processing system enables better optimization 
of  regulation, a more detailed overview of  the 
site’s energy consumption, and lower site main-
tenance costs.



CleanTech San Diego

Cleantech San Diego is a non-profit organization 
established in 2007. Its launch was motivated by the 
former mayor of  San Diego, who wanted to create 
economic opportunities for his city by developing 
new companies. People active in business, education 
and the environment all saw San Diego’s potential 
for solar energy, and thus solar projects were central 
to CleanTech San Diego from the start. Interesting-
ly, CleanTech was initially created for economic and 
development reasons. The environmental aspect 
became more important over time. Cleantech now 
counts 4 permanent staff. Today, the association has 
grown and features in the top 10 companies most 
likely to grow in San Diego’s economy, as the presi-
dent and CEO of  CleanTech, Jason Anderson, ex-
plained. CleanTech’s role is to help companies that 
want to conduct clean energy projects by provid-
ing technological, commercial, communication and 
administrative advice. The association also works 
with start-ups through its SCRUBS program. This 
initiative helps them build their business by sharing 
CleanTech’s network, making links with suppliers, 

potential consumers and business angels. The asso-
ciation has over 100 partnerships in the public and 
private sectors, such as Cisco, Intel and EDF. Mr. 
Anderson told us about the projects in San Diego 
that CleanTech has been involved in. The organiza-
tion works in several areas, such as: smart buildings, 
solar and wind energy, energy efficiency and electric 
vehicles. 

Smart Cities San Diego
Smart Cities San Diego is a project that aims at de-
veloping different types of  virtuous projects. The 
city partnered with General Electric to develop the 
Intelligent Street Lights project. This consists in de-
veloping intelligent smart lights with wireless nodes 
that turn off  when nobody is around. 75,000 smart 
lights have been installed to date and 4 million dol-
lars are saved annually with this system.
 
Electric vehicles
Electric vehicle projects encourage the spread of  
public electric vehicles and facilitate the manage-
ment of  the power grid load generated by their use. 
The state of  California has set a target of  1 mil-
lion electric vehicles by 2023 and is developing the 
charging infrastructure. Currently, almost 20,000 
electric vehicles circulate in the San Diego region, 
with 1,059 charging points in 321 different loca-
tions. 

We warmly thank Jason Anderson, CEO of  Clean-
tech San Diego, for giving us his time on this visit. 

Jason Anderson, Preseident and CEO of  CleanTech San Diego
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https://youtu.be/UMtSRQFU0tQ
Little video of our study trip !

http://www.cma.mines-paristech.fr/
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